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Abstract

Background and aims: Narrative-based language intervention provides a naturalistic context for targeting overall
story structure and specific syntactic goals in children with Developmental Language Disorder (DLD). Given the cog-
nitive demands of narratives, narrative-based language intervention also has the potential to positively impact related
abilities such as working memory and academic skills.

Methods: Ten children (8—I1 years old) with DLD completed |5 sessions of narrative-based language intervention.
Results: Results of single subject data revealed gains in language for five participants, four of whom improved on a probe
tapping working memory. An additional four participants improved on a working memory probe only. On standardized
measures, clinically significant gains were noted for one additional participant on a language measure and one additional
participant on a visuospatial working memory. Carry over to reading was noted for three participants and to math for one
participant. Across measures, gains in both verbal and visuospatial working memory were common. A responder analysis
revealed that improvement in language may be associated with higher verbal short-term memory and receptive language at
baseline. Those with working memory impairments were among those showing the fewest improvements across measures.
Conclusions: Narrative-based language intervention impacted verbal skills in different ways across individual children
with DLD.

Implications: Further research is needed to gain an understanding of who benefits most from narrative-based language
intervention.

Keywords
Narrative intervention, language impairment, Developmental Language Disorders, working memory impairment, near
transfer, far transfer

Introduction One population that has particular difficulty with nar-

The ability to tell a story is particularly important for
school age children; narrative ability has been linked to
better outcomes both socially (Davidson et al., 2017)
and academically (Griffin et al., 2004). The cognitive
demands of generating or retelling a narrative are quite
high, requiring support from a range of cognitive-
linguistic resources (Duinmeijer et al., 2012).

ratives is children with Developmental Language
Disorder (DLD), who demonstrate a persistent lan-
guage disorder with a significant impact on educational
or social outcomes not attributable to other biomedical
conditions (Bishop et al., 2017). Children with DLD
have demonstrated difficulty with many aspects of nar-
ration, such as making logical connections between
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story events (e.g. Reilly et al., 2004), establishing a
sense of continuity (e.g. Liles, 1985), or describing
characters’ feelings or intentions (e.g. Klecan-Aker &
Kelty, 1990). Because of the importance of narratives
in both social and academic realms, recent research has
explored various narrative interventions for children
with DLD. Results, however, have not always been
favourable (e.g. Green & Klecan-Aker, 2012), possibly
due in part to heterogeneity among children with DLD.
The present study addressed this problem by testing the
effectiveness of a narrative-based language intervention
for school age children with DLD with a single-subject
design and examining effects on language, working
memory, and academics as well as factors influencing
response to the intervention.

The role of narratives has been well documented in
both social and academic realms of childhood.
Narratives make up the majority of conversations
among young children (Preece, 1987). Narrative ability
is a critical skill for maintaining friendships and fitting
in with peers (Davidson et al., 2017), and predicts later
reading comprehension even after controlling for non-
verbal intelligence and initial reading ability (Botting
et al., 2006). In fact, narrative skill has been found to
predict academic outcomes up to seven years later
including reading comprehension (Griffin et al.,
2004), vocabulary (Dickinson & McCabe, 2001),
and involvement in academic remediation (Fazio
et al., 1996).

Key components of a well-crafted story can be cat-
egorized broadly as either macrostructure or micro-
structure elements (Liles et al., 1995). Macrostructure,
also called story grammar, refers to the global frame-
work of the narrative, or the way the content of the
story is organized (van Dijk & Kintsch, 1983).
Understanding the typical macrostructural framework
for narratives facilitates not only generation of stories
but also comprehension of oral narratives.
Microstructure refers to the word- and sentence-level
components of a story, such as the variety of vocabu-
lary, clarity of cohesion or pronominal references (e.g.
Liles, 1985), or complexity of syntax (e.g. Liles et al.,
1995).

In addition to linguistic knowledge, narrative ability
also relies on other cognitive resources, such as short-
term memory, the temporary storage of information,
and working memory, which additionally involves
manipulation of the information briefly held in short-
term memory (Baddeley & Hitch, 1974). Working
memory supports complex language processing such
as narrative discourse by maintaining activation of
verbal information until semantic, grammatical, plan-
ning, and inferencing processes can be completed
(Acheson & MacDonald, 2009; Yeari, 2017). It has
been suggested that working memory may be

important for encoding and incorporating components
of a story into an integrated mental representation of
the narrative (Montgomery et al., 2009). This hypoth-
esis has broad support from other studies reporting
correlations between short-term and working memory
abilities and narrative comprehension and recall (e.g.
Duinmeijer et al., 2012).

Children with DLD (also known as specific lan-
guage impairment) typically demonstrate simpler
syntax (e.g. Nippold et al., 2009), higher rates of gram-
matical error (e.g. Owen & Leonard, 2006), and greater
difficulty acquiring new vocabulary (e.g. Kan &
Windsor, 2010). Although a number of generalizations
can be asserted about DLD, it is important to note the
heterogeneity among children with DLD. One factor
contributing to the heterogeneity among children with
DLD is working memory capacity. It is well-
established that children with DLD demonstrate limit-
ed verbal short-term memory (Graf Estes et al., 2007);
however, there is evidence that only some children with
DLD show deficits in working memory capacity
(Archibald & Joanisse, 2009). This variation in presen-
tation is likely to affect performance on tasks known to
correlate with working memory, such as narrative tasks
(e.g. Duinmeijer et al., 2012).

