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Abstract
Children with disproportionate deficits in language, known as Specific Language
Impairment (SLI), often demonstrate deficits in nonverbal cognitive abilities, such as
working memory. Such findings have prompted much debate on the association between
language and working memory functioning. The primary aim of this thesis was to
examine the connection between working memory and language abilities among children
with specific or combined impairments in these domains. Study 1 examined the potential
of narrative retell performance to indicate impairment in language or working memory
among 17 children with specific or combined impairment in language or working
memory as well as 9 controls. Quantitative analysis using logistic regression revealed that
language impairment was predicted best by the interaction between mean length of
utterance, percent grammatical utterances, and age, whereas working memory impairment
was best predicted by the interaction between events recalled and subordinate clauses per
utterance. Exploratory qualitative analysis using qualitative descriptors differentiated
narratives of children with and without impairment and revealed clusters of descriptors
that identified contrasting speaking styles. Study 2 tested domain-specific interventions in
language or working memory using a single subject design. Chapter 3 reports the effects
of a narrative-based language intervention for 10 children with language impairment with
or without working memory impairment. Results showed gains on narrative ability for
most participants, and broader linguistic gains for half of the participants. Intervention
effects on related domains (i.e., working memory, reading, math) were evident for some
participants as well. Chapter 4 reports the effects of a working memory training program
for 7 children with working memory impairment with or without language impairment.

Results showed training effects on working memory tasks similar to training tasks for all



participants. Transfer to language ability was seen for 4 participants, and transfer to
reading or math was evident for 3 participants. Responder analyses for Study 2 showed
associations between intervention effectiveness and baseline cognitive abilities, age,
speaking style, and intervention intensity. Results support the view that working memory
and language are separable but closely related cognitive processes. Responder analyses
highlight the importance of considering heterogeneity among children with impairments

in research and clinical settings.

Keywords
language impairment, working memory impairment, narrative retell, narrative-based
language intervention, working memory training, single subject design, responder
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Chapter 1
Introduction
Specific Language Impairment (SLI) refers to a developmental disorder
characterized by disproportionate deficits in language (Leonard, 2014). Early on,
however, children with SLI were found to perform poorly on nonlinguistic tasks (e.g.,
Johnston & Ellis Weismer, 1983; Roth & Clark, 1987). Such findings have sparked
inquiry into the domain-general abilities of children with SLI as well as the interfacing of
verbal and nonverbal processes in general. Working memory is one such domain-general
process that has received much attention as a possible contributing factor to language
impairment. Working memory is thought to be responsible for short term storage and
processing of information in the current focus of attention (Baddeley & Hitch, 1974;
Engle, Kane, & Tuholski, 1999). Many studies have shown deficits among children with
SLI in working memory tasks with either storage demands only or storage and processing
demands (Archibald & Gathercole, 2006a, 2007a; Botting, Psarou, Caplin, & Bevin,
2013; Vugs, Cuperus, Hendriks & Verhoeven, 2013). Nevertheless questions remain
regarding the involvement of working memory in language impairment and the
collaboration or separation of the two domains. This thesis explores the extent to which
working memory and language are separable or discrete domains implicated in children
with impairments. This will be accomplished by examining the contributions of working
memory and language to a linguistic task, and by testing the domain-specific and cross-
domain effects of interventions in language or working memory in children with

impairments in language, working memory, or both.



Specific Language Impairment

Definition, Prevalence, and Diagnostic Criteria

Children with SLI present with deficits in linguistic ability despite otherwise typical
neurological development and hearing ability (Leonard, 2014). As toddlers and
preschoolers, children with SLI are often slower to acquire vocabulary and combine
words relative to typical peers (Morley, Court, Miller, & Garside, 1955; Rudolph &
Leonard, 2016; Trauner, Wulfeck, Tallal, & Hesselink, 2000). These patterns persist as
children with SLI enter elementary school, demonstrating impoverished vocabularies
(McGregor, Oleson, Bahnsen, & Duff, 2013), trouble with morphological word endings
(e.g., -ed, -third person singular —s; Rice, Wexler, & Hershberger, 1998), and limited use
and understanding of complex syntax (Nippold, Mansfied, Billow, & Tomblin, 2009;
Thordardottir & Ellis Weismer, 2002). As children with SLI mature, they demonstrate
difficulty with word-finding (Coady, 2013; Kail & Leonard, 1986), metalinguistic
awareness (Kambhi, 1987), and figurative language such as idioms and similes (Cain &
Towse, 2008; Norbury, 2004; Rinaldi, 2000). In the classroom setting, linguistic deficits
of SLI may lead to trouble with reading (Catts, Fey, Zhang, & Tomblin, 1999), navigating
peer relationships (Brinton & Fujiki, 1999; Fujiki, Brinton, & Todd, 1996), and
understanding and producing both narrative (e.g., Colozzo, Gillam, Wood, Schnell, &
Johnston, 2011; Liles, 1985; Newman & McGregor, 2006; Ukrainetz & Gillam, 2009)
and expository texts (e.g., Koutsoftas & Gray, 2012; Scott & Windsor, 2000)

The prevalence of SLI varies somewhat depending on the assessments, cut-offs, and
criteria employed in each study. Nevertheless, two population studies in the United States
(Tomblin, Records, & Zhang, 1996) and in the United Kingdom (Norbury et al., 2016)

have found that approximately 7% of children aged 4 to 5 years present with language



impairment in the absence of deficits in nonverbal intelligence. In general, the diagnosis
of SLI is applied when children demonstrate a language impairment that cannot be
attributed to any other disability or neurodevelopmental disorder. In practice, this has
meant that children must demonstrate language skills below what is expected for their age
and meet a number of other criteria in order to rule out possible explanations for the
language impairment. To meet these criteria, children have traditionally demonstrated
language deficits in the absence of hearing impairment, major psychiatric disorders, and
neurological deficits. A final criterion often included has been a discrepancy between
nonverbal intelligence and language ability. In addition, the language impairment needs
to be demonstrated across multiple measures, including measures of vocabulary,
grammar, and narrative abilities in both production and comprehension modalities (e.g.,
Leonard, 2014; Stark & Tallal, 1981; Tomblin et al., 1996).

Recently, both the definition and terminology for SLI has been a matter of
considerable debate, with particular attention on the IQ discrepancy criterion. Although
the merit of the IQ discrepancy has been questioned for some time (e.g., Aram, Morris, &
Hall, 1992; 1993; Bishop 2004; Plante, 1998), a recent movement among researchers and
clinicians has stimulated a transition toward relaxing this exclusionary criterion. Among
other suggested changes, Bishop and colleagues have proposed that the I1Q discrepancy be
dropped in favour of allowing children with low nonverbal abilities to be included within
the definition of SLI (Bishop, Snowling, Thompson, Greenhalgh, & CATALISE
consortium, 2016; Bishop, Snowling, Thompson, Greenhalgh, & CATALISE-2
consortium, 2017). The transition has also included a change in terminology from SLI to
Developmental Language Disorders (DLD). These changes have been motivated in part

by an interest in more accurately reflecting the children served by Speech-Language



Pathologists and reducing the number of children excluded from services (e.g., Ebbels,
2014). In the present study, however, the original criteria for SLI was employed in an
effort to reduce potential confounding variables.
Characteristics of SLI

Lexical abilities. Lexical deficits in SLI first present as late acquisition of first
words, with children with SLI producing their first word as late as 23 months, a year after
their typically-developing counterparts (Trauner et al., 2000). With the acquisition of
more words, children with SLI continue to have smaller vocabularies than do peers (Gray,
Plante, Vance & Henrichsen, 1999), with particular deficits in acquiring verbs (Eyer et
al., 2002; Fletcher & Peters, 1984). Deficits in the breadth and depth of vocabulary
knowledge have been shown to persist into adolescence (McGregor et al., 2013; Rice &
Hoffman, 2015). These vocabulary deficits are supported by findings of experimental
word learning studies, which show that children with SLI generally require more
exposures to a novel word before they are able to demonstrate evidence of learning (see
Kan & Windsor, 2010 for review). The difference between children with and without SLI
is greater for children under 6 years of age (Gray, 2003), with greater group differences in
receptive language ability (Horohov & Oetting, 2004), and when children with SLI have
lower nonverbal IQ relative to age-matched peers (Alt & Plante, 2006). In addition, group
differences are larger in studies offering a greater number of exposures to the novel words
(Kan & Windsor, 2010) and those targeting verbs as opposed to nouns (Beverly & Estis,
2003; Eyer et al., 2002). Finally, children with SLI show poor retention of learned
vocabulary (Oetting, 1999), perhaps one of the most daunting problems in vocabulary

acquisition.



Grammatical abilities. Children with SLI show a number of morphosyntactic
deficits. Early on, they may be late to combine words (Rudolph & Leonard, 2015;
Trauner et al., 2000), and the semantic relations expressed in those combinations appear
to be similar to those of younger typically developing peers (e.g., Leonard, Bolders, &
Miller, 1976). As they mature, children with SLI show difficulties with and later mastery
of tense marking morphemes, particularly past tense -ed and third person present tense -s
(Rice et al., 1998). Common syntactical deficits include omission of obligatory arguments
(Grela & Leonard, 1997; Owen & Leonard, 2006; Thordardottir & Ellis Weismer, 2002),
omission of fo in infinitive clauses (Owen & Leonard, 2006), and omission of obligatory
clause markers such as that or wh- words in relative clauses (Schuele & Tolbert, 2001).
Studies of expressive language in naturalistic contexts have shown that children with SLI
produce fewer elaborated noun phrases (Greenhalgh & Strong, 2001), fewer subordinate
clauses (Nippold et al., 2009) and less sophisticated sentence structure in general
(Thordardottir & Ellis Weismer, 2002). Children with SLI seem to have particular
difficulty with comprehension and production of complex syntax structures that require
movement, such as relative clauses (Frizelle & Fletcher, 2014; Riches, Loucas, Baird,
Charman, & Simonoff, 2010), passive voice (Bishop 1979; Norbury, Bishop, & Briscoe,
2002; van der Lely & Ullman, 2001; van der Lely, 1996), or wh- questions (Deevy &
Leonard, 2007). In a number of cases, children with SLI were able to produce the
morphological or syntactical structures of interest, but did so less frequently than peers
(Leonard, 1995; Marinellie, 2004).

Fluency. Fluency here refers to the flow of speech output. It is often assessed by
measuring disfluencies such as pauses, false starts, mazes, fillers, or repetitions of words

or phrases. It is important to note that the types of disfluencies of interest to this study are



different from stutter-like disfluencies, such as blocks, prolongations, or part-word
repetitions. The reason for verbal disfluencies is not well understood, leading to many
suggestions about their origin. It has been suggested that disfluencies are indicative of
speaker anxiety (Christenfeld & Creager, 1996; Goldman-Eisler, 1961) or language
formulation problems such as grammatical encoding (e.g., Goldman-Eisler, 1968;
Leadholm & Miller, 1992; Levelt, 1983; Rispoli, Hadley, & Holt, 2008) or lexical search
processes (Christenfeld, 1994). Others have proposed that certain types of disfluencies,
such as mazes and word repetitions, are signs of self-monitoring and reparation of speech
errors (e.g., Hartsuiker, 2014; Levelt, 1989; Postma & Kolk, 1993). The most robust
empirical finding regarding the reason for disfluencies is an association between an
increase in disfluencies with an increase in task demands or language complexity (e.g.,
Leadholm & Miller, 1992; MacLachlan & Chapman, 1988; McDaniel, McKee, & Garrett,
2010; Ratner & Sih, 1987; Yaruss, Newman, & Flora, 1999).

According to many of these findings and the possible causal connection between
task demands and disfluency rates, children with language impairment would be expected
to show elevated rates of disfluencies relative to typically developing peers. In reality,
relevant findings have lacked consistency. For instance, children with SLI have shown
higher rates of mazing relative to MLU-matched peers but not age-matched peers
(Thordardottir & Ellis Weismer, 2002), or higher mazing rates when calculated as a
proportion of propositions rather than a simple frequency tally (Miranda, McCabe, &
Bliss, 1998). With respect to pausing, children with SLI have demonstrated higher rates
of silent pauses of only a certain duration (i.e., 500—1000ms; Guo, Tomblin, & Samleson,
2008), and no difference in filled pauses in one study (Guo et al., 2008) but fewer filled

pauses in another (Thordardottit & Ellis Wesimer, 2002). Such discrepancies are



indicative of the complexities of measuring disfluencies; results appear to be affected by
multiple factors, such as the comparison group, speaking task, disfluency type, and
whether the disfluencies are counted or calculated as a ratio in reference to utterances,
propositions, or words. It is also possible that fluency is affected by factors beyond
language or measurement methods. One such factor is working memory, which is
considered in Chapter 2 of this manuscript. Early evidence of the association between
working memory and fluency has been demonstrated in a dual-tasking study, where
occupying working memory in a secondary task resulted in a slower speaking rate among
adults (Eichorn, Marton, Schwartz, Melara, & Pirutinsky, 2016). Similarly, deficits in
speech rate were accounted for by differences in verbal short term memory among
children with and without SLI (Marini, Gentili, Molteni, & Fabbro, 2014).

