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David Saldana,e and Cristina McKeanc

Purpose: The aim of this study was to examine the degree to
which quantitative aspects of dosage (dose, dose frequency,
and total intervention duration) have been examined in
intervention studies for children with developmental
language disorder (DLD). Additionally, to establish the
optimal quantitative dosage characteristics for phonology,
vocabulary, and morphosyntax outcomes.
Method: This registered review (PROSPERO ID
CRD42017076663) adhered to PRISMA guidelines.
Search terms were included in seven electronic databases.
We included peer-reviewed quasi-experimental, randomized
controlled trial or cohort analytical studies, published in any
language between January 2006 and May 2020. Included
articles reported on participants with DLD (M = 3–18 years);
oral language interventions with phonology, vocabulary, or
morphosyntax outcomes; and experimental manipulation or
statistical analysis of any quantitative aspect of dosage.
Studies were appraised using the Cochrane risk-of-bias
tool.
Results: Two hundred forty-four articles reported on oral
language interventions with children with DLD in the domains
of interest; 13 focused on experimentally/statistically

manipulating quantitative aspects of dosage. No article
reported phonological outcomes, three reported vocabulary,
and eight reported morphosyntax. Dose frequency was the
most common characteristic manipulated.
Conclusions: Research is in its infancy, and significant
further research is required to inform speech-language
pathologists in practice. Dosage characteristics are
rarely adequately controlled for their individual effects
to be identified. Findings to date suggest that there is
a point in vocabulary and morphosyntax interventions
after which there are diminishing returns from additional
dosage. If dose is high (number of learning opportunities
within a session), then the literature suggests that session
frequency can be reduced. Frequent, short sessions (2/3 ×
per week, approximately 2 min) and less frequent, long
sessions (1 × per week, approximately 20 min) have yielded
the best outcomes when composite language measures
have been used; however, replication and further research
are required before clinicians can confidently integrate these
findings into clinical practice.
Supplemental Material: https://doi.org/10.23641/asha.
13570934

I n the 33 years since the publication of the first system-
atic review of interventions for childhood speech and
language disorders (Nye et al., 1987), there has been

sustained growth in both the number and quality of inter-
vention studies published in the field. The question at that
time was whether or not interventions could have a positive
effect on outcomes for children. It is clear from this and
subsequent reviews, meta-analyses, and randomized con-
trolled trials (RCTs) that interventions can and do effect
meaningful change for children and young people with speech,
language, and communication disorders (Broomfield &
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Dodd, 2011; Law et al., 2005, 2004; Roberts & Kaiser,
2011). Practitioners can now confidently counsel parents and
advise managers and commissioners of services that effective
interventions exist. However, if effective and cost-effective
services for children with speech, language, and communi-
cation disorders are to be delivered and funded, more specific
questions must now be addressed. Crucial to the design of
evidence-based services and policy is the issue of dosage: how
much intervention, in which form, and at what intensity are
required for positive outcomes to be achieved. While practi-
tioners and services strive to provide evidence-based interven-
tions, surveys and reviews of practice demonstrate that factors
other than current best evidence influence decisions regarding
intervention dosage and delivery. These include available
funding, service configuration, and cultures of current “cus-
tom and practice” (Brandel & Froeme Loeb, 2011; McKean
et al., 2019; Ruggero et al., 2012; Sugden et al., 2018).

This study examines and synthesizes current evidence
regarding optimal intervention dosage and intensity, with
respect to children with developmental language disorder
(DLD). DLD affects approximately 8% of children and is
diagnosed in children presenting with persisting language
difficulties, which affect their social and educational func-
tioning and which is not caused by another neurobiological
condition (Bishop et al., 2017). DLD is one of the most com-
mon neurodevelopmental disorders with potentially pro-
found and long-term consequences, increasing risks of poor
outcomes for mental health, education, social inclusion, and
employment. Despite this, services to children with DLD are
not universally available across childhood at levels sufficient
to deliver interventions in the dosages found to be effective
in intervention studies (Law et al., 2019).

Why Are Issues of Dosage Important?
The most obvious drivers for research regarding opti-

mal intervention dosage are economic. More speech and
language therapy (SLT) input comes with associated costs
(Sciberras et al., 2014), and so there is a need to determine
whether increased dosage really does lead to better outcomes;
whether any such relationship is linear, such that more is
always better, or curvilinear, where we begin to see dimin-
ishing returns above a certain level; and also whether there
is a baseline dosage below which little or no effect can be
expected. Finding the optimal dosage for intervention is
also important in terms of the burden placed on children
and their families. Attending SLT has implications for fam-
ilies’ time and resources, and so intervention duration and
intensity should not be more than needed to attain the goals
of therapy or so minimal that they effectively waste the
time and effort of those involved. Where children are pulled
out of their classroom for SLT, it is essential that dosage is
such that the benefits of intervention outweigh the costs of
missed classroom learning and of potential stigmatization
associated with SLT attendance. When considering the bur-
den of interventions on families and children, it is hard not
to conclude that delivery of interventions in dosages so low
as to have no chance of effecting change is not only uneco-
nomical but also unethical.

Finally, research regarding optimal dosage is vital for
commissioners and policy makers to develop, fund, and
deliver evidence-based policy and for practitioners, families,
and individuals with DLD to advocate for appropriate levels
of service provision.

What Is “Dosage”?
Although an intuitively simple construct, dosage in

behavioral interventions is a complex phenomenon to de-
scribe and hence to measure. Warren et al. (2007) proposed
a list of five dosage characteristics to describe intervention
intensity. Three quantitative components are dose, dose fre-
quency, and total intervention duration, which can be com-
bined to quantify cumulative intervention intensity. There is
also a qualitative component, dose form.

Dose form refers to “the typical tasks or activities (i.e.,
active ingredients) within which the teaching episodes are
delivered.”

• Dose is “the number of properly administered teach-
ing episodes during a single intervention session” and
has three subcomponents:

• the average rate of teaching episodes per unit of
time,

• the length of the intervention session, and

• the distribution/density of episodes over the
session.

• Dose frequency can be defined as “the number of inter-
vention sessions per unit of time” (i.e., a day, a week,
a month).

• Total intervention duration is “the total period of time
for which a specified intervention is provided.”

• Finally, cumulative intervention intensity is a product
of the previous three components, that is, Dose × Dose
Frequency × Total Intervention Duration.

What Is Known About Optimal Intervention
Dosage for Children With DLD?

Zeng et al. (2012) completed a systematic review to
examine the influence of intervention intensity on outcomes
for children with speech and language disorders. Study report-
ing hampered the review, as the authors noted that dosage
data are not consistently reported in intervention studies. In
particular, studies rarely included the average rate of teach-
ing episodes per unit (dose), making it impossible to calcu-
late cumulative intervention intensity. Using length of each
session as a proxy for dose, they concluded that there is a
nonlinear relationship between dosage and effect size, sug-
gesting that intervention volume is not as important as its
quality: More is not necessarily better.

There is contradictory evidence as to the “minimum”

dose required to effect change, with an average of 6 hr ther-
apy (range: 0–24, over 6 months—using an intention to
treat protocol or recommendation for review) being linked to
greater gains than a wait list control in a study by Broomfield

Frizelle et al.: Quantitative Dosage Manipulation for DLD 739



www.manaraa.com

and Dodd (2011), and a similar level of input (average of
6.2 hr, range: 0–15, over 12 months) being associated with
no significant difference in a study by Glogowska et al.
(2000). Consideration of study methodology would suggest
that Broomfield and Dodd’s findings may be more robust
(e.g., power: N of 703 vs. 159; homogeneity of participants;
greater treatment fidelity). However, it is not possible from
either study to determine the “optimal” dosage for clinically
meaningful changes to occur; as Law and Conti-Ramsden
(2000) note, it is highly unlikely that 6 hr of therapy is
enough. When it comes to defining “optimal” intervention
dosage, things become even less clear, as previous research has
reported differing values. In their meta-analyses, Nye et al.
(1987) reported that interventions of more than 13 weeks
duration were not as effective as interventions with shorter
durations (i.e., 1–12 weeks), with the highest effect size found
for interventions lasting 4–12 weeks. However, Law et al.
(2004) found that interventions lasting for more than 8 weeks
seemed more effective than shorter interventions. Addition-
ally, considering session lengths, Nye et al. reported that
session lengths shorter than 90 min yielded higher effect
sizes than longer sessions. Jacoby et al. (2002) studied the
number of individual “treatment units” (i.e., 15-min sessions)
needed to facilitate functional communication improve-
ments in children with articulation and/or language disorders.
They found that the degree of improvement was correlated
with the number of treatment units (time in therapy). In this
study, the odds of improvement increased when the child
received at least 20 hr of therapy. There are a number of
potential reasons for these differing findings. Therapy out-
comes may be particularly important. The complex and
interrelated nature of dosage means that studies rarely manip-
ulate only one element at a time, making causal conclusions
difficult. Furthermore, a number of theories of language
acquisition and/or explanatory theories of DLD posit that
vocabulary, phonology, and morphosyntax may invoke dif-
fering learning mechanisms in children, and hence, optimal
dosage characteristics may vary across domains (Botting &
Marshall, 2017).