Not surprisingly, children with DLD have demon-
strated many weaknesses in narrative ability. In regard
to content and story structure, narratives by children
with language impairment include fewer complete epi-
sodes (Merritt & Liles, 1987), poorer coherence (Liles,
1985), and more off-topic comments and disordered
sequences of events (Miranda et al., 1998) relative to
peers. Children with DLD tend to produce shorter nar-
ratives (Colozzo et al., 2011) with little elaboration
(Ukrainetz & Gillam, 2009) using fewer cognitive
state terms (Bishop & Donlan, 2005) and fewer elabo-
rated noun phrases (Greenhalgh & Strong, 2001). In
addition, narratives of children with DLD are often
grammatically weaker than their peers’ narratives, as
demonstrated by shorter sentences (Scott & Windsor,
2000), fewer dependent clauses (Bishop & Donlan,
2005), less variety of complex syntactical structure
(Reilly et al., 2004) and fewer instances of combining
different complex forms (Gillam & Johnston, 1992). As
well, narratives of children with DLD have been judged
to be of poorer quality even when rated by laypersons
or teachers (Newman & MacGregor, 2006). Finally,
poor narrative ability among children with DLD has
been shown to persist into adulthood (Wetherell et al.,
2007).

In a recent systematic review, Petersen (2010)
defined narrative intervention as interventions using
oral narratives as a medium whereby language-related
features are modeled by a clinician and practiced by the
participant. Generally, stories connected to a series of
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pictures are modeled, and supports are gradually with-
drawn so participants independently retell the story by
the end of the intervention steps (e.g. Gillam et al.,
2012; Swanson et al., 2005). Intervention strategies
include focused stimulation, scaffolding, and dialogic
reading to target micro- and macrostructure elements
(e.g. Gillam et al., 2012; Swanson et al., 2005). The
majority of research on narrative intervention 1is
aimed at children up to eight years old; however,
older children with DLD continue to have difficulties
with narrative abilities (Wetherell et al., 2007) and ben-
efit from language intervention (Ebbels et al., 2017).
Given the association between narrative language and
other abilities, such as working memory and academic
performance, it is possible that improvement in linguis-
tic ability may lead to carry over gains in related
domains. Therefore, the present study aimed to test
the effectiveness of a narrative-based language inter-
vention on language and related abilities among chil-
dren with DLD aged 811 years.

Narrative-based language intervention with school
age children with language impairment has been exam-
ined in a few studies with some reporting improvements
on both story grammar and linguistic outcome meas-
ures (Davies et al., 2004; Gillam & Gillam, 2016;
Petersen et al, 2010) and others demonstrating
macro- but no microstructure gains (Green & Klecan-
Aker, 2012; Fey et al., 2010). Reasons for the discrep-
ancy in these findings are multifaceted. For example,
the intervention reported by Gillam and Gillam was
substantially longer (43 sessions compared to 18 or
fewer sessions in the other cited studies). In addition,
Davies et al. included a bespoke measure of language
structures targeted while others used a free-form nar-
rative generation task (e.g. Green & Klecan-Aker,
2012; Fey et al., 2010). Finally, the Petersen et al.
study included participants with severe language
impairments, which may have impacted response to
intervention. These findings clearly point to the need
to examine factors associated with narrative-based lan-
guage intervention outcomes in detail. For instance, it
is possible that some variation in intervention effective-
ness is associated with heterogeneity among children
with DLD. Although the heterogeneity in DLD is not
well understood, a variety of factors may influence
profiles known to characterize and vary amongst chil-
dren with DLD, and could be associated with response
to intervention. One possible factor is related to lan-
guage skills. Specifically, language impairment with a
receptive language component has been found to be
more resistant to intervention than expressive-only
impairments (Boyle et al., 2009). In the present study,
we examine language and other factors associated with
both the response to intervention and intervention
outcomes.

In addition to linguistic skills, narratives have been
shown to tap other cognitive mechanisms such as
memory (Montgomery et al., 2009). Therefore, it is
plausible that intervention targeting narrative ability
might affect memory or other academic skills that
share similar cognitive demands, such as reading and
math, a question that was examined in the present
study. Broad support for working memory effects fol-
lowing language intervention is provided by studies
showing transfer to verbal short-term and working
memory after phonological awareness interventions
(Park et al., 2014; van Kleeck et al., 2006). However,
the effect of narrative intervention on working memory
is seldom measured. One study (Swanson et al., 2005)
found that narrative-based language intervention had
no effect on verbal short-term memory as measured by
a nonword repetition task, however more research
including multiple memory measures is needed.

Findings of associations between reading compre-
hension and both oral language (Nation et al., 2004)
and narrative ability (Roth et al., 1996) have prompted
researchers to advocate for the use of oral narrative
language intervention as a strategy to support reading
(Perfetti et al., 2005; Scott, 2009). Earlier studies
repeatedly demonstrated that explicit instruction in
story grammar led to improvements in reading compre-
hension of narratives among children with learning dis-
abilities (see Gersten et al., 2001 for review). A more
recent study (Clarke et al., 2010) found that an oral
language intervention targeting story grammar along-
side other language goals (e.g. vocabulary, figurative
language) led to better long term reading comprehen-
sion gains than a parallel text-based intervention
among children with poor reading comprehension (8—
9 years).

Studies of language and math have shown associa-
tions between language ability and performance on a
wide variety of mathematical tasks (Kleemans et al.,
2018), and between language and word problems in
particular (Fuchs et al., 2006). These associations are
reinforced by findings of poor math skills among chil-
dren with DLD (Cowan et al., 2005). As well, higher
math scores have been found in children demonstrating
strength in narrative ability relative to syntax or vocab-
ulary (Feagans & Appelbaum, 1986), suggesting a
unique link between narrative ability and math. This
link is strengthened by findings that narrative ability in
preschool was related to math performance two years
later (O’Neill et al., 2004). The strength of the associ-
ation between math and language suggests that a lan-
guage intervention may lead to improvement in math
ability.

