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ABSTRACT

Research provides evidence of correlations between measures of short-term
memory (STM) and language abilities and, likewise, between deficits in STM
and language. Yet the nature of the relationship between memory and

language remains unclear. The phonological component of STM plays a role
in the development of language, but linguistic knowledge in turn affects STM
performance, with factors such as ‘wordlikeness’ and phonotactic probability

influencing performance on single-word STM tasks.

This study sought to investigate how established linguistic knowledge
provides support for STM as measured by sentence recall. Using a design
similar to that of Millar and Isard (1963), which compared the ability of adults
to repeat grammatical sentences with those where semantic or syntactic rules
had been violated, 4-6 year old children were asked to repeat grammatical,
anomalous or ungrammatical sentences. The contribution of prosody was

examined by presenting sentences with either regular or flat prosody.

The results showed significantly fewer content words were repeated in
anomalous compared to grammatical sentences, with a significant and even
greater drop in ungrammatical sentences. Presenting sentences with flat as
opposed to regular prosody also resulted in a significant reduction of correctly
repeated content words across all three sentence types. These findings
suggest that prosodic, semantic and, most dramatically, syntactic knowledge

provide support for STM as measured in recall tasks.

A qualitative analysis of error types and further exploratory investigations of
sentence type and prosody at different sentence lengths were also carried

out.



INTRODUCTION

Background

The relationship between short-term memory (STM) and established
language knowledge is complex and the exact nature of the relationship
remains unclear. Much of the research has sought to separate out these two
factors by employing recall tasks which use single words in nonword
repetition or word span tasks, in order to focus on STM and minimise the
impact of established knowledge. This thesis takes a different approach by
looking at the relationship between STM and linguistic knowledge through
comparisons of recall for word combinations which vary in linguistic familiarity

and therefore in the opportunity to draw on established language knowledge.

Investigating the role of STM in the development of linguistic knowledge

A substantial body of research has investigated the role of STM in
establishing linguistic knowledge, in particular in the acquisition of vocabulary.
The role of temporary information storage was crucially conceptualised by
Baddeley and Hitch in their 1974 ‘working memory’ model (e.g. in Gathercole
& Adams, 1994). Research into the role of the working memory in language
tasks has focused in particular on its verbal storage system, the ‘phonological
loop’, the component which holds phonological information (see Baddeley’s
review, 2000). Several studies have used nonword repetition (NWR) to
assess the working of the phonological loop, as nonwords compel the listener
to rely on the phonological loop when encoding, maintaining and articulating
unknown phonological sequences. It has been suggested that repeating such
made-up as opposed to real words avoids intrusion of existing lexical and
semantic knowledge in tasks which seek to measure phonological short-term
memory alone (e.g. Baddeley, Gathercole & Papagno, 1998 in Jefferies,
-Jones, Bateman & Lambon-Ralph, 2005). It has also been assumed that, as



NWR taps relatively pure phonological memory, it can be used to shed light

on the role of phonological memory in vocabulary development.

Indeed, due to their unfamiliarity, the acquisition of new words has much in
common with the learning of nonwords. It stands to reason that the greater
the capacity to store temporarily unfamiliar phonological sequences, the
greater the ease with which newly encountered words can be repeated and
established as long-term memory representations (e.g. Gathercole &
Baddeley, 1989, 1993b in Gathercole, 1995). Not surprisingly, the ability to
repeat nonwords has been associated with vocabulary knowledge (e.g.
Gathercole, Willis, Emslie & Baddeley, 1991) and future foreign language
competence (Service, 1992 in Gathercole, 1995). Adams and Gathercole
(2000) compared typically developing children with high and low NWR scores
and noted that language measures differed significantly between the two
groups. Gathercole and Baddeley (1989) found that NWR scores were not
only significantly associated with current vocabulary knowledge at the ages of
four and five, but also highly specific predictors of vocabulary knowledge one
year later.

