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Abstract 

 

Research has revealed a relation between phonological working memory (PWM) and language 

abilities, showing that children with language-learning impairments have poorer PWM than their 

typically-developing peers (Montgomery et al., 2010). Limited work has examined PWM in 

relation to sentence production abilities in school-aged children. We hypothesized that PWM 

abilities would predict performance on the Formulated Sentences (FS) subtest of the Clinical 

Evaluation of Language Fundamentals – IV, of typically-developing and language-learning 

impaired school-aged children (N=273). Additionally, we hypothesized that the children’s PWM 

abilities would correlate with characteristics of their correct formulated sentences, measured by 

lexical diversity, length, and complexity (hypothesis 2), and that PWM would correlate with 

processing fluency, measured by mazes (hypothesis 3) and pauses (hypothesis 4). For our fifth 

hypothesis, we predicted there would be group differences in PWM and sentence characteristics 

when comparing the typically-developing children to children with language-learning 

impairment. We examined these hypotheses with data from a subset of 27 children with 

language-learning impairment and 27 typically-developing peers. Results support our first and 

third hypotheses and partially support our fifth hypothesis but not our second or fourth 

hypotheses. These results suggest that PWM can be used to predict FS scores and that PWM may 

be more closely related to the types of errors in children’s sentences. Furthermore, results from 

our fifth hypothesis suggest that deficits in PWM and sentence production may simply co-occur 

but not interact in children with language-learning impairment. 
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Introduction 

What We Know 

Evidence of working memory differences between children with and without language-

learning impairments (e.g., oral language impairment [LI]
1
, written language impairment 

including dyslexia) is found throughout the literature. Specifically, children with language-

learning impairments such as LI or dyslexia tend to have poorer working memory than their 

typically-developing peers (e.g., Archibald & Gathercole, 2006; Montgomery & Evans, 2009; 

Leonard, Ellis Weismer, Miller, Francis, Bruce Tomblin, & Kail, 2007; Schuchardt, Bockmann, 

Bornemann, & Maehler, 2013). However, whether working memory abilities and language-

learning impairments are causally related or whether they simply co-occur in children with 

language impairment is not yet fully clear. Establishing a better understanding of the relationship 

between working memory and language-learning impairments may provide us with insight into 

the specific nature of these impairments as well as ideas for what deficits should be targeted in 

treatment. 

In one of the first papers looking at the relationship between working memory and 

language impairment, Gathercole and Baddeley (1990) suggested that at the root of SLI was a 

phonological working memory impairment. In an extensive review of the literature on working 

memory and SLI, Montgomery, Magimairaj, and Finney (2010) summarized evidence that 

children with SLI have poorer phonological working memory capacity and overall poorer 

processing speed when compared to their typically-developing peers. Other evidence suggests 

                                                 
1
 The oral language impairment we mention here has historically been referred to as specific language impairment 

(SLI). However, recent recommendations in the literature suggest that the term specific be dropped from the label 

for a variety of reasons, one being that it does not account for other deficits and challenges commonly found in 

individuals given this label (Reilly, Bishop, & Tomblin, 2014; Reilly et al., 2014). For the remainder of this paper, 

we will therefore be referring to it as simply language impairment (LI), except in discussions of earlier studies that 

use the terminology SLI. In these discussions, we will maintain the label SLI to maintain consistency with those 

studies. 
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that individuals with dyslexia also exhibit phonological working memory deficits (Schuchardt, 

Maehler, & Hasselhorn, 2008; Smith-Spark & Fisk, 2007). Despite these established 

discrepancies in working memory abilities, exactly how working memory deficits are related to 

language performance of children with language impairment is not yet fully understood. 

In terms of how working memory deficits manifest in children’s language, there is 

evidence that phonological working memory is related to sentence comprehension, a relation 

which may exist because of the capacity-limited nature of phonological working memory. In a 

simplified view, phonological working memory capacity limitations might affect sentence 

comprehension in instances where the length of the sentence exceeds a listener’s phonological 

working memory capacity, preventing the listener from being able to attend to all parts of the 

sentence and maintain grammaticality (e.g., semantic or syntactic relations) across the utterance 

simply because he or she cannot remember the entire utterance. These problems may also occur 

in comprehension of complex sentences as well (e.g., ones with passive construction such as, 

“The baby was given a toy by the girl”), where the listener must have sufficient phonological 

working memory capacity not only to maintain the surface order of the sentence but also to 

complete analysis of the underlying syntactic structure, which may include manipulation and 

movement of specific phrases and clauses. 

Overall, however, the literature on phonological working memory and sentence 

comprehension is relatively limited. In one study with school-age children, Montgomery (1995) 

demonstrated through a nonword repetition task that children with SLI had a more limited 

phonological working memory capacity compared to their typically-developing peers. While he 

demonstrated that these children with SLI comprehended short sentences at a level comparable 

to their typically-developing peers, he also found that their typically-developing peers had 
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significantly better comprehension of longer sentences. This disparity in comprehension of long 

sentences coupled with the differences in phonological working memory ability lead to the 

conclusion that phonological working memory capacity accounted for the differences in 

comprehension. 

In a more recent study of sentence comprehension and phonological working memory, 

Montgomery and Evans (2009) investigated comprehension of sentences varying in complexity 

(i.e., simple versus complex) by school-aged children who were typically developing and who 

had SLI. The investigators defined simple sentences as ones that followed the canonical SVO 

word-order of English, could be understood by their surface level linear sequence, and required 

no underlying syntactic movement to be correctly understood (e.g., “The girl hit the ball”). The 

authors found that for the children with SLI, a measure of phonological working memory 

capacity (i.e., nonword repetition) significantly correlated with their comprehension of simple 

sentences, but this correlation was not found in the typically-developing children. Of note, the 

authors also found a significant difference in the phonological working memory capacity of these 

two groups, where the typically-developing children outperformed those with SLI. The authors 

also looked at children’s comprehension of complex sentences, defined as ones that did not 

follow the canonical SVO word-order of English and had underlying syntactic movement 

(consider the following passive sentence: “The ball was hit by the girl”). No significant 

correlation between phonological working memory capacity and comprehension of complex 

sentences was found for the typically-developing children. For the children with SLI, the 

correlation was also not significant, but it was stronger than in the typically-developing children 

(r = .339 in the children with SLI versus r = .087 in the typically-developing children). Although 

no significant correlation was found in this study, results from a later study on typically-
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developing children and children with SLI by Norbury, Bishop, and Briscoe (2002) showed that 

children with SLI have poorer comprehension of complex (e.g., passive) sentences than their 

typically-developing peers that may be due to phonological working memory. 

The results from these studies were slightly mixed, but they provide some evidence 

suggesting a positive correlation between children’s phonological working memory abilities and 

sentence comprehension. Again, the root of this correlation may be limitations in phonological 

working memory capacity. To comprehend a sentence, the listener must, in theory, store the 

sentence in memory while completing semantic and syntactic analyses of all the elements in the 

sentence. In the case of complex sentences such as those with passive constructions or dependent 

clauses, the listener must hold not only the surface word-order of the sentence in mind but also 

any individual clauses whose sentential order must be manipulated in order for accurate analysis 

of the underlying structure to occur. In thinking about working memory and language in a larger 

context, we must also consider how working memory may be related to production of language. 

Next, we will explore findings that inform us of the relation between children’s phonological 

working memory abilities and sentence production. 

It is plausible that sentence production abilities may be related to phonological working 

memory capacities in similar ways to those outlined above with sentence comprehension, where 

limitations in phonological working memory capacity also impact sentence production. During 

sentence formulation, phonological working memory may act as a sort of loading zone where the 

speaker maintains elements (e.g., words, phrases) of the to-be-produced sentence. In addition to 

maintaining the actual words, the speaker must also then be able to manipulate and arrange them 

so that they are produced in the appropriate syntactic order. While this constraint on sentence 

production by phonological memory may be the case, it may also be that as speakers’ language 
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systems mature, their language production becomes a more automatic process whereby speakers 

are less reliant on their phonological working memory. 

Next, we will explore some available evidence on the relation between phonological 

working memory and sentence production. Much like the evidence described above on the 

relation between phonological working memory abilities and sentence comprehension, available 

evidence describing the relation between phonological working memory and sentence production 

in children is also quite limited. Additionally, in the studies described below, the focus is on 

younger, preschool-aged children who are typically developing (or at least have no diagnosis of 

language-learning impairment). Although the scope of participants is limited to children of 

younger ages and without known language-learning impairment, these studies provide evidence 

that phonological working memory and sentence production are positively correlated. 

In their investigation on phonological working memory and sentence production in 

typically-developing preschool children aged 2-5 years old, Blake, Austin, Cannon, Lisus, and 

Vaughan (1994) looked at children’s measures on various phonological working memory tasks 

compared to their mean length of utterance (MLU) in spontaneous speech. After dividing the 

children by age into a younger and older group for comparison, Blake and colleagues found 

phonological working memory to be significantly correlated with MLU in the younger group but 

not in the older group. They reasoned that the difference might be due to greater automaticity of 

language production in the older children which corresponded with a reduced reliance on 

phonological working memory. It might also be that MLU simply was not a robust enough 

measure of syntax for the older cohort of children. As cited in the Blake et al. (1994) study, 

Blake, Quartaro, and Onorati (1993) present evidence that MLU is not a good measure of 
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syntactic complexity past the MLU stage of 4.5, a stage which is associated with the age of the 

children in the older cohort. 

Around this same time, Adams and Gathercole (1995) conducted a similar study on 

typically-developing preschool children. After determining children’s phonological working 

memory abilities and dividing them into groups (high versus low phonological working memory) 

based on those results, they analyzed children’s spontaneous speech in terms of lexical diversity, 

MLU, and complexity. Their work demonstrated that children with better phonological working 

memory produced sentences that were a) more lexically diverse, b) longer, and c) more complex. 

The authors attributed this relationship to phonological working memory capacity and how the 

phonological working memory acts as a sort of loading zone for forming sentences; the smaller a 

child’s phonological working memory capacity is, the shorter and less complex their sentences 

will be. Additionally, they discussed the implications of the role of phonological working 

memory in word learning (e.g., how phonological working memory must maintain the 

phonology of a newly encountered word sufficiently enough for it to be transferred successfully 

to long-term memory) and how this may have accounted for the differences in lexical diversity. 

Although patterns have emerged between phonological working memory and sentence 

production, gaps remain. For example, the aforementioned studies only examine these two 

factors in typically-developing children, not children with language-learning impairment. 

Furthermore, the children in both studies were younger (i.e., preschool age). Given the 

possibility of language becoming a more automatic process that relies less on phonological 

working memory as children’s language systems mature as well as evidence discussed in 

Montgomery et al. (2010) that phonological working memory capacity improves with age but 

levels off in early adolescence, it is worthwhile to study the relation between phonological 
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working memory and sentence production in older, school-aged children. The current study aims 

to fill this gap. 

Current Study 

The general paucity of research on the relation between phonological working memory 

and sentence production in school-aged children with and without language-learning impairment 

was the main motivation for the current study. Although Blake et al. (1994) suggest that the 

relation between phonological working memory and sentence production might not be 

significant far past the preschool years, the extent to which we might see a relation between these 

two variables in older school-age children with and without language-learning impairment is 

unknown. The current study aims to help fill the gaps in the literature and provide further insight 

into the relation between phonological working memory and sentence production in school-age 

children with and without language-learning impairment, which may in turn have treatment 

implications for the working memory and linguistic deficits in children with language-learning 

impairment. 