Theories of Learning and Their Implications
for Dosage

Theories of learning that are relevant across domains,
in the context of dose and dose frequency with respect to
children with DLD, pertain to how and over what time pe-
riod information is encoded and consolidated. One theory
posits that learning is more efficient when the same number
of teaching episodes is distributed over several sessions than
when they are massed/concentrated into one or a few sessions
(see Janiszewski et al., 2003, for meta-analysis of 93 studies
with typical language learners). If treatment sessions are
distributed across different days or weeks, this allows for
new information to be re-encoded during each session and
consolidated between sessions. On the other hand, massed
practice does not offer the same opportunity for consoli-
dation following children’s encoding of new information.
Children with DLD have been shown to have encoding

difficulties (Alt & Plante, 2006) and require a greater num-
ber of exposures to both vocabulary and syntactic forms
than children with typical development (Cleave et al., 2015;
Gray, 2003; Rice et al., 1994). They have also been shown
to have poorer phonological short-term memory and work-
ing memory than their typically developing peers, thereby
negatively impacting their memory consolidation. If chil-
dren’s primary difficulty is one of encoding, then we would
expect that the dose per session or cumulative dose may be
more important than the dose frequency. If children receive
a high treatment dose, they have the opportunity to encode
and re-encode multiple times, thereby strengthening their
initial representation. On the other hand, if consolidation is
the more significant impediment to learning, then we might
hypothesize that dose frequency would have a greater im-
pact on treatment outcomes. Even if the information has
only been partly encoded following initial exposure, it may
be that memory consolidation can work incrementally, build-
ing on the encoded representation at each time point. The
processes of encoding new information and memory con-
solidation are also very relevant for the timing of outcome
measures. Immediate testing, particularly with respect to
probes during treatment, is likely to measure the child’s
encoding ability, whereas delayed testing (postintervention
and at follow-up) is tapping the level of consolidation or
decay that has occurred.

The Current Study
Since the publication of the Zeng et al. (2012) review,

a number of studies that directly manipulate aspects of in-
tervention dosage have been published. In order to inform
evidence-based service delivery, commissioning, and policy,
this review article presents a systematic review and narrative
synthesis of intervention studies for children with DLD in
which aspects of oral language intervention dosage are ex-
perimentally manipulated or retrospectively statistically
analyzed. The review is the first of a pair completed with
similar methodology and focuses on quantitative aspects
of dosage. The focus of the other review is on the qualita-
tive characteristic, dose form. To increase confidence in
the conclusions drawn, the Oxford Centre for Evidence-
Based Medicine hierarchy of evidence was applied, and
only studies using designs at Levels 1, 2, and 3 were included
(systematic reviews of RCTs, RCTs, nonrandomized con-
trolled cohorts/follow-up designs). Those at Levels 4 and 5
(case series, case control and mechanism-based reasoning)
were excluded (OCEBM Levels of Evidence Working Group,
2011). The review focuses on interventions in which there
are outcomes in the domains of phonology, vocabulary,
and morphosyntax and reports findings separately to deter-
mine whether optimal dosage characteristics differ across
domains.

We addressed the following research questions (RQs):

1. To what degree have the quantitative aspects of dos-
age (dose, dose frequency, and total intervention du-
ration) been specifically manipulated and compared
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in intervention studies and how confident can we be
in the study findings?

2. What are the optimal quantitative dosage character-
istics for phonology, vocabulary, and morphosyntax
outcomes? Does optimal dosage differ across these
domains?

3. What gaps remain in the evidence?

Method
This systematic review was registered with PROSPERO

(ID CRD42017076663; McKean et al., 2017) and is one of a
series completed as part of European COST Action 1406.
Action 1406 focused on understanding intervention and service
delivery for children with DLD across Europe and a number
of partner countries. Our methods adhere to PRISMA guide-
lines for systematic reviews (Moher et al., 2015). Due to the
heterogeneity of the included studies, combining data in
meta-analysis was not appropriate; the review is therefore pre-
sented as a narrative synthesis.

Search Procedure
Searches were conducted to identify empirical peer-

reviewed articles, in any language, that related to oral lan-
guage interventions with children with DLD. Due to the
adoption of DLD terminology and criteria being very re-
cent (Bishop et al., 2017), our searches included previous
terminologies used to refer to this group of children or to
subgroups within the umbrella of DLD, such as specific
language impairment or language impairment. The exact
terminologies used in each study were extracted and are
presented in Supplemental Material S1. Seven electronic
databases were used and included Web of Science (includ-
ing MEDLINE, SSCI), MEDLINE (PubMed), ERIC,
PsycINFO, Cochrane Library, Scopus, and LLBA. The
initial search was limited to peer-reviewed studies, pub-
lished between and inclusive of January 2006 and Decem-
ber 2015. Three updated searches were then completed;
the first includes studies published between January 2016
and October 2017, the second includes studies published
between November 2017 and May 2019, and the third
includes studies published between June 2019 and May
2020. Search terms were developed through discussion be-
tween authors and consultation with a research librarian.
The search string is given in Supplemental Material S2.
Reference lists of all articles included on full-text and rele-
vant systematic reviews were also hand-searched for any
additional articles.

Inclusion/Exclusion Criteria
Included articles met the following criteria:

• Research design—(a) RCTs, (b) quasi-experimental
designs (nonrandom assignment) with an element of
control, or (c) cohort analytical designs, observational
studies in which groups were assembled according to

whether or not they have received the intervention,
with control.

• Peer-reviewed publication in any language, published
between January 2006 and May 2020.

• Participants with a mean age of ≥ 3 and ≤ 18 years,

• Participants identified as having (a) DLD or an equiv-
alent term such as primary language impairment or
specific language impairment and (b) difficulties on at
least one oral language assessment (vocabulary, mor-
phosyntax, or discourse) falling below 1 SD below the
mean. Those with language impairment secondary to
those conditions identified by CATALISE criteria as
precluding a DLD diagnosis (e.g., autism spectrum
condition, learning disability) were not included. Those
with language difficulties and an “associated condition”
allowed in CATALISE criteria (e.g., attention-deficit/
hyperactivity disorder, dyslexia) were included. Children
with childhood apraxia of speech were excluded on the
basis that their pattern of response to phonological in-
terventions may differ from those with other disorders
(Morgan & Vogel, 2008), in particular with respect to
dosage, and so their inclusion could potentially bias
our findings regarding dosage effects in DLD.

• Examined an oral language intervention, which mea-
sured outcomes in the domains of phonology, vocabu-
lary, and/or morphosyntax.

• Experimentally manipulated or statistically analyzed
an aspect of either dose, dose frequency, or cumulative
intervention intensity while keeping other variables
constant.

More detailed definitions of our research design cate-
gories and our definition of intervention are given in our
PROSPERO preregistration (ID CRD42017076663).

Article Selection and Reliability
of Search Procedures

Stage 1. The initial search formed the basis of several
COST Action IS1406 reviews with differing foci. The aim
was to identify articles evaluating interventions for children
with DLD across all language domains (vocabulary, pho-
nology, morphosyntax, and pragmatics). These articles were
initially screened on title and abstract for inclusion/exclusion
based on the criteria of date, target group, level of evidence
(whether there was an element of control included in the
study design), or evaluation of an intervention. Twenty per-
cent were double-screened by two independent reviewers
(C. A. M. and D. S. for the initial search and C. A. M. and
P. F. for the three updated searches) using specialist soft-
ware supporting systematic reviews (EPPI-Reviewer 4). Re-
liability calculation was undertaken at each stage with an
overall agreement rate of 96%. Disagreements at this and
all subsequent stages were resolved through discussion. This
stage yielded 1,198 articles. All non-English articles at this
and subsequent stages were considered by either author
A. K. T. (who is fluent in a number of languages) or by a
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native speaker of the relevant language in the COST Ac-
tion, and the relevant criteria discussed with P. F. after
translation.

Stage 2. To identify those specifically relevant to
vocabulary, phonology, or morphosyntax outcomes con-
sidered in this review, two independent reviewers (P. F.
and A. K. T.) screened 100% of the articles included af-
ter Stage 1 on title and abstract. Agreement rate of 93%.
This yielded 698 articles.

Stage 3. Full-text screening was completed against
the inclusion/exclusion criteria by the same two indepen-
dent reviewers. Agreement rate was 94%.

Stage 4. Full-text screening was then completed on
the 244 articles emerging from Stage 3 to identify those with
a specific focus on dosage characteristics, which were experi-
mentally manipulated or statistically analyzed, and with re-
search designs at Levels 1, 2, or 3 in the Oxford Centre for
Evidence-Based Medicine hierarchy of evidence. Agreement
rate at this stage was 97%.