Conversely, children with specific language impairment (SLI) are poorer at
NWR than both age-matched controls and younger language-matched
controls (see studies reviewed in Gathercole et al, 1991). Botting and Conti-
Ramsden (2001) extended Adams and Gathercole’s (1989) analysis to 11-
year-old children with SLI. They assessed 200 children with SLI and identified
a subgroup of 28 subjects with the most extreme scores on the CNRep, the
Children’s Nonword Repetition task (Gathercole and Baddeley, 1990), with
half the subgroup scoring at least 1SD above and half at least 1SD below the
original group mean. They then compared the language and literacy abilities
of the two halves of the subgroup and found that within this population,

linguistic measures also correlated significantly with NWR scores.



Poor NWR scores have even been identified in children who were previously
identified as having SLI, though superficially their difficulties are no longer
evident (e.g. Bishop, Bishop, Bright, James, Delaney & Tallal, 1999).

The question of bi-directionality

The question arises, however, as to whether the association between
phonological memory, as measured using NWR, and linguistic abilities can be
reduced to a simple, one-directional causal relationship in which the

phonological component of STM supports long-term linguistic knowledge.

Cheung (1996) investigated second-language learning (English) in a group of
Hong-Kong 7™ graders. He found that phonological memory as measured
with NWR was generally predictive of the number of trials required for pupils
to acquire new English words, thus confirming the close link between the
phonological memory capacity and the acquisition of novel phonological
forms. Yet this relationship was only observed in students whose English
vocabulary size was below the group median and not in those who had
achieved greater proficiency. It appears that at a certain stage, long-term
language knowledge interacts with and maybe even reduces the impact of

phonological memory.

Gathercole (1995) also advocated a “dynamic and reciprocal” developmental
relationship between NWR and vocabulary acquisition, citing in support
Gathercole et al. (1991 & 1992), who found that NWR provided a highly
specific predictor of later vocabulary development between the aged of four
and five. However, by the age of five, the relationship between NWR at five
and vocabulary knowledge at six was much weaker than the relationship
between children’s vocabulary knowledge at five and NWR the following year.
It therefore appears that in younger children phonological STM drives
vocabulary acquisition, whilst older children are more likely to use their larger

long-term memory store of lexical items to support accurate NWR.



These studies underline the role of established linguistic knowledge in recall
tasks and support the argument for a bi-directional relationship between

phonological short-term memory and established linguistic knowledge.

The problem with nonwords

The contribution of long-term language skills can explain why memory span is
greater for words than for nonwords and why it is easier to recall high
frequency and high imageability as opposed to low frequency and low
imageability words (see studies reviewed in Martin, Lesch & Bartha, 1999).

The use of nonwords in recall tasks seeks to minimise such intrusion of long-
term linguistic knowledge in order to measure ‘pure’ phonological memory,
yet it cannot avoid it altogether. This is most apparent in the ‘wordlikeness’
effect, which refers to the finding that the more wordlike the nonword, the
greater the probability of accurate repetition (e.g. Gathercole & Martin, 1996).
Numerous studies have investigated this effect. Dollaghan, Biber and
Campbell (1995) discovered children repeated multisyllabic nonwords better if
the stressed syllable was itself a word, and repetition errors consisted largely
of word substitutions in place of nonlexical syllables. Connine, Blasko &
Titone (1993) found nonwords differing in one or two linguistic features from a

base word still triggered significant priming effects for semantic association.

Gathercole (1995) noted that wordlikeness had a significant effect on
repetition accuracy in normally developing four-to-five year olds. As memory
span measures were more closely related to accurate repetition of nonwords
of lower wordlikeness, she concluded that the less wordlike stimuli depend to
a larger extent on phonological memory, whilst the more wordlike items are
mediated by long-term knowledge.

"Gathercole and Thorn (1995 in Gathercole & Martin, 1996) compared

bilingual children who had learnt English and French simultaneously with



those who learnt French after English. Whilst the former group showed a
wordlikeness effect on NWR in both languages, the latter only displayed this
in their native English, again attesting to the influence of established early
sound structures on NWR.