In the current post-hoc analysis, we used data from Profiles of Working Memory and 

Word Learning for Educational Research (POWWER). This is a larger study investigating 

working memory and word learning in school-aged children with and without language-learning 

impairments. The diagnostic groups from the POWWER project included in the current study 

were the typically-developing controls, dyslexia, LI, and LI+dyslexia
2
. 

Based on findings from Gray et al. (2017), the tasks used to measure children’s working 

memory in the POWWER project map most closely onto a combined model of working memory. 

This combined model incorporates elements from the Baddeley and Hitch’s (1974) three-factor 

                                                 
2
 In addition to these groups listed here, the larger POWWER project, funded by National Institute on Deafness and 

Other Communication Disorders Grant R01 DC010784, also included typically-developing bilingual Spanish-

English speaking children.  
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multicomponent model as well as elements from Cowan’s three-factor embedded processes 

model (Cowan, 1988). The three-factor combined model proposed by Gray et al. (2017) consists 

of the following: 1) central executive, 2) focus of attention/visuospatial sketch pad, and 3) 

phonological storage and rehearsal/phonological loop. To investigate phonological working 

memory in the current study, we used data from tasks that loaded most strongly onto the third 

factor of the combined model relating to phonological storage and rehearsal/phonological loop. 

Descriptions of the tasks are provided in the methods section. 

In our study, we were primarily interested in investigating how phonological working 

memory was related to sentence production in school-age children with and without language-

learning impairment and whether we could use children’s phonological working memory ability 

to predict their score on a sentence production measure. Specifically, we looked at children’s 

scores and sentences from the Formulated Sentences subtest of the Clinical Evaluation of 

Language Fundamentals–Fourth Edition (CELF-4; Semel, Wig, & Secord, 2003). Given past 

findings supporting a correlation between phonological working memory and language abilities 

in children described above and that other more recent research shows evidence of a relation 

between children’s phonological working memory ability and standardized language test scores 

(Leonard et al., 2007; Montgomery & Windsor, 2007), we hypothesized that phonological 

working memory ability would predict children’s scores on the Formulated Sentences subtest of 

the CELF-4, regardless of their diagnostic category. 

Of secondary interest was whether we could replicate the findings of Adams and 

Gathercole (1995) in not only an older cohort but also in one that consisted of both typically-

developing children and children with language-learning impairment. We hypothesized that there 

would be a positive correlation between children’s phonological working memory abilities and 
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the lexical diversity, length, and syntactic complexity of their sentences on the Formulated 

Sentences subtest, regardless of diagnostic category. We expected the relation between 

phonological working memory and lexical diversity to emerge given the evidence associating 

phonological working memory to word learning discussed in Montgomery et al. (2010) and 

evidence of differences in lexical diversity between children with language impairment and their 

typically-developing peers (Watkins, Kelly, Harbers, and Hollis, 1995). We expected better 

phonological working memory to be associated with longer sentences due to the capacity 

limitations associated with phonological working memory. Children with better (i.e., higher-

capacity) phonological working memory would be able to produce and monitor longer sentences 

than children with poorer (i.e., lower-capacity) phonological working memory. Lastly, given that 

more complex sentences require children to maintain longer parts of sentences in memory longer 

in order to maintain correct relations (e.g., grammatical, temporal) between nonadjacent parts of 

sentences, we expected the relation between phonological working memory and syntactic 

complexity to emerge. 

Our third and fourth hypotheses were complementary to the work addressed by Adams 

and Gathercole (1995). These measures aimed to address children’s phonological processing 

fluency and included mazes and pauses. Based on preliminary observations of the data and 

earlier research that demonstrated a relation between working memory ability and fluency 

(Daneman, 1991), we hypothesized that phonological working memory and number of maze 

words would be inversely correlated, regardless of diagnostic category (i.e., that children with 

better phonological working memory would have fewer mazes, including false starts, revisions, 

repetitions, and fillers, regardless of diagnosis). Fewer mazes may reflect more efficient 

processing of output or, in other words, a sort of processing fluency. We also hypothesized that 
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phonological working memory and pauses in sentences would be inversely correlated, regardless 

of diagnostic category. Again, this measure was intended to address a sort of verbal processing 

fluency, where longer pauses would correlate with poorer phonological working memory. 

While our first four hypotheses predicted correlations between phonological working 

memory and sentence production across all diagnostic categories, we also hypothesized that 

there would be between-group differences for the children with LI and their typically-developing 

matches as well as between-group differences for the children with dyslexia only and their 

typically-developing matches on our sentence measures (e.g., lexical diversity, length, 

complexity, mazes, and pauses), where the typically-developing matches would have more 

lexically diverse, longer, and complex sentences with fewer mazes and pauses than their matches 

with language impairment. We expected these differences given the evidence of discrepancies in 

phonological working memory ability between children with LI and their typically-developing 

peers (Montgomery et al., 2010) as well as between children with dyslexia and their typically-

developing peers (Schuchardt et al., 2013) and the implications for the role of phonological 

working memory in sentence production as described above.  

Methods 

Participants 

To assess the first hypothesis, we included 153 typically-developing children and 120 

with language-learning impairments (i.e., dyslexia only, LI, or LI and dyslexia) for a total of N = 

273. The group with language-learning impairment was subdivided into two groups: children 

with dyslexia only (N=74) and children with LI or LI and dyslexia (N=46). The main 

differentiating factor between these two groups was the presence or absence of the oral LI. All 

children were monolingual English speakers between 7-9 years old. Children were included 
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based on a variety of criteria to eliminate potential confounding factors related to other 

intellectual disability, sensory deficits, or linguistic influences. To qualify for the study, all 

children had to achieve a standard score ≥75 on the Kaufman Assessment Battery for Children–

Second Edition (KABC-II; Kaufman & Kaufman, 2004); this cut-off score was used as an 

exclusionary criterion for children with other intellectual disabilities. Additionally, the children 

had to pass a bilateral hearing screening as well as near vision acuity and color vision screenings. 

Parent report indicated that the children had no history of neuropsychiatric disorders, received no 

prior special education services for other diagnoses such as intellectual disability or autism, and 

had not been exposed to a significant extent to languages besides English.  

Standardized assessments were used to qualify children as typically developing, having 

dyslexia, having LI, or having both LI and dyslexia. The CELF-4 (Semel, Wiig, & Secord, 2003) 

was used to qualify participants as typically developing or having LI. Children’s performance on 

the Test of Word Reading Efficiency–Second Edition (TOWRE-2; Torgesen, Wagner, & 

Rashotte, 2012) qualified them as having dyslexia. The Goldman-Fristoe Test of Articulation–

Second Edition (GFTA-2; Goldman & Fristoe, 2000) was used to qualify children as well, and 

the same cut-off score was used across all participants unless a participant was found to have 

articulation errors on a single sound (e.g., /ɹ/) that lowered their score. See Table 1 for cut-off 

scores pertaining to the standardized assessments administered to the participants. See Table 2 

for summary of scores for each group (typically-developing, dyslexia only, or LI/LI and 

dyslexia). See Table 3 for group demographic information of these 273 participants. 
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Table 1. Cut-off scores for standardized assessments used to qualify participants. 

  Cut-off Scores for Groups 

Assessment Score Used Typically-

Developing 

Dyslexia Only LI
3
 LI+Dyslexia 

KABC-II Nonverbal 

Index 

≥ 75 ≥ 75 ≥ 75 ≥ 75 

CELF-4 Core 

Language 

Composite 

≥ 88 ≥ 88 ≤ 82 ≤ 82 

TOWRE-2 2
nd

 Grade 

Composite 

Score 

≥ 96 ≤ 88 ≥ 96 ≤ 88 

GFTA-2 Percentile ≥ 31%ile ≥ 31%ile ≥ 31%ile ≥ 31%ile 

Note. KABC-II = Kaufman Assessment Battery for Children–Second Edition (Kaufman & 

Kaufman, 2004); CELF-4 = Clinical Evaluation of Language Fundamentals–Fourth Edition 

(Semel, Wiig, & Secord, 2003); TOWRE-2 = Test of Word Reading Efficiency–Second Edition 

(Torgesen, Wagner, & Rashotte, 2012); GFTA-2 = Goldman–Fristoe Test of Articulation–2 

(Goldman & Fristoe, 2000). 

 

 

 

 

 

 

 

 

 

                                                 
3
 Note that this LI group was combined with the LI+dyslexia group in our study, but they are isolated here for the 

purposes of basic group description. 
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Table 2. Group means, standard deviations, and ranges for standard scores on qualifying assessments. 

 Typically Developing Dyslexia LI/LI+Dyslexia 

Assessment M SD Range M SD Range M SD Range 

KABC-II 118.16 15.90 78-160 107.39 13.32 82-141 98.08 13.60 76-141 

CELF-4 108.93 9.82 88-130 100.58 8.75 88-126 74.39 7.05 52-82 

TOWRE-2 109.60 8.62 96-145 81.05 6.06 55-88 82.60 11.74 62-112 

GFTA-2 

%ile 

51.02 8.28 7-62 41.64 15.47 6-62 34.06 18.61 3-62 

Note. KABC-II = Kaufman Assessment Battery for Children–Second Edition (Kaufman & 

Kaufman, 2004); CELF-4 = Clinical Evaluation of Language Fundamentals–Fourth Edition 

(Semel, Wiig, & Secord, 2003); TOWRE-2 = Test of Word Reading Efficiency–Second Edition 

(Torgesen, Wagner, & Rashotte, 2012); GFTA-2 = Goldman–Fristoe Test of Articulation–2 

(Goldman & Fristoe, 2000). 

 

Table 3. Age and maternal level of education (MLE) for all participants (N=273). 

 Typically Developing Dyslexia LI/LI+Dyslexia 

Measure M SD Range M SD Range M SD Range 

Age 

(months) 

92.96 5.00 82 - 110 94.18 5.59 85 - 107 94.73 6.06 84 - 109 

MLE 

(years) 

15.39 1.63 12 - 17 14.90 1.86 9 - 17 14.21 2.20 9 - 17 

 

To assess the remaining hypotheses, a subset of 27 typically-developing children and 27 

children with language-learning impairment were selected (total N=54). The data for these 

children were collected locally and so their Formulated Sentences audio files were accessible, 

which was not the case for all 273 participants. We further subdivided the children with 
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language-learning impairment into two groups: those with a diagnosis of dyslexia alone and 

those with a diagnosis of either LI or both LI and dyslexia. Of this group of 27 children, 14 had 

only dyslexia and 13 had either LI or both LI and dyslexia. Hereafter, the group consisting of 

children with LI or LI and dyslexia will be referred to collectively as the group with LI. To 

maintain balance between the typically-developing and language-learning impaired groups, 

participants were individually matched (i.e., a child with language-learning impairment and a 

typically-developing child) on sex, age (+/- 6 months), and maternal level of education (MLE) 

(+/- 2 years). We present two tables of demographic data below, one for the group with dyslexia 

only and their typically-developing matches (Table 4) and one for the group with LI and their 

typically-developing matches (Table 5). 