Discourse. Discourse ability is an important indicator of a child’s ability to use
linguistic skill for the purposes of communication. For children with SLI, three
particularly relevant discourse genres are conversation, narrative, and expository
language because they are commonly employed in forming and maintaining friendships
(Davidson, Walton, Kansal, & Cohen, 2016; Preece, 1987) and learning in the classroom
(Westby, 2005). Performance on these tasks depends to a degree on the type of task and
the demands it places on the speaker. Conversation, for instance, seems to place the least
demands on the speaker linguistically (e.g., Nippold et al., 2014; Thordardottir, 2008;
Westerveld & Vidler, 2016). In these contexts, children with SLI may demonstrate
shorter utterances and more verb errors relative to peers with typical language (e.g.,
Redmond, 2004; Thordardottir, 2008), fewer instances of complex syntax (Marinellie,
2004), but similar rates of mazing (MacLachlan & Chapman, 1988; Redmond, 2004).

Some children with SLI have also demonstrated difficulty with the pragmatic aspects of



conversation, showing lower responsiveness and limited use of nonverbal communication
(Bishop, Chan, Adams, Hartley, & Weir, 2000).

Typically, narrative texts are centred around a setting, a collection of characters, a
particular problem, and attempts to resolve the problem (Mandler & Johnson, 1977; Stein
& Glenn, 1979). Compared with conversation, which tends to be related to the immediate
context, narrative requires the speaker to use more complex language features in order to
convey sufficient details of the story such as the setting or characters’ motivations
(Greenhalgh & Strong, 2001). This heightening of linguistic demand is often associated
with reduced output and more morphosyntactical errors among children with low
language. Relative to peers with typical language abilities, children with SLI have been
shown to produce shorter narratives in some cases (Colozzo et al., 2011; Pearce, James, &
McCormack, 2010), but not others (Vandewalle, Boets, Ghesquicre, & Zink, 2012). Other
common features of narratives by children with SLI include lower MLU (Duinmeijer, de
Jong, & Scheper, 2012; Fey, Catts, Prctor-Williams, Tomblin, & Zhang, 2004; Marini et
al., 2014), higher rates of grammatical error (Colozzo et al., 2011; Norbury & Bishop,
2003; Reilly, Losh, Bellugi, & Wulfeck, 2003), poor cohesion (Liles, 1985), and in some
cases, more verbal disruptions in the flow of ideas (Marini et al., 2014; Wetherell,
Botting, & Conti-Ramsden, 2007a; but see Scott & Windsor, 2000).

A third discourse genre studied among school age children is expository discourse,
which refers to the communication of factual information, such as descriptions,
instructions, or cause-effect relations. Unlike narratives, which follow the chronological
actions of an agent, expository texts require more logical thinking to express abstract
ideas (e.g., Scott, 2010; Ward-Lonergan, 2010). Expository texts are more relevant for

older children in classroom settings, where they are required to gather information from



textbooks and instructional lectures (Lundine & McCauley, 2016; Westby, 2005). As
well, the complexity of the content often requires additional syntactic complexity
(Nippold, Hesketh, Duthi, & Mansfield, 2005; Westby, Culatta, Lawrence, & Hall-
Kenyon, 2010), which may result in higher rates of morphsyntactic error (Thordardottir,
2008). As a result, expository tasks offer the greatest challenge to speakers. Although less
studied than narrative ability, expository ability among children with language
impairment tends to be weaker relative to peers with typical language. Children with
language impairment tend to produce expository samples with fewer and shorter
utterances, less complex language, higher rates of errors, and less relevant content
(Nippold, Mansfield, Billow, & Tomblin, 2008; Scott & Windsor, 2000; Ward-Lonergan,
2010).

Nonverbal abilities. Although the definition of SLI includes typical nonverbal
intelligence, many nonlinguistic deficits have been found among children with SLI. One
such deficit is in mental representation, which has been measured using a variety of tasks
such as mental rotation and symbolic play (Johnston & Ellis Weismer, 1983; Roth &
Clark, 1987; Savich, 1984). Other nonlinguistic deficits include slower processing speed
(Miller, Kail, Leonard, & Tomblin, 2001; Windsor, Kohnert, Loxtercamp, & Kan, 2008),
ineffecient hypothesis-testing (Kamhi, Catts, Koenig, & Lewis, 1984), poor sustained
attention (Ebert & Kohnert, 2011), poor inhibitory control (Pauls & Archibald, 2016), and
difficulty with nonverbal conceptual knowledge such as relations of space, number, or
classification (Johnston, 1982; Kamhi, Minor, & Mauer, 1990). A recent meta-analysis on
nonverbal cognition found that children with SLI scored on average 0.69 standard

deviations below their typical peers (Gallinat & Spaulding, 2014).



Heterogeneity. Despite efforts of researchers to exclude confounding factors,
children with SLI are a heterogeneous population. This has resulted in many attempts to
categorize children with SLI into more specific subgroups (e.g., van Weerdenburg,
Verhoeven & van Balkom, 2006). In the most common classification, children are
grouped according to whether their impairment is expressive, receptive, or both. A
number of other classification systems have been proposed with anywhere from three to
six groups (Beitchman et al., 1989; Conti-Ramsden, Crutchley, & Botting, 1997; Pecini et
al, 2005; Tambyraja, Schmitt, Farquharson, & Justice, 2015). Attempts to classify
subtypes have been complicated further by developmental changes. For instance, two of
these classification systems were tested with follow-up testing and found that 45 to 60%
of participants had shifted to a different subtype (Conti-Ramsden & Botting, 1999;
Tambyraja et al., 2015).

These sorts of findings have implications for intervention research like the studies
reported in this dissertation. It is possible that children with varying abilities will respond
differently to intervention or benefit more from interventions tailored to their strengths
and weaknesses. For this reason, intervention research would do well to examine
participant-specific moderating factors of the intervention effects. Such information could
inform developmental interventions and proper selection of intervention options to make
the best use of limited therapy time. One cognitive ability requiring attention in the
profile of children with language impairment is working memory, which is considered
here.

Working Memory
Working memory is the domain-general limited capacity cognitive resource that

enables short term storage and manipulation of information that either has been
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selectively pulled from long term memory or extracted from environmental stimuli (e.g.,
Engle, Kane, et al., 1999). In addition, the mental representations held in working
memory are maintained in an active state so they may be reconfigured or bound with
other activated representations (Oberauer, 2009; Oberauer, Sii}, Wilhelm, & Wittman,
2003). Although there are many models of working memory, one of the most studied
models of working memory comes from Baddeley and Hitch (1974), who proposed a
multicomponent model of working memory. Specifically, working memory was thought
to be comprised of the phonological loop, visuospatial sketchpad, central executive, and
episodic buffer (Baddeley, 2000).
Phonological Loop

The phonological loop describes verbal short term memorys; it is responsible for
short term retention of verbal information and maintenance of that information through
subvocal rehearsal. Without rehearsal, contents of verbal short term memory are subject
to decay over time or to interference from other verbal material (Baddeley, 1986). A
number of features of verbal short term memory have been well researched. For instance,
storage of verbal information can be unintentional, as in the irrelevant sound effect, or
used to support retention of visual information. The irrelevant sound effect, that
phonological material is granted obligatory access to the phonological store, is
demonstrated by poorer retention of information in the presence of other background
verbal material (e.g., Colle & Welsh, 1976; Salamé & Baddeley, 1982). Retention of
visual information is supported by verbally encoding visually presented material and
storing the verbal code in verbal short term memory, provided the items can be named
(e.g., Colle & Welsh, 1976; Conrad & Hull, 1964). In addition, the capacity of verbal

short term memory is believed to be limited to 2 seconds worth of phonological material.
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This is supported by the word length effect, wherein a list of longer words (e.g.,
university, hippopotamus, refrigerator) is more difficult to recall than a list of single
syllable words (e.g., pen, cap, tub) (Baddeley, Thomson, & Buchanan, 1975).

Retention of information is affected by a number of factors including various
features of the items themselves and availability of rehearsal processes. The phonological
similarity of the items have been shown to influence retention in that phonologically
similar items (e.g., map, man, cap, can) are more difficult to recall than phonologically
distinct items (e.g., bus, tree, ham, pit) (Baddeley, 1966; Conrad & Hull, 1964). Other
research has shown that knowledge in long term memory supports retention in short term
memory. Evidence for this comes from findings of better recall for known words rather
than nonwords (e.g., Hulme, Maughan, & Brown, 1991), for words with higher
phonotactic frequency (e.g., Gathercole, Frankish, Pickering, & Peaker, 1999), and in
some cases, for higher frequency words (e.g., Hulme, Stuart, Brown, & Morin, 2003).
Importantly, retention of material in the phonological store is supported by rehearsal.
Recall performance drops when participants repeatedly articulate an irrelevant syllable
(e.g. the, the, the), known as articulatory suppression, which prevents rehearsal (Baddeley
etal., 1975).

Visuospatial Sketchpad

The visuospatial sketchpad functions in parallel to the phonological loop, as the
short term storage of visual and spatial material (Baddeley & Hitch, 1974). Like verbal
short term memory, visuospatial short term memory has a limited capacity (Phillips,
1974). Evidence of dissociations between storage of visual, spatial, and kinesthetic
information has led researchers to suggest that visuospatial short term memory is

separable into subcomponents (Baddeley & Lieberman, 1980; Logie, 1986; Smyth &
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Pendleton, 1990). Logie and colleagues (e.g., Logie, 1995; Salway & Logie, 1995) have
conceptualized these subcomponents as the visual cache, which stores information on
shape and colour, and the inner scribe, which stores information about movement
sequences.
Central Executive

In Baddeley’s earlier models of working memory, the central executive was thought
to be responsible for the control of attention (Baddeley & Hitch, 1974). Later on, the role
of the central executive was delineated as a set of executive processes (Baddeley, 1996),
including coordinating information from the two short term stores (e.g., Baddeley, Logie,
Bressi, Della Sala, & Spinnler, 1986), switching between retrieval strategies (Baddeley,
1996), selectively attending to a single task or stream of stimuli while ignoring others
(e.g., Baddeley, Emslie, Kolodny, & Duncan, 1998), and temporarily activating items
from long term memory (Baddeley, 1998). The central executive was originally thought
to act as a domain-general component that controls the two slave systems (the
phonological loop and the visuospatial sketchpad). However, subsequent research has
shown that instead of acting only as a slave system, verbal short term memory, as
described by the phonological loop, has been shown to aid in attentional control by
continuously articulating cues to orient the participant to the task at hand (e.g., Emerson
& Miyake, 2003). Close associations between measures of visuospatial short term
memory and the central executive have led some researchers to question the dissociation
between those two components (e.g., Miyake, Friedman, Rettinger, Shah, & Hegarty,
2001). Others have argued for the dissociation of the central executive and visuospatial
short term memory, suggesting that the central executive is recruited for visuospatial

tasks simply to maintain attentional engagement (Shipstead & Yonehiro, 2016). Other
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support for separate domain-specific storage and domain-general processing is found in a
number of factor analyses (e.g., Alloway, Pickering, & Gathercole, 2006; Bayliss, Jarrold,
Gunn & Baddeley, 2003; Engle, Tuholski, Laughlin, & Conway, 1999; Kane et al., 2004;
Oberauer et al., 2003; Swanson, 2017).
Episodic Buffer

The episodic buffer was added to the model later on (Baddeley, 2000) as a mental
work space that facilitated binding of both visual and phonological form into integrated
episodes. Because of its capability for holding multidimensional representations, the
episodic buffer was thought to function as a link between perception, working memory,
and long term memory. This amendment was made to account for findings that could not
be explained by the original model, namely, the ability to manipulate both visual and
phonological information simultaneously (Logie, Della Sala, Wynn, & Baddeley, 2000)
and to recall a quantity of material that typically exceeds the capacity of short term
memory (Baddeley, Vallar, & Wilson, 1987).

Working Memory and SLI

Verbal Short Term Memory

The working memory abilities of children with SLI have been measured
extensively. The most robust finding is that of poor verbal short term memory as
measured by nonword repetition tasks (Archibald & Gathercole, 2006a; Dollaghan &
Campbell, 1998; Edwards & Lahey, 1998; Ellis Weismer et al., 2000; Gathercole &
Baddeley, 1990; Gray, 2006). A meta-analysis comparing children with and without SLI
on nonword repetition found that on average children with SLI performed 1.27 standard
deviations lower than children without SLI (Graf Estes, Evans, & Else-Quest, 2007).

Similar but less profound deficits have been found on other measures of verbal short term
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memory such as serial recall and digit recall (Archibald & Gathercole, 2006a; Hick,
Botting, & Conti-Ramsden, 2005). This verbal storage deficit is evident throughout
childhood (Gray, 2006) and adolescence (Conti-Ramsden, Botting, & Faragher, 2001),
and is so consistently associated with language ability that nonword repetition has been
proposed to be a useful tool in assessing children for language impairment (Archibald,
2008; Coady & Evans, 2008; Ellis Weismer et al., 2000).