Stage 5. Finally, full-text screening was completed on
the 39 articles that emerged from Stage 4 and only those
that focused specifically on dose, dose frequency, interven-
tion duration, or total intervention intensity were included
(n = 13). See Supplemental Material S3 for PRISMA
flowchart.

Data Extraction
The first author extracted the following data from

the articles and tabulated it in an Excel spreadsheet: study
design (RCT, quasi-experimental, cohort analytical), par-
ticipant variables (number, mean age at intervention base-
line), treatment detail (intervention context, dose form,
treatment/control targets, dosage manipulation, planned/
received dose (both were extracted if reported), planned/
received dose frequency and intervention duration, and out-
come measures (the nature and timing of measures and the
main findings).

Risk of Bias
The first and last authors (P. F. and C. M., respec-

tively) appraised study quality using the Cochrane risk-of-
bias tool for RCTs (Higgins et al., 2011). The tool aims
to evaluate selection bias (random sequence generation
and allocation concealment), performance bias (blinding
of participants and personnel), detection bias (blinding of
outcome assessment), attrition bias (incomplete outcome
data), reporting bias (selective reporting), and other bias
deemed important by the reviewers (for which we included
fidelity measures and noted whether a power calculation
was completed). For studies in which the target group or
items were not randomized, the two evaluation categories
for selection bias were coded as not applicable. These stud-
ies were evaluated according to the remaining categories.
We assigned risk of bias ratings of high, low, or unclear.
Both reviewers rated each article independently, and dis-
agreements were resolved by consensus. The risk of bias as-
sessment for each article is shown in Figure 1.

Results
Thirty-nine articles reported on studies in which dos-

age was experimentally or statistically manipulated, and
13 of these focused on the quantitative aspects of dosage.
These 13 articles came from eight journals, nine of which
were in the English language and one was in German: three
(23%)1 from the Journal of Speech, Language, and Hearing
Research, three (23%) from Language, Speech, and Hearing
Services in Schools, two (15%) from the American Journal
of Speech-Language Pathology, and one (8%) each from Inter-
national Journal of Language and Communication Disorders,
International Journal of Speech-Language Pathology, Child
Language Teaching and Therapy, Communication Disorders
Quarterly, and L.O.G.O.S. Interdisziplinair. Eleven of the 13
studies were conducted in the United States (85%), one was
conducted in the United Kingdom (8%), and one was con-
ducted in Germany (8%). A total of 481 children with DLD
(M = 40.1, SD = 61.3) were represented in the 13 studies.
Sample sizes varied from 12 to 233 children (Mdn = 25),
and children with DLD had an average age range from
3;11 to 12;1 (years;months). See Supplemental Material S1.

Selection Criteria for Children With DLD
The majority of studies identified children as having

DLD (or a previously used term such as specific language
impairment/language impairment) using the following cri-
teria: (a) a composite score of below 1 SD on a standard-
ized language measure such as the Clinical Evaluation of
Language Fundamentals–Fourth Edition or the Structured
Photographic Expressive Language Test–Third Edition;
(b) nonverbal IQ scores within 1 SD of the norm on a test
of cognitive functioning; (c) hearing within the normal
range (shown by passing a pure-tone hearing screening);
and (d) no known neurological, social-emotional, or psy-
chiatric disorders. With respect to the two studies that took
place in the community [Studies 4 and 8 in Supplemental
Material S1]2 although the language cut-point for inclusion
was −1 SD, the authors point out that, on average, the in-
cluded sample scored more than 2 SDs below the mean. The
DLD diagnosis in Germany [9] was different in that it was
based on medical history and the participants were required
to have specific language characteristics pertinent to the
intervention—such as a mean length of utterance of three
words and a language sample showing no more than 15%
of expressions with the verb in the second position. Three
studies had a slightly lower cut-point in relation to cogni-
tive ability, that is, a standard score of 80 [1] and 75 [6, 7].
No evidence of speech impairment was specified in three of
the 13 studies.

RQ 1: To what degree have quantitative aspects of dos-
age been specifically manipulated and compared in interven-
tions studies and how confident can we be in the study findings?

1May not sum exactly 100% due to rounding.
2Numbers in square brackets indicate the study number in Supplemental
Material S1.
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No studies manipulating quantitative dosage charac-
teristics were identified, which focused on phonological out-
comes in children with DLD. There is therefore no clear
evidence regarding dose, dose frequency, total intervention
duration, or cumulative treatment intensity in relation to
phonology with this population. In contrast, there were
three studies (23%) specific to vocabulary and eight studies
(62%) specific to morphosyntax. Lastly, there were two
studies (15%) with omnibus outcomes in which dosage was
statistically manipulated. Figure 1 summarizes the risk of
bias in each of the studies. Five studies (39%) were RCTs,
Level 1 in the hierarchy of evidence, and within those RCTs,
three of the five focused on morphology, only two studies
explicitly described selected random sequence generation,
none of the five described selection allocation concealment,
and none reported on a priori power calculation. Partici-
pant numbers in RCTs were generally small (ranging from
12 to 34 children), raising concerns regarding statistical power
to detect differences. In addition, although RCTs aim to

control for differences across groups, this does not always
work with small sample sizes. Of the five RCTs, none re-
cruited randomly from a larger population, two recruited
from a single setting, two recruited from multiple settings,
and one was unclear. Randomization was always with re-
spect to the treatment condition. Each of the trials was pre-
liminary and included elements of Phase 1 and Phase 11
trials (Fey & Finestack, 2009). With respect to Phase 1,
studies aimed to address the core treatment parameter of
intensity, and in relation to Phase 11, they examined treat-
ment benefit across children, preliminary indications of effi-
cacy. Quasi-experimental (Level 2) studies made up 39% of
the articles, with four of the five focused on morphology. In
broad terms, these studies were nonequivalent group de-
signs, although in some studies, there was an attempt to
match across variables, such as nonverbal IQ and language
scores. Our inclusion criteria ensured an element of control
for all studies. Detection bias blinding was either not ad-
dressed or unclear in four of the five studies, and similarly,

Figure 1. Critical appraisal of each included study. N/A = not applicable.
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there was no reported power calculation for four of the five
studies. The cohort analytical studies (n = 3, 23%) included
two with the same sample [4, 9], neither of which reported
explicitly on attrition. Due to the nature of language stud-
ies, performance bias blinding is extremely challenging for
all studies. Biases not present in the majority of studies were
attrition bias, selective reporting, and other fidelity measures.
Analysis of the publication dates for the included studies
show that the majority have been published in the previ-
ous 5 years (2016–2020: n = 8, 62%; 2011–2015: n = 3, 23%;
2005–2010 inclusive: n = 2, 15%), demonstrating an increas-
ing focus and interest in this important issue and a growing
evidence resource to inform practice.

RQ 2. What are the optimal dosage characteristics for
phonology, vocabulary, and morphosyntax outcomes? Does
optimal dosage differ across these domains?

RQ 3. What gaps remain in the evidence?
The following provides a narrative summary of the

findings of the articles identified, organized by outcome
(vocabulary, morphosyntax, phonology, omnibus measure).
In each section, we report on each of Warren et al.’s (2007)
quantitative dosage components in turn (dose, dose fre-
quency, total intervention duration, and cumulative treatment
intensity), identifying whether evidence exists, summarizing
the findings, and describing the level of confidence in those
findings. Supplemental Material S1 also summarizes the data
extracted from the articles.

Vocabulary
For this domain, studies manipulating dose (n = 1)

[12] and dose frequency (n = 2) [8, 13] were identified, but
none were found for total intervention duration or cumula-
tive intervention intensity.

Dose: number of properly administered teaching epi-
sodes during a single session.

The issue of optimal number of exposures, with re-
spect to new word learning, is addressed by Storkel et al.
in their 2017 article [12], in the context of interactive book
reading using a novel escalation design methodology. Twenty-
seven children with DLD (M = 5;8) were randomly assigned
to one of four word learning treatment intensities: 12, 24,
36, or 48 cumulative exposures. Children heard each target
word in a shared book-reading context, followed by its defi-
nition and the use of the target word in a supportive context
sentence, and lastly, they were given a synonym of each
target word. Target words included nouns, verbs, and ad-
jectives, and word learning was assessed through a definition
task and a naming task. The dose per session was either 3,
4, or 6, depending on the treatment intensity. For example,
in the case of 24 cumulative exposures, the target word was
repeated 4 times in each book, and the book was read 6 times
over the course of the intervention. Based on the word
definition outcome (administered immediately postinterven-
tion), no children learned the target words following 12 expo-
sures. At 36 exposures, 43% of children with DLD responded
to treatment, while at 48 exposures, fewer children were
responding (29%). Diminishing returns were also evident

when using the average number of words with correct def-
initions in the last block as the outcome measure for each
treatment intensity. Children showed the ability to define
the most words (n = 5) following 36 exposures, and word
learning began to diminish at 48 exposures. In addition, re-
sults from the naming task indicated 36 exposures to be the
optimal dose (with 86% of children responding). A decrease
in treatment response was again evident as the number of
exposures increased to 48. The finding that children’s opti-
mal performance was following 36 exposures supports the
theory that there is a critical minimum number of expo-
sures required to allow adequate encoding of words to oc-
cur. On the other hand, diminishing returns at 48 exposures
may be in keeping with deficient-processing theories of
learning, which suggest that learning effectiveness is depen-
dent on the degree of attention directed toward what is being
learned. A reduction in attention is thought to occur as
what is being learned becomes overly familiar, and while
this has previously been discussed in relation to massed
practice (Cepeda et al., 2006), it could also occur in the
context of too many word exposures within a given time
period.