Table 4. Ages and maternal level of education (MLE) for the subset of typically-developing and dyslexia-only groups. 

 Typically developing Dyslexia-Only 

Measure M SD M SD 

Age (months) 91.71 4.17 92.21 4.13 

*MLE (years) *15.50 1.82 *14.57 2.13 

 

Table 5. Ages and maternal level of education (MLE) for the subset of typically-developing and LI groups. 

 Typically developing LI 

Measure M SD M SD 

*Age (months) *92.46 3.75 *94.84 4.9 

MLE (years) 13.84 1.67 13.15 2.03 

 

Within all of our matched sets, one typically-developing and LI match as well as one 

typically-developing and dyslexia match did not precisely meet these criteria, differing in MLE 
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by three years. Additionally, we found a significant difference (t[13] = -4.19, p < .01) in MLE 

between the group with dyslexia only and their typically-developing matches (see asterisks in 

Table 4). However, their average MLE differed by < 1 year, which we did not deem clinically 

significant. We also found a significant difference (t[12] = 4.34, p = <.01) in age between the 

group with LI and their typically-developing matches (see asterisks in Table 5). However, their 

average age differed by < 3 months, which we did not deem clinically significant. 

Measures 

The computerized working memory tasks were part of the Comprehensive Assessment 

Battery for Children – Working Memory
4
 (CABC-WM; Cabbage et al., in press). The 

presentation order of tasks was randomized for each participant to reduce the potential for order 

effects. Again, for the purposes of the current study, we examined results from the tasks that 

loaded most strongly onto the phonological factor of the combined working memory model 

proposed by Gray et al. (2017). These tasks are described below. 

Phonological Working Memory 

The three tasks that loaded most strongly onto the phonological factor of the combined 

working memory model and chosen for use in the current study included Nonword Repetition, 

Digit Span, and Phonological Binding Span tasks. They each correlated significantly with the 

phonological factor with r values of .57, .49, and .40, respectively. 

Nonword Repetition. In this task, children verbally repeated nonwords of increasing 

length presented auditorily. None of the nonwords had phonological neighbors, and they all 

contained sequences of phonemes that occur at low frequencies in real English words (Gray et 

al., 2017). A total of 16 nonwords were presented to each child. 

                                                 
4
 As part of this battery of tasks, the children also completed a set of word learning tasks. However, word learning 

was not the focus of the current study, and these tasks are therefore not discussed in detail. 
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Digit Span. In this task, children verbally repeated sequences of single-syllable digits (1-

9, excluding 7) of increasing length presented auditorily. At the end of each list, a green 

rectangle appeared, signaling the child to verbally repeat the list she had just heard. The digit 

order within each list was random. 

Phonological Binding Span. In this task, children paired CVC-structured nonwords to 

nonspeech sounds. Children were presented with pairs of nonspeech noises and nonwords 

(starting with one pair per trial and increasing to four pairs per trial). After hearing all the pairs in 

a given trial, the children were presented with one of the nonspeech noises from the trial, to 

which they were supposed to respond by producing the paired nonword. 

Sentence Production 

In assessing the first hypothesis, we looked specifically at children’s standard scores on 

the Formulated Sentences subtest of the CELF-4 in relation to the three phonological working 

memory tasks mentioned earlier. In the Formulated Sentences subtest, children are shown a 

picture and presented auditorily with a target word to use in a sentence to describe the picture. 

All sentences were audio recorded for later scoring. In this subtest, sentences are scored on scale 

of 0-2 based on how many errors are present in their sentence, where a 2 denotes an error-free 

sentence. Children earn a standard score for the subtest (x = 10, SD = 3). Using the children’s 

scores from the three phonological working memory tasks and their standard scores from 

Formulated Sentences, we determined whether we could predict the Formulated Sentences scores 

from phonological working memory scores. 

To assess the second, third, and fourth hypotheses, we only analyzed sentences for which 

both children in each matched pair had scored a 2 (i.e., error-free sentences). See table 6 for an 

example. This process involved comparing children’s scores for each of the 24 individual 
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sentences on the Formulated Sentences subtest. Individual sentence scores for a child with 

language-learning impairment were compared to individual sentence scores of his or her match. 

From this side-by-side comparison, sentences for which both children in the matched pair had 

scored a 2 were chosen for further analysis. For example, in the matched set below in Table 6, 

only the sentences for which both participants scored a 2 were selected for further analysis. 

These selected sentences correspond to the bolded lines marked by asterisks in the chart below. 

For this particular matched set, only sentence numbers 2, 4, 5, 8, 11, and 13 would have been 

chosen for analysis. 

Table 6. Example of sentence matching and selection procedure. 

 Sentence Scores 

Sentence number Child with language-learning 

impairment 

Typically-developing matched 

child 

1. 0 2 

*2. *2 *2 

3. 1 2 

*4. *2 *2 

*5. *2 *2 

6. 0 2 

7. 1 2 

*8. *2 *2 

9. 1 2 

10. 1 2 

*11. *2 *2 

12. 0 2 

*13. *2 *2 

14. 0 2 

15. 0 2 

16. 0 2 

17. 1 2 

18. 0 2 

19. 0 0 

20. 0 2 

21. 0 2 

22. 0 0 

23. 0 2 

24. 0 2 
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We made the decision to analyze only sentences that were error-free for both children in 

a matched pair for a couple of reasons. First of all, we only chose sentences that were scored a 2 

(i.e., were error-free) as a way to control for uninterpretable errors. Sentences that had errors and 

received a score of 1 or 0 may have had semantic or syntactic errors. While it is possible that 

these types of errors may be related to phonological working memory in some way, they also 

might have been caused by a number of different factors such as lack of lexical knowledge or 

ambiguity in the visual stimuli. Therefore, only sentences that scored a 2 were chosen for 

analysis. 

Secondly, we picked sentences that both children in a matched set had scored a 2 on in 

order to control the balance of sentence samples from the typically-developing and language-

learning impaired groups. Some of the target words in the Formulated Sentences task, for 

example, lend themselves better to complex sentence structures better than others, which was 

one of the variables of interest to us. Consider the possible sentences one could produce using 

the target word children versus because. The word children can be used in a simple sentence 

without any additional clauses or prepositional phrases (e.g., “The children ran.”) while still 

being error-free and earning a score of 2. On the other hand, the word because must be followed 

by a clause or prepositional phrase in order to be scored as a full and complete, error-free 

sentence (e.g., “I ate because I was hungry” or “She was mad because of the game”). Because 

complexity was one sentence variable we measured, it was therefore necessary to only analyze 

sentences that both children in a matched set had gotten correct. In this way, both children were 

under the same semantic and syntactic constraints. 

The selected sentences, which had been audio recorded, were transcribed according to a 

set of transcription rules developed for the current study. For complete transcription instructions, 
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see Appendix A. Broadly speaking, these rules included transcribing the entire sentence 

containing the target word that was presented to the child. During transcription, transcribers were 

blind to the participants’ diagnoses. Inter-rater reliability was assessed for ~16% of the 

participants and was calculated to be 91.9%. The main area of difference between the 

transcribers was in maze words (e.g., part-words, false starts). However, when there were 

differences, transcriptions differed by no more than one maze word. After completion of 

sentence transcription, each child’s set of utterances was imported into the software program 

Systematic Analysis of Language Transcripts research version (SALT; Miller & Iglesias, 2010). 

We then analyzed the sentences for specific characteristics, outlined below. 

Lexical Diversity 

We measured lexical diversity within SALT, which auto-calculated the number of 

different words each child used. We chose to measure lexical diversity using this particular 

measure because of evidence from Watkins et al. (1995) that it is a more sensitive measure than 

type-token ratio when comparing lexical diversity in the language of typically-developing 

children and children with SLI. We also chose against using type-token ratio to measure lexical 

diversity because type-token ratios have been found to be unreliable measures for school-age 

children’s language (Hess, Haug, & Landry, 1989) and so would not have reliably allowed us to 

compare lexical diversity across speakers. 

Length 

We measured sentence length within SALT as well. This program auto-calculated each 

child’s average sentence length in words (MLUW). 

Sentence Complexity 



28 

 

 

 

We estimated sentence complexity by counting the number of clauses and prepositional 

phrases per sentence. Research assistants (a main coder who coded all the data as well as a 

second reliability coder) were trained on how to count clauses and prepositional phrases. For 

complete training instructions, see Appendix B. Research assistants who coded the data were 

blind to the participants’ diagnoses. Inter-rater reliability was assessed for ~20% of the 

participants. Reliability was 93.0% for clause counts and 86.4% for prepositional phrase counts. 

Where there were differences, coders differed by no more than one clause or prepositional 

phrase. To resolve differences, the main coder consulted with the training instructions while 

assessing the discrepant counts. Within the reliability data, discrepancies were found where the 

second coder had not counted a clause or prepositional phrase. Based on this finding, no further 

steps were taken to edit the main coder’s counts. 

Mazes 

Transcription included marking all mazes following the transcription conventions of 

SALT. Mazes included false starts, revisions, repetitions, and fillers. We used SALT to auto-

calculate the number of maze words produced by each child.  

Pauses 

We measured pauses by listening to each child’s audio file using the Audacity® 

computer program (Audacity Team, 2012). Only pauses that occurred within-utterance and that 

were judged to be unnaturally long by a native English speaker were measured. Research 

assistants completed an initial pass through the sentences by manually highlighting instances of 

unnaturally prolonged pauses. A second pass through the data involved measuring and noting 

pauses that were greater than or equal to 2 seconds. Using visual support from each audio file’s 

waveform in Audacity®, research assistants hand-measured pauses to the nearest second. For 
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complete pause measuring instructions, see Appendix C. Pauses were later marked within each 

child’s SALT file using SALT transcription conventions, which allowed for auto-calculation of 

pause number and length. 

Results 

Hypothesis 1 

Our first hypothesis was that phonological working memory would predict children’s 

scores on the Formulated Sentences subtest, regardless of diagnosis. Using a multiple regression 

analysis of the data from the larger group of participants (N = 273), we found that Formulated 

Sentences scores were predicted by phonological working memory scores (specifically from the 

Nonword Repetition task), with group being a significant blocking variable (adjusted R
2
=.49, 

F(1, 268)=168.53, p < .001, η
2partial = 

.38). We then looked at correlations within each group. 

Within the typically-developing group only, Formulated Sentences scores were significantly 

correlated with scores on the Nonword Repetition task, r = .17, p = .04. See Figure 1
5
. Within the 

group with dyslexia only, Formulated Sentences scores were significantly correlated with scores 

on the Phonological Binding Span task, r = .24, p = .04. See Figure 2. Within the group with LI, 

Formulated Sentences scores were not significantly correlated with performance on any 

phonological working memory task, but a nonsignificant correlation of r = .20, p =.17 was found 

for the Digit Span task. See Figure 3. The lack of significant correlation may have been related to 

low power, as the group with LI had fewer participants than the other two groups and the 

correlation for this group was similar to those of the other groups in magnitude and direction. 