Despite earlier perceptions, recent research has shown that performance on a
nonword repetition task is not a pure measure of verbal short term memory. For instance,
the finding that the SLI deficit is greater for repetition of multisyllabic than equivalent
single syllable lists of nonwords (Archibald & Gathercole, 2006a, 2007b) suggests that
short term memory span is not the only contributing factor to performance on the
nonword repetition task. Findings show that nonword repetition ability is influenced by
linguistic factors, such as phonological processing ability (Bowey, 1996; Metsala, 1999;
Rispens & Baker, 2012), and vocabulary knowledge (see Snowling, Chiat, & Hulme,
1991). Nevertheless, despite the linguistic contributions to nonword repetition ability,
difficulty retaining verbal information for a short time has been recognized recently as a
characteristic deficit of children with SLI, based on the substantial evidence supporting
verbal short term memory deficits (Bishop et al., 2017).

Verbal Working Memory

Verbal working memory is often measured using complex span tasks, that is, tasks
that require both storage and processing of verbal information (e.g., Bayliss et al., 2003;
Conway et al., 2005; Redick et al., 2012). Complex span tasks are thought to rely on both
verbal short term memory and central executive (Baddeley & Logie, 1999; Bayliss et al.,

2003; Lobley, Baddeley, & Gathercole, 2005). One example of a verbal complex span
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task is the Competing Language Processing Task (CLPT), in which participants hear a
series of statements, decide whether each statement is true or false, and then recall the last
word of each sentence in order (Gaulin & Campbell, 1994). Many studies have found
children with SLI to score below typical peers on similar complex span tasks (e.g.,
Archibald & Gathercole, 2006a, 2007a; Ellis Weismer, Evans, & Hesketh, 1999).
Specifically, groups tend to differ on the storage component of the task, not the
processing component (Archibald & Harder-Griebeling, 2016).

Deficits in verbal complex span tasks have often been interpreted as a sign of
limited processing capacity among children with SLI (e.g., Archibald & Gathercole,
2006a, 2007a; Marton & Schwartz, 2003; Montgomery & Evans, 2009). This is supported
by findings that group differences in simple storage span cannot account for the complex
span deficit in children with SLI (Archibald & Gathercole, 2007a). Other studies have
found that children with SLI struggle when the presentation rate of to-be-recalled items
was increased; researchers have interpreted these findings as further evidence of limited
central executive capacity (e.g., Fazio 1998; Hoffman & Gillam, 2004).

In contrast, it has also been suggested that poor performance on complex span tasks
is due not to limitations of the central executive, but to impairments in the systems with
which verbal working memory works, namely verbal short term memory and language
processing (Briscoe & Rankin, 2009; Mainela-Arnold, Evans, & Coady, 2010).
According to this view, the central executive is intact, but is supported or constrained by
reduced short term memory span or language processing abilities. For example, Mainela-
Arnold et al. (2010) found that recall accuracy on the CLPT was significantly affected by
the frequency of the target words, and suggested that verbal complex span tasks were

heavily reliant on linguistic processing rather than domain-general capacity. Additional
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support for developmentally appropriate processing capacity among children with SLI has
been demonstrated in a recent study (Archibald & Harder-Griebling, 2016). In this study,
children with low language completed several complex span tasks that varied
systematically in their processing load and storage load. When the storage load was
adjusted to the span of the individual and held constant, there was no difference between
children with and without low language as the processing load was increased. Taken
together, this body of research gives clear evidence of functional deficits on verbal
working memory tasks for children with SLI. Those deficits, however, appear to be
heavily mediated by a number of factors, including but perhaps not limited to, short term
memory span, processing speed, and linguistic ability.
Visuospatial Short Term Memory

Typical measures of visuospatial short term memory require participants to recall
locations of items briefly presented on a screen, such as in the Corsi block task (e.g.,
Kessels, van Zandvoort, Postma, Kappelle, & de Haan, 2000). Reports of visuospatial
memory abilities of children with SLI have been less consistent and somewhat more
controversial. Some studies comparing children with and without SLI found a significant
difference favouring typical children (e.g., Bavin, Wilson, Maruff, & Sleeman, 2005;
Hoffman & Gillam, 2004; Kleemans, Segers, & Verhoeven, 2011; Vugs, Hendriks,
Curperus, & Verhoeven, 2014); however, other studies found that children with SLI
performed at par with or even better than their typical peers (Archibald & Gathercole,
2006b, 2007a; Henry, Messer, & Nash, 2012; Petruccelli, Bavin, & Bretherton, 2012;
Williams, Stott, Goodyer, & Sahakian, 2000). A recent meta-analysis found that on
average the visuospatial working memory deficit in children with SLI was 0.49 standard

deviations below typical peers (Vugs et al., 2013), which the authors noted was
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considerably smaller than the nonword repetition deficit of 1.27 standard deviations (Graf
Estes et al., 2007).

The reason for discrepancies between studies on visuospatial short term memory is
still unclear. One possibility is that visuospatial storage deficits are found only in children
with more severe language impairment. This was the case in the meta-analysis, where
studies that required children with SLI to present with more widespread evidence of
language impairment showed a greater visuospatial storage deficit (Vugs et al., 2013).
Alternatively, it has been suggested that typical children may support storage of
visuospatial stimuli using verbal encoding, a process that may be inefficient in children
with SLI (Archibald & Gathercole, 2006b; Botting et al., 2013). It is possible that some
tasks lend themselves to verbal encoding more than others. Vugs et al. (2013) have
argued, however, that this explanation does not account for the SLI deficits in children
younger than 7 years of age (e.g., Bavin et al., 2005; Kleemans et al., 2011; Vugs et al.,
2014) because children that young do not engage in verbal rehearsal (Gathercole, Adams,
& Hitch, 1994).

Visuospatial Working Memory

As with verbal working memory, visuospatial working memory is measured using
complex span tasks comprised of a processing component and a storage component. One
example of a visuospatial complex span task is Spatial Span from the Automated Working
Memory Assessment (Alloway, 2007), in which participants are required to mentally
rotate shapes to compare their orientation, and later recall the location of a feature on each
of the target shapes. Relatively few studies have been conducted to examine the
visuospatial working memory capacity of children with SLI. Again, the findings are

mixed. Although some studies report lower scores among children with SLI (Karasinski
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& Ellis Weismer, 2010; Miller & Wagstaff, 2011; Vugs et al., 2014), others report no
difference between groups (Archibald & Gathercole, 2006b; Bavin et al., 2005; Williams
et al., 2000). Overall, a recent meta-analysis found that children with SLI scored 0.63
standard deviations lower than peers on measures of visuospatial working memory (Vugs
etal., 2013).
Theories of SLI
The complex cognitive linguistic profile of children with SLI has prompted

researchers to theorize about the underlying cause of SLI. Understanding the basis of SLI
would be helpful for developing interventions and projecting outcomes for children.
Summarized here are a range of theories, including those suggesting an underlying deficit
in domain-general processes, and those suggesting that SLI is specific to the linguistic
domain.
SLI as a Phonological Deficit

The phonological-deficit hypothesis proposes that a deficit in speech perception
causes a phonological deficit, which is the root of language impairment in SLI (Joanisse,
2004; Joanisse & Seidenberg, 1999, 2003). According to this theory, a phonological
deficit leads to difficulty maintaining phonological representations of sentences in
memory, which in turn results in poor comprehension and impaired syntactic
development (Joanisse & Seidenberg, 2003). Specifically, difficulty holding a sentence in
mind limits the opportunity for syntactic parsing and resolution of syntactic relationships.
In addition, difficulty maintaining representations of novel words has negative
implications on word learning. Using computational modeling, Joanisse and Seidenberg

have demonstrated that such a phonological deficit can explain some linguistic errors
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common among children with SLI, such as verb morphology (Joanisse & Seidenberg,
1999) and pronominal referencing (Joanisse & Seidenberg, 2003).
SLI as a Short Term Memory Deficit

Based on the findings reviewed above of markedly poor verbal short term memory
in children with SLI, Gathercole and Baddeley (1990) proposed the phonological storage
deficit hypothesis. According to this theory, deficits in verbal short term memory may
lead to language impairment under the notion that poor retention of verbal material will
prevent sufficiently thorough encoding of incoming linguistic stimuli. This view has been
supported by later work demonstrating the importance of the phonological loop, or verbal
short term memory, in learning language and novel words (Baddeley, Gathercole, &
Papagno, 1998; Gathercole, 2006; Gathercole, Hitch, Service, & Martin, 1997; Majerus &
Boukebza, 2013). Although some children with low verbal short term memory span go on
to acquire vocabulary normally (Gathercole, Tiffany, Briscoe, Thorn, & The ALSPAC
team, 2005), it is likely that such a deficit is a contributing factor to language impairment.
Linguistic Theories of SLI

One of the more popular linguistic accounts of SLI began as the Extended Optional
Infinitive (EOI) account (Wexler, 1994). This account was formulated following the
observation that all young children appear to go through a stage in which they may or
may not mark tense on the main verb of the utterance, choosing instead to replace the
inflected verb with the infinitive form. Wexler referred to this as the optional infinitive
stage, and posited that children alternate between the infinitive and inflected verb forms
until they understand that tense marking is obligatory. Children with SLI also pass
through the optional infinitive stage, although this stage tends to last longer for them

(Rice, Wexler, & Cleave, 1995). According to the EOI account, children with SLI will

20



show a higher proportion of infinitive forms in place of inflected forms relative to both
age-matched and language-matched peers, and take longer to learn that tense marking is
obligatory for the main verb of the utterance.

Later on, the EOI account was expanded in order to account for utterances such as
“Her pushed me” which could not be explained by the original account. It was argued that
these utterances were evidence that agreement was also optional in the grammar of
children, an argument that formed the basis of the Agreement/Tense Omission Model
(ATOM; Schiitze & Wexler, 1996; Wexler, Schiitze, & Rice, 1998). Finally, the model
was modified a second time to explain why children rarely substitute infinitive for
inflected forms in null-subject languages such as Spanish and Italian. Wexler (1998,
2003) proposed in the Extended Unique Checking Constraint (EUCC) account that an
early appearing constraint permits checking of either tense or agreement, but not both. As
in the EOI account, the EUCC account assumes that children with SLI will experience
this stage longer than children with typical language ability. This account explains why
children with SLI are likely to produce utterances such as “Him kicked me” (where
checking occurred for tense only) and “She kick me” (where checking occurred for
agreement only) even after their typical peers have begun to correctly mark tense and
agreement.

A second linguistic theory of SLI proposes that a subset of children with SLI, first
called Grammatical SLI (G-SLI), have a core deficit in computing the underlying
hierarchy required for structurally complex forms (van der Lely, 1994, 1998; van der Lely
& Stollwerck, 1996). This core deficit affects one or more components of grammar in
both expression and comprehension. The Representational Deficit for Dependent

Relationships (RDDR) hypothesis was developed to account for these deficits (van der
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Lely, 1998), proposing that children with G-SLI treated syntactical movement as optional
(e.g., wh-movement; van der Lely & Battell, 2003). Subsequent findings prompted an
expansion of the RDDR hypothesis to include phonology and morphology. This
expansion, the Computational Grammatical Complexity (CGC) account (Marshall & van
der Lely, 2006, 2008), proposed that the deficit in children with G-SLI lies in
representing structural complexity.
Domain-General Accounts of SLI

A major limitation of the language-specific accounts of SLI is that they cannot
account for the nonlinguistic deficits common among children with SLI (e.g., Ebert &
Kohnert, 2011; Johnston & Ellis Weismer, 1983; Nelson, Kamhi & Apel, 1987). These
cognitive deficits have prompted researchers to consider the possibility that domain-
general impairments may be a core feature of SLI. Specifically, researchers have
proposed that reduced processing speed or limited capacity could result in impaired
language by interfering with encoding or processing. The generalized slowing hypothesis
(Kail, 1994) proposes that a reduced general processing speed is responsible for the
language deficits among children with SLI. This reduction in processing speed is
typically assessed by measuring reaction time on a variety of processing tasks. Indeed,
many studies have reported a slower reaction time for children with SLI on both linguistic
(e.g., Leonard, Nippold, Kail, & Hale, 1983; Wulfeck, Bates, Krupa-Kwiatkowski, &
Saltzman, 2004) and nonlinguistic tasks (Miller et al., 2001, 2006; Schul, Stiles, Wulfeck,
& Townsend, 2004; Windsor et al., 2008). According to the generalized slowing
hypothesis, children with SLI will perform all processing tasks slower than peers by a
constant proportion (Kail, 1994). Although this proportional slowing is a fairly robust

finding, there is evidence that not all children with SLI exhibit slowing (Edwards &
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Lahey, 1996; Lahey & Edwards, 1996; Miller et al., 2001, 2006; Windsor & Hwang,
1999). Moreover, the degree of slowing does not appear to correlate with the severity of
language impairment (Lahey, Edwards, & Munson, 2001).

A second body of research on domain-general accounts of SLI explores the view
that the language deficit is caused by limitations in processing capacity. Processing
capacity can be conceptualized as a smaller mental workspace or the potential to perform
operations with increased load or storage demands. It is important to note that processing
speed and capacity are closely related: a faster processing speed could enable more
efficient use of available capacity (Ellis Weismer, 1996). However, a recent study
examined the speed and capacity of children with SLI using confirmatory factor analysis
and found that the best fitting model separated the two, supporting the distinction of
processing speed and capacity (Leonard et al., 2007). According to the limited capacity
view, children with SLI are capable of performing single operations but struggle when
multiple operations must be performed simultaneously (Bishop, 1992; Ellis Weismer,
1996). Support for this view comes from studies showing that children with SLI perform
below peers as task demands are increased (e.g., Ellis Weismer, 1996; Ellis Weismer et
al., 1999; Johnston & Smith, 1989; Montgomery 2000a, 2000b).