Using a multiple-baseline single subject design, the
present study tested the effectiveness of a narrative-
based language intervention for school age children
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with language impairment and a range of working
memory abilities including those with working
memory impairment. All children were offered lan-
guage intervention following the same basic structure
and using the same story books; however, the interven-
tion was individualized by adjusting the targeted level
of sentence complexity to suit each child’s abilities.
Intervention effects were measured using probes com-
pleted throughout the baseline, intervention, and
follow-up phases and designed to be sensitive to
change in language and/or working memory or neither
skill. Additionally, an assessment battery was adminis-
tered before, immediately after, and three months after
completion of the intervention to measure language,
working memory, reading, and math abilities. The
first aim was to examine the impact of the intervention
on language and related domains. We expected positive
changes for all participants in the specific skills targeted
by the intervention, namely knowledge and use of story
grammar and complex syntax. Considering the cogni-
tive demands of narrative retell and the importance of
narrative ability to later academic success, we antici-
pated that cross over effects could occur in the related
domains of working memory, reading, and math abil-
ities. We hypothesized that those who showed greater
cross over benefits to working memory would be those
with the lowest working memory at baseline, and per-
haps only those with working memory impairments.
Our second goal was to investigate participant response
to intervention by examining patterns between res-
ponders and their baseline ability in language or work-
ing memory. We were interested in whether baseline
language or working memory abilities could account
for any observed heterogeneity in response to interven-
tion in a multiple-baseline design with several
participants.

Methods

Participants

Participants were 10 children (8 male) recruited from a
database of children from a previous study (n=383;
Archibald, Oram Cardy, Joanisse, & Ansari, 2013),
for which children completed an assessment battery
on two occasions approximately one year apart. The
battery included standardized measures of working
memory, language, nonverbal intelligence, reading,
and math at both time points, and parent and teacher
reports at the first time point. A total of 42 children in
the database met criteria for either a language or work-
ing memory impairment (as outlined below), of which
29 could be contacted and 16 agreed to participate in
this and a companion study (Pauls & Archibald, 2021,
2021). Of the 16 who agreed to participate, 8§ met

criteria for a language impairment only and were
included in the present study and 4 met criteria for a
working memory impairment only and were included
in the companion study. The remaining four partici-
pants met criteria for both a language and working
memory impairment, two of whom were selected ran-
domly to participate in the current study.

Participants in the present study were recruited
based on meeting the following criteria for having a
language impairment: (a) standard score below 86 on
the Composite Language Score (CLS) of the Clinical
Evaluation of Language Fundamentals—4 (CELF-4;
Semel et al., 2003) at the second time point in the pre-
vious study; (b) reported teacher concern for language
or reading ability at the second time point, and (c) evi-
dence of impairment at the first time point, as indicated
by two or more of the following: a low score (< 87) on
the CELF—-4, reported parent or teacher concern for
language or reading ability, or a low score (< 87) on
one or more measures of reading or math. We adopted
a cutoff score for language impairment of 1 SD or more
below the standardized language test mean, which is
consistent with many previous studies but more lenient
than some (Nitido & Plante, 2020). Given this, our
additional criteria ensured that we had evidence of a
persistent language difficulty with a functional impact
for all participants (Bishop et al., 2017).

Children were also required to demonstrate average
nonverbal intelligence (standard scores at or above 85)
at both time points, as obtained from either the
Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler, 1999) or the Wechsler Preschool and
Primary Scale of Intelligence — Third edition (WPPSI-
IIT; Wechsler, 2002) according to participant age. An
additional working memory score was obtained by
averaging performance on three subtests from the
Automated Working Memory Assessment (AWMA;
Alloway, 2007) found to load on a working memory
factor separate from language in a previous study
(Archibald, 2013): two visuospatial working memory
tasks (Odd One Out, Spatial Recall) and one verbal
working memory task (Listening Span). No require-
ments were set on working memory performance for
study enrollment. Of the 10 children completing the
study, 2 (DLD-9, DLD-10) were considered to have a
working memory impairment as indicated by low
working memory scores (< 87). Table 1 summarizes
demographic and baseline measures for all partici-
pants. The time span between the most recent assess-
ment in the previous study and the initial measures for
the present study ranged from 10 to 23 months. As well,
the purpose of the previous study was to describe learn-
ing profiles and did not involve any intervention. It is
unlikely that participation in the previous study had
any impact on the current study.
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Table 1. Descriptive statistics for participant demographics and inclusion measures.

n Male Age (yrs) CLS WM comp PIQ
DLD 8 7 10.24 (0.97) 77.25 (3.24) 99.83 (7.06) 101.88 (13.51)
LWMI 2 | 9.83 (1.41) 78.50 (0.71) 76.67 (14.14) 103.50 (20.51)
All participants 10 8 10.16 (0.99) 77.5 (2.92) 95.19 (12.51) 102.20 (13.75)

DLD: Developmental Language Disorder; LWMI: language and working memory impairment; CLS: Composite Language Score on the CELF-4; WM
comp: Working Memory composite; PIQ: performance intelligence quotient.

Assessment Language Assessment Assessment
Intervention
3x/wk
Probes 2x/wk Probes 1x/mo
| | | LA
Week 4 9 13 26

Figure I. Study timeline.

General procedures

Study timeline. This study was one in a pair of concur-
rent studies with single subject designs aimed at evalu-
ating language intervention (this study) and working
memory training (Pauls & Archibald, 2021). Both stud-
ies consisted of three phases: baseline, intervention, and
follow up (see Figure 1). In keeping with the single
subject design, four probe measures were completed
two times per week throughout the baseline phase,
intervention phase, and for the first four weeks of the
follow-up phase. Eight repetitions of the probe meas-
ures were completed during baseline in order to capture
any change due to repetition of the probe alone. For
the final three months of the follow-up phase, probe
measures were administered monthly. During the five-
week intervention phase, children completed three 40-
minute intervention sessions each week. In addition to
the probe measures, an assessment battery consisting of
standardized tests of language, short-term and working
memory, reading and math was completed at the begin-
ning of the study, immediately following completion of
the intervention phase and at the end of the follow up
phase. Participants completed all intervention and
assessment sessions individually in a quiet room in
their school or home. All research sessions were com-
pleted by trained research assistants. Different research
assistants completed the assessment, probe measures,
and intervention sessions. All research assistants were
blinded to the working memory status of the partici-
pant, and those administering the assessment and
probe measures were blinded additionally to the pur-
pose of the study.