While this study is highly innovative, in the application
of an escalation design to the field of language learning,
there are a number of points to note with respect to dosage.
The number of treatment sessions ranged between 10 and
20 and were given 2–3 times a week. Therefore, the total in-
tervention duration is a confound, as it was not constant
for each dose. It is also noteworthy that children’s response
to treatment was very low at all exposures, when using the
definition task as a measurement of learning. Only 43% of
children responded at optimal dosage, and only five treat-
ment words were correctly defined. A more optimistic result
was evident using the naming task as the outcome measure,
with 86% of children responding at optimal dose and 60%
responding at a minimum of 12 exposures. The authors posit
that semantic knowledge is measured by the definition task
and that the naming task is a measure of phonology. We
suggest this may be an overly conservative approach to the
measurement of semantic knowledge and that word defini-
tions are perhaps the pinnacle of semantic knowledge. More
graded outcome measures, sensitive to differing levels of
semantic learning, such as the children’s ability to provide
a synonym (a measure included in the study), could perhaps
have yielded different results. It is interesting to contrast
this finding with that of Aguilar et al. (2018), who manip-
ulated dose form rather than dose in their word learning
study. Aguilar et al. found that, with high variability in the
referent presented, preschool children with DLD had the
ability to learn three new words, having been exposed to
them 18 times over three sessions and asked to name the items
once per session. However, learning was measured through
a comprehension probe in the Aguilar et al. study, a task
significantly less challenging than the definition probes and
naming tasks used by Storkel et al. (2017). In addition, in
contrast to Storkel et al. where the outcomes were adminis-
tered immediately postintervention, the Aguilar et al. reten-
tion outcome measure was administered at follow-up (6 weeks

744 Language, Speech, and Hearing Services in Schools • Vol. 52 • 738–754 • April 2021



www.manaraa.com

postintervention), allowing for a consolidation period, which
may have facilitated word learning.

Dose frequency: number of sessions over a given time
frame

Riches et al. (2005) [8] investigated the effect of dose
(number of word exposures) and dose frequency (spacing/
period between exposures) on novel verb learning in chil-
dren with DLD. The study was based on the premise that
distributed learning is more efficient than a massed approach.
Twenty-four children with DLD (M = 5;6) and 24 language-
matched control children were taught four novel verbs, using
a dual morphological frame (Look its dacking, see it dacks),
modeled through play activities. The manipulation of the
number of exposures, along with the spacing of the treat-
ment sessions, resulted in four experimental conditions:
(a) massed 12, with 12 exposures on a single day; (b) massed
18, with 18 exposures on a single day; (c) spaced 12, with
12 exposures spread over 4 days (three each day); and
(d) spaced 18, with 18 exposures spread over 4 days (either
four or five each day). Outcome measures were carried
out directly following and 1 week postintervention and in-
cluded an action probe (What does it do? Can you show
me?), a production probe (What’s it doing? Can you tell
me?), and a comprehension probe (From a choice of three
objects, which one was verbing?). Posttest measures showed
that children with DLD benefitted from a greater number
of exposures to novel verbs with respect to comprehension.
However, based on production, the spacing effect was greater
and more significant than the effect of the number of expo-
sures, that is, children had better learning after 12 presentations
when the exposures were spaced than after 18 presentations
when the exposures were massed. It is important to high-
light a number of points in relation to this study. First, the
outcome measures administered were not blind and were
designed to assess comprehension and expression at a single
word level. In addition, results are based on children’s learn-
ing of a very small number of verbs (n = 4). Furthermore,
the authors acknowledge that because each verb label was
linked to a single object, we cannot assume that, following
12 or 18 exposures, the children developed a generalized
representation of each verb meaning. Although the cumula-
tive treatment intensity is equivalent across some conditions,
the massed presentations differ from the spaced presenta-
tion on both dose and dose frequency, making the relative
contribution of each dosage variable on children’s perfor-
mance difficult to extract. In addition, while highlighting
the potential of manipulating spacing effects for positive
gains, the study sheds little light on optimally spaced learn-
ing intervals or optimal number of exposures with respect
to word learning in children with DLD.

Storkel et al. (2019) built on this work in their exami-
nation of whether different combinations of dose and dose
frequency (while keeping treatment intensity constant) in-
fluenced the ability of kindergarten children with DLD to
learn new words in an interactive book reading context.
Children (between ages 5;0 and 6;2) were given 36 exposures
to two word sets, 60 words in total consisting of nouns,
verbs, and adjectives. For the first word set, a 6 dose × 6

dose frequency format was used with all children. For the
second word set, children were randomly assigned to one of
two conditions, either 4 dose × 9 dose frequency or 9 dose ×
4 dose frequency, while controlling for order effects. As in
their 2017 study, children’s learning was measured through
a word definition task, but in contrast to their previous
study, outcome measures were administered at two time
points posttreatment (an average of 5 days and 21 days post)
and were also tracked during treatment. This was an impor-
tant aspect of the study, as it revealed that children learned
more words during treatment (an average of 10) than they
retained after treatment was withdrawn (an average of four
words). Only 40% of the words that were correctly defined
at the end of treatment were retained 5 or 6 days later, and
only 30% of words were retained at the 21-day time point.
Word learning was, however, consistent with their previous
study, in that children defined an average of four to five
words correctly immediately postintervention at this expo-
sure level. The drop in word learning calls into question our
previous suggestion that perhaps the word learning advan-
tage shown in the study by Aguilar et al. (2018) was due to
the timing of the postintervention outcome measure (6 weeks
post) and that this potentially served as a consolidation pe-
riod. Results from Storkel et al. suggest that the delayed out-
come measure revealed decay rather than consolidation.

With respect to treatment scheduling, the manipula-
tion of dose and dose frequency while maintaining 36 ex-
posures in both conditions did not result in differences in
word learning outcomes. This finding suggests that it is the
overall dose (number of exposures) that has greater impact on
children’s word learning than the frequency of the treatment
schedule. It is also in keeping with that reported by Bellon-
Harn (2012), Meyers-Denman and Plante (2016), and
Balthazar and Scott (2018; presented later in this review ar-
ticle) with respect to morphosyntax, all of whom reported
no learning advantage for a spaced rather than a more con-
centrated treatment schedule, when overall dose is controlled.

Morphosyntax
Dose: number of properly administered teaching epi-

sodes during a single session
Only two studies with morphosyntax outcomes in-

cluded in the review manipulated dose. Proctor-Williams
and Fey (2007) [7] investigated the effect of three recast
densities of novel irregular past tense verbs on spontane-
ous conversational productions in two groups of children.
Recasts were provided in the context of a child-led, play-
based activity and were defined as “immediate adult re-
sponses to child utterances, that repeat some of the child’s
words and correct or modify the morphologic or syntactic
form of the child’s prior utterance, while maintaining the cen-
tral meaning of the child’s production” (Proctor-Williams
& Fey, 2007, p. 1029). Children with DLD (between 7 and
8 years) and language-matched typically developing children
(5–6 years) were exposed to recasts of six novel verbs at a
conversation-level density (0.19/min) or at an intervention-
level density (0.47/min), or no recasts over a period of five
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sessions. The recast exemplars were distributed equally
across the six verbs, that is, three in the low-density recast
condition and three in the high-density recast condition. Low-
density recasting translated as two per verb in each of the five
sessions (30 recasts), and high-density recasting translated as
five per verb in Sessions 4 and 5 only (30 recasts). Therefore,
while dose per session was manipulated, total dose was equal
across high- and low-density conditions. Cumulative learning
was measured as the number of correct elicited irregular
past tense verb productions, directly postintervention.