One challenge to domain-general theories of SLI is explaining the disproportionate
difficulty with language. One theory that attempts this is the surface account, put forward
by Leonard and colleagues (Leonard, 1989, 1992; Leonard, Eyer, Bedore, & Grela, 1997;
Leonard, McGregor & Allen, 1992). The surface account assumes a general processing
capacity limitation restricts children’s ability to both perceive and hypothesize the
function of grammatical morphemes. This is particularly applicable in English because

many grammatical morphemes take the form of single phonemes or unstressed syllables,
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which have a brief duration. According to the surface account, children with SLI are able
to perceive these morphemes, but their limited processing system is overly taxed by the
need to process the significance of grammatical morphemes under such time constraints.
This imbalance between processing load and processing capability results in incomplete
processing of the morphemes; therefore, children with SLI require a greater number of
exposures to acquire these brief morphemes.

Finally, a more recent processing theory takes into account both the complexity of
linguistic input and the processing limitations of children with SLI. This account, the
Competing Sources of Input (CSI) hypothesis (Fey, Leonard, Bredin-Oja, & Deevy,
2017), suggests that utterances such as “Her laughing” or “She laughing” are modeled
after grammatical forms that have been processed only partially (e.g., I heard her
laughing or Was she laughing?). This hypothesis proposes that all children experience a
phase where they cannot detect a difference between subject-verb strings that can stand
on their own as declarative sentences (i.e., finite strings such as John feeds the dog), and
those that are embedded in a larger construction (i.e., non-finite strings as in Help John
feed the dog). Children with SLI, however, will take longer to learn the rules about these
contexts because of their processing limitations.

Testing theories of SLI
Epidemiological Approach

In broad terms, the theories presented above represent competing views of SLI:
namely, that SLI is a manifestation of impairment in either domain-specific knowledge or
domain-general capacity. This debate is fueled by some uncertainty surrounding the
relationship between linguistic and working memory abilities. It is possible that one of

these views is correct—that the root of SLI is an isolated deficit—and that poor
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performance across domains is explained by carryover effects and the difficulty of
assessing a single domain in isolation. A second possibility is that both views carry some
truth. If this is the case, studies with large samples should reveal varying profiles of
children with impairments in one or both domains. Two studies have taken this approach.
In a group of 400 children (ages 5 to 9 years), Archibald and Joanisse (2009) found cases
where language impairment or working memory impairment occurred in isolation, and
cases with comorbid deficits associated with severe deficits in one domain. Similarly, in a
study of 431 children (ages 5 to 7 years), Kapantzoglou, Restrepo, Gray, and Thompson
(2015) found two groups with impairment, one characterized by poor grammar ability and
the other by poor working memory. Taken together, these findings lend evidence to the
dissociation of language and working memory, but also demonstrate the close relationship
between the two.
Intervention Studies

Given the evidence that impairments in language and working memory may be
separable, another method of examining the connections across these cognitive resources
would be to explore the effects of intervention in one area on the other. In one study,
school age children with language impairment who received a combined language
intervention and phonological awareness intervention showed significant gains on
measures of verbal short term memory and verbal working memory (Park, Ritter,
Lombardino, Wisehart, & Sherman, 2014). Similarly, gains in verbal short term memory,
in particular those measured by nonword span tasks, were noted for preschool children
with language impairment after participating in a phonological awareness intervention
(Gillam & van Kleeck, 1996; van Kleeck, Gillam, & Hoffman, 2006). These findings

suggest a connection between working memory and language and that intervention in one
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domain has the potential to influence performance in the other. In contrast, however,
findings from another study suggest that working memory may function independent
from domain-specific knowledge. Kindergarten children with typical language abilities
did not improve on a word span task following phonological awareness intervention
(Schneider, Kiispert, Roth, Vis¢, & Marx, 1997). These contrasting results may be due to
simple differences in measuring working memory, or they may point to different
relationships between working memory and linguistic ability in children with and without
impairment. It is possible that broad effects of domain-specific intervention are more
likely among children with core deficits in the area targeted by the intervention.
Methodological Considerations

Narrative Sampling

When studying children with SLI, it is important to consider the cognitive demands
of the tasks employed in assessment. Researchers should ensure that tasks are measuring
what they are intended to measure, particularly when the cognitive constructs of interest
are so closely connected, as is the case with language and working memory. For instance,
as was discussed earlier, vocabulary and phonological knowledge have been shown to
support performance on recall of both words and nonwords (e.g., Casalini et al., 2007;
Gathercole et al., 1999; Hulme et al., 1991; Jones, Tamburelli, Watson, Gobet, & Pine,
2010). Similarly, working memory ability has been shown to play a role in
grammaticality judgment when the grammatical error appears later in the sentence
(Noonan, Redmond, & Archibald, 2014). In both of these cases, an impairment in the
non-tested domain could result in poorer performance and potentially a misrepresentation
of the domain being tested. Misidentification of impairment could lead to improper

selection of intervention and may explain why some studies have found only moderate
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response to intervention (e.g., Fey, Finestack, Gajewski, Popescu, & Lewine, 2010;
Swanson, Fey, Mills, & Hood, 2005). This highlights the need to better understand how
working memory and language contribute to performance on assessments used to identify
children with language or working memory impairment. Narrative retell is one tool that
has been traditionally used as a measure of language despite possibly placing demands on
domain-general processing as well (e.g., Montgomery, Polunenko, & Marinellie, 2009).
The study in Chapter 2 examined working memory and language contributions to
narrative retell ability by testing performance on the task across groups with impairments
in one or both of language and working memory.

Spontaneous language samples like narratives are a valuable assessment tool
because of their high ecological validity. Narratives are a meaningful assessment tool for
school age children because they not only provide an accurate picture of functional
communication ability, they are also useful in predicting later language, literacy, peer
adjustment, and school success (Bishop & Edmundson, 1987; Botting, 2002; Davidson et
al., 2016; Dickinson & McCabe, 2001; Griffin, Hemphill, Camp, & Wolf, 2004).
Moreover, advances in recording equipment and transcription software make the
collection and analysis of language samples more feasible, extending the possibilities of
functional language assessment for speech language pathologists.

As a language assessment, narrative samples are valuable for their flexibility.
Because language samples can be analyzed according to many performance indicators,
they can offer a wealth of information about the speaker’s abilities, such as syntax,
morphology, and fluency (e.g., Gillam & Johnston 1992; Guo et al., 2008; Marini et al.,
2014; Scott & Windsor, 2000). Compared with conversation, narratives tend to elicit

more complex syntax (Nippold et al., 2014), longer utterances (Thordardottir 2008), and a
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greater amount of verbal output (Wetherell et al., 2007b) but also higher rates of
morphological errors (Thordardottir 2008) and stalls and repairs, particularly among
children with language impairment (MacLachlan & Chapman, 1988). Therefore,
narratives give an excellent indication of a child’s linguistic abilities.
Single Subject Design

Given the heterogeneity in SLI and the potential variation in underlying
impairments in language and working memory, it is important to both tailor interventions
to individuals and examine individual response to intervention; therefore, single subject
design (SSD) was employed in the present study. SSDs offer a number of advantages for
intervention studies with populations with impairments. One advantage is that the
intervention can be tailored to suit the abilities of the individual without compromising
the strength of the study (Borden & Abbott, 2011; Rapoff & Stark, 2008). A second
advantage of SSDs is that change is measured at the level of the individual. This enables
exploration of participant characteristics that may influence response to intervention
(Barlow & Hersen, 1973; McReynolds & Thompson, 1986). Children with language
impairment are a heterogeneous population; therefore, SSD is an ideal approach to
investigating what type of intervention will be most effective and which children are
likely to receive the greatest benefit from these interventions. Third, SSDs are a viable
way to establish causal relationships between intervention and outcomes with a limited
number of participants (Bordens & Abbott, 2011; Horner, Swaminathan, Sugai, &
Smolkowski, 2012; Perdices & Tate, 2009). Although large group designs such as
randomized controlled trials (RCTs) tend to be favoured as the gold standard for
intervention studies, the use of SSDs has been championed recently in many fields

including special education (Horner et al., 2005), neuropsychological rehabilitation
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(Perdices & Tate, 2009), learning disabilities (Kratochwill, Altschaefl, Bice-Urbach, &
Kawa, 2013), and communication sciences and disorders (Byiers, Reichle, & Symons,
2012). In addition, recent reviews have noted that SSDs are commonly used to test
interventions for children with communication disorders (Baker & McLeod, 2011; Cirrin
& Gillam, 2008).

Three common concerns surrounding SSDs are experimental control,
generalizability, and data analysis. Unlike RCTs, SSDs do not include control
participants. Instead, control can be achieved in two ways: by establishing a stable
baseline before offering intervention and by repeated assessment of targeted and non-
targeted behaviours. The baseline is important for demonstrating not only the level of the
participant’s ability but also the persistence of impairment; a sufficiently lengthy baseline
phase (i.e., a minimum of 3 data points; Kazdin, 2011; Tate et al., 2008) provides
evidence that the impairment will not resolve on its own (Kazdin, 1981). In this way, the
baseline phase acts as each participant’s own control. As well, using probes to repeatedly
assess both targeted and non-targeted behaviours serves as a second form of control.
Treatment effect is established when participants show improvement on only those probes
designed to assess behaviours targeted in the intervention. Stability of control probes
throughout the intervention is further evidence that the impairment would not have
improved without the intervention.

The generalizability of findings from SSDs is often criticized; however, there are
many ways to improve the external validity of SSDs. The first is through replication
across multiple participants or even to other settings or researchers (Hersen & Barlow,
1976; Perdices & Tate, 2009). For instance, Logan, Hickman, Harris, and Heriza (2008)

argue that findings can be considered to be generalizable if they are replicated across 3 or
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more participants. Other ways to enhance the generalizability of findings include detailed
descriptions of the participants, study context, and any factors affecting participants’
baseline behaviour (Horner et al., 2005). In other words, the level of detail inherent in
SSDs facilitates generalization by describing the contexts and participants most likely to
benefit from the intervention in question.

Finally, the best method of data analysis for SSD is a matter of ongoing debate.
Visual inspection was one of the primary approaches historically, and continues to be
used, although it has been criticized widely for being unreliable and prone to Type I error
(Byiers et al., 2012). In addition, studies have found low interrater agreement for visual
inspection (Harbst, Ottenbacher, & Harris, 1991; Ninci, Vannest, Willson, & Zhang,
2015; Ottenbacher, 1993) and variable agreement between visual and statistical analysis
of single-subject data (Bobrovitz & Ottenbacher, 1998; Jones, Weinrott, & Vaught,
1978). Such findings have lead researchers to advocate for the use of statistical analysis
either in addition to or in place of visual analysis, particularly when the baselines are
unstable or when the effect is weak (Harbst et al., 1991; Hersen & Barlow, 1976; Kazdin,
1982; Zahn & Ottenbacher, 2001). Unfortunately, there are many statistical procedures
for both detecting effect and measuring the magnitude of effect with little agreement
among researchers on which approach to use (e.g., Olive & Smith, 2005; Parker &
Brossart, 2003). As a result, many researchers employing SSDs in language intervention
studies have conducted both visual and statistical analysis of their data, which is the
approach taken in the present studies (Ebert, Rentmeester-Disher, & Kohnert, 2012;
Gillam, Hartzheim, Studenka, Simonsmeier, & Gillam, 2015; Petersen et al., 2014;

Spencer, Kajian, Petersen, & Bilyk, 2013).
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Language Intervention

A recent surge in research with school age children has uncovered a number of
intervention factors that are likely to improve the effectiveness of language therapy.
Reviewed here are findings that are particularly relevant to the design of the intervention
study in this dissertation. One factor influencing intervention effectiveness is the
explicitness of the instruction. On one hand, explicit instruction seems appropriate
considering that children with SLI have difficulty learning linguistic structures implicitly
(e.g., Bishop, Adams, & Rosen, 2006; Ebbels, Mari¢, Murphy, & Turner, 2014; Rice et
al., 1998; Schuele & Dykes, 2005). On the other hand, naturalistic interventions are
thought to promote generalization sooner than drill-based approaches (see Nelson,
Camarata, Welsh, Butkovsky, & Camarata, 1996). One possible solution is to combine
the two by embedding explicit instruction within a meaningful context such as narratives
(Eisenberg, 2013, 2014). This approach has been successfully adopted in a number of
cases (e.g., Fey, Cleave, & Long, 1993; Gillam, Gillam, & Reece, 2012).

One way to contextualize explicit instruction is by employing explicit recasting
methods during story retells. Noncorrective or nonimitative recasting has often been
implemented with younger children (e.g., Camarata, Nelson, & Camarata, 1994; Hassink
& Leonard, 2010; Nelson et al., 1996); however, it has been suggested that older children
may benefit from more explicit approaches (Ebbels, 2014; Ebbels et al., 2014). For older
children, recasting may be made more explicit by prompting the child to imitate the
clinician’s recast, or by prompting the child to expand on her own utterance (Eisenberg
2013; Schwartz, Chapman, Terrell, Prelock, & Rowan, 1985).