Intervention

Initial goal selection. The narrative-based language inter-
vention targeted both macrostructure and microstruc-
ture goals. The macrostructure goals were the same for
all participants, namely to promote understanding and
use of story grammar components. In contrast, micro-
structure goals were individualized based on a dynamic
assessment consisting of narrative retell (Lost in Space;
Warr-Leeper, 1990) and expository language samples
(Nippold et al., 2005) and a bespoke complex syntax
task. For the bespoke measure, children were prompted
to produce sentences with increasingly complex syntax,
ranging from structures with simple infinitive to those
with multiple instances of embedding (based on
Covington et al., 2006 and Steffani, 2007). Following
failure to produce a complete sentence with appropri-
ate use of the given target structure, children were pro-
vided up to two additional prompts (i.e. a sentence
starter, then a model). Structures were identified as
suitable intervention targets when a child showed dif-
ficulty with them across the 3 measures, but demon-
strated readiness by responding to extra prompts.

Intervention materials. The narrative intervention was
similar to that described in previous studies (e.g.
Gillam et al., 2012; Swanson et al., 2005) and incorpo-
rated materials from published children’s books: Small
Saul (Spires, 2011); Stanley’s Party (Bailey, 2003); The
Boy Who Loved Bananas (Elliott, 2005); Purple,
Green, and Yellow (Munsch, 1992); and Willow’s
Whispers (Button, 2010).
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Intervention procedure

Each week (three sessions) focused on a different story
book and followed the same basic pattern of activities.
Each session was comprised of an introductory discus-
sion of the theme, interactive readings and retellings of
the story, and additional activities to promote deeper
understanding of vocabulary and story structure. Each
session ended with the child providing spontaneous
language samples, which were recorded and later
transcribed.

Intervention activities for each day are outlined in
Figure 2. On Day 1, the theme was introduced and
existing knowledge activated through a discussion of
concepts related to the theme. Relevant vocabulary
was highlighted with discussion of meaning and

phonological features. Where possible, images and
sketched drawings were used to support comprehen-
sion. Additional activities on Day 1 provided further
introduction to the story. The research assistant
engaged in dialogic reading of the story. In the third
activity, the research assistant and child collaboratively
retold the story using visuals depicting the story char-
acters and settings. Throughout the retelling, the
research assistant offered scaffolding by using story
grammar terms, pointing out new vocabulary, and
recasting the child’s comments into complete complex
sentences using grammatical structures at the child’s
microstructure goal level. Next, the child was asked
to recall pertinent vocabulary from the story
based on given semantic and phonological clues.

Activity Day One Day Two Day Three
Introduction of e Introduce main theme Review main theme e Review themes,
Theme e Brainstorm known e Introduce secondary key vocabulary

concepts related to theme using strategies e Discuss concepts
theme from Day One learned in previous
e Highlight related sessions
vocabulary, with visual
support
Interactive * RA leads interactive RA leads interactive e Child retells story
Story Reading reading of story reading using scripts ~ ® RA prompts with
e While reading, clarify adapted for child’s sentence starters,
new vocabulary, discuss syntax targets probes for
characters’ feelings, While reading, elaboration where
make predictions and discuss implied necessary
personal connections meanings or character
e Child answers motivations, imagine
comprehension alternative outcomes
questions
Retell o Child retells story using Child retells story e Discuss conflicts

paint program

* RA offers scaffolding
for story grammar terms
and complex syntax

Comprehension e Child solves riddles
Activity targeting relevant story
vocabulary

Independent ¢ Unaided story retell
Retell ¢ Spontaneous expository
sample on related topic

from perspective of
secondary character,
using paint program

Given a story event,
child indicates when
it occurred and which
events preceded and
followed it

e Unaided story retell
e Spontaneous

expository sample on
related topic

in story: how they
were addressed,
related personal
experiences,
alternate solutions

Child points to
details in
illustrations based
on given clue

Unaided story
retell
Spontaneous
expository sample
on related topic
Retell new story

Figure 2. Intervention session structure.
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Finally, the child provided an unaided retelling of the
story as well as an expository sample related to the
theme.

Day 2 began with a review and introduction of the
secondary theme. For the interactive story reading, the
research assistant read a version of the script adapted
to include more exemplars of the child’s syntax targets.
Additional activities on Day 2 served to draw attention
to implicit elements of the story. Throughout the read-
ing, the research assistant asked the child about aspects
of the story not explicitly stated in the text, such as the
characters’ motivations or the meaning of idiomatic
phrases, and engaged the child in imagining possible
alternative events to those in the story. Then, the
child used visuals depicting the story characters and
settings to recount the story from the perspective of a
character other than the main character. Next, the
child was given an event from the story and indicated
whether it was from the beginning, middle, or end of
the story. The session ended with another expository
and narrative sample.

Day 3 began with a review of key vocabulary and
themes. For the interactive story reading, the research
assistant prompted the child to complete sentences
using starter phrases targeting the child’s microstruc-
ture goal level. Additional activities on Day 3 focused
on story eclaborations and connecting story elements.
Children were asked to elaborate on the story by
adding further details about the settings, the charac-
ters’ feelings, or minor events as prompted by the illus-
trations in the book. Next, children and research
assistants discussed each of the problems or conflicts
in the story, attempts to address the conflicts in the
story, possible alternate solutions to the conflict, and
any related personal experiences. For the fourth activ-
ity, children were asked to point to details in the illus-
trations based on clues from the research assistant. The
final spontaneous speech samples once again included
expository and narrative retell samples as well as a
retell of a new story, which had a plot structure similar
to the theme story.