The influence of long-term language knowledge can be minimised with the
careful construction of nonwords, yet it is impossible to eliminate its influence
altogether. NWR undoubtedly sheds light on the phonological working
memory, but it cannot provide a straightforward window on its workings as
even the frequency of particular phoneme sequences, particular syllable
positions and the phonotactic rules of English make it impossible to eliminate

long-term memory (LTM) input completely (Dollaghan et al, 1995).

A further problem with nonwords arises from their being confined to the one-
word level. By limiting investigations of STM to repetition of disconnected
nonwords, little insight can be gained into linguistic influences of semantics
and syntax on recall, which extend beyond the single word level and operate

within a sentence framework.

Word list and sentence repetition as measures of memory

Measures of STM span, such as word list and sentence repetition (SR), are
evidently subject to LTM influences as they depend on vocabulary stored in
the lexical memory. However, LTM contribution varies between repetition of
word lists and sentences. McCarthy and Warrington (1987) found a double
dissociation of STM for three-word lists and sentences in three aphasic
patients. Two patients presented with severe impairments of recall of
unrelated stimuli in lists but good verbatim recall of meaningful sentences,
whilst one patient was more accurate at recalling word lists than sentences.
Increasing the extent of meaningfulness of lists benefited the list-impaired
“patients and presenting incomplete sentences had a negative impact on them

but not on the span-preserved patient. McCarthy and Warrington argued that
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the phonological store is relied upon for list repetition, whilst a “dynamic,
anticipatory and integrative memory system” underpins sentence repetition,

though phonological STM may still support syntactically complex sentences.

Other researchers also minimise the importance of phonological short-term
memory (PSTM) in sentence repetition. Marshall and Nation (2003) found
children with good reading accuracy but impaired reading comprehension
accurately repeated word lists but were worse at SR compared with normal
controls and their errors were more likely to alter sentence meaning. Marshall
and Nation concluded that in contrast to repetition of word lists, SR involves
word and syntax processing (‘surface level’), understanding sentence
meaning (‘propositional level’) and integration of these two levels with long-

term knowledge (‘situational level’).

Others, however, acknowledge the phonological contribution to SR. Willis and
Gathercole’s (2001) experiments with four-to-five year old children found
firstly, that word length significantly influenced SR but not comprehension
tasks. Secondly, when children were grouped on the basis of PSTM scores
(using NWR and digit span tests), those with higher PSTM scores were better
at sentence repetition than those with lower scores, which again supports
PSTM contribution to sentence regeneration.

Hanten and Martin (2000) followed Martin and Romani’s (1994) investigations
of adults with head injuries, with a study of two children with head injuries,
one of whom presented with a phonological STM and the other with a
semantic STM deficit. They found the children performed in a similar way to
the adults, in that the child with a PSTM deficit showed greater impairment
when repeating sentences than the child with a semantic STM deficit.
However, the former performed in a similar manner to the control subjects in
sentence comprehension tasks, whilst the latter was very impaired relative to

“the controls. The authors proposed that whilst sentence comprehension is



constrained by processing at the syntactic and conceptual level, SR taxes

primarily PSTM as well as conceptual representations.

Researchers have looked at psycholinguistic markers which aim to
differentiate accurately between individuals with and without language
disorders in language assessments (Slobin & Welsh, 1971) and screening
programmes (e.g. Stumner, Kunze, Funk & Green, 1993). Conti-Ramsden,
Botting and Faragher (2001)’s study emphasises the importance of SR as a
psycholinguistic marker for SLI. They compared the potential psycholinguistic
markers of third person singular, past tense, NWR and SR with regard to
sensitivity, specificity and accuracy when assessing 11-year-olds with a
history of SLI. There was a significant correlation between NWR (the second
best marker) and SR, but the latter provided the most significant results, with
high levels of sensitivity (90%), specificity (85%) and overall accuracy (88%).
It was also able to identify children with a history of SLI even where skills had
improved.

Despite such endorsement, the fact that SR involves contributions from such
a variety of linguistic sources raises questions about what SR assesses
beyond PSTM and what can be inferred from the results of sentence recall
tests. Yet instead of trying to eliminate all factors apart from PSTM as NWR
attempts to do, SR can offer a useful alternative approach, by acknowledging
instead various influences on SR and then attempting to quantify their relative
importance, as seen in the following study.