Child: The dog has a party.

Clinician: When does the dog have the party?
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Child: After the owners go out.

Clinician: Can you say that all together? The dog...

Findings regarding therapy dose are also important to consider when designing
intervention. Recasting studies have shown that relative to children with typical language,
children with non-specific language impairment (LI) require a greater number and higher
density of recasts in order to learn the targeted structure or vocabulary (e.g., Proctor-
Williams, 2009; Proctor-Williams & Fey, 2007). In addition, children with SLI require
many different exemplars in order to better extract the targeted grammatical pattern
(Kiernan & Snow, 1999; Plante et al., 2014; Torkildsen, Dailey, Aguilar, Gémez &
Plante, 2013).

Working Memory Intervention

Working memory intervention is a topic of much debate in current research. The
approach receiving the greatest attention is computer-assisted working memory training
(e.g., Klingberg et al., 2005). Studies on the efficacy of this type of working memory
training often find improvements on tasks similar to those targeted in intervention with
little evidence of long term maintenance or transfer to other skills that depend on working
memory such as language, reading, or math (Banales, Kohnen, & McArthur, 2015;
Holmes et al., 2010; Melby-Lervég, Redick, & Hulme, 2016). Such limitations in
generalization have prompted criticism from researchers, who have argued that without
far transfer working memory training has little merit (Melby-Lervég et al., 2016). One
limitation with existing literature, however, is that very few studies test participants with
working memory impairment. For instance, in two recent meta-analyses, only 3 to 7% of
studies included participants with tested working memory deficits (Melby-Lervig &

Hulme, 2013; Schwaighofer, Fischer, & Biihner, 2015). It is possible that working
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memory training is more beneficial for participants whose working memory ability is in

the impaired range rather than for those whose working memory is average or above

average. For example, studies of children with low working memory have shown positive

improvements in both working memory and academic performance (Dunning, Holmes, &

Gathercole, 2013; Holmes & Gathercole, 2014; Holmes, Gathercole, & Dunning, 2009).
Overall Objective

Children with SLI present with a complex profile that includes deficits in
language and possibly other nonverbal cognitive processes such as working memory. The
interconnectedness of language and working memory has been examined extensively with
some studies showing a close association between the two domains (Archibald &
Gathercole, 2006a; Graf Estes et al., 2007; Vugs et al., 2013) and others suggesting a
greater degree of separability (Archibald & Joanisse, 2009; Kapantzoglou et al., 2015).
Investigation of working memory and language among children with SLI is complicated
further by the heterogeneity in the population, indicating a need for research to be
conducted at the level of the individual in order to account for individual differences. The
primary purpose of this thesis was to examine both the dynamic relationship of working
memory and language in children with impairments in these domains as well as
individual factors that may influence that relationship.

The aim of Chapter 2 was to examine the degree to which performance on a
language task, narrative retell, could predict speakers’ impairments in language or
working memory, thereby investigating contributions of language and working memory
ability to narrative retell performance. Chapters 3 and 4 report a second study that tested
the effectiveness of domain-specific interventions for children with impairments in one or

both domains of working memory and language. Chapter 3 examines the effects of
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narrative-based language intervention on the language, working memory, and academic
abilities of children with language impairment with or without working memory
impairment. Chapter 4 examines the effects of a computerized working memory training
program on the working memory, language, and academic abilities of children with
working memory impairment with or without language impairment. In addition, both
Chapters 3 and 4 investigate the influence of participant-specific characteristics on the
effectiveness of the interventions. Collectively, these studies contribute to a better
understanding of the nature of the relationship between working memory and language in
children with impairments in one or both of these domains. The findings presented here
will inform the development and selection of appropriate assessments and interventions

for children with these deficits.
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Chapter 2
Linguistic and Cognitive Processes Contributing to Narrative Retell
Introduction

Analysis of spontaneous language samples has long been heralded as an important
element of the language assessment protocol for school-age children because of its
ecological validity (Crais & Lorch, 1994) and usefulness when working with children
from diverse linguistic backgrounds (e.g., Boerma, Leseman, Timmermeister, Wijnen, &
Blom, 2016; Kit-Sum To, Stokes, Cheung, & T’sou, 2010; Mékinen, Loukusa,
Laukkanen, Leinonen, & Kunnari, 2014). Moreover, there are many ways to analyze
language samples, making them a valuable tool for assessing different aspects of
linguistic development, such as syntax (Nippold et al., 2014), lexical diversity (Scott &
Windsor, 2000), or pragmatics (Botting, 2002). Performance on language sampling tasks
has been shown to differentiate age groups (Leadholm & Miller, 1992) as well as children
with and without language impairment (Vandewalle, Boets, Boons, Ghesquiére, & Zink,
2012). The majority of literature on language sampling focuses on its utility as a measure
of linguistic development or impairment; however, it has also been suggested that other
cognitive processes, working memory in particular, contribute to successful formulation
of fluent speech with age-appropriate syntax (see Dodwell & Bavin, 2008; Duinmeijer, de
Jong, & Scheper, 2012; Marini, Gentili, Molteni, & Fabbro, 2014). If this is the case, the
role of working memory in language samples should be examined to determine which
performance indicators are more closely related to linguistic ability and which are
attributable to working memory capacity. Doing so will help us understand more about
the role of domain-general processes in language production and will inform assessment

procedures for linguistic or working memory deficits.
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Language Impairment and Narrative Assessment

Specific language impairment (SLI) is an impairment in language ability despite
otherwise typical neurological development, normal hearing ability, and adequate
exposure to language (Leonard, 2014). The spoken language of children with SLI is
typically characterized by morphological errors (Rice, Wexler, & Hershberger, 1998),
omission of obligatory arguments (Grela & Leonard, 1997), restricted vocabulary
(McGregor, Oleson, Bahnsen, & Duff, 2013; Rice & Hoffman, 2015), and less
sophisticated sentence structure (Thordardottir & Ellis Weismer, 2002). Assessing the
narrative ability of children with SLI is a particularly useful technique because all of these
aspects of linguistic skill are involved in narratives and many measures can be compared
to normative data (e.g., Leadholm & Miller 1992; Westerveld & Vidler, 2016). As well,
assessing language in the context of continuous speech represents a more naturalistic use
of language and taps linguistic skills not well measured in norm-referenced testing, as
indicated by nonsignificant to moderate correlations between the two testing formats
(Bishop & Donlan, 2005; Ebert & Scott, 2014; Norbury & Bishop, 2003).

A number of methods can be employed to elicit a narrative, of which the two most
common are narrative retell, in which the child recounts an orally presented story (e.g.,
The Bus Story Test; Renfrew, 1997), and narrative generation, in which the child
constructs a narrative based on a wordless picture book or one or more pictures (e.g.,
Marini et al., 2014; Pearce, James, & McCormack, 2010). When compared with story
generation tasks, narrative retell has been shown to elicit longer sentences (Vandewalle et
al., 2012), greater syntactic complexity (Duinmeijer et al., 2012), and longer stories
(Merritt & Liles, 1989); therefore, it is more likely to present a truer representation of the

child’s linguistic ability.
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Working Memory and Narrative Assessment

Although narrative retell is typically used to assess linguistic skill, it likely places
additional demands on cognitive domains beyond language, such as working memory
(Montgomery, Polunenko, & Marinellie, 2009). According to Baddeley and Hitch’s
(1974) model, working memory consists of two storage components for short term
retention of verbal or visuospatial material (in the phonological loop and visuospatial
sketchpad, respectively) and a central executive, which is responsible for allocating
attention and retrieving information from long term memory. Later on, the model was
updated to include the episodic buffer, which integrates information from auditory and
visual sources either from long term memory or external input and forms a coherent
single episode (Baddeley, 2000).

Deficits in working memory commonly occur in a number of populations, such as
children with Attention-Deficit/Hyperactivity Disorder (ADHD; Alderson, Kasper,
Hudec, & Patros, 2013; Barkley, 1997), traumatic brain injury (McDowell, Whyte, &
D’Esposito, 1997), dyslexia (Jeffries & Everatt, 2004), and those with difficulty learning
mathematics (Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007). Recently, however,
Archibald and Joanisse (2009) have identified working memory impairment in children in
the absence of other developmental or neurological disorders. These children, described
as having specific working memory impairment (SWMI), scored in the impaired range on
a standardized measure of working memory but in the normal range on standardized
measures language and nonverbal intelligence. Early exploration of the phenotypic profile
of children with SWMI has revealed a connection between isolated working memory
impairment and language-related behaviours. In an observational study, the classroom

behaviours of children with specific or combined impairments in language and working
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memory as well as typical controls were recorded and analyzed (Archibald, Joanisse, &
Edmunds, 2011). Disruptive or off-topic behaviours were recorded and later rated as
language-related or memory-related. Analysis of behaviours revealed that children with
working memory impairment displayed a high number of language-related behaviours,
such as needing help to spell or define a word. If children with SWMI demonstrated
difficulty with language-related tasks in a classroom, it is possible that narrative retell
abilities may also be affected.

One way working memory may be involved in narrative retell is in encoding the
narrative and integrating the story details (Botting, 2002; Montgomery et al., 2009).
Before a story can be recalled, a mental representation of it must be formed in memory,
which requires not only storing each piece of information but also incorporating new
information with earlier story elements as they are being presented. Therefore, developing
a mental representation of the narrative requires simultaneous retrieval and integration of
information, processes which rely heavily on working memory (Montgomery et al.,
2009). Evidence for the role of working memory in recalling narrative content comes
from findings of correlations between the two in studies with children with traumatic
brain injury (Chapman et al., 2006), autism spectrum disorder (Kuijper, Hartman,
Bogaerds-Hazenberg, & Hendriks, 2017), attention deficit hyperactive disorder (Kuijper
et al., 2017; Papaeliou, Maniadaki, & Kakouros, 2012) and SLI (Dodwell & Bavin,
2008).

A second way working memory may be implicated in narrative retell is in
supporting language production. Although much research has investigated the role of
working memory in comprehension (e.g., Daneman & Merikle, 1996; Kidd, 2013), less is

known about its role in language production. Evidence from dual tasking studies suggests
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that working memory may be involved in the formulation of syntactically complex
sentences (Kemper, Herman, & Lian, 2003) and possibly subject-verb agreement (Martin
& Slevce, 2014). Importantly, the negative effect of cognitive load on language production
is augmented for subjects with low memory span (Kemper, Schmalzried, Herman,
Leedahl, & Mohankumar, 2009), or in other cases, apparent among only those subjects
with low memory span (Hartsuiker & Barkhuysen, 2006). It would follow from these
findings that children with working memory impairment may have difficulty with a task
like narrative retell, which requires both formulation of linguistic output and maintenance
and retrieval of story elements.
Performance Indicators of Narrative Retell

Most often, performance on narrative tasks is used to supplement findings from
standardized tests of language competency; however, recent research has examined the
potential of certain performance indicators to identify language impairment using
narrative tasks alone (Eisenberg & Guo, 2016; Guo & Schneider, 2016). Rates of
morphosyntactic errors, specifically verb errors, in narrative tasks have been shown to
distinguish children with LI from those with typical language with accuracy rates ranging
from 79% to 89% depending on the age of the children (Guo & Schneider, 2016).
Although these preliminary results are encouraging, efforts to distinguish typical and
atypical ability may be premature without sufficient consideration of other cognitive
abilities supporting narrative ability, such as working memory. Given the involvement of
working memory in narrative retell and language production in general, it is possible that
some performance indicators may be more closely tied to linguistic ability and others to

working memory. The following sections outline three categories of narrative
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performance indicators commonly used as measures of language ability that may be
influenced by working memory.

Productivity. Measures of productivity aim to capture the amount of linguistic
output in a language sample as measured in number of utterances, number of words, or
number of correct story events recalled. To ensure consistency during transcription,
narratives are segmented into utterances called communication units (C-units; Loban,
1976), which are defined as an independent clause with all its associated dependent
clauses. When measured in number of C-units or words, narratives have been shown to
increase in length with age (Leadholm & Miller, 1992; Loban, 1976; Tilstra & McMaster,
2007) into adulthood (Nippold, Hesketh, Duthie, & Mansfield, 2005).

Children with language impairment have been shown to produce shorter narratives
than same-age peers (Colozzo, Gillam, Wood, Schnell, & Johnston, 2011; Greenhalgh &
Strong, 2001; Pearce et al., 2010; Scott & Windsor, 2000) though not always (Guo,
Tomblin, & Samelson, 2008; Norbury & Bishop, 2003). Short narratives have also been
attributed to children with impairments beyond language. For example, Fey and
colleagues found no difference in narrative length when comparing children with low
nonverbal intelligence to peers with SLI (Fey, Catts, Proctor-Williams, Tomblin, &
Zhang, 2004). Similarly Reilly, Losh, Bellugi, and Wulfeck (2003) found no group
differences when examining number of propositions in narratives of children with SLI,
focal brain damage, or Williams syndrome. Other research has shown that working
memory ability may affect narrative length. Correlational studies have shown associations
between working memory ability and recalled story content in children with language
impairment (Dodwell & Bavin, 2008; Tsimpli, Peristeri, & Andreou, 2016) and in

children with other neurological deficits (Kuijper et al., 2017; Papaeliou et al., 2012).
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Based on this evidence, we could expect that children with working memory impairment,
like those with language impairment, might also produce short narratives.