 

 

                                                 
5
 In this figure and all figures following, each dot represents a single participant. 
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Figure 1. Correlation between Formulated Sentences scores and Nonword Repetition task scores in the typically-developing 

group. 
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Figure 2. Correlation between Formulated Sentences scores and Phonological Binding Span task scores in the group with 

dyslexia only. 
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Figure 3. Correlation between Formulated Sentences scores and Digit Span task scores in the group with LI. 
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Hypothesis 2 

Our second hypothesis was that phonological working memory would positively correlate 

with lexical diversity (i.e., average number of different words per sentence), average length in 

words per sentence, and complexity (measured in average number of clauses and prepositional 

phrases per sentence) of children’s sentences, regardless of diagnosis. To test this and the 

remaining hypotheses, we used our subset of 54 participants, as their Formulated Sentence audio 

files were accessible. Additionally, we used averages of the sentence measures to allow for 

comparison across all participants. Using average measures was necessary because we did not 

analyze the same number of sentences from each participant, and so using raw sentence measure 
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scores would not have been a valid measure. See Appendix D for data from phonological 

working memory tasks and average sentence measures for each participant. Pearson product-

moment correlations revealed no significant differences at p < .05 between any phonological 

working memory measure and sentence measures when analyzing the data across all participants 

and diagnoses. See Table 7 for results. Because of possible group interaction, we also did 

correlational analyses within each group. However, no significant correlations between 

phonological working memory and sentence measures were found within any group. 

Table 7. Pearson product-moment correlations between phonological working memory scores and average sentence measures 

across participants. 

 Number of 

Different 

Words 

MLU-

words 

Number of 

Clauses 

Number of 

Prepositional 

Phrases 

Phonological Working 

Memory Measure 

r p r p r p r p 

Nonword Repetition .05 .70 .12 .38 .10 .47 .15 .28 

Digit Span .13 .35 .15 .28 .08 .53 .04 .77 

Phonological Binding 

Span 

.15 .28 .26 .06 .03 .83 .22 .10 

 

Hypothesis 3 

Our third hypothesis was that phonological working memory would inversely correlate 

with average number of maze words per sentence, regardless of diagnosis. At p < .05, Pearson 

product-moment correlations revealed a significant inverse correlation between Digit Span and 

average number of maze words across all 54 participants (r = -.29, p = .03). No significant 
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correlations for Nonword Repetition or Phonological Binding Span and average number of maze 

words were found, but the r values for these correlations were also negative. See Table 8 and 

Figure 4 for statistical results and Appendix D for data on all phonological working memory and 

average maze words per sentence from each participant. 

Table 8. Pearson product-moment correlations between phonological working memory scores and average number of maze 

words per sentence across all participants. 

Phonological Working Memory 

Task 

Average Number of Maze Words per Sentence 

r p 

Nonword Repetition -.13 .35 

*Digit Span -.29 .03 

Phonological Binding Span -.20 .14 
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Figure 4. Pearson product-moment correlation between Digit Span task scores and average number of maze words per sentence 

across all participants. 

 

A correlational analysis was also completed within each group to determine if there was a 

group interaction between phonological working memory and average number of maze words 

per sentence. No significant correlations were found between any of the phonological working 

memory tasks and number of maze words for any of the three groups. 

Hypothesis 4 

The fourth hypothesis was that phonological working memory would inversely correlate 

with average number of pauses and average pause length per sentence. Two participants each 

had one sentence that contained remarkably long pauses, which resulted in their average pause 

length being more than three standard deviations away from the mean average pause length in 
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seconds (μ = 1.81 seconds, σ = 3.75 seconds). We excluded pause data from these particular 

sentences as well as the pause data from the corresponding sentence in their matches’ data. At p 

< .05, Pearson product-moment correlations revealed no significant correlations between any 

phonological working memory task and pause-related measures (i.e., average number of pauses 

per sentence, average pause length per sentence). See Table 9 for results and Appendix D for 

data on all phonological working memory and average pause data from each participant. 

Table 9. Pearson product-moment correlations between phonological working memory scores and pauses data across 

participants. 

Phonological Working 

Memory Task 

Average Number of Pauses Average Pause Length 

r p r p 

Nonword Repetition < .02 .86 .03 .78 

Digit Span .03 .82 -.01 .89 

Phonological Binding Span .02 .84 .03 .78 

 

Hypothesis 5 

Using a dependent samples t-test, we compared the typically-developing group and group 

with LI as well as the typically-developing group and group with dyslexia only along all 

sentence measures, which included number of different words, length, complexity, maze words, 

and pauses. As with hypothesis 4 above, outlying pause data from one sentence of two different 

sets of matched participants were excluded from the final data set for analysis because these 

participants’ average pause length fell more than three standard deviations from the mean. For 

this analysis, we used children’s raw sentence measure scores (e.g., total number of clauses 

instead of average number of clauses per sentence) because each child was compared directly to 

his or her matched pair, allowing the raw scores to be compared directly. See Appendix E for 
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raw sentence data from each matched pair and Appendix F for phonological working memory 

task scores from each matched pair. 

In comparing the typically-developing group to the group with LI, significant differences 

were found between groups regarding number of different words, length of utterance, as well as 

number of clauses (a measure of sentence complexity) at p = .01, p = .03, and p < .01 

respectively. We also saw medium to large effect sizes on these three variables based on Cohen’s 

d. No significant differences were found between number of prepositional phrases, number of 

maze words, number of pauses, or average length of pause. However, it is possible that this was 

due to a power-related issue, as we saw a moderate effect size with number of prepositional 

phrases and pause-related data. See Table 10 for results. Asterisks denote the presence of a 

significant group difference for p < 0.05. 
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Table 10. Means and standard deviations for raw sentence measures of typically-developing children versus children with 

LI/LI+dyslexia. 

 Typically-

developing 

LI/LI+Dyslexia     

Sentence Measure M SD M SD t df p d  

*Number of Different 

words 

46.76 14.02 38.76 10.73 -3.04 12 .01 .84 

*MLU-words 8.14 1.84 6.53 1.26 -2.50 12 .02 .69 

*Number of Clauses 9.23 2.45 8.53 2.10 -3.32 12 < .01 .92 

Number of Prepositional 

phrases 

4.07 3.98 2.38 1.44 -1.53 12 .14 .42 

Number of Maze words 5.23 3.91 4.76 3.87 -.30 12 .76 .08 

Number of Pauses (total) .03 0.06 .11 .14 2.00 12 .06 .55 

Average pause length 

(seconds) 

.08 .19 .33 .60 1.92 12 .07 .53 

 

Because our hypothesis was based on typically-developing children having better 

phonological working memory than children with LI, we used a dependent samples t-test to 

determine whether this difference in phonological working memory ability existed in our data. 

Our analysis confirmed that typically-developing children performed better overall on the 

phonological working memory tasks than the children with LI. There was a significant difference 

at p < .05 between group scores on the Nonword Repetition task, t(10) = -3.08, p = .01, d = .85 

as well as a significant difference between group scores on the Digit Span task, t(12) = -3.51, p = 

.004, d = .97. Although there was not a significant difference between group scores on the 
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Phonological Binding Span, the average score of the typically-developing group was greater than 

that of the group with LI. The lack of significant difference with this measure may have also 

been due to a power-related issue, as we saw a medium to very large effect size on all three of 

the phonological working memory measures based on Cohen’s d.  See Table 11 for results. 

Asterisks denote the presence of a significant group difference for p < 0.05. 

Table 11. Means and standard deviations for phonological working memory scores of typically-developing group versus group 

with LI/LI+dyslexia. 

 Typically-

Developing 

LI/LI+Dyslexia     

Phonological Working 

Memory Measure 

 

M 

 

SD 

 

M 

 

SD 

 

t 

 

df 

 

p 

 

d 

*Nonword Repetition 11.81 6.69 4.09 2.87 -3.07 10 .01 .85 

*Digit Span 18.46 3.79 12.92 4.11 -3.50 12 < .01 .97 

Phonological Binding 

Span 

12.54 8.23 6.63 3.98 -2.16 10 .05 .59 

 

For the second half of this hypothesis looking at the group with dyslexia only in 

comparison to their typically-developing matches, we again used a dependent samples t-test to 

compare the same sentence measures (i.e., number of different words, length, complexity, mazes, 

and pauses). No significant differences were found between the groups at p < .05 on any of the 

sentence measures. Our results from calculations of Cohen’s d show small to no effects for all 

variables, indicating that power was not an issue. See Table 12 for results. 
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Table 12. Means and standard deviations of sentence measures of typically-developing children versus children with dyslexia 

only. 

 Typically-

Developing 

Dyslexia only     

Sentence Measure  

M 

 

SD 

 

M 

 

SD 

 

t 

 

df 

 

p 

 

d  

Different words 59.57 19.99 59.35 14.21 -.05 13 .96 .01 

MLU-words 8.58 2.06 8.55 1.38 -.03 13 .97 < .01 

Clauses 12.64 4.53 13.07 4.17 .72 13 .48 .19 

Prepositional 

phrases 

5.35 3.85 5.64 2.20 .35 13 .72 .09 

Maze words 5.21 5.17 6.57 6.08 .80 13 .43 .21 

Pauses .03 .10 .04 .07 .17 13 .86 .04 

Average pause 

length (seconds) 

.05 .09 .12 .24 1.09 13 .29 .29 

 

Because our hypothesis was based on typically-developing children having better 

phonological working memory than children with dyslexia, we used a dependent samples t-test 

to determine whether this difference in phonological working memory ability existed in our data. 

Our analysis confirmed that typically-developing children performed better overall on the 

phonological working memory tasks than the children with dyslexia. There was a significant 

difference at p < .05 between group scores on the Nonword Repetition task, t(13) = -2.16, p = 

.04, d = .57 as well as a significant difference between group scores on the Digit Span task, t(13) 

= -2.47, p = .03, d = .66. Although there was not a significant difference between group scores 
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on the Phonological Binding Span, the average score of the typically-developing group was 

greater than that of the group with LI. The lack of significant difference with this measure may 

have also been due to a power-related issue, as we saw a medium effect size on all three of the 

phonological working memory measures based on Cohen’s d.  See Table 13 for results. Asterisks 

denote the presence of a significant group difference for p < 0.05. 

Table 13. Means and standard deviations of phonological working memory measure scores of typically-developing group versus 

group with dyslexia only. 

 Typically-

Developing 

Dyslexia Only     

Phonological Working 

Memory Measure 

 

M 

 

SD 

 

M 

 

SD 

 

t 

 

df 

 

p 

 

d 

*Nonword Repetition 13.50 9.55 6.78 4.02 -2.16 13 .04 .57 

*Digit Span 22.35 9.81 15.64 5.13 -2.47 13 .02 .66 

Phonological Binding Span 10.92 4.46 7.57 5.00 -2.00 13 .06 .53 

 

Discussion 

Hypothesis 1 

We originally hypothesized that phonological working memory ability would predict 

standard scores on the Formulated Sentences subtest, regardless of diagnosis. Our hypothesis 

was supported, and we found that phonological working memory performance, specifically on 

the Nonword Repetition task, significantly predicted standard scores on the Formulated 

Sentences subtest across all groups and diagnostic categories. These data suggest that 

phonological working memory does account for some of the variance we see in children’s 

Formulated Sentences scores. 
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However, we also found a significant group interaction. Results from correlational 

analyses for each separate group showed that phonological working memory ability significantly, 

though weakly, correlated with Formulated Sentences scores for typically-developing children 

and those with dyslexia only on the Nonword Repetition and Phonological Binding Span tasks, 

respectively. However, these phonological working memory scores intercorrelated with scores 

from the other phonological working memory tasks, so we did not draw specific conclusions 

based on which specific phonological working memory task correlated significantly. With regard 

to the group with LI, phonological working memory ability was not significantly correlated with 

performance on Formulated Sentences for children. However, the lack of significant correlation 

for the group with LI may have also been related to an issue of power, as the correlations for the 

LI group were similar in magnitude to the other groups, and the scatterplot demonstrated a 

similar relation between the factors.  