Treatment fidelity

Intervention sessions were conducted by six different
coaches, including two speech-language pathologists
(SLPs), three masters students in an SLP program,
and one research assistant. All coaches completed rig-
orous training with the first author, which involved
instruction in complex syntax structures, viewing vid-
eotapes of sessions, and role playing aspects of the ses-
sions. In addition, 19% of the sessions were observed
by the first author, and monitored for essential criteria
using a bespoke fidelity checklist. In these observa-
tions, 98% of the intervention elements were executed

as intended. When elements were missed, the observing
author offered further education to the coaches
through discussion and modeling.

Frequent school absences affected data collection
for two participants. As a result, one participant
(DLD-9) received the intervention over the course of
seven weeks instead of the prescribed five weeks.
Follow-up data collection for another participant
(DLD-10) was limited to a single time point.

Outcome measures

Probe measures. The probes were designed to measure
change in the independent variables of interest, namely
language and working memory. Tasks were adapted
from tasks well described in the literature or often
used in relevant standardized tests. The tasks were
also chosen because they could be administered consis-
tently in a short period of time and reliably scored. The
probes measured language (sentence combining with
strategies to reduce memory demands), verbal short-
term memory (nonword repetition), or visuospatial
working memory (puzzle completion). A control
probe (number comparison) not expected to place
demands on language or working memory was also
included. In a single subject design, change on a control
probe would suggest a general response rather than a
specific response to the intervention.

The Sentence Combining probe was a measure of
language. In this probe, the research assistant read
two simple sentences aloud (e.g. “Selena flies her
kite” and “It is not very windy”) and asked the child
to combine them into a single sentence twice over (e.g.
“Selena flies her kite even though it is not very windy”
and “It is not very windy but Selena still tries to fly her
kite”). In each session, the child completed three new
trials drawn from a pool of 80 pairs of simple sentence
with vocabulary considered to be familiar to young
children. The 80 sentence pairs were grouped by the
types of sentences they might elicit, and pairs were
taken from each group throughout all intervention
phases (e.g. pairs with the potential to elicit combining
two things about a subject; combining a subject and
object; using mental state verbs, using -ing comple-
ments, prepositional phrases, wh-clauses, and conjunc-
tions). Sentences were transcribed and scored by
calculating two measures of sentence productivity:
words per sentence and propositions per sentence.
Propositions (i.e. ideas) per sentence provides a mea-
sure of language richness not entirely captured by
number of words spoken (Smolik et al., 2016). For
example, “Jason cleans up his toys at lunchtime” has
7 words and 3 propositions (cleans up, his, at) whereas
“Her favourite dress is the one that looks like it has big
polka dots” has 14 words and 8 propositions (her,



Autism & Developmental Language Impairments

favourite, is, that, looks, like, has, big). The Sentence
Completion probe was designed to tap syntactical
knowledge. Memory demands were minimized by
using short individual sentences and providing repeti-
tions of the verbal material as necessary.

The Nonword Repetition probe was designed to place
demands on verbal working memory due to the
requirements to selectively attend or ignore selected
stimuli. In this probe, children listened over head-
phones to audio recorded trials of four three-syllable
nonwords (e.g. da-moy-cho, tay-chee-dow, tow-doy-
foo, voo-ta-yee), some of which were spoken by a
male and some by a female voice. Children were
instructed to listen for the 1-3 nonwords spoken by
that day’s targeted voice and recall those words at
the end of each trial. Each session, 4-8 of the 12 non-
words presented had to be recalled for a total of 12-24
target syllables per session. The percent of target sylla-
bles correctly recalled was scored.

The Puzzle Completion probe was designed to tap
visuospatial working memory. Children were shown a
design for five seconds and were provided with seven
plastic shapes to recreate the design from memory.
Children were timed as they recreated the design
using three or four of the provided shapes. Children
were asked to recreate three designs each session. The
score for each session was calculated by dividing the
total number of shapes selected correctly by the total
time required to recreate all three designs.

Finally, for the Number Comparison probe was
included as a control probe. As such, no improvements
were expected on this probe. Children were shown 56—
60 pairs of dot arrays on a worksheet (see Figure 3),
and were timed as they crossed out the array in each
pair that contained the greater number of dots. Percent
correct items was scored.

Assessment battery. The assessment battery included two
subtests from the CELF-4: Concepts and Following
Directions, a receptive language task in which children
pointed to objects as indicated by increasingly lengthy
verbal instructions, and Recalling Sentences, an expres-
sive language task in which children repeated sentences
read aloud by the examiner. As measures of working
memory, children completed three subtests from the
AWMA: Digit Recall, Counting Recall, and Spatial

Recall. In the verbal short-term memory task, Digit
Recall, children repeated lists of numbers of increasing
length. In the verbal working memory task, Counting
Recall, children first counted red circles in arrays of
mixed shapes, and at the end of the trial recalled
their tallies. In the visuospatial working memory task,
Spatial Recall, children recalled locations of a red dot
after first completing a mental rotation task on a shape
associated with the red dot. Reading ability was
assessed with the Test of Word Reading Efficiency
(TOWRE; Torgensen et al., 1999). In the Phonemic
Decoding Efficiency (PDE) subtest, children were
given 45 seconds to read as many nonwords as possible.
In the Sight Word Efficiency (SWE) subtest, children
were given 45 seconds to read as many words as possi-
ble. The Reading Fluency subtest from the Woodcock-
Johnson-III Tests of Achievement was also completed
(WJ-III; Woodcock et al., 2001), in which children
read sentences and made truth judgments about
them, completing as many as possible in three minutes.
For math measures, the Math Fluency subtest from the
WIJ-IIT was completed, in which children were given
three minutes to solve simple addition, subtraction,
and multiplication questions, as was the Calculations
subtest from the WIJ-III, in which children solved
increasingly difficult arithmetic problems.