Grammaticality. A second set of analytical measures aims to capture grammatical
competency by analyzing the level of complexity and number of errors in the narrative.
When measured in mean length of utterance (MLU) or clauses per C-unit, grammatical
complexity has been shown to increase with age (Leadholm & Miller, 1992; Loban,
1976). Likewise grammatical errors characteristic of young children have been shown to
decrease with age in typically developing children (Loban, 1976). Analyzing grammatical
complexity separate from grammatical error paints a more complete picture of linguistic
ability than examining only one aspect and can be important when comparing groups. For
example, Wetherell, Botting, and Conti-Ramsden (2007) found no effect of language
impairment when comparing adolescents with and without SLI on sentence complexity,
but did find a higher number of errors among those with SLI.

Narratives of children with language impairment tend to have lower MLUs relative
to typical peers (Duinmeijer et al., 2012; Thordardottir, 2008; Vandewalle et al., 2012),
but group comparisons according to subordinate clause use have shown mixed results
(Bishop & Donlan, 2005; Norbury & Bishop, 2003; Reilly et al., 2003; Scott & Windsor,
2000). Considering the processing demands of formulating lengthy sentences or those
with multiple clauses, it is possible that children with working memory deficits may also
produce fewer complex sentence constructions particularly when task demands are high.
For example, research has shown positive correlations between working memory
measures and sentence complexity on narrative tasks among children with typical and
impaired language (Mills, 2005; Tsimpli et al., 2016) and other neurological deficits

(Kuijper et al., 2017; Youse & Coelho, 2005).
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Analysis of grammatical error, whether measured in percent grammatically correct
utterances or errors per utterance, consistently reveals less grammatically accurate
narratives among children with language impairment relative to peers with typical
language ability (Duinmeijer et al., 2012; Gillam & Johnston, 1992; Liles, Duffy, Merritt,
& Purcell, 1995; Scott & Windsor, 2000). In contrast, evidence to either confirm or deny
the role of working memory in grammatical accuracy of narratives is currently limited
and mixed. For example, Marini et al. (2014) found that differences in phonological short
term memory could account for differences between children with SLI and typical
language in erroneous substitutions of bound and free morphemes. However,
Thordardottir (2008) showed no correlation between verbal working memory and
accuracy of verb morphology in children with SLI. Based on these findings, it is possible
to speculate that both children with LI and those with working memory impairment might
produce syntactically simple sentences, but that grammatical errors may be relatively
more common among children with LI.

Fluency. Speech disruptions such as mazing and pausing are thought to reflect
cognitive processing required for speech planning (Guo et al., 2008; MacWhinney &
Osser, 1977) and indicate difficulty with utterance formulation (Leadholm & Miller,
1992). Mazing refers to verbal disruptions of fluent linguistic output, including
repetitions, revisions, and hesitations such as ‘uh’ or ‘um’ (Dollaghan & Campbell, 1992;
Guo et al., 2008). Mazing rates have been shown to increase with the use of more
syntactically complex utterances (McDaniel, McKee, & Garrett, 2010; Ratner & Sih,
1987) and in more cognitively demanding tasks, such as in narratives as opposed to
conversation (Leadholm & Miller, 1992; MacLachlan & Chapman, 1988). In contrast,

silent pausing longer than 2 seconds has been interpreted as indication of difficulty with
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language production processes such as grammatical encoding (Rispoli, Hadley, & Holt,
2008) or word retrieval (Miller, Andriacchi, & Nockerts, 2011).

Speech disruptions are not unique to children with language impairment
(MacLachlan & Chapman, 1988), although some studies have shown different rates of
certain types of mazing among children with language impairment. In a narrative
generation task, children with SLI produced higher rates of silent pauses relative to age-
matched controls, but only for pauses that were 500 to1000ms long (Guo et al., 2008).
There were no group differences found for pauses shorter than 500ms, pauses longer than
1000ms, or vocal hesitations, specifically filled pauses, interjections, whole-word or part-
word repetitions, or revisions. Boscolo, Ratner, and Rescorla (2002) found that children
with a history of SLI had a higher rate of disfluencies in their narratives relative to
controls. That difference, however, disappeared when removing the stutter-like
disfluencies and comparing groups on only normal disfluencies, which are more
congruent with the mazing behaviours reported elsewhere. Similarly, Thordardottir and
Ellis Weismer (2002) found that children with SLI used significantly more mazes in a 50-
utterance narrative sample than MLU-matched peers but not relative to age-matched
peers. Surprisingly, these children with SLI also used fewer filled pauses (hesitations such
as “um,” “uh,” and “like”) than both control groups. On the other hand, Scott and
Windsor (2000) found no difference between children with language learning disabilities
(LLD) and controls in the proportion of utterances with mazes. Consider, however, that
the narratives of children with LLD in Scott and Windsor’s study also contained fewer
and shorter utterances. Perhaps the results would have been different had the groups
produced samples of comparable length and complexity. On a similar note, Miranda,

McCabe, and Bliss (1998) found no differences between children with SLI and age-
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matched peers in the frequency of reformulations (i.e., revisions) but did find a group
difference when measuring revisions in proportion to the number of propositions in the
narratives. Taken together, these inconsistent findings indicate first that there is a need for
greater uniformity in measuring and reporting fluency in language sample analysis, and
second that language impairment alone may not necessarily lead to increases in speech
disruptions such as mazing and pausing behaviours.

It may be that mazing is also related to other cognitive abilities, such as working
memory. According to Levelt (1989), mazing behaviours such as false starts and revisions
arise in the planning stages of language production and are the result of the speaker
formulating a message while retrieving information from memory. If this is the case, then
it is plausible that a working memory impairment may limit a speaker’s ability to manage
both retrieval processes and language formulation, resulting in higher rates of mazed
words. Early support for working memory influences on mazing can be seen in Marini et
al.’s (2014) findings that the SLI deficit in speech rate disappeared after controlling for
differences in phonological short term memory as measured by nonword repetition.

Evidence from other research suggests that pausing also may be influenced by
working memory. Eichorn and colleagues found that typical adults reduced their speaking
rate in a spontaneous language task while simultaneously completing a secondary
working memory task (Eichorn, Marton, Schwartz, Melara, & Pirutinsky, 2016). If
limiting working memory results in a slower speaking rate, it is plausible that working
memory impairment might also lead to a slower speaking rate and an associated increase
in pauses. Based on these findings, we could expect that children with language

impairment would produce mazes and pauses at rates similar to typical peers whereas
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children with working memory impairment would have higher rates of mazing and
pausing.
Trade-Off Effects

A final aspect of narrative measurement that warrants discussion is the limitation
of single outcome measures. The majority of literature reviewed here has examined
narrative outcome measures as stand-alone indicators of linguistic ability. In some
respects, this approach to measuring narrative competence is ideal because it simplifies
scoring for clinicians and allows for transparent comparison between groups of interest.
On the other hand, each measure represents only one aspect of the narrative and may not
accurately represent the child’s linguistic skill. Consider, for example, the trade-off
effects found for grammatical complexity and accuracy. Thordardottir (2008) found that
English-speaking children with SLI spoke in longer sentences in narrative retell and
expository samples relative to conversation, but also made more verb morpheme errors.
This trade-off between sentence complexity and verb accuracy has been documented
elsewhere with children with SLI (Grela & Leonard, 2000; Owen, 2010). These findings
suggest that more advanced syntactical structures are not impossible for children with
SLI, but are produced at the expense of grammatical accuracy. Other research has
demonstrated a trade-off between utterance length and fluency among school-age children
(MacLachlan & Chapman, 1988), preschool-age children (Wagner, Nettelbladt, Sahlén, &
Nilholm, 2000), and toddlers (Rispoli & Hadley, 2001). Interestingly, Costanza-Smith
(2004) found that the cost of increasing complexity may depend on age. In a sentence
elicitation task, prompts for sentences with greater complexity resulted in more
grammatical errors for younger children (ages 7;3—8;7) but more mazes for older children

(ages 10;3—11;10). Other findings have shown that younger children (ages 3;11-6;4) do
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produce more mazes and stutter-like disfluencies when required to formulate more
syntactically complex sentences in a sentence elicitation task (Ratner & Sih, 1987). Taken
together, these findings suggest that a single outcome measure may not offer enough
information to adequately portray or identify a child’s linguistic or working memory
ability, particularly when including children from a wide age range. Rather, the
interaction between one or more measures is likely to be more informative.

Study Purpose

Narrative retell is an important skill and a useful assessment tool. Traditionally,
clinicians and researchers have treated narrative retell as a language skill, but recent
research suggests that other domain-general processes such as working memory may be
involved as well. Findings from the research reviewed here suggests that some narrative
retell outcome measures typically attributed to linguistic skill in fact may be measures of
working memory ability. This question was investigated more closely in this paper by
examining which narrative retell measures better predicted working memory or language
ability among children with impairments in language and working memory as well as
controls.

Based on previous research, a number of predictions were asserted. It was
hypothesized that language impairment would be better predicted by measures of
grammatical complexity and accuracy, but less so by measures of productivity or fluency.
On the other hand, it was postulated that working memory impairment would be predicted
by measures of productivity, grammatical complexity, and fluency, but less so by
grammatical accuracy. Finally, it was thought that interactions between these variables

would be important predictors of working memory or language impairment.
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Considering the complexity of language production, it is possible that quantitative
measures may not adequately capture linguistic features of a spoken language. Instead, it
may be necessary to consider data qualitatively to examine the characteristics associated
with underlying impairment on language production. In the present study, an explorative
qualitative analysis was conducted by employing an iterative coding process to assign
descriptive codes to narrative sample characteristics. Codes were then compared within
and across impairment types for patterns and consistent profiles within impairment
groups.

Methods

Participants

A total of 17 participants with impairments participated in the present study.
Sixteen were recruited from an existing database of 5 to 9 year old children who had
participated in a previous study (Archibald, Oram Cardy, Joanisse, & Ansari, 2013). As
part of the previous study, all children completed standardized tests of language, working
memory, and nonverbal intelligence at each of two time points approximately one year
apart. As a measure of language skills, all children completed the four subtests of the
Clinical Evaluations of Language Fundamentals — Fourth Edition (CELF—4; Semel,
Wiig, & Secord, 2003) appropriate to the child’s age to complete the Core Language
Score (CLS). All children completed the subtests Concepts and Following Directions,
Formulating Sentences, and Recalling Sentences. In Concepts and Following Directions,
children were required to point to a series of objects in response to increasingly lengthy
verbal instructions. In Formulating Sentences, children used a given word to produce a
sentence about a corresponding picture. In Recalling Sentences, children repeated

sentences spoken by the examiner. Children under 9 years of age also completed the
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subtest Word Structure, in which morphosyntactic structures were elicited using a model
sentence and a sentence starter. Children 9 years of age and older completed the subtest
Word Classes 2, in which children were required to select semantically associated words
from a list and explain how they related.

As a measure of working memory, children completed three subtests from the
Automated Working Memory Assessment (AWMA; Alloway, 2007) that were found to
load on a working memory factor separate from language in a previous study (Archibald,
2013). In all subtests, children were required to recall sequences of items in order.
Sequences increased in length after a child correctly recalled 4 trials at one level and the
test was discontinued as soon as the child erred on 3 trials within one level. In a verbal
working memory subtest, Counting Recall, children tallied the number of red circles in
arrays of triangles and circles, and at the end of the trial recalled the tallies of each array.
The number of arrays increased with each level. In Odd One Out, a measure of
visuospatial working memory, children first identified from rows of three shapes which
shape was unique. At the end of each trial, children recalled the location of the unique
shapes by tapping on the screen in the order they appeared. A second measure of
visuospatial working memory was Spatial Recall, in which children first determined
whether two matching shapes were oriented in the same direction. This decision required
the mental rotation of one of the shapes, which also had a red dot on one end. At the end
of each trial, children recalled the positions of the red dot by tapping on the screen. Based
on results of factor analysis examining working memory, language, and fluid reasoning
skills in children (Archibald, 2013), a composite working memory score was created by

averaging the standard scores from Counting Recall, Odd One Out, and Spatial Recall.
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For nonverbal reasoning, children under 6 years of age completed the 3 subtests
from the Wechsler Preschool and Primary Scale of Intelligence — Third Edition (WPPSI—
IIT; Wechsler, 2002) necessary to complete the Performance Intelligence Quotient (P1Q),
a measure of nonverbal intelligence. In Block Design, children were timed as they
assembled red and white cubes to match models from the examiner for the initial trials or
images from a book for later trials. For the Matrix Reasoning subtest, children selected
from an array a picture to complete a given set of pictures based on a visual pattern. In
Picture Concepts, children selected two images from separate arrays based on some
semantic relation between the images. Children 6 years and older were required to
complete the 2 subtests for the PIQ on the Wechsler Abbreviated Scale of Intelligence
(WASI; Wechsler, 1999): Block Design, and Matrix Reasoning. Procedures were
identical for the two age groups but the trial items were more challenging for the older
group. As well, parents were asked at the first time point to indicate whether they were
concerned about their child’s language, reading, and math abilities. Teachers were asked
at both time points to indicate on a 3-point scale (1= Not at all concerned; 2=Somewhat
concerned; 3=Definitely concerned) possible concern regarding the child’s attention,
reading, oral expression, math abilities, social interaction, and memory skills.