Contrary to the authors’ expectations, the children with
DLD did not improve their production accuracy at higher
intervention-like recast densities; however, the sample size
was small (n = 13). It may also be that difference in dose
density was not sufficient to yield a difference in children’s
verb learning across only five sessions or that high-density
recasting was not high enough to effect change. We note
that the effective density of recasting reported in the Meyers-
Denman and Plante (2016) study (see below) is higher than
that reported here (1.25/min vs. 0.47/min). It might also be
the case that an equal total dose over the course of the inter-
vention reduces the likelihood of significant differences
emerging when manipulating dose per session, particularly
over such a short intervention duration. It is also noteworthy
that, for both high- and low-density conditions, the total dose
is only 30 recasts. This is in stark contrast to the Meyers-
Denman and Plante study in which the treatment duration
was equivalent (150 min), but the total dose was consider-
ably higher, at 125 recasts. It is also unfortunate that the
distribution of the five intervention sessions was not con-
trolled, which resulted in a substantial range in total inter-
vention duration (4–44 days). Interestingly, when the authors
tested the relationship between the length of time (in days)
that it took to complete the five sessions and the accuracy
of past tense productions in both the low- and high-density
conditions, the results indicated that the longer that chil-
dren were in the experiment, the less accurately they pro-
duced the verbs. Following on from this, they investigated
whether a gap of 5 days or more between any of the sessions
affected the children’s accuracy of spontaneous productions
and found that it did not. The impact of recasting is further
complicated by the fact that children were given at least five
opportunities to produce each of the irregular past tense
verbs in each session, regardless of density condition. Chil-
dren’s production levels were therefore similar across condi-
tions and may have gone some way toward reducing the
effect of recasting input on their production outcomes.

Dose: the distribution/ density of episodes within the
session

Building on the work by Proctor-Williams and Fey
(2007), a more recent study carried out by Plante et al.
(2019) reported on within-session manipulation of the dose
density of enhanced conversational recasting. An addi-
tional study distinction was that Plante et al. kept overall
intervention duration constant. Twenty children with DLD
(ages 4;0–5;11) were exposed to 24 unique recasts of different
morphological forms per session. Recasts were given in the
context of dialogic book reading and free-play activities.

Treatment took place 5 days a week for 5 weeks, and targets
included –ed, third person –s, Aux is, and possessive. Half
of the group heard the recasts over a 30-min period (one
recast every 1.25 min), and the other half heard them over
a 15-min period (one recast every 38 s) while maintaining
session length at 30 min. The study was designed to ascer-
tain which of the two treatments was more effective and
efficient, and how many children generalized their targets in
that time frame. Children’s learning was measured through
the use of generalization and retention morpheme probes. The
former were administered before each Monday, Wednesday,
and Friday session, and the latter were given 6 weeks postin-
tervention. Results indicated that the majority of children
showed a strong treatment effect. However, there were no
significant differences between the two treatment conditions
on any of the outcome measures (probe or spontaneous per-
formance, number of treatment responders, follow-up per-
formance). In addition, there was a significant relationship
between children’s performance at the end of treatment
and at follow-up. The authors conclude that within-session,
high-density dose delivery does not offer any advantage
over a lower density delivery, if dose and overall interven-
tion duration are constant. However, the sample size was
again small (n = 10). They also note that, although children
retained the gains that they made in treatment, they did not
show any independent improvement in target morpheme
use following treatment. Findings from this study differed
from the Proctor-Williams and Fey study in that the treat-
ment itself was effective, but given the overall dose differences
(30 recasts vs. between 528 and 600), this is not surprising.
An important difference between the two studies was how
the dose density manipulation was implemented. In the
Proctor-Williams and Fey study, the low-density condition
was distributed across the five sessions, but the high-density
condition was implemented in Sessions 4 and 5 only. There-
fore, the density manipulation was achieved by altering
the number of sessions in which the recasts were given (2 ×
5 sessions, 5 × 2 sessions), and as result, dose frequency was
a confound. In contrast, Plante et al. altered the session length
in which an equal number of recasts were given (24 recasts in
15 min vs. 24 recasts in 30 min), and this was constant across
all sessions. Despite these differences, both studies showed no
differences between the high- and low-density groups when
dose was constant. As previously stated, it may have been
the case that the dose was too low in the Proctor-Williams
and Fey study to have an effect and to reveal any differences.
In contrast, Plante et al. implemented a high dose, which
resulted in a strong treatment effect, but even then, no dif-
ferences emerged. These findings support the premise that
the within-session dose maybe more important in treatment
effectiveness than the session length, during which the doses
are given in the context of an equivalent overall interven-
tion duration. However, further research with larger sam-
ples is needed to validate this finding.

Dose frequency: number of sessions over a given time
frame

Dose frequency was manipulated in five of the eight
studies within the morphosyntax domain. Bellon-Harn (2012)
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[2] reported on a study in which they examined the effect of
different dose frequencies on the morphosyntactic abilities
of preschool children with DLD (M = 4.61 years). Children
were enrolled into either a concentrated (4 times a week for
6 weeks) or spaced treatment schedule (twice a week for
12 weeks), in which the dose, dose form, total number of
intervention sessions, and therefore total number of treat-
ment hours (8 hr) were kept constant. However, total inter-
vention duration was not controlled. Using books as the
stimuli, the therapy was described as a “scaffolded language
intervention” in which techniques such as expansions, cloze
procedures, and models were integrated, with an implicit
method of instruction. Baseline and immediate posttreat-
ment measures were taken using language sample analysis
and probes designed to elicit targets (such as the use of
auxiliary, copula, third-person singular). While the authors
report positive outcomes following both treatment sched-
ules, there were no differences in how children performed in
either the concentrated or spaced treatments. This result is
not consistent with previous literature in relation to typical
language learners (Ambridge et al., 2006) or children with
DLD (Desmottes et al., 2017); however, the sample size is
particularly small (six per group), and consequently, these
results should be interpreted with some caution. It is also
worth noting that there is considerable variation across stud-
ies as to what is considered spaced or concentrated in treat-
ment delivery and how this interacts with the total duration
of the intervention. Indeed, even the more concentrated
treatment in this study is delivered over a 6-week period.
In addition, it is noteworthy that, although the authors sug-
gest that dose is kept constant in this study, they acknowledge
that, in a scaffolded language therapy, there is no predeter-
mined script or target. As a result, dose was not closely con-
trolled, that is, the frequency of linguistic forms within each
cloze procedure, expansion, and model. The authors sug-
gest that dose for both treatment schedules was high and
may therefore mask any dose frequency effect. It may also
be the case that a total of 8 hr of intervention, which was
constant across conditions, was not so lengthy as to reach
the point of diminishing returns, which would potentially
result in a smaller effect for the more frequent schedule.

The second study in which dose frequency was ma-
nipulated with respect to morphosyntax was carried out
by Smith-Lock, Leitao, Lambert, Prior, et al. (2013) [11].
The study (which included a larger sample than that by
Bellon-Harn, 2012) compared the effectiveness of two dif-
ferent dose frequencies in relation to a school-based treat-
ment of expressive grammar. Five-year-old children with
DLD were assigned to either eight 1-hr sessions of treat-
ment given over an 8-week period (a spaced treatment) or
eight 1-hr sessions given over an 8-day period (a concen-
trated treatment). Once again, total intervention duration
was not controlled. Therapeutic techniques were integrated
into naturalistic play sessions and included explicit instruc-
tion, focused stimulation, recasting, and imitation. Treat-
ment targets were individualized and included accurate use
of past and present tense, pronouns, and possessives. Learn-
ing was measured immediately on the Grammar Elicitation

Test (Smith-Lock, Leitao, Lambert, & Nickels, 2013), as
well as 8 weeks postintervention. While results showed sig-
nificant improvement in the group that received the spaced
treatment (relative to the same time period prior to treatment),
this was not the case for the concentrated treatment group.
Single-subject analyses indicated that 46% of children who
received the spaced schedule and 17% of those who received
the concentrated schedule showed a significant treatment
effect. This result is in keeping with previous findings indi-
cating advantages for spaced learning but is contrary to re-
sults by Bellon-Harn (2012). Of interest is the fact that the
number of therapy hours is equivalent for both studies;
however, in addition to the sample size, a notable difference
between the two studies is the total intervention duration.
In Smith-Lock, Leitao, Lambert, Prior, et al (2013), the
concentrated intervention takes place over a relatively short
period (8 days). The spaced intervention duration (8 weeks)
is, however, quite similar to the concentrated intervention
duration in the Bellon-Harn (2012) study (6 weeks). We might
suppose that, given a total number of therapy hours that is ef-
fective and equal in both conditions, differences only emerge
between spaced and concentrated treatment schedules for
children with DLD, when the time frame between the be-
ginning and end of the treatment is significantly shorter
for one condition than the other (e.g., 1 week vs. 8 weeks).

It is also the case that, while Smith-Lock, Leitao,
Lambert, Prior, et al. (2013) provided teachers with scripts
and detailed activity plans, dose was not controlled for in
this study. Research suggests that dose frequency effects (i.e.,
number of sessions) can be mitigated if dose per session is high
(Fey et al., 2013), but the authors do not give us any sense of
dose in this study. Additionally, there are a number of treat-
ment techniques used in both aforementioned studies, such
that dose in relation to each technique is likely to be some-
what diluted and to vary between each treatment session.