Analysis

For the probe data, statistically significant change was
tested wusing the proportion/frequency approach
(Bloom et al., 2006). Briefly, a 2 standard deviation
band was calculated from baseline data points, which
then served as a benchmark for determining whether
data points in the intervention or follow-up phases
were successes (exceeding the 2 SD band) or failures
(falling below the 2 SD band). The principles of bino-
mial probability were used to determine whether a
child’s rate of success in the intervention or follow-up
phase (i.e. the ratio of success to all data points in the
phase) was significantly different from the rate of suc-
cess in the baseline phase. For the Sentence Combining
probe, it was necessary to adopt a more lenient bench-
mark of 1 SD in order to capture any reliable changes,
which is consistent with the subtle changes commonly
found following language intervention. As a second
analysis of intervention effects, effect sizes were

Figure 3. Example of dot array pairs from the number comparison probe. Child draws a line through the array in each pair with

more dots working as quickly and accurately as possible.
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Table 2. Effect sizes of probe measures.

Sentence combining

Words Propositions Nonword repetition Puzzle completion Number comparison

Participant | F | F | F | F | F

DLD-1 0.10 0.12 -0.06 0.04 1.86% 2012 1.76% 1.40% 0.13 0.40
DLD-2 -0.29 0.67 0.15 0.77 0.97% 0.34 -0.85 -0.07 -2.09 —6.46
DLD-3 0.20 -0.92 0.16 -0.59 -0.28 -0.54 0.68 2117 0.09 -0.42
DLD-4 1127 1.26% 1.04° 0.57 -0.06 -0.35 0.63 2.57% -1.34 -2.60
DLD-5 -0.48 -0.59 -0.17 -0.81 -0.74 -0.91 0.0l 0.59 -0.66 -0.25
DLD-6 1.06* 1.14* 0.72 0.77 1.817 1.02% -0.40 -0.51 -0.28 -0.12
DLD-7 -0.09 -0.13 0.13 -0.03 -0.67 -0.53 1.72% 0.54 -0.90 -1.28
DLD-8 -0.23 0.19 -0.23 -0.33 0.05 0.37 1.20% 0.63 0.04 -0.02
DLD-9 -0.64 -0.59 —-0.68 -0.81 -0.21 -0.40 1.52% 2.24% -0.47 -0.60
DLD-10 2.73% 3.00* 2.97% 221*  —I.10 -1.07 -0.72 0.09 —-1.57 -0.36

I: intervention phase; F: follow-up phase.
*Large effect sizes (d > 0.8).

calculated as standard mean differences (SMD; Busk &
Serlin, 1992), an output broadly comparable to
Cohen’s d (Cohen, 1988) and employed in other inter-
vention studies with children with language impairment
(e.g. Ebert et al., 2012). An SMD of 0.8 or greater was
interpreted as a clinically significant treatment effect.
For measures standardized around a mean of 100, this
translated to a minimum increase of 12 standard
points. For scaled measures standardized around a
mean of 10, a minimum increase of 3 points was
required. Additional analyses examined the possible
influence of baseline abilities on training effects.

Results

Probe measures

Results from the probes indicating improvement
according to the proportion/frequency approach and
effect size calculations are summarized in Tables 2
and 3, respectively. Studying the results for the
Sentence Combining probe (Figure 4) reveals interven-
tion effects for 50% of participants (DLD-1, DLD-2,
DLD-4, DLD-6, DLD-10). Of these five, two partici-
pants (DLD-4, DLD-10) showed improvements for
both words and propositions per sentence at interven-
tion and follow-up as measured by effect size and the 1
SD bandwidth method. According to the 1 SD band-
width method, a third participant (DLD-6) demon-
strated large significant increases in words per
sentence (and large effect sizes) and significant but
moderate improvements in propositions. Two addi-
tional participants (DLD-1, DLD-2) showed gains on
the 1 SD bandwidth method at follow-up only. DLD-1
showed significant but small increases in propositions

per sentence, and DLD-2 showed significant moderate
increases in both word and propositions per sentence.
Performance on the Nonword Repetition probe
(Figure 5) revealed intervention effects for three partic-
ipants (30%). DLD-1 showed large effect sizes and sig-
nificant 2 SD bandwidth change in both the
intervention and follow-up phases, and DLD-6
showed large effect sizes (only) in both phases. In con-
trast, DLD-2 demonstrated a large treatment effect
during the intervention phase only, although not sig-
nificant according to the 2 SD bandwidth analysis.
Results from the Puzzle Completion probe (Figure 6)
showed large effects and significant 2 SD bandwidth
changes for 50% of participants (DLD-1, DLD-3,
DLD-4, DLD-7, DLD-9). Of these five, one (DLD-7)
showed improvement during intervention only, and
two (DLD-3 and DLD-4) showed improvements at
follow-up only. DLD-1 showed a large effect with sig-
nificant change in intervention but only a large effect at
follow-up. DLD-9 showed a large effect in intervention
and a large effect with significant change at follow-up.
One additional participant (DLD-8) showed a large
effect size during the intervention phase only, although
not significant according to the 2 SD bandwidth anal-
ysis. On the Number Comparison probe (Figure 6), the
2 SD band exceeded 100% accuracy for all partici-
pants; therefore, the 2 SD limit was set to 100%.
Despite high accuracy scores and a lenient cutoff,
none of the participants showed ceiling effects. In addi-
tion, no participants (0%) showed gains on the
Number Comparison probe according to either the
proportion/frequency approach or effect size
calculations.

In summary, according to the stringent criteria of
positive results across the two methods of analysis and
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Table 3. Summary of results from probes and standardized measures of language, working memory, reading, and math.