Because of the significant group interaction, these results suggest that phonological 

working memory ability can predict sentence production ability as measured by Formulated 

Sentences subtest of the CELF-4 in children without LI. These results are somewhat at odds with 

those of Montgomery and Windsor (2007) and Leonard et al. (2007), which showed that 

performance on phonological working memory tasks predicted scores on language tests across 

both typically-developing and language-impaired groups. 

One possible explanation for our results is that there is an interaction with deficits in 

other cognitive domains in children with LI, and those interactions taken together could predict 

their performance on a language production task where phonological working memory ability 

alone could not. We know that children with LI have not only poorer phonological working 

memory but also poorer central executive and processing speed (Montgomery et al., 2010). 
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Therefore perhaps their language production ability could be predicted based on an aggregate 

working memory ability score, taking into account both phonological working memory and 

central executive abilities. However, another possibility is that phonological working memory 

capacity deficits are simply a common underlying problem in children with LI but are separate 

from and unrelated to these children’s spoken language abilities. This explanation allows for the 

possibility of children with LI to demonstrate both phonological working memory and linguistic 

deficits without them correlating with each other. 

We should also consider the nature of the phonological working memory tasks while 

interpreting our results. Because these tasks required the children to store progressively longer 

sequences in their working memory, they are more a measure of the children’s phonological 

working memory capacity. However, producing sentences is likely not restricted by capacity 

limitations alone but also processing limitations, as speakers integrate thoughts with both 

incoming stimuli as well as information from long-term memory. Therefore, it is possible that 

tasks that address more of a phonological processing component (e.g., one that requires 

phonological manipulation) may be more strongly related with children’s sentence production. 

In interpreting our results from our first hypothesis, we must also keep in mind that 

although we did find that phonological working memory significantly predicted Formulated 

Sentences scores, the percent of variance explained by phonological working memory was quite 

small. For the typically-developing group, the Nonword Repetition task accounted for 2.73% of 

the variance. For the group with dyslexia-only, the Phonological Binding Span task accounted 

for 5.72% of the variance. Though it was not significant, for the group with LI, the Digit Span 

task accounted for 4.08% of the variance. These results may be relevant to the clinical setting. 

Because it only accounted for a fraction of the variance in Formulated Sentences scores, it 
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suggests that changes or improvements in phonological working memory would not have 

noticeable effects on language output. From a clinical standpoint, we conclude that conducting 

working memory training with the ultimate goal of improving sentence-level language output is 

not supported by our results. 

Hypothesis 2 

Our next hypothesis was that we would find a positive correlation between phonological 

working memory scores and specific sentence characteristics, which included lexical diversity 

(average number of different words per sentence), length (average number of words per 

sentence), and complexity (average number of clauses and prepositional phrases per sentence) 

across all groups and diagnostic categories. Our hypothesis was not supported. Although there 

were positive trends, no significant correlations were found between any phonological working 

memory task or quantitative sentence measure across the groups as a whole and there was no 

group interaction. Phonological working memory did not correlate with any sentence measure 

for any of the groups. It appears that when children of any diagnosis or phonological working 

memory ability produce error-free sentences, their sentences are comparable in terms of lexical 

diversity, length, and complexity. Although these results may lead us to consider how 

phonological working memory relates to error-ful sentences, we must also keep in mind that 

sentence errors may have a variety of origins unrelated to phonological working memory (e.g., 

word finding difficulties, ambiguity in picture, environmental distraction), and it would be 

difficult to clearly interpret the results. 

In thinking about why we did not find a correlation between phonological working 

memory and sentence measures, we consider the possibility of an increase in the automaticity of 

language production and reduced reliance on working memory during language production. As 
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children’s language systems mature, they may rely less on working memory, resulting in them 

being less limited to the capacity of their phonological working memory while speaking. This 

increasingly automatic nature of language production is an explanation provided by Blake et al. 

(1994) to explain a lack of correlation between their phonological working memory measure and 

length of children’s utterances in an older cohort of children. Blake et al. (1994) proposed that 

older children have developed a greater mastery of language rules and therefore do not have to 

rely on working memory while formulating sentences in the way that younger children with less 

automatic language production may have to.  

When considering these results, it is also important to consider the nature of the sentence 

production task that the children completed. In the Formulated Sentences subtest of the CELF-4, 

children are instructed to produce a sentence to describe a picture. They may be as brief and 

succinct as they choose, so children are not necessarily going to produce the longest and most 

complex sentence they possibly can. Perhaps if children were instructed to produce as long a 

sentence as possible (while still maintaining grammaticality), they would be pushed toward the 

limits of the phonological working memory and perhaps then we would see a correlation across 

different phonological working memory ability level. 

Hypothesis 3 

Our third hypothesis was that phonological working memory would inversely correlate 

with average number of maze words per sentence, a measurement we used to address processing 

fluency. Our hypothesis was supported. In particular, we found a small but significant negative 

correlation between children’s scores on the Digit Span task and average number of maze words, 

indicating that the better a child performed on the Digit Span task, the fewer number of maze 

words they produced per sentence. In comparison with results from our second hypothesis, our 
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results for this hypothesis suggest that phonological working memory may be more relevant 

when measuring sentence errors and that better phonological working memory may be associated 

with better processing fluency during spoken output. These results also suggest that production 

of mazes is perhaps more closely related to a phonological working memory capacity-related 

variable rather than processing or processing speed. 

Our results are consistent with and expand upon early findings. Daneman (1991) 

examined speaking errors during an oral reading task, and the results also showed that speakers 

with greater phonological working memory capacity produced fewer errors and were more 

fluent. In that study, phonological working memory measures negatively correlated with the 

number of repetition errors, false starts, and mispronunciations. These production errors 

correspond to elements marked as mazes in our current study. The results from the current study 

expand upon Daneman’s (1991) findings and show that a similar relation between phonological 

working memory and fluency (i.e., mazes) may be present in spoken language. 

It may be that disfluencies such as false starts or repeated words represent a mis-selection 

of words from long-term memory and poor monitoring of speech output. When a speaker selects 

a word to produce, it may interfere with other words and phrases already held in phonological 

working memory. It may also be that mazes during sentence production are signs of an 

overburdened phonological working memory system. Perhaps speakers with better phonological 

working memory capacity are able to better monitor this phonological working memory loading 

zone that holds words prior to speech output, resulting in overall fewer disfluencies. 

Of note, our analysis of maze words also included filler words such as “uh” or “um.” It is 

probable that use of filler words is related to a speaker’s particular style of speaking in addition 

to his or her phonological working memory abilities, as some speakers may opt for silence in 
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place of a filler word. Although we did not differentiate between specific types of maze words 

(e.g., fillers versus false starts), it may be worth investigating in future studies given the 

idiosyncratic nature of filler words. 

Hypothesis 4 

The fourth hypothesis addressed whether phonological working memory ability was 

inversely related to average number of pauses and pause length in sentences. Our hypothesis was 

not supported and no significant correlations were found, which suggests that phonological 

working memory is not related to pauses in children’s sentences. It is possible that the 

phonological working memory measures in this study were strictly measures of phonological 

working memory capacity rather than processing fluency, which may explain why no correlation 

was found. It may also be that pauses measured to the nearest second is too gross a measure for 

measuring differences across speakers. Furthermore, this data only included within-utterances 

pauses and not pauses that occurred as the child was mentally preparing a sentence after hearing 

the target word, which was observed by transcribers to vary significantly among speakers. 

Hypothesis 5 

The first part of this hypothesis comparing typically-developing children to children with 

LI was partially supported. It stated that there would be a significant difference between the 

typically-developing group and group with LI on all of our sentence measures, relating to a 

difference in phonological working memory ability between the groups. Although we found no 

differences between the typically-developing group and group with LI on number of maze 

words, number of pauses, or average pause length, we did find that the typically-developing 

group significantly outperformed the group with LI on lexical diversity, length, and complexity 

(in number of clauses). However, given that we saw a moderate to large effect on all sentence 
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measures except number of maze words, low power may explain the lack of significance for the 

prepositional phrase and pause-related data. Additionally, the typically-developing group 

significantly outperformed the group with LI on two of the three phonological working memory 

measures (Nonword Repetition and Digit Span) and outperformed them on Phonological Binding 

Span, as well, although not significantly, which again may be due to a power-related issue given 

our calculations of Cohen’s d and the moderate to large effect size seen across all the 

phonological working memory variables. 

Overall, these results are consistent with and expand upon those of Adams and 

Gathercole (1995), who found that a group of preschool children with better phonological 

working memory ability produced sentences that were more lexically diverse, longer, and more 

complex than children with poorer phonological working memory ability. Although in 

hypothesis 2 we found that phonological working memory and the sentence measures of lexical 

diversity, length, and complexity did not correlate with phonological working memory across the 

spectrum of phonological working memory abilities, we were able to find significant differences 

in the children’s error-free sentences when comparing groups directly. From our results, it 

appears as though when children with LI produce grammatically correct sentences, they have a 

tendency to be less lexically diverse, shorter, and less complex when compared to sentences of 

their typically-developing peers. Our findings are also consistent with results from a study by 

Nippold, Mansfield, Billow, and Tomblin (2008) who looked at a cohort of adolescents only a 

few years older than the children in our current study. Nippold et al. (2008) found that on 

expository spoken language tasks, children who were typically developing had longer utterances 

(measured in terminal units) as well as more complex utterances (measured in use of relative 

clauses) than children who had previously been diagnosed with SLI.  
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Finding differences in certain sentence characteristics between the typically-developing 

group and group with LI has clinical implications. It suggests that these specific sentence 

characteristics may be of some use to clinicians in distinguishing between children with and 

without LI. Although LI is often most noticeable based on frank grammatical errors the child 

produces (e.g., omitted obligatory past tense –ed), its manifestation changes as children grow and 

continue to develop their language system. In older kids with LI, we see fewer of these frank 

errors in their spoken language and more differences in the quality of the language output (e.g., 

higher-level vocabulary, use of cohesive markers in narratives). Although measuring sentence 

lexical diverse, length, and complexity alone may not be enough to differentiate between the 

presence and absence of LI, it may help bolster and confirm our diagnosis when used in 

conjunction with other evidence. 