Miller and Isard’s (1962) investigations into the role of syntactic and
semantic rules in auditory perception in adults

Miller and Isard set out to investigate the role of syntactic and semantic rules
in sentence recall tasks and to assess the relative contribution of these
linguistic rules to auditory perception. For this purpose they formulated fifty

grammatical sentences using ten different phrase structures, each structure
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represented by five different sentences. Two structurally identical sentences
included for instance The book explained the complicated mathematical
formula and The club elected the worst possible officers, which, ignoring the
article the, consist of five meaningful words. They then proceeded
systematically to violate the linguistic rules of semantics and syntax. These
generally facilitate recall by limiting the number of alternative words that can
fill particular positions in a sentence. To construct ‘anomalous’ sentences the
authors exchanged words using the five grammatical sentences with identical
sentence structure by taking the first word from the first well-formed sentence,
the second word from the next sentence and so on (e.g. The book elected the
heavy health waltz). They repeated this with all ten phrase structure types,
thereby creating 50 new sentences, which were syntactically admissible but
semantically anomalous. Finally, the authors constructed 50 ‘ungrammatical’
strings by permuting word positions (e.g. Explained the officers bold health
gay the), which violates both semantic and syntactic rules. The resulting 150

sentences were taped and presented to adult subjects in random order.

Responses were scored for both the number of correct ‘principal’ (content)
words (five per sentence) and the number of correct complete sentence
repetitions. Scores of 88.6% for grammatical, 79.3% for anomalous and
56.1% for ungrammatical sentences showed a statistically significant
difference between sentence types as did the corresponding scores for
correct principal words of 97.5%, 95.8% and 88.3% respectively. The authors
concluded that both syntactic and semantic rules are involved in the
perception of sentences, but semantically anomalous sentences are
intermediate in difficulty; harder to repeat than normal sentences but not as

difficult as ungrammatical strings.

The present study

- This study seeks to investigate whether Miller and Isard’s findings can be

replicated with typically developing children. As noted above (Gathercole,
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1995), the dramatic development of memory skills in children between the
ages of four and eight brings changes in the pattern of association between
vocabulary knowledge and NWR. Phonological memory appears to be the
driving force in the relationship at the earlier stage, but vocabulary the

principle pacemaker by the age of eight.

Hanten and Martin’s study (2000) failed to find greater involvement of
phonological components in sentence comprehension in ten-year old children
with head injury than in adults with similar impairments, yet it was suggested
that younger children may nevertheless rely to a greater extent on PSTM for
sentence processing. If this were the case, then sentence repetition accuracy,
with its even greater PSTM component, could be expected to reflect a
different balance between PSTM and long-term language skills in children
compared to adults. If children are not yet adept at using semantic and
syntactic information to chunk and retain information, long-term language
knowledge may not exert the same degree of influence as in adults.
Conversely, an immature PSTM may lead to greater reliance on language
skills when retaining and repeating sentences.

The purpose of repeating Miller and Isard’s study with children is to explore
these questions further. However, in addition to investigating the role of
syntax and semantics, this study examines the role of prosody on sentence
repetition. Prosody plays an important role in sentence processing, too, as
parents speaking with exaggerated intonation instinctively sense. Pauses in
speech and intonation patterns assist chunking of words for ease of
processing. Slobin and Welsh’s (1971) longitudinal study of two-year-old
‘Echo’ noted that if sentences exceeded her productive capacities, emphasis
could lead her to repeat words otherwise omitted. Scholes (1970 in Bonvillian
et al, 1978) found no effect of intonation on children’s sentence repetition.
However, Scholes’ sentences were only three to five words long. Bonvillian et
al.’s own study found that imitation of long sentences (up to 12 words) by

nursery age children was significantly better if sentences were presented with

14



regular as opposed to flat intonation. Children may fall back on intonation to
aid sentence processing when their abilities are stretched in longer
sequences, especially if the rules of semantics and syntax have been
violated. The impact of prosody on sentence repetition is investigated here by
presenting the grammatical, anomalous and ungrammatical sentences with
both regular and flat intonation.