Meyers-Denman and Plante (2016) [5] is the third in-
cluded study to examine the effects of treatment dose fre-
quency on grammatical morpheme remediation in young
children with DLD. Again, the sample size was small at
eight per group. Using enhanced conversational recasts, treat-
ment was given in both concentrated (3 × 10-min sessions
within a 4-hr period, 5 days a week) and spaced conditions
(1 × 30-min session 5 times a week). The concentrated con-
dition resulted in fifteen 10-min sessions, while the spaced
condition resulted in five 30-min sessions. Specifically, with
respect to dosage, a significant difference between this study
and that by Bellon-Harn (2012) was, regardless of whether
treatment was administered in the concentrated or spaced
condition, the treatment dose (24 conversational recasts per
day), rate of delivery (one recast every 1.25 min), total in-
tervention hours (2.5 hr), and total intervention duration
were controlled. Children’s learning was measured through
a play-based generalization probe, in which they were re-
quired to use the target morphemes with untreated lexical
items. Pre- and postassessments revealed a significant im-
provement in morpheme production in both dose frequencies,
with no change in untreated morpheme use. There were,
however, no differences in the effect of treatment for the
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concentrated or spaced conditions. The authors conclude
that enhanced conversational recast treatment can produce
positive results in a short time for children with DLD. This
study appears to lend further support to the idea that if the
dose itself is high (in this case, one recast every 1.25 min),
it facilitates more effective encoding, and dose frequency
can be reduced. One could argue that both treatment fre-
quencies were relatively high, as treatment was given daily
in both conditions. On the other hand, given the small sam-
ple size, it may be that there was no sufficient statistical
power to detect differences between the two conditions. In
any case, optimal dose frequency, relative to dose, has yet
to be established.

In a more recent study, Balthazar and Scott (2018)
[1] manipulated dose frequency, with respect to the treat-
ment of complex sentences, in older children with DLD
(10–14 years of age). Adverbial, object complement, and
relative clauses were taught following a once or twice weekly
treatment protocol. Total intervention duration was 9 weeks,
and session length ranged between 40 and 60 min, resulting
in total intervention time of 6–9 hr for the once weekly
condition and 12–18 hr for the twice weekly condition. Im-
portantly, dose was kept constant at a planned rate of
30 stimuli per session and an actual rate of 26 items per
session (236 in total) in the once weekly condition, and
28 items per session (502 items in total) in the twice weekly
condition. Stimuli presentation was through modeling,
repetition, and manipulation of a complex sentence, with
scaffolding and clinician feedback. Primary outcome mea-
sures were sentence probes administered before, during,
and after treatment as well as standardized language tasks
reflecting a broad range of oral and written language. In-
terestingly, while treatment was effective, as measured by
the sentence production probes, there was no advantage
for the higher dosage group on any oral language measure.
This finding was contrary to the authors’ hypothesis, and
they suggest a number of possible explanations for this re-
sult: Given that three sessions were devoted to each sentence
type, even in the once weekly group, there may have been
no advantage to the additional sessions; they acknowledge
that treatment maintenance was not examined, and they
question whether the difference in the two dose frequencies
was sufficient to yield a difference. We suggest that the
findings of this study are in keeping with previous studies
and support the notion that high dose reduces the need for
high intervention frequency. However, it is important to
consider maintenance effects.

An additional study, in which dose frequency was sta-
tistically analyzed in the treatment of complex syntax, was
carried out by Siegmüller et al. (2017) [10]. Intervention
outcomes were children’s ability to use subordinate clause
structures. Intervention dose form was implicit and carried
out in six steps, which included (1) intensive modeling of
(a) verbs and their associated arguments and (b) different
grammatical subcomponents of the sentence, (2) questions
eliciting the production of the main clause, and (3) modeling
expansions of the main clause to subordinate clause struc-
tures. Children were assigned to different steps depending

on their pretest performance, and treatment was discontin-
ued when the child reached Step 5 (showed the ability to
use subordinate clauses). To analyze the effects of dose fre-
quency on the outcome, the children were divided into two
groups: those who had therapy once and those who had
therapy twice weekly. The aim was to establish the effect
of dose frequency on how many sessions the children needed
to reach the intervention goal. The maximum number of
intervention sessions was 22. In support of a spacing ef-
fect advantage, the results showed that the children who
received less intensive treatment (once weekly) needed fewer
sessions to achieve the therapy goals than the children who
received more intensive treatment. When analyzing the ef-
fect of age on achieving the intervention outcome, a sig-
nificant moderate correlation was found between age and
number of sessions. To study this further, the children were
divided into two groups: young and old. There was a signif-
icant difference between the groups in the number of sessions
needed, with younger children requiring fewer sessions. The
authors suggest that younger children might react faster and
more easily to intervention than older children. However,
given the fact that we have no information on dose (of each
dose form), it is difficult to draw strong conclusions from
this study. As was the case with work already described
(Bellon-Harn, 2012; Meyers-Denman & Plante, 2016), if
the dose of each aspect of the treatment protocol was high,
then this may have negated any benefits of a more frequent
intervention. On the contrary, the participant numbers are
greater in this study, therefore revealing a spacing advantage
that perhaps could not be detected with smaller sample sizes.

Total intervention duration
Only one study was identified for inclusion in the re-

view in which total intervention duration was manipulated.
Bellon-Harn et al. (2014) [3] examined the effects of inter-
active storybook reading on children’s use of microstructure
elements within language samples. The study included 12 pre-
school children with DLD (M = 4.63 and 4.78 years),
randomly assigned to two intervention durations. In one
intervention, children received 42 sessions across 14 weeks,
and in the other, they received 24 sessions across 6 weeks.
As a result, dose frequency (although not identical) was min-
imally different (3 vs. 4 times a week), while there was a
considerable difference in total intervention duration. How-
ever, keeping dose frequency fairly similar while manipulating
the total intervention duration necessitates a considerable
difference in the total number of intervention sessions per
group (almost double), which is also likely to translate into
dose differences (unless intentionally controlled for). The
authors do not provide specific dose information, and we
can therefore assume dose differences. The outcomes of
interest were the frequency with which children used coor-
dinate and subordinate clauses as well as the number of
words within clauses. Although results indicated positive
outcomes, there were no group differences between those
who received 24 sessions versus those who received double
this amount of treatment. The authors suggest that gains in
narrative microstructure elements are obtained with less total
treatment time, although it is worth noting that the treatment
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frequency for both groups was intense at 3–4 times weekly. It
would also be interesting to replicate this finding, while
controlling for dose and with a larger sample size. It may
have been the case that the dose per session was sufficiently
high, that the longer intervention duration served no advan-
tage. This would support the premise that if dose is high,
not only frequency but total intervention duration can be
reduced. Again, it is important to temper our interpreta-
tion based on the very small sample size included in the
study. Previous findings by Fey et al. (2013) in relation to
toddlers with intellectual disabilities suggest that increases in
treatment frequency are only advantageous when dose is de-
creased, perhaps this is also the case in relation to total in-
tervention duration and children with DLD. As previously
discussed with respect to diminishing returns in word learning,
a lack of advantage for the longer morphosyntax intervention
is also in keeping with deficient processing theories of
learning (Cepeda et al., 2006), with a suggested reduction
in children’s attention levels, when what is being learned
becomes overly familiar, in a very lengthy intervention.

Omnibus Outcomes
Two further articles investigated how dosage charac-

teristics interact to contribute to children’s global language
outcomes [4, 9]. These articles are based on a unique study
that used data from a large clinically identified sample of
children with DLD (n = 233), who were receiving language
treatment within the U.S. public school system, over an ac-
ademic year. Natural variations in treatment intensity data
allowed the authors to examine the impact of different as-
pects of dosage on children’s language outcomes, as well as
the extent to which treatment outcomes vary as a function
of one or more dosage parameters. Treatment centered on
one of nine language focused targets, and outcomes were the
Clinical Evaluation of Language Fundamentals–Fourth
Edition (Semel et al., 2003) Core Language scores and the
Picture Vocabulary subtest from the Woodcock-Johnson III
Tests of Achievement (Woodcock et al., 2001). It is impor-
tant to note that, in both articles, the term dose is defined
and operationalized differently to Warren et al. (2007). Here,
it is defined as the total amount of time spent addressing any
one of nine language-focused targets, in contrast with the
now more usual definition of the number of administered
teaching episodes in a given intervention session. Hence, it
is a proxy measure with less specificity and accuracy than a
measure of dose, and it precludes a clear definition of dose
form. On the other hand, this approach allows an examina-
tion of dosage effects in a much larger sample than found
in other intervention studies and scrutinizes dosage schedules
used in real-world clinical contexts. Using this approach,
Schmitt et al. (2016) [9] examined the extent to which dose,
dose frequency, and the interplay between the two were as-
sociated with language gains over the school year. Using
structured equation modeling, the results showed that chil-
dren receiving low dose/high frequency (intervention sessions
of approximately 2 min, at a rate of 2–3 times per week),
or high dose/low frequency (intervention sessions of

approximately 20 min, at a rate of 1 per week or fortnight)
had better outcomes than those receiving high frequency/
high dose (20 min, 2/3 times weekly), high frequency/aver-
age dose (12 min, 2/3 times weekly), or low frequency/low
dose treatment (2 min, 1 per week or fortnight). It must be
noted when considering clinical application that the total
intervention duration here was a school year and not dis-
crete “blocks” of therapy found in many health care sys-
tems (McKean et al., 2019). Therefore both “optimal”
conditions have relatively high total intervention hours
(low dose/high frequency: 2 min × 3 sessions × 28 weeks
= 168 min (2 hr 48 min); high dose/low frequency: 20 min
× 1 session × 28 weeks = 560 min (9 hr 20 min per year).