Probes Standardized measures
Sent Comb Nwd Rep Puzz Comp Num Comp Language WM Reading Math
DLD-I /F /' /' CFD! CRF SR PDE"
DLD-2 /F /! Rs'F CR!, SR! MF'
DLD-6 /F /' CR!
DLD-4 /F /F
DLD-10 /F SRF
DLD-5
DLD-7 e PDE"
DLD-8 /! SR! PDE', RF F
DLD-9 /'
DLD-3 s CFD', RS DRF, SRF

v/ Improvement in probes according to either proportion/frequency or effect size calculations; ": improvement during or post-intervention;

F. improvement during or at follow-up; Sent Comb: sentence combining probe; Nwd Rep: Nonword Repetition probe; Puzz Comp: Puzzle Completion
probe; Num Comp: Number Comparison probe; CFD: Concepts and Following Directions; RS: Recalling Sentences; CR: Counting Recall; DR: Digit
Recall; SR: Spatial Recall; PDE: Phonemic Decoding Efficiency; RF: Reading Fluency; MF: Math Fluency.

at both the intervention and follow up, score increases
were noted for 30% of participants on the sentence com-
bining (language) probe, 20% on the nonword repetition
(verbal working memory) probe, and 20% on the puzzle
completion (visuospatial working memory) probe. These
results include one participant who improved on all
probes, and one who improved on two probes (language
and verbal working memory). Considering a more
lenient criteria of positive results according to either
method of analysis at follow up, score increases were
noted for 50% of participants on the sentence combin-
ing probe, 20% on the Nonword Repetition probe, and
40% on the puzzle completion probe. These results
include one participant who improved on all probes,
and two who improved on two probes (n=1: language
and verbal working memory; n = 1: language and visuo-
spatial working memory).

Standardized measures

Results from standardized measures of language, work-
ing memory, reading, and math are summarized in Table
3, which shows the subtests for which clinically significant
changes were observed for the assessment at the immedi-
ate post intervention (I) or follow up phase (F).
Improvements on language subtests from the CELF-4
were noted at either intervention or follow-up for 30%
of participants (DLD-1, DLD-2, DLD-3). In one case
(DLD-2), improvement following intervention was main-
tained at follow-up. In the other two cases, increases were
seen at either post-intervention or follow-up only.
Working memory measures showed gains for 60%
of participants (DLD-1, DLD-2, DLD-3, DLD-6,
DLD-8, DLD-10). Of these, one showed improvement
both post-intervention and at follow-up (DLD-1).

Three participants scored significantly higher at post-
intervention testing only (DLD-2, DLD-6, DLD-8)
and two showed increases at follow-up only (DLD-3,
DLD-10). Performance on reading measures showed
positive change for 30% of participants, DLD-I,
DLD-7, DLD-8. Scores of 2 of these participants
(DLD-1, DLD-7) showed an upward trajectory
throughout all three testing sessions, reaching a clini-
cally significant change at follow-up testing. The third
(DLD-8) demonstrated large improvements at both
post-intervention and follow-up testing. Performance
on math measures showed a clinically significant
change for only one participant (DLD-2).

To summarize across all measures, positive probe
(either analysis method) or standardized test results at
follow up were observed for 60% of participants in the
area of language (sentence combining, recalling senten-
ces, or Concepts and Following Directions), 30% in the
area of verbal short-term or working memory (nonword
repetition, counting recall, or digit recall), and 50% in
the area of visuospatial working memory (puzzle com-
pletion or spatial recall). These results include two par-
ticipants who improved in all areas, and three who
improved in two areas (n = 1: language and verbal work-
ing memory; n=2: language and visuospatial working
memory). With regards to academic outcomes based on
standardized tests, 30% of participants showed an
improvement at follow up, all in reading. Across all
measures, 80% of participants had increased scores on
a language or literacy measure at follow up.

Responder analysis

In examining responders, five participants (50%)
showed a response on the language probe (Sentence
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Figure 4. Sentence combining probe. Graphs present the number of words per trial and propositions per trial. Dashed line
represents | SD above mean baseline performance. Dotted line represents | SD below mean baseline performance. Asterisks indicate
significance according to +1 SD limit. L indicates significance according to —I SD limit. All unmarked effect sizes d < 0.8.

Combining). Descriptively, these ‘Language
Responders” were differentiated from ‘Language
Nonresponders’ by higher Digit Recall (verbal short-
term memory) and Concepts and Following Directions
(receptive language) scores at baseline, but did not
differ on the remaining baseline measures (expressive
language: Recalling Sentences; working memory:
Counting Recall; Spatial Span). Of the Language
Responders, all showed an improvement on at least
one working memory measure. Notably, the two chil-
dren with working memory impairments (DLD-9,

DLD-10) improved on one or two outcome measures
(respectively), while five of the remaining eight partic-
ipants improved on three or more outcomes.

Discussion

The primary purpose of this study was to evaluate the
effectiveness of a narrative-based language intervention
that targeted both story grammar and complex syntax
for school aged children. Additionally, carry over
effects were tested in related domains, including
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Figure 5. Nonword Repetition probe. Graphs present the percent of syllables correctly recalled in each session. Dashed line
represents 2 SD above the mean baseline score. Asterisks indicate significant improvement over baseline using 2 SD limit. All

unmarked effect sizes d < 0.8.

working memory, reading, and math. Language gains
on the Sentence Combining probe were evident for five
participants, of which four also improved on a verbal
(n=13) or visuospatial working memory probe (n=2).
Four additional participants improved on the visuo-
spatial working memory probe (Puzzle Completion)
only. Clinically significant standardized test gains
were noted for one additional participant on a lan-
guage measure and one additional participant on a
visuospatial working memory. Carry over to reading
was noted for 3 participants and to math for 1

participant. Overall, at follow up, 80% of participants
improved on a language or literacy measure, and 60%
on a working memory measure. Of those improving on
a language or literacy measure at following up, 62% (5
of 8) also improved on a working memory measure
(verbal: n = 3; visuospatial: n = 3; note: one participant
improved on both). Only one participant improved on
the visuospatial working memory probe with no other
improvements in a verbal working memory or language
measure. One additional participant did not improve
on any measure. A responder analyses revealed that
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improvement in language may be associated with
higher verbal short-term memory and receptive lan-
guage at baseline, and that those with working
memory impairments were among the poorest
responders.