Although the part of the hypothesis pertaining to differences between the typically-

developing children and children with LI was supported, the second part of this hypothesis 

comparing typically-developing children to children with dyslexia only was not supported. It 

stated that there would be a significant difference between the typically-developing group and 

group with dyslexia on all of our sentence measures, relating to a difference in phonological 

working memory ability between the groups. Although the typically-developing group did 

significantly outperform the group with dyslexia on the Nonword Repetition and Digit Span 

phonological working memory measures (and outperformed them, but not significantly, on the 

Phonological Binding Span task, which again may be a power-related issue given that we saw a 

moderate effect size across all these variables) as expected, we found no significant differences 

on any of the sentence measures when comparing these two groups. The corresponding effect 

sizes for these variables also support the lack of difference between the groups, as all effect sizes 
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were very small. When the typically-developing group and group with dyslexia produced error-

free sentences, they produced sentences of comparable quality and had similar levels of lexical 

diversity, length, complexity, maze use, and pauses. What is interesting here is that these 

differences in phonological working memory ability are identical to those seen in the comparison 

between the typically-developing group and group with LI; however, the results are different 

when it comes to sentence measures. This leads us to consider that phonological working 

memory is not what resulted in the differences in sentence measures between the typically-

developing group and group with LI and that there may be another factor responsible for these 

sentence-level differences.  

Furthermore, the findings from this hypothesis speak to the importance of keeping 

diagnostic groups distinct when investigating language abilities. While dyslexia and LI both fall 

under the umbrella of language-learning impairment and have been associated with deficits in 

phonological working memory, based on the results of our current study, we see that it is 

important to clearly distinguish between the two and to identify when oral LI is present versus 

when it is not in children with dyslexia. In our study, we saw differences in language output 

when comparing children with LI and dyslexia to typically-developing peers versus when 

looking at children with dyslexia only to typically developing peers. Therefore, when studying 

language-learning disorders especially in children with dyslexia, it is important to distinguish 

between those children with and without an additional oral LI. 

Limitations, Future Directions, and Clinical Considerations 

One of the most salient limitations of this study was its post hoc nature. Although the 

phonological working memory tasks were originally designed to test children’s phonological 

working memory, the Formulated Sentences subtest of the CELF-4 was not originally designed 
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for analysis of sentence-specific measures that were of interest to us (e.g., lexical diversity, 

length, complexity). In our post-hoc analysis, we had to control for certain confounding variables 

(e.g., syntactic constraints imposed by different target words on the Formulated Sentences 

subtest) by matching participants and only analyzing sentences for which both children in a 

matched set had error-free utterances. Prospectively thinking, a more controlled sentence 

production task modeled off the Formulated Sentences subtest could account for other potential 

variables that might affect sentence production. These control variables could include 

eliminating environmental distractors (which may affect, for example, mazes), reducing picture 

stimuli ambiguity (which may affect, for example, lexical diversity), or only analyzing sentences 

produced with the same target words across all children. Additionally, while it may be difficult 

to control, investigating specific sentence measures in school-aged children’s spontaneous 

speech may also be interesting.  

Another point to consider is the nature of the Formulated Sentences task from the CELF-

4 and other relevant aspects of working memory that may play a role in it. The Formulated 

Sentences subtest requires children to produce a grammatical sentence by integrating an 

auditorily presented word into the context of an image presented to them. It may be that the 

central executive aspect of working memory plays a role in this in ways such as updating, which 

involves maintaining attention on a particular task while integrating new information into the 

focus of attention (Montgomery et al., 2010). Children with language-learning impairments such 

as LI and dyslexia have been found to have poorer central executive abilities than their typically-

developing peers (Im-Bolter, Johnson, & Pascual-Leone, 2006; Schuchardt, Maehler, & 

Hasselhorn, 2008; Smith-Spark & Fisk, 2007) and so it may be a variable of interest to study in 

relation to sentence production abilities. 



52 

 

 

 

In terms of clinical considerations, it appears that phonological working memory may 

provide us some insight into the presence of both oral and written language-learning disorders. 

While there may be differences in phonological working memory abilities between school-aged 

children with and without language-learning impairments, their phonological working memory 

abilities are not necessarily strongly related to their spoken language abilities. We only saw a 

very small relation between phonological working memory and scores on a test of sentence 

production, and of all the sentence measures we looked at, phonological working memory did 

not correlate with any of them except mazes words, where we saw a slight inverse correlation. In 

general, it seems that phonological working memory may not be strongly related to sentence 

production, and from a clinical treatment standpoint, the findings do not support training in the 

phonological working memory domain in order to improve expressive language. 

The differences we found between typically-developing children and children with LI on 

sentence measures of lexical diversity, length, and complexity as well as the lack of differences 

between the typically-developing children and children with dyslexia only may also be of 

clinical use. Recall that our group with LI consisted of children with LI only as well as LI and 

dyslexia whereas our group with dyslexia only had dyslexia; the important distinguishing factor 

between these groups was the presence of oral LI. The sentence variables we measured, though 

they cannot provide definitive evidence as to whether or not a child has LI, may help strengthen 

and justify our diagnosis of oral LI when taken into consideration with other diagnostic evidence. 

In contrast, the lack of differences between the typically-developing children and children with 

dyslexia-only points to the importance of attending to the presence of oral LI in children with 

dyslexia when studying their expressive language, as the oral LI component does seem to be 

reflected in their language output. 
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APPENDIX A – SENTENCE TRANSCRIPTION RULES 

1. Open a participant’s Excel file and audio file from within the Reliability folder 

(W:\l4server\Alt\POWWER Organization\Heidi Thesis\Reliability). The numbers in each 

file name will match. 

 

2. In the Excel file, type your first and last name in the Transcriber’s name column. 
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3. Next, get ready to listen to the participant’s audio file. You’ll need to use headphones 

(your own or the lab’s). Note: If there is too much background noise while you are 

listening to the audio file, it may be best to come back to the lab at a different time; 

background noise may make it difficult to hear the sentences accurately. 

a. At the beginning of the audio file, you will hear the experimenter say the 

participant’s number aloud. Make sure this matches the paper file and your Excel 

file!! 

b. Main task: You will hear the experimenter present the child with a target word. 

Your job is to type the sentence that the child says using this target word (more 

instructions provided below). 
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Which sentences will you type? 

c. Note: The first two sentences the child says may be the trial/example sentences, 

although these are not recorded for every child. The target words for these, which 

you may hear the experimenter say, are “playing” and “when.” You do not need to 

type these sentences. 

d. For the remaining sentences: 

i. You will not be typing all of them; you will only be typing sentences 

corresponding to the rows with “Yes” highlighted in gray in column E 

labeled “Type sentence?”. The corresponding row in the Sentence/Code 

column will also be gray.  

1. Note: You will be typing slightly different sentences for every 

participant!! 

ii. Note: The experimenter will always say the target word for each sentence 

before the child speaks. Therefore, if there is not a “Yes” until the row 

corresponding to item 2 “forgot”, then you will listen to the audio file until 

you hear the experimenter say the word “forgot”. You will then type the 

sentence the child produces using the word “forgot”. See image below: 
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iii. Follow along with the list of words in the Excel file as you listen to the 

audio file; you will be listening for the experimenter to say the target word 

corresponding to the sentences you need to type. Caution: The 

experimenter’s voice is often much softer than the child’s voice, so listen 

very carefully! In the image above for participant 2213177, you would 

only type sentences corresponding to item numbers 2, 3, 5, 7, 10, 11, 12, 

and 13 (all highlighted in gray). 

1. Note: Looking at the picture stimulus may help you transcribe 

what the child is saying. Pictures are available in the PDF file 

labeled “1 – Formulated Sentences picture stimuli 1-24” within the 

Reliability folder. 

4. This is a sample of what the Sentence/Code column will look like when it’s completed: 
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***HERE ARE SPECIFIC RULES TO FOLLOW WHEN TYPING 

SENTENCES. PLEASE READ THROUGH CAREFULLY! EXAMPLES ARE 

PROVIDED TO EXPLAIN CERTAIN TRANSCRIPTION RULES.*** 

i. Type exactly what you hear for morphology. Do not change what the 

child says! If the child says “dogses,” type “dogses” and not “dogs.” If the 

child says “They goed,” type “they goed” and not “they went” or “they 

go” or any other variant. 

ii. Use appropriate punctuation at the end of the sentence. You must end 

each sentence with a period, exclamation point, or question mark. The last 

character in the sentence you type must be one of those three. If the 

sentence ends with a quotation, put the final punctuation OUTSIDE the 
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quotation marks (e.g., He said, “Go home”!). In the middle of sentences, it 

is okay to use commas when appropriate. 

iii. Put parentheses around false starts, rephrases, fillers, and mazes. 

These are words (or part-words) that the child produces that are not part of 

the intended utterance. If a child repeats a word(s), the parentheses go 

around the first instance of the word(s); assume the last time they produce 

the word or phrase is the intended one. If the child says a filler (e.g., “um,” 

“I mean”) after the false start, these should also be included in the 

parentheses. However, if the child restarts the entire sentence and says a 

revised version, then only type the second sentence (this is outlined further 

in section ix. below). NOTE: If you hear only part of a word, type the 

letters you heard and then type an asterisk (*). This part-word will then be 

included within parentheses. For additional information, see page 25 of the 

SALT Research Version transcription guidelines for how to mark false 

starts, rephrases, and mazes. 

For example, if the child says: 

“The the chil* children were playing with the bas* I mean were um playing.”  

then you would type: 

 “(the) the (chil*) children (were playing with the bas* I mean) were (um) playing.” 

Things to note about this sentence: If a word/phrase is repeated, the first occurrence is in 

parentheses, not the second occurrence. Part-words are indicated with an asterisk. Filler words 

that are unrelated to the utterance (i.e., “I mean,” “um”) are included within the parentheses. 
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iv. Type an X to represent unintelligible words or phrases. 

1. For example, if you heard the beginning and end of the sentence 

but could not understand a word or phrase in the middle, your 

sentence might look like this: “The children are playing X on the 

floor.” 

v. Only type the sentence containing the target word if you hear the child 

say more than one sentence. If the child says two different sentences and 

both of them contain the target word, type up the first sentence containing 

the target word, unless it sounds like the child rephrased their original 

sentence and meant for the final sentence to be the one to count. If the 

child has a run-on sentence (i.e., the child keeps adding to the sentence 

using words like “and” and “but” but does not have a natural pause or end 

point at these boundaries), keep typing until you hear a natural 

pause/intonation marker that signals the end of the sentence. 

1. Examples are provided below to illustrate these rules. Note: If you 

come across a complicated case and can’t decide exactly what the 

target sentence is, make a note in the file AND check with Heidi, 

Dr. Alt, or Cecilia. 

Examples: 

1) Type the sentence that contains the target word: 

For example, if the child says: 

“I see them. The children are playing a game.” 
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then you would only type: 

“The children are playing a game.” 

2) Type first sentence if it seems to be the intended one: 

For example, if the child says: 

“The children are playing a game. The father is not. Only the children are. 

 then you would only type: 

  “The children are playing a game.” 

3) Type the second sentence if it seems to be a rephrasing of the original. You will probably use 

prosodic information (e.g., intonation) or the child’s own words (“No, wait”) to determine 

whether they are rephrasing the whole sentence. Note: they have to have rephrased an entire 

sentence; if they only rephrased part of a sentence, include that partial sentence in parentheses 

(see section above on false starts, rephrases, fillers, and mazes). 

For example, if the child says: 

 “The best ones are the ones that won. The best kids won.” 

 then you would only type: 

  “The best kids won.” 

4) Type until you hear a natural pause/intonation indicating the end of the sentence. 

 For example, if the child says: 

“She didn’t know if she wanted strawberries or carrots, but she made a decision 

quickly and grabbed both of them….And then she walked to the cashier.” 