Justice et al. (2017) [4] aimed to make recommenda-
tions about the quantity of treatment required to achieve the
optimal amount of language gain for children with DLD
using this same data set. Outcomes were retrospectively an-
alyzed with respect to dose, dose frequency (intensity), and
cumulative intensity of therapy. Multilevel modeling allowed
the authors to predict language gains from each dosage pa-
rameter, and regression weighting guided a recommended
amount of treatment. The process allowed the authors to
develop an empirically derived equation/algorithm for use
by SLPs to calculate optimal language outcomes (defined
as an increase of 0.6 SD units). Therefore, if a clinician
knows the session frequency (e.g., once weekly) and number
of weeks they can work with a child over the course of the
school year (e.g., 25), using baseline language scores and
0.6 SD as the desired amount of change, the algorithm can
identify the amount of time that should be spent working
on language skills, within each of those 25 sessions. Because
baseline language scores are used, the algorithm that is
highly innovative takes account of the severity of the dis-
order and provides therapists with a scientific alternative
to making decisions about treatment, rather than those
based on caseload size or common practice. Additionally,
by manipulating the session frequency and the amount of
time spent on a given language goal, therapists can also
determine the degree of spacing both within and between
sessions, in relation to what is being learned. With respect
to limitations, the authors acknowledge that the algorithms
are based on correlational data and cannot therefore be
interpreted causally. We also do not know how dosage in-
teracts with SLP decision making and whether the sched-
ule and its relative success was influenced by therapy goals,
which may be more suited to one schedule than another
(e.g., past tense –ed vs. narrative macrostructure). In ad-
dition, although the diversity of goals and speech-language
pathology practice in the schools does suggest that a range
of dose forms can be effective, the ways in which targets
were addressed by clinicians is likely to have varied con-
siderably. Finally, there is a need to better understand inter-
actions between child-level factors such as language severity
and treatment intensity. The literature is unclear regard-
ing whether children with more severe DLD might benefit
from higher frequency interventions or from those in which
learning opportunities are more spaced, thereby facilitating
consolidation and enhanced attention.
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Discussion
In this study we aimed to ascertain to what degree

the quantitative aspects of dosage have been specifically
manipulated in intervention studies with children with DLD,
in which there were phonology, vocabulary, or morpho-
syntax outcomes. In addition, we aimed to identify optimal
quantitative dosage characteristics in each of these domains
and to highlight gaps in the literature and difficulties in
interpreting the evidence. The dominant finding of the re-
view is the lack of intervention studies across domains, in
which quantitative aspects of dosage have been experimen-
tally or statistically manipulated for children with DLD. In
addition, a number of studies included in the review have
been carried out with particularly small sample sizes, causing
us to call into question the validity of these findings. Conse-
quently, there is a significant need for further research to in-
form clinical practice. Significantly, there were no studies
with phonological outcomes in this population of children in
which quantitative aspects of dosage were manipulated. It is
possible that the literature relating to children with speech
sound disorder can be directly applied to DLD. However,
this has not been tested, and given the metalinguistic skills
and abstract concepts invoked in many phonological inter-
ventions, it would seem likely that modifications in dosage
and/or other aspects of the interventions would be required
and should be tested in empirical studies. Given high comor-
bidity between DLD and speech sound disorder, such work
would likely have significant clinical impact (Eadie et al.,
2014).

Vocabulary
The finding that there were only three studies in the

vocabulary domain, in which quantitative aspects of dosage
were manipulated, again highlights the dearth of research
in this area. Hence, there is limited evidence on which prac-
titioners can draw to inform the implementation of inter-
ventions and advise managers and policy makers regarding
optimal dosage. The work by Storkel et al. (2017) has been
both pioneering in its use of an escalation design and unique
in showing diminishing benefits following a specific number
of word exposures. However, in many ways, this important
work represents a starting point from which to grow research
in this domain. Given that frequency and total intervention
duration were not constant for each dose, further work is
required to determine whether this finding is replicated un-
der constant frequency or duration conditions. It is also sig-
nificant to note the differences in children’s responses with
respect to outcome measures (43%, word definition vs. 86%,
word naming). Within word learning studies alone, out-
comes can include forced choice comprehension probes,
naming, word definition, and synonym comprehension or
production tasks—all of which may use experimental or un-
familiar referents and which can occur during intervention,
immediately after or following a consolidation period. If we
are to build the necessary evidence upon which to base clin-
ical decisions, the use of consistent outcome measures will
be required to make meaningful cross-study comparisons.

In addition, the timing of outcome measures is central to how
we interpret study findings. This is highlighted in the work
reported by Storkel et al. (2019), in which there was a 40%
drop in word learning a mere 5–6 days postintervention.

Based on the findings of their earlier study (Storkel
et al., 2017) and reinforced by this most recent study (Storkel
et al., 2019), when measured with a naming or word defini-
tion task, 36-word exposures appear to be the optimal dose
for word learning in 5- to 6-year-old children with DLD.
However, this age range is narrow, and it would be inter-
esting to investigate a potential interaction between age and
number of exposures: an interaction revealed by Siegmüller
et al. (2017) in relation to morphosyntax outcomes. Finally,
it is important to consider the interaction between dose and
dose form. There is some evidence suggesting that increas-
ing object variability (how a referent is presented) may re-
sult in word learning at a lower dose (see Aguilar et al., 2018),
and this would seem a fruitful avenue for further research.

Research examining dose frequency effects in word
learning interventions in children with DLD is also scarce.
This is despite the number of articles in the general ver-
bal learning literature suggesting an advantage for distrib-
uted over massed learning (see meta-analysis completed by
Janiszewski et al., 2003). Although Riches and colleagues
addressed this in their 2005 article (Riches et al., 2005), as
we have already noted, there was no blinding of outcomes;
only four verbs were included in the study, and there were
only two intervals of learning. In addition, both the massed
and the spaced learning intervals were relatively concen-
trated, that is, the spaced condition was over 4 days, rather
than a period of weeks, as in the Storkel et al. (2017) arti-
cle and in much clinical practice. Recent work by Storkel
et al. (2019) manipulating dose and dose frequency sheds
further light on this topic, in that a much larger set of words
were taught; there was some blinding of outcomes, and out-
come measures were taken 21 and 5 days postintervention.
Interestingly, when overall dose was controlled, the spacing
of the treatment schedule did not impact children’s word-
learning outcomes, and the authors concluded that when
treatment is given over a period of weeks, overall dose is
more important than the frequency of the treatment sched-
ule. In this study, the massed condition was over a period
of 4 weeks (× 9 doses), and the spaced condition was for
9 weeks (× 4 doses). However, how spaced and massed learn-
ing conditions are defined is problematic throughout the lan-
guage learning literature. One study’s “spaced” presentation
is another study’s “massed,” and there is significant varia-
tion in the total intervention duration and the total inter-
vention hours implemented. Future work is clearly required
to ascertain what is optimal dosage for children with DLD.
We recommend the systematic examination of a broad
range of learning intervals across a range of ages, together
with a consideration of how those learning intervals inter-
act with number of exposures.