For the purposes of the present study, children were considered to have an
impairment in either language or working memory if they earned a score of 87 or lower
on the CLS or the composite working memory score at the second time point and if
teacher concern was reported for any aspect of the child’s development. In addition,
participants were included only if their impairment was considered to be apparent already
at the first time point, as evidenced by scores in the impaired range, or reported concern

from the child’s parents or teacher. Children were also required to score 85 or higher on
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the PIQ at both time points. Despite controversy regarding the use of an IQ criterion (e.g.,
Bishop et al., 2017; Plante, 1998), this cut-off was implemented in order to maintain some
congruence with previous studies on narrative ability in children with SLI (e.g., Colozzo
et al., 2011; Dodwell & Bavin, 2008; Greenhalgh & Strong, 2001; Merritt & Liles, 1989;
Vandewalle et al., 2012).

A total of 42 children in the database met these criteria. From this list, 29 children
could be contacted and invited to participate in the study, of which 16 agreed to
participate (11 males; Mg = 10.28 years, SD,4. = 1 year). An additional participant with
working memory impairment was self-recruited to the study based on 1) parent report of
ongoing concerns in working memory for more than 1 year, and 2) appropriate
performance on standardized measures. Specifically, this participant met criteria for
impaired working memory ability according to the working memory composite, typical
nonverbal intelligence (PIQ), and age appropriate language abilities as assessed with 3
subtests from the CELF-4: Concepts and Following Directions, Recalling Sentences, and
Formulated Sentences. Table 2.1 presents demographic information and descriptive data
for language, working memory, and nonverbal intelligence according to whether
participants had a language impairment without consideration of working memory status
or a working memory impairment without consideration of language status. Overall, 12 of
17 participants met the criteria for language impairment (9 males, Mo = 10.36 yrs, SD g
= 1.12 yrs) and 9 of 17 participants met criteria for working memory impairment (5
males, Mg = 10.07 yrs, SDye. = 1.26 yrs). Of these, 4 participants met criteria for both
impairment types and have been included in both groups (2 males, Mg, = 10.58 yrs, SDge

= 1.52 yrs). The time span from the most recent assessment point in the previous study
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until data collection for the current study varied from 11 to 24 months depending on the
participant.

An unselected control group of children in the same age range as the participants
with impairments and with the same sex distribution was recruited from the
Developmental Psychology Participant Pool at the University of Western Ontario (n =
10). One child in the control group was excluded from the study after data collection
because he came from a non-English speaking home, reducing the number of children in
the control group to 9.

Table 2.1

Descriptive Statistics of Participants According to Impairment

Time 1 Time 2
Group N  Males f;%g) CLS® WMC PIQ CLS WMC® PIQ®
LI 12 9 1036 8436 88.09 9791 7742 9294 101.92
(1.12)  (5.77) (1537) (8.51) (2.78) (12.49) (12.46)
WMI 9 5  10.07 88.57 83.62 102.00 88.13 81.99 102.89

(1.26) (7.70) (9.38) (6.43) (11.48) (6.42) (7.98)

Controls 9 6 99 - - - — - —
(1.05)

Note. * Age at point of data collection for current study. ® Data missing from one participant who
met criteria for both LI and WML. “Includes scores from the self-recruited participant.

Procedure

All children completed a narrative retell task, Lost in Space (Warr-Leeper, 1990),
as well as other measures not reported here, in a single, individual session conducted in a
quiet room at each participant’s home or school by a trained research assistant or the
author. In this task, the examiner read the story to the child and asked the child to retell

the story without delay. The story is about a futuristic family who becomes lost while
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travelling in space and must find a new planet to live on. The story is comprised of 20
events. No pictures accompany the narrative, although for 2 of the events, the examiner is
instructed to use gestures and exaggerated intonation to emphasize the size and
appearance of the creatures described in those events.

The original source of Lost in Space is unknown; however, the task was employed
in an unpublished work to establish local London, Ontario norms for children in grades 2
to 5 by Warr-Leeper in 1990. For each child, audiorecordings of the story were made for
offline analysis. All audiorecordings were transcribed by a research assistant and checked
by the first author. Any discrepancies between transcribers were resolved through
discussion.

Quantitative scoring. Table 2.2 summarizes the productivity, fluency, grammatical
complexity, and grammatical accuracy story retell measures. Transcriptions were divided
into communication units (C-units; Loban, 1976) in SALT (Systematic Analysis of
Language Transcripts; Miller & Iglesias, 2012) following the rules outlined in the SALT
software manual (Miller et al., 2011). Specifically, each C-unit consisted of one
independent clause and any associated subordinate clauses. Any independent clauses
joined by a coordinating conjunction (e.g., and, but) were divided into two C-units. In the
case of compound predicates where two verb phrases are associated with a single subject
(e.g., The family went off again and found their way back to earth), the entire utterance
was coded as one C-unit. The number of C-units served as both a measure of productivity
and a reference point for calculating grammatical complexity and accuracy measures. A
second productivity measure was number of unmazed words, which was the total number
of words included in the narrative after removing mazes (see below for definition of

mazes). The number of C-units and number of unmazed words were retrieved from the
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SALT output. The third measure of productivity was the number of story events recalled

from the original story; the highest possible score was 20.

Table 2.2

Narrative Retell Outcome Measures

Measure

Description

Productivity
C-units

Number of Unmazed
Words (NUW)
Events

Fluency
Pauses
% Maze

Grammatical Complexity

MLUw
SubC-unit

Grammatical Accuracy

Percent Grammatical C-
units (%GCU)

Errors/C-unit

Number of C-units.

Number of words not included in mazes.

Number of events correctly recalled.

Number of pauses 2s or longer divided by NUW.
Number of mazed words and part words divided by NUW.

NUW divided by number of C-units.

Number of finite subordinate clauses divided by number of
C-units.

Number of C-units without any morphosyntactic errors
divided by total number of C-units.

Number of morphosyntactic errors divided by number of
C-units.

Next, coding for fluency was comprised of marking mazes and silent pauses. Mazes

included filled pauses, fillers, repetitions, or revisions (Dollaghan & Campbell, 1992;

Fiestas, Bedore, Pefia, & Nagy, 2005; Finneran, Leonard, & Miller, 2009). Filled pauses

were nonwords such as uh, um, or er, whereas fillers were defined as full words that

added no meaning to the story (e.g., like, you know). Repetitions and revisions were

acknowledged at the level of phrases, words, or part-words. Repetitive uses of
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conjunctions at the beginning of C-units were also coded as mazes (e.g., and then you get
your racket and then you hit the ball; Fiestas et al., 2005). As a second measure of
fluency, silent pauses in the audiorecording were measured using an acoustical analysis
software program, Praat (Boersma & Weenink, 2013). Any silent pause 2 seconds or
longer was noted in the SALT transcript (Dollaghan & Campbell, 1992). Rates of mazing
and pausing were retrieved from SALT.

Grammatical complexity was measured by the mean length of C-unit in words
(MLUw, retrieved from SALT), and the number of subordinate clauses per C-unit (SubC-
unit). All finite subordinate clauses were coded in each sample, and included adverbial,
relative, and nominal clauses (Nippold et al., 2005). SubC-unit was calculated by dividing
the total number of subordinate clauses by the number of C-units in the sample.

Coding of grammatical error followed Guo and Schneider’s (2016) procedure,
which included tense marking errors, incorrect pronoun use, grammatical morpheme
errors, omission of required argument elements, and any other syntactic errors or
semantic irregularities. In the present study, common errors that were categorized as other
syntactic errors included omission of obligatory free morphemes (e.g., prepositions or
conjunctions) and subordination errors, which were marked by either omission or
improper use of subordinate conjunctions. Any C-unit containing one or more errors was
considered grammatically incorrect. Percent Grammatical C-units (%GCU) was obtained
by calculating the ratio of the grammatically correct C-units to the total number of C-
units. Errors/C-unit was calculated by tallying the number of coded errors and dividing
the total by the number of C-units.

Quantitative analysis. The quantitative analysis, which was completed using R (R

Core Team, 2016), explored the extent to which combinations of narrative task scores
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could predict language or working memory impairment. A planned preliminary
correlational analysis examined patterns across all narrative task measures to inform
variable selection both within and across the measure groupings of productivity, fluency,
grammatical complexity, and grammatical accuracy (Hmisc package; Harrell, 2016).
High correlations between several measures were taken to reflect redundancy, and a
single representative measure was chosen for further analysis. The aim was to reduce the
number of measures for further analyses to accommodate the small sample size. In order
to predict group status, separate logistic regressions were planned to predict language or
working memory impairment using a combination of variables. In the first model, all of
the identified variables were included. In the event of model overfitting, we planned to
test smaller combinations of the selected variables in rotation. If model overfitting was
still present after reducing the number of variables, we planned to fit the models using
Firth’s bias reduction method (using the logistf package; Heinze & Ploner, 2016), a
penalized likelihood estimation method designed as a solution for overfitting in logistic
regression (Firth, 1993; Heinze & Schemper, 2002).

Model fit was evaluated according to a number of parameters. First, the
performance of each model was examined by testing for a significant reduction in
deviance from the null model using a chi-square test. The second indicator was the
Akaike Information Criterion (AIC), where smaller values indicated a better fit relative to
other models (Burnham & Anderson, 2002). The third parameter was McFadden’s pseudo
R-squared (pscl package; Jackman, 2015), a statistic designed for logistic regression
models, with measures ranging from 0 to 1, where larger values were indicative of models
with greater predictive ability (McFadden, 1974). After testing models with all of the

variables, backward elimination was planned to carry forward only those variables that
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contributed significantly to the model. Initially, variables were retained if they reached a
p value < .2, a deliberately generous criterion to avoid discarding potentially important
variables (Tsimpli et al., 2016). If models were restricted to two variables, a criterion of p
<.05 was used (Wren, Miller, Peters, Emond, & Roulstone, 2016). Nested models were
compared using ANOVA to ensure that removing the identified variables did not reduce
the explanatory power of the model. In a final step, age was added as a variable to the
best fitting model and examined using the chi-square test in ANOVA.

Qualitative analysis. The initial coding process for the qualitative analysis was
guided by coding procedures employed in Grounded Theory, a qualitative research
methodology (Glaser & Strauss, 1967). Specifically, codes were created through an
inductive and iterative process to reflect the data and refined by comparing across
participants. Codes were adapted until it was felt that all the data were well-represented
by the codes and all codes were necessary to describe the data. A more detailed
description of the process follows here.

Before conducting analysis, all identifying information was removed from the
transcripts so the coder was blind to the speaker’s impairment group. Narrative transcripts
of narrative samples used for this coding process were divided into utterances based on
the speakers’ intonation and marked with pauses longer than 2 seconds. In the first round
of coding, narratives were read through multiple times and assigned descriptors based on
common features within the samples. For example, the descriptor ‘Odd Phrases’ was used
in the first round to describe wording such as “they lose their place to earth.” When
descriptors were reused from previous narratives, the samples in question were briefly
compared to determine whether the descriptor was being used to depict approximately

similar features. Following this, all descriptors were compiled, and comparable
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descriptors were collapsed under one name. For example, the descriptors ‘Simple
Sentences,’ ‘Short Sentences,” and ‘Small Sentences’ were collapsed under the code
‘Short Sentences.” In the second phase of coding, narratives were read through again and
assigned descriptors from the compiled list, creating new descriptors where necessary and
combining similar ones where possible until there were no further changes to the list of
descriptors. For example, ‘Abbreviated,” ‘Short,” ‘Missing Content,” and ‘Sparse,” were
initially collapsed into one code, but upon further reading, it was deemed that two codes
were necessary to distinguish gradations of story length; therefore ‘Short’ and ‘Missing
Content” were retained.

The third phase of coding was designed to ensure consistency of labeling by
comparing all narratives with a certain descriptor against all other narratives, and
reassigning descriptors where appropriate. During this process, definitions were drafted
for each descriptor along with criteria for assigning it. This final phase was continued
until it was deemed that each descriptor was assigned consistently and each narrative was
adequately represented by its list of descriptors.

After coding was complete, qualitative data were assessed by comparing descriptors
of each narrative sample across subjects while considering the ages and impairment type
of each subject. Through visual inspection, the compiled data were examined for patterns
in the descriptors and within impairment type, specifically, which descriptors were
assigned concurrently, and which were assigned to a particular impairment type or age
grouping. Finally, the predictive power of the qualitative descriptors was tested by
constructing a decision tree that differentiated children with impairment from those with
typical language and working memory based on the descriptors assigned to the narratives.