 And it sounded like there was a pause or falling intonation to indicate the end of the 

sentence after “quickly,” then you would only type: 
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“She didn’t know if she wanted strawberries or carrots, but she made a decision 

quickly.” 

5. Save the file once you are done typing the sentences. You are encouraged to save 

periodically while typing the sentences!! 

6. After you are completely done with the sentences and have done a final save, you can 

close out of the participant’s Excel file. Click once on the file name and add “_DONE” to 

the end of the file name. 

7. If you made any notes on specific sentences for the participant, make sure you have 

contacted Heidi. There is also a Notes column in the participant tracker file where you 

can include questions and/or comments that come up. (An example note might be, 

“Check item #7 with Heidi.”) 
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APPENDIX B – COUNTING NUMBER OF CLAUSES AND PREPOSITIONAL PHRASES 

Main task: You will be counting the number of clauses and prepositional phrases in sentences.  

A. Clause density (i.e., # of clauses) 

a. Count the number of clauses in each sentence. This will be relevant to all complex 

sentences that contain multiple subject-verb sets. Each independent and dependent 

(e.g., subordinating clause) clause counts as one clause. Dependent clauses may 

range from adverbial clauses (e.g., “before he left for soccer”) to relative clauses 

(e.g., “the girl that is sitting on the floor”) to wh- clauses (e.g., “how it 

happened”). To be counted as a clause, it must have a subject and a 

finite/conjugated verb. Examples: 

i. I saw the dog that caught the ball. = 2 clauses 

ii. The children are playing and the dad is watching. = 2 clauses 

iii. Before he played soccer, he ate lunch. = 2 clauses 

iv. My mom wanted to drive her car when she picked me up. = 2 clauses 

b. What not to count as a separate clause: gerund phrases, infinitival phrases, past 

participles 

i. I saw children playing video games. = 1 clause 

ii. The children are playing games and sitting on the floor. = 1 clause 

iii. Before playing soccer, he ate lunch. = 1 clause 

iv. My mom wanted me to go home. = 1 clause 

v. I walked to the car parked outside. = 1 clause 

c. Note: for compound sentences that have one subject and multiple verbs for that 

subject, count as one clause. For example: 
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i. She was running and racing against her friends. = 1 clause (because there 

is only one subject, despite there being two verbs) 

d. Note: Do not count clauses that appear within parentheses. Only count clauses 

outside of parentheses. 

e. Write down the number of clauses per sentence in the column Clauses. 

B. Prepositional Phrases 

a. Count the number of prepositional phrases in each sentence. You will only be 

analyzing the parts of the child’s utterance that appears outside of parentheses. 

Ignore anything within parentheses (e.g., mazes, false starts, rephrases, revisions. 

b. The prepositional phrases will MOST LIKELY begin with one of the following 

words: 

About, above, across, after, against, along, among, around, at, because of, before, behind, 

beyond, but, by, concerning, despite, down, during, except, in, in front of, inside, in spite of, 

instead of, into, like, near, of, onto, out, outside, over, past, regarding, since, through, throughout, 

to, under, underneath, until, up, upon, up to, with, within, without, with regard to, with respect to 

(This list of common prepositions was obtained from Benner,  2011.) 

c. To be counted as a prepositional phrase, there must be a preposition followed by a 

noun/pronoun (but no verb). Examples: 

i. She talked about it. = 1 prepositional phrase 

ii. They climbed up the stairs inside the church. = 2 prepositional phrases 

iii. On top of the tree the girl placed the star with five points. = 3 

prepositional phrases. 

iv. Before going to soccer, I finished my lunch. = 2 prepositional phrases 
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d. Things to beware of: 

i. Preposition versus adverb. In order to be considered a preposition, the 

word must be followed by a noun or pronoun. If it is not followed by a 

noun/pronoun, it is an adverb. 

1. Example with “inside”: 

a. Preposition:  “The boys went inside the house.” 

b. Adverb: “Jessica went inside.” 

2. Example with “over”: 

a. Preposition:  “The family drove over the bridge.” 

b. Adverb: “The game was over.” 

3. Example with “by”: 

a. Preposition: “Stephanie traveled by airplane.” 

b. Adverb: “Stephanie walked by.” 

ii. Preposition “to” versus infinitival “to.” If it precedes a verb, it is an 

infinitival “to” and is not a preposition. It must be followed by a noun to 

be considered a preposition. 

1. Prepositional “to”: “Tracy went to the game.” 

2. Infinitival “to”: “Rick wanted to go.” 

3. Infinitival “to” followed by prepositional “to”: “Joseph liked to 

drive to work.” 

iii. Preposition versus conjunction. This might occur with words such as after, 

before, and until. While a preposition is only followed by a noun or 

pronoun, a conjunction is followed by a dependent clause. A clause 
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contains both a subject and a verb, whereas a prepositional phrase does not 

(it only contains the preposition+noun/pronoun). 

1. Example with “after”: 

a. Preposition: “Cosmo ate after five.” 

b. Conjunction: “Cosmo ate after he went outside.” 

2. Example with “before”: 

a. Preposition: “Anita said ‘Cheers!’ before everyone.” 

b. Conjunction: “Before she said ‘Cheers!,’ Anita raised her 

glass.” 

iv. Preposition versus particle. A particle is a functor word just like the 

prepositions listed above, except it is part of the verb it attaches to and is 

not a separate entity. For example: 

1. “She woke up”  “up” is a particle of the verb “woke” 

2. “He wrote down his name”  “down” is part of the verb “wrote” 

so it is a particle rather than a preposition even though it is 

followed by a noun. 

3. “Penelope put on her hat”  “on” is part of the verb “put,” so it is 

a particle rather than a preposition even though it is followed by a 

noun. 

4. Note: One test to determine whether a word is a prepositional 

versus a particle is to move it around before and after the direct 

object of the sentence. If the word can move around and the 

sentence still makes sense, it is most likely a particle. 
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a. For example:  

i. “Derek wrote down his name” versus “Derek wrote 

his name down”  both are acceptable, so “down” 

is a particle 

ii. “Kelly climbed down the stairs” versus “Kelly 

climbed the stairs down”* only the first is 

acceptable and not the second, so in this case, 

“down” is a preposition. 

e. Type the number of prepositional phrases in the sentence’s row under the column 

Prepositional phrases. If the sentence has no prepositional phrases, type 0. 

 

f. Note: it is possible for the sentence to be quite lengthy but have no prepositional 

phrases and/or just one clause. Beware! 
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APPENDIX C – MARKING AND MEASURING PAUSES 

1. Open two files: 

a. Participant’s Word/SALT file with highlighted pauses. 

(W:\l4server\Alt\POWWER Organization\Heidi Thesis\Word and SALT files) 

b. Participant’s audio file in Audacity®. (W:\l4server\Alt\POWWER 

Organization\Heidi Thesis\Labeled FS Audio Files) 

2. Marking the pauses: Listen to each sentence. Only count pauses that occur after the 

child has begun saying the sentence that is transcribed (i.e., do not count the wait time 

that occurs as the child is “thinking” about what to say). The child may say other 

sentences, but you should only count pauses that occur within the sentence that was 

transcribed.  

3. Measure pauses: Look at the waveform of the sentence in Audacity® and listen to the 

sentence, noting where the pause is in the waveform. Click the mouse at the very start of 

the pause on the waveform and drag the mouse to the right until the point where pause 

ends.  This will correspond to the stop and start of speech vocalizations by the child. Any 

exhalations, coughs, or other non-speech vocalizations will be included in the pause 

being measured (i.e., do not end a pause measure right before a cough or start one at the 

end of a cough; the cough will simply be part of the whole pause). 

i. Note: There may be bursts of noise in the audio file; listen to the audio file 

to ensure that it is an exhalation and not a speech vocalization. If it is 

simply a burst of noise such as an exhalation or other environmental 

sound, we will include it as part of the pause. 
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ii. Note: If there is background noise that makes it unclear where the 

beginning and end of the pause is, try zooming in on the waveform. If it is 

still unclear, use your best judgment. 

b. After highlighting the pause, select the option “Length” at the bottom of the 

Audacity® window to show the length of the highlighted section. Click the drop-

down arrow beside it and select “hh:mm:ss + milliseconds” for the units. 

c. We will be following SALT conventions for this. In the Word/SALT file, label 

the length of the pause using a “:seconds” format. For example, there is a 4 

second pause between “father” and “are” in the following example: 

“The children and father :04 are watching TV.” 

d. Make sure there is a space on either side of the pause time. Pauses should be 

counted to the nearest second (e.g., 2.43 seconds rounds to 2 seconds) and should 

be a minimum of two seconds (i.e., do not round a 1.7 second pause to 2 seconds). 
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APPENDIX D – PHONOLOGICAL WORKING MEMORY SCORES AND AVERAGE SENTENCE MEASURES FOR 

PARTICIPANTS IN SUBSET (N=54) 

   Average Counts per Sentence 
Phonological Working Memory Task 

Scores
6
 

Subject 
Number Group 

Total 
Sentences 

Different 
Words 

Mean 
Length of 
Utterance 
in Words Clauses 

Prepositional 
Phrases 

Maze 
Words Pauses 

Pause 
Length 

(seconds) 
Nonword 
Repetition 

Digit 
Span 

Phonological 
Binding 

Span 

3212127 TD 9 5.78 7.56 1.11 0.33 0.89 0.00 0.00 9 16 20 

3213081 TD 7 5.57 6.86 1.14 0.43 0.43 0.00 0.00 12 16 9 

2213160 TD 11 7.45 10.27 1.27 1.36 1.36 0.00 0.00 16 9 
 2213173 TD 7 7.00 12.29 1.29 1.00 0.71 0.00 0.00 25 20 28 

2213082 TD 10 4.60 6.60 1.10 0.30 0.30 0.00 0.00 10 20 19 

2212054 TD 11 5.82 8.73 1.18 0.55 0.45 0.18 0.27 6 20 13 

2213177 TD 8 4.75 6.38 1.13 0.00 0.88 0.00 0.00 
 

21 
 2213240 TD 5 6.00 7.00 1.00 0.40 0.80 0.00 0.00 4 17 1 

2213097 TD 6 4.83 6.17 1.17 0.33 0.00 0.17 0.67 14 20 13 

3213080 TD 9 5.33 7.11 1.11 0.22 0.89 0.11 0.22 21 20 2 

3212116 TD 8 5.50 8.38 1.13 0.88 0.13 0.00 0.00 5 16 6 

2213166 TD 6 7.83 10.33 1.17 0.50 0.33 0.00 0.00 8 25 18 

2213085 TD 6 6.67 8.17 1.33 0.00 1.17 0.00 0.00 14 20 9 

2213190 TD 12 6.83 10.25 1.50 0.67 1.08 0.00 0.00 4 31 4 

2213076 TD 11 4.45 6.55 1.09 0.18 0.36 0.00 0.00 10 22 7 

2213158 TD 10 4.60 6.78 1.10 0.40 0.00 0.00 0.00 13 30 9 

                                                 
6
 Empty cells for Phonological Working Memory task scores represent instances where the child either had not yet completed the task or was unable to complete 

the task due to a technical difficulty. 
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Subject 
Number Group 