Morphosyntax
Although quantitative aspects of dosage have been

more extensively studied in morphosyntax, it is revealing
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that only two studies investigated the effect of dose in in-
terventions for children with DLD. Each study investigated
a different dose subcomponent (the average rate of teaching
episodes per unit of time and the distribution of episodes
within the session). Examination of dose frequency would
suggest that where dose is high, then dose frequency can be
reduced (e.g., Balthazar & Scott, 2018). However the opti-
mal dose per session has not yet been identified. Following
dose manipulation through the presentation of recasts in low
(0.19/min) and high (0.47/min) density conditions, Proctor-
Williams and Fey (2007) reported no improvement in irreg-
ular past tense production accuracy in the high-density
condition. This article is a telling example of the complex
interactive nature of dosage and shows the difficulty involved
in manipulating one aspect at a time. While cumulative inter-
vention intensity was equivalent across groups and children’s
expressive dose was equal in both density conditions (such
that the manipulation was only with respect to the number
of recasts children heard), the authors operationalized the
manipulation of dose by significantly impacting dose fre-
quency. In addition, total intervention duration was uncon-
trolled and very variable (4–44 days). There is an important
gap in the evidence, with studies needed taking a systematic
approach to the examination of dose with respect to mor-
phosyntax interventions. One such study was carried out by
Plante et al. (2019). High-dose recast density was manipu-
lated within sessions, while at the same time controlling for
dose, dose frequency, and overall intervention duration. The
high dose resulted in a treatment effect, but no differences
emerged as a result of the density with which the dose was
given. Because other aspects of dosage were controlled, we
can be clearer about conclusions drawn from this study.
However, the number of participants per group was small
(n = 10). The findings suggest that within-session dose may
be more important than the session length in which the
doses are given; however, to increase confidence in this
result, replication is required with a larger sample. Poten-
tially, this has important implications for therapists, many
of whom have large caseloads, who may be able to deliver
high-dose effective morphosyntax interventions while allo-
cating shorter time periods per session.

In addition, an escalation design, as implemented by
Storkel et al. (2017) for vocabulary, has the potential to be
informative for morphosyntax, while controlling for dose
frequency. In clinical practice, dose is rarely operationalized
and measured. When considering dosage characteristics, cli-
nicians use proxy measures such as the number of interven-
tion hours given over a specific time, the ratio of clinicians
to children in an intervention service, and the degree of par-
ent or child participation in a service over time. Without
measurement of dose, these can only ever yield rough ap-
proximations of dosage characteristics.

Bellon-Harn et al. (2014) found tentative evidence
that gains in morphosyntax in a narrative context can be
achieved in a much shorter total intervention duration,
when dose frequency is relatively intense. Unfortunately,
due to the small sample size and no information on dose, the
study sheds little light on why almost double the number of

sessions over a longer intervention duration offered no fur-
ther advantage. We suggest that, in keeping with deficient
processing theories of learning (Cepeda et al., 2006), chil-
dren’s focus may decrease when cumulative intervention in-
tensity becomes too high.

Lastly, dose frequency is the aspect of dosage most
commonly examined in the morphosyntax domain, and much
of the discussion with respect to dose frequency centers
around the concepts of concentrated versus distributed learn-
ing. Study findings are mixed, and in keeping with our con-
clusions in relation to vocabulary, cross-study comparisons
are difficult due to variation in many study characteristics.
In particular, the inconsistency with which the terms distrib-
uted and concentrated are defined is problematic. While
findings by Smith-Lock, Leitao, Lambert, Prior, et al. (2013)
and Siegmüller et al. (2017) support a distributed learning
advantage, Bellon-Harn (2012), Meyers-Denman and Plante
(2016), and Balthazar and Scott (2018) found no differences
in the effect of treatment for concentrated versus distributed
conditions. However, sample sizes were particularly small in
two of the three studies in which no differences were detected
and therefore may obfuscate the true result. It is also worth
noting that, in both articles that report a distributed learn-
ing advantage, we are given no information on dose. In
contrast, two of the three studies reporting no differences
between conditions (Balthazar & Scott, 2018; Meyers-
Denman & Plante, 2016) control carefully for the effect
of dose. Treatment dose was also very high in each study
(24 recasts per day at a rate of one every 1.25 min; 26 or
28 sentence stimuli per session, respectively). Interestingly,
both studies also controlled for total intervention duration.
In summary, the research to date suggests no difference in a
morphosyntax treatment effect between concentrated and
distributed conditions if the treatment dose, rate of deliv-
ery, total treatment hours, and total intervention duration
are controlled. In addition, one study has shown that if the
rate of delivery within session is manipulated (massed vs.
distributed), no learning advantage emerges (Plante et al.,
2019) However, significantly more research is required with
respect to concentrated and distributed intervention sched-
ules, and optimal dose frequency relative to dose has yet to
be established.

Omnibus Outcomes
Insights regarding the interaction between dose and

dose frequency have been gained from the two included
articles, which measure global language outcomes, where
dose was defined as the amount of time spent on a given
language target. Findings suggest that the best outcomes
are achieved when children receive either “little and often”
(frequent sessions [approximately 3 times per week] in which
the focus on a specific language target is very short [2 min])
or “more and less often” (less frequent sessions [approxi-
mately weekly] in which specific goals are targeted for longer
periods [20 min]). The evidence for “little and often,” if
embedded within longer sessions with mixed goals, may
be confounded by an increase in variability and intervention
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context. By changing the target after 2 min, both variability
and context change, both of which are thought to be ad-
vantageous to children’s language learning (Haebig et al.,
2019; Plante et al., 2014). What is unclear is how many
times (or if at all) the target was revisited within a single
session, that is, whether there was a within-session spacing
effect. In the “more, less often” scenario, there is greater
spacing between sessions, which may have been a facilitating
factor in increasing learning. More work is required to illu-
minate what is driving these effects.

Summary and Recommendations for the Future
This review highlights the limited research base avail-

able from which to identify optimal quantitative dosage
characteristics in the domains of phonology, vocabulary,
and morphosyntax. The need for future research to inform
clinical practice is significant. Dosage characteristics and
their interactions in SLT are complex. To summarize what
has been reported to date, more is not always better, and
studies show a point of diminishing returns for both vocab-
ulary (number of exposures) and morphosyntax (frequency/
total number of intervention sessions). There is some evi-
dence suggesting that younger children may require fewer
sessions to achieve the same results (in relation to morpho-
syntax), but dose frequency and total intervention duration
have not been systematically examined in relation to age,
and dose form techniques were not accounted for in this
finding. Study findings also suggest that if dose is high (the
number of learning opportunities within a session), then fre-
quency can be reduced, particularly in relation to morphosyn-
tax. Although results suggest no spaced learning advantage
between sessions (for morphosyntax) if all other dosage
characteristics are controlled, inconsistencies in the defini-
tions of spaced/distributed and massed/concentrated have
been problematic, making cross-study comparison and
clinical application difficult. Within-session spacing has
been underresearched, and while Plante et al. (2019) report
no differences in treatment effects based on the within-
session density with which the dose was given, changes in
dose form context which inadvertently create within-session
spacing have been found to be advantageous (Haebig et al.,
2019). Finally, frequent interventions (2/3 times per week)
that target language goals for short periods or less frequent
interventions (1 per week or fortnight) targeting language
goals for longer have been found to yield the best outcomes
in relation to composite language measures. However, more
nuanced research is required to examine the facilitators
of these effects.

Although there are clear gaps in the evidence, some
implications for practice arise from this review. Findings
from Schmitt et al. (2016) and Justice et al. (2017) support
the current practice of weekly or fortnightly sessions as an
efficient model, but only if dose is high. Ensuring interven-
tion sessions contain high levels of the “active ingredients”
of interventions is therefore vital. Furthermore, “little and
often” practice would also seem to be supported as being a
potentially effective approach. Such intervention schedules
are often more accessible to parents and educational

practitioners, working in partnership with SLPs. However,
efficacy would depend on appropriate treatment fidelity,
such that the dose form delivers the necessary active ingre-
dients of the intervention. This review also demonstrates
that there are minimum cumulative interventions dosages
required for children’s performance to improve on inter-
vention goals and also that too many may bring diminish-
ing returns. While the review has not been able to identify
a “magic number” for success, it does suggest that simply
delivering the number of intervention hours that are part
of local custom and practice is not defensible. Rather, to
ensure dosage is sufficient to have an effect, children’s prog-
ress should be monitored over the course of therapy and
delivered until a child reaches a predetermined criterion
of success, and to ensure resources aren’t wasted, the focus
of an intervention should be changed when progress plateaus.
The implications for research are clear. A systematic program
of studies is required, which manipulate individual dosage
characteristics while keeping others constant. Specifically,
in relation to vocabulary, it would be beneficial to explore
any potential interaction (a) between age and number of
exposures/dose, (b) between object referent variability and
dose, and (c) between a range of learning intervals and
dose. The potential to leverage spacing effects to maximize
efficiency appears promising (for both morphosyntax and
vocabulary), but more work is needed, particularly in the
area of within-session spacing. Finally, we suggest the ap-
plication of a dose escalation design to morphosyntax re-
search (used by Storkel et al., 2017, for vocabulary), while
controlling for dose frequency. To facilitate this research,
we recommend the development of a minimum data set of
agreed outcome measures across the discipline, together with
the more widespread adoption of open data practices. This
would allow data pooling and meta-analyses to be conducted,
enabling the consideration of the relative contribution of dif-
ferent dosage characteristics on intervention effects, and to
identify the optimal dosage characteristics with which to ef-
ficiently, effectively, and ethically intervene to make a dif-
ference to the lives of individuals with DLD.
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