When used for classification, a decision tree is built in a multi-stage approach by
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examining which variables best discriminate the data into the prescribed groups (e.g.,
Safavian & Landgrebe, 1991; Salmon et al., 2002; Weakley, Williams, Schmitter-
Edgecombe, & Cook, 2015). In the current study, this was performed by manually
splitting the data into impaired and typical groups, and identifying which descriptor or
combination of descriptors was associated with only one group (either children with
impairments or those without impairments). The classified participants were removed
from the sample and the process was repeated with the remainder of participants until all
participants were classified. Although decision trees are commonly built using computer
software (e.g., Salmon et al., 2002; Weakley et al., 2015), a manual approach was taken
in the present study because the sample size was small and the variables were binary.
Results

Predicting Impairment Status

Preliminary analysis. Table 2.3 presents descriptive statistics for performance on
all narrative task outcome measures based on the presence or absence of either language
or working memory impairment. Results of the correlational analysis completed to inform
variable selection for the logistic regression are shown in Table 2.4. Consider first the
productivity measures: C-units, NUW, and Events. All of the productivity measures were
highly and significantly correlated with each other, but showed no consistent pattern of
relationship to the remaining measures. There was a significant correlation between
number of unmazed words and mean length of utterance in words suggesting that MLUw
also reflected productivity. Next, the grammatical complexity measures (MLUw, SubC-
unit) were moderately but significantly correlated with each other (» = 0.66, p <.01), as
were the grammatical accuracy measures (%GCU, Errors/C-unit; » = -0.78, p <.01).

Interestingly, the complexity and accuracy measures were not consistently related with
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each other, with the exception of a moderate correlation between SubC-units and
Errors/C-unit, suggesting that measures of grammatical complexity and accuracy might
reflect different aspects of grammatical competency. Unlike MLUw, subordinate clauses
per C-unit and the error measures were not significantly correlated with any of the
productivity measures. As well, the grammatical complexity and accuracy measures were
not consistently related to the fluency measures, with the exception of a moderate
correlation between Pauses and Errors/C-unit. Finally, the measures of fluency did not
correlate with each other (» = 0.01, p > .05) indicating that mazing and pausing might
reflect different aspects of fluency. Taken together, these results suggest that measures of
productivity, grammatical complexity, grammatical accuracy (%GCU, specifically),
pausing, and mazing would best represent the data. Given the need to limit the number of
variables for further analyses, MLUw was selected to capture both productivity and
grammatical complexity.

Table 2.3

Performance on Narrative Language Measures According to Impairment Status

Group C-units NUW Events Pauses %Maze MLUw SubC-unit %GCU lér_r:l);lst/

Controls 12.11 114.11 11.89 0.43 13.89 9.32 0.30 67.41 0.45
(3.18)  (36.98) (2.57)  (0.66)  (6.92)  (1.39) (0.25) (13.16)  (0.26)

LI 15.00 126.83 11.42 3.34 13.00 8.49 0.20 72.58 0.37
(5.17)  (50.83)  (3.03)  (4.03)  (8.85)  (2.06) (0.16) (11.47)  (0.21)

WMI 14.22 133.89 11.22 2.98 10.78 9.29 0.20 74.52 0.34
(6.82)  (7591) (3.83) (2.14)  (533)  (2.19) (0.16) (822)  (0.16)

Note. C-units = Number of C-units, NUW = Number of unmazed words, Events = Number of
events correctly recalled, Pauses = Ratio of pauses (= 2s) to NUW, %Maze = Ratio of mazed
words and part words to NUW, MLUw = Average NUW per C-unit, SubC-unit = Finite
subordinate clauses per C-unit, %GCU = Percent of C-units without morphosyntactic errors,
Errors/C-unit = Morphosyntactic errors per C-unit.
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Table 2.4

Correlational Analysis of Narrative Language Outcome Measures for all Participants

Productivity Fluency Grammaticality

NUW  Events Pauses %Maze MLUw SubC-unit %GCU %r_rlj)rrli/
C-units 0.90*  0.74* 0.00 0.14 0.05 0.02 0.15 -0.15
NUW 0.80*  -0.10 0.13 0.47* 0.30 0.11 -0.01
Events -0.08 0.15 0.37 0.11 0.07 -0.14
Pauses 0.01 -0.23 -0.34 0.38 -0.43*
%Maze -0.05 0.05 -0.01 -0.09
MLUw 0.66* -0.08 0.33
SubC-unit -0.16 0.39*
%GCU -0.78*

Note. Asterisks indicate significant » values at the p < .05 level.

Predicting language impairment. A logistic regression was completed to predict
language impairment status with the four selected measures included as predictors
(MLUw, %GCU, %Maze, and Pauses). The model with all four variables was
unsuccessful due to overfitting; therefore, a series of models with each combination of
three variables and their interactions were tested one at a time (see Table 2.5). Of the 3-
variable models, the model with MLUw, %GCU, and Pauses (LI-Model 3.2)
demonstrated the best fit according to significance testing and fit indices. Testing of LI-
Model 3.2 revealed significance for both MLUw (B =-22.47, SE = 10.81, p <.2) and
%GCU (B =-2.63, SE = 1.26, p < .2); therefore a 2-variable model was tested (LI-Model
2.1). The model with MLUw and %GCU (LI-Model 2.1) was statistically significant (X
=10.778, p < .05). Statistical comparison with ANOVA revealed no significant
difference between LI-Model 3.2 and LI-Model 2.1 (X* = 6.746, p > .05), indicating that
the restricted model did not perform any worse than the fuller model. As well, LI-Model
2.1 showed a low AIC and a pseudo-R* that was higher than two of the 3-variable models.

Testing of LI-Model 2.1 revealed significant contributions from each term: MLUw (B = -
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13.43, SE=6.49, p <.05), %GCU (B =-1.47, SE=0.73, p <.05), and MLUw x %GCU
(B=0.17, SE = 0.08, p < .05); therefore, no other terms were dropped from the model.
Lastly, age was added to LI-Model 2.1 to account for the range of ages included in the
sample. This model (LI-Model 2.1a) was statistically significant (X* = 23.347, p < .05),
produced the best model fit indices compared with all previous models (AIC = 28.543,
pseudo-R*= 0.651), and was a significantly better fit to the data than LI-Model 2.1 (X* =
12.569, p < .05). Testing of the LI-Model 2.1a terms revealed some large standard error
values, which may be indicative of overfitting due in part to small sample size (see Table
2.6). Therefore, LI-Model 2.1a was tested again using bias correction, which showed that
the model was trending toward significance (likelihood ratio test = 11.73, p = .11),
supporting the original results.

Table 2.5

Model Testing to Predict LI Status

Deviance
Explained

®)

McFadden’s
pseudo-R*

Compared

Model Variables AIC to Model

X p

3.1 MLUw, 39.705 0.340 12.185 .09
%GCU,
%Maze

32 MLUw, 34.366 0.488 17.524 .01
%GCU,
Pauses

33 MLUw, 45814 0.169 6.076 53
Pauses,
%Maze

34 %GCU, 46.804 0.142 5.086 .65
Pauses,
%Maze

2.1  MLUw, 33.112 0.300 10.778 .01 3.2 6.746
%GCU (ns)

2.1a MLUw, 28.543 0.651 23.347  .001 2.1 12.569
%GCU, (.01)
age
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Table 2.6

Model Statistics of LI-Model 2.1a for Predicting Language Impairment

Coefficient Std. Error z )4
(Intercept) -3.343e+03 2.330e+03 -1.435 A5
MLUw 3.879e+02 2.657e+02 1.460 .14
%GCU 4.337e+01 3.014e+01 1.439 A5
Age 3.131e+01 2.144e+01 1.460 .14
MLUw x %GCU -5.075e+00 3.455e+00 -1.469 .14
MLUw x Age -3.623e+00 2.442¢+00 -1.484 .14
%GCU x Age -4.025e-01 2.752e-01 -1.463 .14
MLUw x %GCU x Age 4.694e-02 3.150e-02 1.490 13

In order to best illustrate LI-Model 2.1a, age groups were created by dividing the
sample based on school grade at the time of testing. Participants in grades 3 and 4 were
assigned to the young group, while those in grades 5 and 6 were assigned to the old
group. This resulted in 16 children in the young group (6 LI, 10 normal language, ages
9;7 to 10;3) and 10 children in the old group (6 LI, 4 normal language, ages 10;6 to 12;6).
Figure 2.1 shows the interaction between %GCU and MLUw when participants are
grouped according to LI status and age group. In both young groups, percent of
grammatically correct C-units decreases as the length of the C-unit increases, indicating a
trade-off between grammatical accuracy and complexity. In contrast this accuracy-
complexity trade-off was not present in either of the old groups. Instead, grammatical
accuracy improved with increases in C-unit length. A positive association between

MLUw and %GCU was unexpected, prompting further examination of error patterns.
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Figure 2.1. Interaction between percent grammatical C-units (%GCU) and MLUw.
Participants are grouped according to age (Young = grades 3 and 4, Old = grades 5 and 6)
and language impairment (LI = language impairment, NL = normal language).

Figure 2.2 shows the interaction between errors per C-unit and MLUw again
grouped according to age and LI status. Both young groups showed increases in errors
with increases in MLUw, which is congruent with the %GCU findings. The old NL group
showed a negative association between errors per C-unit and MLUw, again confirming
the findings from the %GCU analysis that children who speak with longer C-units are

more likely to use correct grammar. The old LI group, however, appeared to mimic the

pattern seen in the young groups by increasing errors with longer C-units. At first, the two
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results for the old LI group appear incongruent (i.e., increases in both percent
grammatical C-units and errors per C-unit as the average C-unit length increases).
However, taken together, these results suggest that the grammatical errors were dispersed
among only a few C-units, presumably those C-units that were longer and more
syntactically demanding to produce (e.g., “When the first planet they saw, they when they
landed on was a nice planet, but was covered with hairy, ginormous, big-fanged

gorillas.”).
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Figure 2.2. Interaction between Errors per C-unit and MLUw. Participants are grouped
according to age (Young = grades 3 and 4, Old = grades 5 and 6) and language status (LI
= language impairment, NL = normal language).
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Predicting working memory impairment. A logistic regression was completed to
predict working memory impairment status using the variables MLUw, %GCU, %Maze,
and Pauses. Again, the four-variable model was unsuccessful due to overfitting; therefore
models were tested with three variables at a time (see Table 2.7). Of the three-variable
models, two were not significant (WM-Models 3.1 and 3.4) and two were unsuccessful
due to overfitting (WM-Models 3.2 and 3.3). When tested again with Firth’s bias
reduction, neither of the two WM-Models 3.2 and 3.3 were significant. Taken together,
the results of these models suggest that this combination of variables may not be
important in predicting working memory impairment.

Table 2.7

Model Testing to Predict WMI Status

McFadden’s

Model Variables AIC pseudo-R? X p
3.1 MLUw, %GCU, %Maze 40.472 0.270 9.07 25
32 MLUw, %GCU, Pauses 9.87* .20
33 MLUw, Pauses, %Maze 33.977 0.464 15.565 .03
3.3a MLUw, Pauses, %Maze 5.51° .60
34 %GCU, Pauses, %Maze 38.283 0.336 11.259 13
2.1 MLUw, %GCU 38.571 0.089 2.971 40
2.2 %GCU, Pauses 37.597 0.118 3.945 27
2.3 Pauses, MLUw 37.528 0.120 4.014 .26
2.4 MLUw, %Maze 38.979 0.076 2.563 46
2.5 Pauses, %Maze 39.082 0.073 2.46 48

Note. “Due to initial overfitting, WM-Models 3.2 and 3.3a were fit with Firth’s bias reduction
method; therefore the likelihood ratio test statistic is reported in place of the chi-square. AIC and
McFadden’s R” are not reported for Firth’s method.
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A second combination of variables was selected based on theoretical
considerations and research findings to date. Events (number of recalled story events) was
selected based on correlations found between working memory ability and recalled story
content (Dodwell & Bavin, 2008; Tsimpli et al., 2016). As well, SubC-unit (number of
subordinate clauses per C-unit) was selected based on the suggestion of working
memory’s involvement in the production of syntactically complex utterances (Kemper et
al., 2003), and on findings showing a positive correlation between working memory
ability and rates of subordination (Tsimpli et al., 2016). Mazing and Pausing were
retained to test our prediction that they would be associated with working memory
impairment. Again, the model with all four variables was unsuccessful due to overfitting,
so model testing proceeded by testing each combination of three variables and their
interactions (Table 2.8). Of the three-variable models, the model with Events, SubC-unit,
and Pauses (WM-Model 3.6) best fit the data according to significance testing and fit
indices. Testing the components of WM-Model 3.6 revealed that both Events and SubC-
unit were significant at the p < .2 level: Events (B =-1.46, SE = 0.88, p = .10), SubC-unit
(B=-70.89, SE =47.80, p = .14); therefore, a more restricted model was tested. The
model with Events, SubC-unit, and their interaction (WM-Model 2.6) was statistically
significant (X* = 9.012, p <. 05) and had better model fit than WM-Model 3.6 as shown
by a lower AIC. Statistical testing comparing WM-Model 2.6 to WM-Model 3.6 was not
significant (X* = 6.290, p > .05), which indicated that the simpler model did not explain
any less of the deviance than the fuller model. Testing the components of WM-Model 2.6
(Table 2.9) showed that all terms contributed significantly to the mode