Total 
Sentences 

Different 
Words 

Mean 
Length  of 
Utterance 
in Words Clauses 

Prepositional 
Phrases 

Maze 
Words Pauses 

Pause 
Length 

(seconds) 
Nonword 
Repetition 

Digit 
Span 

Phonological 
Binding 

Span 

2212057 TD 9 5.33 7.44 1.22 0.11 0.00 0.00 0.00 9 16 10 

2213148 TD 11 5.91 7.91 1.45 0.55 0.73 0.00 0.00 20 25 10 

2213200 TD 10 6.10 7.60 1.20 0.40 0.30 0.00 0.00 11 13 5 

2213143 
T2 TD 16 7.13 14.13 1.56 1.06 1.00 0.06 0.25 11 9 11 

2213142 TD 9 6.22 9.33 1.22 0.67 0.89 0.00 0.00 4 18 7 

2212050 TD 7 7.29 10.14 1.29 0.57 0.14 0.00 0.00 7 38 13 

2213115 TD 9 5.00 6.78 1.00 0.56 0.33 0.11 0.22 14 16 18 

2213228 TD 8 5.88 8.38 1.25 0.63 0.00 0.00 0.00 42 42 16 

2213191 TD 13 5.69 8.92 1.00 0.54 0.85 0.38 0.23 12 21 18 

2213144 TD 7 5.00 6.43 1.00 0.43 0.57 0.00 0.00 21 20 11 

2213110 
T1 TD 8 7.63 9.50 1.63 0.38 0.25 0.00 0.00 11 12 14 

2213134 Dyslexia 12 4.33 6.33 1.08 0.33 0.33 0.17 0.92 16 20 9 

2213176 Dyslexia 11 6.91 9.55 1.18 0.45 0.45 0.09 0.27 8 25 4 

2214301 Dyslexia 10 5.30 7.10 1.10 0.80 1.40 0.10 0.20 5 14 3 

2215343 Dyslexia 9 7.56 9.56 1.33 0.67 0.89 0.00 0.00 4 13 9 

2214330 Dyslexia 11 6.18 8.64 1.27 0.55 0.45 0.00 0.00 4 10 16 

2213182 Dyslexia 10 5.70 7.90 1.20 0.60 0.10 0.00 0.00 10 16 6 

2214296 Dyslexia 16 5.25 8.69 1.31 0.75 1.06 0.06 0.19 10 12 8 

2213195 Dyslexia 9 5.89 8.11 1.33 0.33 0.00 0.00 0.00 4 16 0 

2214320 Dyslexia 7 7.00 10.71 1.29 0.86 0.57 0.00 0.00 11 12 15 

2214328 Dyslexia 9 5.44 8.67 1.11 0.56 0.89 0.22 0.22 9 25 12 

2213215 Dyslexia 8 7.38 10.63 1.50 0.50 0.25 0.00 0.00 4 21 10 

2213159 Dyslexia 13 5.92 8.54 1.38 0.38 1.46 0.00 0.00 2 12 0 

2214327 Dyslexia 7 4.14 6.14 1.00 0.57 0.00 0.00 0.00 6 13 10 

2214331 Dyslexia 8 7.13 9.25 1.38 0.63 0.63 0.00 0.00 2 10 4 
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Subject 
Number Group 

Total 
Sentences 

Different 
Words 

Mean 
Length  of 
Utterance 
in Words Clauses 

Prepositional 
Phrases 

Maze 
Words Pauses 

Pause 
Length 

(seconds) 
Nonword 
Repetition 

Digit 
Span 

Phonological 
Binding 

Span 

2213202 LI 9 6.00 8.33 1.00 0.56 1.56 0.00 0.00 6 12 10 

2213107 LI 8 5.25 6.13 1.00 0.25 0.63 0.00 0.00 0 9 2 

2214318 LI 11 5.27 7.09 1.09 0.27 0.18 0.09 0.18 7 12 16 

2214322 LI 7 4.29 5.86 1.00 0.29 0.14 0.14 0.43 0 20 5 

2213084 LI 10 4.10 5.90 1.00 0.40 0.00 0.00 0.00 3 16 7 

2213077 LI 11 4.27 5.27 1.09 0.18 0.64 0.00 0.00 8 9 16 

2213247 LI 8 5.50 7.63 1.13 0.38 0.75 0.00 0.00 2 16 2 

2214256 LI 5 4.20 5.20 1.00 0.00 0.60 0.20 0.80 6 12 8 

2213192 LI 6 4.50 6.17 1.17 0.50 0.67 0.33 2.17 
 

7 8 

2214333 LI 9 4.44 5.67 1.11 0.00 0.11 0.33 0.33 2 17 6 

2213232 LI 8 3.88 6.38 1.00 0.38 0.38 0.00 0.00 2 16 5 

2214332 LI 6 5.00 5.83 1.00 0.50 1.50 0.00 0.00 4 7 2 

2214251 LI 6 6.50 9.50 1.33 0.17 1.17 0.33 0.50 7 15 4 
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APPENDIX E – RAW SENTENCE MEASURE DATA FOR MATCHED PARTICIPANT PAIRS IN SUBSET (N=54) 

   
Raw Counts for Sentence Measures 

   

Different 
words 

Mean Length of 
Utterance in 

Words Clauses 
Prepositional 

Phrases 
Maze 

Words 
Pauses 

(total count) 
Pause Length 

(seconds) 

Impaired 
(I) Match 

Typically-
Developing 
(TD) Match 

Diagnosis 
of 

Impaired 
Match I TD I TD I TD I TD I TD I TD I TD 

2213202 3212127 LI 54 52 8.33 7.56 9 10 5 3 14 8 0 0 0 0 

2213107 3213081 LI 42 39 6.13 6.86 8 8 2 3 5 3 0 0 0 0 

2214318 2213160 LI 58 82 7.09 10.27 12 14 3 15 2 15 1 0 2 0 

2214322 2213173 LI 30 49 5.86 12.29 7 9 2 7 1 5 1 0 3 0 

2213084 2213082 LI 41 46 5.9 6.6 10 11 4 3 0 3 0 0 0 0 

2213077 2212054 LI 47 64 5.27 8.73 12 13 2 6 7 5 0 2 0 3 

2213247 2213177 LI 44 38 7.63 6.38 9 9 3 0 6 7 0 0 0 0 

2214256 2213240 LI 21 30 5.2 7 5 5 0 2 3 4 1 0 4 0 

2213192 2213097 LI 27 29 6.17 6.17 7 7 3 2 4 0 2 1 13 4 

2214333 3213080 LI 40 48 5.67 7.11 10 10 0 2 1 8 3 1 3 2 

2213232 3212116 LI 31 44 6.38 8.38 8 9 3 7 3 1 0 0 0 0 

2214332 2213166 LI 30 47 5.83 10.33 6 7 3 3 9 2 0 0 0 0 

2214251 2213085 LI 39 40 9.5 8.17 8 8 1 0 7 7 2 0 3 0 

2213134 2213190 Dyslexia 52 82 6.33 10.25 21 18 4 8 4 13 2 0 11 0 

2213176 2213076 Dyslexia 76 49 9.55 6.55 13 12 5 2 5 4 1 0 3 0 

2214301 2213158 Dyslexia 53 46 7.1 6.78 11 11 8 4 14 0 1 0 2 0 

2215343 2212057 Dyslexia 68 48 9.56 7.44 12 11 6 1 8 0 0 0 0 0 

2214330 2213148 Dyslexia 68 65 8.64 7.91 14 16 6 6 5 8 0 0 0 0 

2213182 2213200 Dyslexia 57 61 7.9 7.6 12 12 6 4 1 3 0 0 0 0 

2214296 2213143 T2 Dyslexia 84 114 8.69 14.13 21 25 12 17 17 16 1 1 3 4 
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Raw Counts for Sentence Measures 

   
Different 

words 

Mean Length of 
Utterance in 

Words Clauses 
Prepositional 

Phrases 
Maze 

Words 
Pauses 

(total count) 
Pause Length 

(seconds) 

Impaired 
(I) Match 

Typically-
Developing 
(TD) Match 

Diagnosis 
of 

Impaired 
Match I TD I TD I TD I TD I TD I TD I TD 

2213195 2213142 Dyslexia 53 56 8.11 9.33 12 11 3 6 0 8 0 0 0 0 

2214320 2212050 Dyslexia 49 51 10.71 10.14 9 9 6 4 4 1 0 0 0 0 

2214328 2213115 Dyslexia 49 45 8.67 6.78 10 9 5 5 8 3 2 1 2 2 

2213215 2213228 Dyslexia 59 47 10.63 8.38 12 10 4 5 2 0 0 0 0 0 

2213159 2213191 Dyslexia 77 74 8.54 8.92 18 13 5 7 19 11 0 5 0 3 

2214327 2213144 Dyslexia 29 35 6.14 6.43 7 7 4 3 0 4 0 0 0 0 

2214331 2213110 T1 Dyslexia 57 61 9.25 9.5 11 13 5 3 5 2 0 0 0 0 
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APPENDIX F – PHONOLOGICAL WORKING MEMORY TASK SCORES FOR MATCHED PARTICIPANTS (N=54)
7
 

 

   
Nonword Repetition Digit Span Phonological Binding Span 

Impaired ( I) Match 
Typically-Developing 

(TD) Match 
Diagnosis of Impaired 

Match I TD I TD I TD 

2213202 3212127 LI 6 9 12 16 10 20 

2213107 3213081 LI 0 12 9 16 2 9 

2214318 2213160 LI 7 16 12 9 16  

2214322 2213173 LI 0 25 20 20 5 28 

2213084 2213082 LI 3 10 16 20 7 19 

2213077 2212054 LI 8 6 9 20 16 13 

2213247 2213177 LI 2  16 21 2  

2214256 2213240 LI 6 4 12 17 8 1 

2213192 2213097 LI  14 7 20 8 13 

2214333 3213080 LI 2 21 17 20 6 2 

2213232 3212116 LI 2 5 16 16 5 6 

2214332 2213166 LI 4 8 7 25 2 18 

2214251 2213085 LI 7 14 15 20 4 9 

2213134 2213190 Dyslexia 16 4 20 31 9 4 

2213176 2213076 Dyslexia 8 10 25 22 4 7 

2214301 2213158 Dyslexia 5 13 14 30 3 9 

2215343 2212057 Dyslexia 4 9 13 16 9 10 

2214330 2213148 Dyslexia 4 20 10 25 16 10 

2213182 2213200 Dyslexia 10 11 16 13 6 5 

2214296 2213143 T2 Dyslexia 10 11 12 9 8 11 

2213195 2213142 Dyslexia 4 4 16 18 0 7 

                                                 
7
 Empty cells for Phonological Working Memory task scores represent instances where the child either had not yet completed the task or was unable to complete 

the task due to a technical difficulty. 
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Impaired ( I) Match 
Typically-Developing 

(TD) Match 
Diagnosis of Impaired 

Match 

Nonword Repetition Digit Span Phonological Binding Span 

I TD I TD I TD 

2214320 2212050 Dyslexia 11 7 12 38 15 13 

2214328 2213115 Dyslexia 9 14 25 16 12 18 

2213215 2213228 Dyslexia 4 42 21 42 10 16 

2213159 2213191 Dyslexia 2 12 12 21 0 18 

2214327 2213144 Dyslexia 6 21 13 20 10 11 

2214331 2213110 T1 Dyslexia 2 11 10 12 4 14 
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