15



METHOD

Research questions and hypotheses

The following questions arise:

To what extent does semantic and syntactic knowledge affect the span of
words recalled and does the prosodic pattern play a role in sentence recall?
The following hypotheses are proposed:

1. Repetition scores (of both content and function words) will be
significantly lower for semantically anomalous sentences than for sentences

that are semantically and syntactically well-formed.

2. Repetition scores will be significantly lower for ungrammatical
sentences than for sentences that are semantically and syntactically well-

formed.

3. Repetition scores will be significantly lower for ungrammatical

sentences than for anomalous sentences.

4. Repetition scores will be significantly lower for sentences delivered

with flat prosody than for sentences delivered with regular prosody.

Design

All 22 participants aged 4.09- 6.11 were tested on the following three
standardised assessments to ascertain that their STM and receptive
language skills fell within the average range:

1. Receptive vocabulary: British Picture Vocabulary Scales (BPVS); (Dunn &
Dunn, 1982)

2. Syntactic comprehension: Test for Reception of Grammar (TROG);
(Bishop, 1983)

16



3. Short-term memory: Digit Span Test from the Aston Index LDA (Newton &
Thomson, 1982).

For the experimental task participants were asked to repeat 20 grammatical,
20 anomalous and 20 ungrammatical sentences matched for vocabulary and
sentence length, which were read out to them by the researcher. All 60
sentences were presented twice, once with regular and once with flat
prosody. Presentation order was varied systematically across children. The
standardised assessments were interspersed between four blocks of test
sentences to break the lengthy list of sentences into manageable parts. The
number of correctly repeated content and function words within each

condition was counted and error types noted.

A two-way within subjects Analysis of Variance (ANOVA) design was carried
out with two independent variables: ‘Sentence type’ with three levels (well-
formed, anomalous and ungrammatical), and ‘Prosody’ with two levels
(regular or flat intonation). The two dependent variables were number of
correctly repeated content words and number of correctly repeated function

words. The study went on to carry out a qualitative analysis of error types.

Participants and selection criteria

The study aimed to recruit between 20 and 30 children of between five and
six years from reception and year one classes. Having obtained ethical
approval and permission from a local suburban state school in North West
London, class teachers distributed consent forms to parents of 54 children in
these classes. The parents of 22 children gave their consent for their children
to participate in the study and to be audio-recorded (see Appendix | and Il for

letter to parents and consent form).

Staff were informed of the study’s purpose and given selection criteria for

possible participants, as the study aimed to investigate STM and language

17



abilities of a range of typically developing children. Children were to be
excluded from the study in the case of a known history of hearing loss, a
major physical disability, diagnosis of moderate learning difficulties or where
English was not the first language. On the basis of staff reports these criteria

were assumed to be satisfied.

Two of the children were included despite being under the age of five, as their
teacher’s reports and standardised test results showed no obvious
differences between them and their peers. Although one child was
subsequently identified as seeing a SLT for a slight language disorder/delay it
was decided to include his data in the study as he met the study’s selection
criteria: testing of receptive vocabulary and syntactic comprehension showed
him to be within the average range (i.e. within 1 SD of the mean). Of the 22
children one was unwilling to complete the test battery and testing was
discontinued.

Materials
BPVS

This assessment aims to measure a child’s receptive vocabulary. A test item
is read out to the child who is asked to select the picture best representing the
test item from a choice of four pictures presented. Test items are a selection
of nouns, verbs and adjectives, which gradually increase in complexity. The

test procedure was followed.

TROG

This assessment purports to measure syntactic comprehension. As the BPVS
had been administered it was not considered necessary to carry out the
TROG'’s preliminary test of receptive vocabulary. For the test proper the child
is presented with four pictures on a page. A sentence is read aloud and the
child is asked to point to the picture best representing the sentence heard.
The test is divided into blocks of four sentences. The correct pictures for all

four sentences of a block must be correctly selected to pass a block. Test

18










































































































