Consistent with some previous findings (Gillam &
Gillam, 2016; Petersen et al., 2010), we observed oral
language gains for 6 of our 10 school age participants
with DLD who received narrative-based language
intervention in the present study, and all of these

gains were present at follow up. Nevertheless, the
remaining participants failed to show convincing oral
language change (see also, Fey et al., 2010; Swanson
et al.,, 2005). A responder analysis based on the
Sentence Combining Probe indicated that higher
verbal short-term memory and receptive language base-
line abilities were associated with better language gains.
In contrast, those with a working memory impairment
showed limited response to intervention. These results
are consistent with previous studies documenting the
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Figure 7. Number comparison probe. Graphs present percent items correct from each session. Dashed line indicates 100% items

correct in place of 2 SD limit.

involvement of verbal short-term memory in vocabu-
lary acquisition (Gathercole, 2006) and language abil-
ity in general (e.g. Baddeley, 2003), and lend further
evidence to the importance of verbal short-term
memory for learning language. These findings would
suggest that acquisition of new linguistic forms, in
this case complex syntax, is facilitated by short-term
retention of verbal material. Better short-term reten-
tion allows the listener sufficient time to process the

stimuli, which in turn leads to better long-term reten-
tion of the stimuli. In contrast, poor verbal short-term
memory restricts the potential for fully processing a
verbal signal. In such cases, a listener may need repeat-
ed exposures to the same stimuli in order to adequately
process the signal (e.g. Gray, 2004). It is possible that
poor verbal short-term memory may be particularly
restrictive when attempting to process lengthy verbal
stimuli, as is the case with learning complex syntax.
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Similarly, positive associations between baseline
receptive language and response to intervention are in
line with other research reporting greater gains for chil-
dren with expressive-only language impairment (e.g.
Boyle et al., 2009). Stronger language ability likely
facilitated language gains in a number of ways. For
instance, higher language abilities could have aided
comprehension of the stories employed in the interven-
tion, which, in turn, would have supported comprehen-
sion of the target complex syntax structures. In
addition, existing language knowledge is known to sup-
port short-term retention of verbal material (e.g.
Hulme et al., 2003), allowing greater opportunity for
processing the target structures.

This study also examined transfer effects in domains
related to language including working memory, read-
ing, and math. Improvements on a visuospatial work-
ing memory probe or standardized measure unrelated
to the intervention activities were observed for 90% of
participants. Of the six participants (60%) showing
working memory gains at follow up, one improved
on only one measure and the remaining five were
mixed in their verbal or visuospatial domain of
improvement. More conservatively, only five partici-
pants showed increases on at least two working
memory measures at any study phase, which included
a verbal working memory measure for four of them.
Across participants, then, working memory gains
(when they occurred) crossed verbal and visuospatial
domains. These findings contrast with those from
working memory training studies in which persistent
gains are observed for visuospatial rather than verbal
domains (Melby-Lervig & Hulme, 2013; AUTHORS,
submitted). Taken together, these related findings sug-
gest that the way in which working memory is impacted
differs for narrative language vs. working memory
training. It may be that the increased verbal facility
afforded by narrative language intervention improves
working memory efficiency across domains. This sug-
gestion is in keeping with reports that nonverbal exec-
utive function is mediated by language (Botting et al.,
2017). Overall, the results provide preliminary evidence
for verbal working memory gains from narrative lan-
guage intervention.

Transfer effects to reading and math were not wide-
spread in this study, and only the reading effects were
observed at follow up. On the one hand, these effects
could be considered far transfer because they represent
improvement in a different domain (i.e. academic) from
that targeted in the intervention (i.e. language).
However, the fact that only reading effects persisted
at follow up suggests that these effects may be better
interpreted as near transfer due to increased verbal
facility. Review of phonological features for words dis-
cussed was an inherent part of the intervention.

Resultant improvements in phonological awareness
could account for the improved nonword reading and
reading fluency recorded in this study (see also, Park
et al., 2014; van Kleeck et al., 2006).

This study employed a single subject design in order
to evaluate individual responses to narrative-based lan-
guage intervention. We employed four probe measures
to evaluate outcomes including probes expected to
respond to language intervention directly, to changes
in working memory, and one control probe not
expected to respond to training. One limitation of the
study was the lack of stable baselines for many partic-
ipants (see Figures 4 to 7), general variability through-
out the data, and small number of participants.
Variability in the baseline, however, results in large 2
SD bands, which would make it more difficult to
achieve ‘improbable improvements’ in our propor-
tion/frequency statistical analysis. As a result, effects
are likely under- rather than overestimated in the pre-
sent study. We also employed multiple measures across
the study, however these were necessary to assess out-
comes across different domains (i.e. language, working
memory, academic). For our sentence combining
probe, we used two analytic approaches and relaxed
our bandwidth to 1 SD to assess change. Given our
interest in cross over effects to working memory, we
included participants with a range of working
memory abilities but only two who met our definition
for a working memory impairment. It must be noted,
however, that the majority of working memory training
studies have included participants with no demonstrat-
ed impairment in working memory and reported near
transfer effects (Melby-Lervag & Hulme, 2013). Given
these limitations, caution is warranted in interpreting
and generalizing the present results. The range of
response patterns observed across participants in the
current study, however, point to the need for continued
investigation of intervention effects in children with
DLD.

Taken together, the results from this study have
important implications for clinicians. In particular,
the results demonstrate the variability both in impact
of narrative-based language intervention and in
response to intervention for children with DLD with
different characteristics. Specifically, narrative-based
language intervention was associated with a positive
change on oral language measures for 60% of our par-
ticipants. Measures of reading captured gains for an
additional 20% of children. Verbal working memory
impacts were noted for about half of those showing
language or literacy changes. As well, children with
DLD who showed pre-intervention strengths in
verbal short-term memory, working memory, and
receptive language were more likely to benefit. These
findings point to the need for further research to
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explore individual differences in how children with
DLD respond to interventions such as narrative-
based language intervention.
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