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There are relatively few studies that have investigated children’s development of consonant
clusters. Those that have (e.g. Allerton, 1976; Powell and Elbert, 1984; Smit, 1993; Gierut,
1999; Gierut and O’Connor, 2002) have focussed largely on word-initial clusters. Indeed,
Chapter 6 was concerned with the development of word-initial consonant clusters and
investigated a child’s cluster development by manipulating clusters in intervention.
However, in English, consonant clusters also occur in word-final positions and there remains
a great deal of uncertainty regarding the development of » these clusters both by children with
normal phonological development and those with difficulties. Most research that has
focussed on final consonant clusters has done so by looking at children’s spelling rather than
focussing on speech production. Treiman, Zukowski and Richmond-Welty (1995)
investigated children’s spelling of words with word-final consonant clusters in order to
access their representations of these sounds. They found that first grade children frequently
had no representations of the first element in word-final clusters, i.e. post-vocalic nasals or
liquids in non-words such as ‘pilt’ or ‘sanch’ were not represented in spelling as separate
phonemes, but rather considered to be attributes of the vowel.

Bridgeman and Snowling (1988) compared the perception of phoneme sequences by
children with dyspraxia with those with normally-developing speech. The research focused
on children’s auditory discrimination of word final clusters [st] and [ts] using a same /

different paradigm with word pairs such as [fits] and [fist]. They found that both groups of

children could discriminate real words equally well, but that the dyspraxic children had
problems in non-word discrimination. Using these word final clusters seemed to pose
particular challenges for the children with speech difficulties. The authors suggested that
this difficulty is due to children having difficulties with sequential aspects of phonological
processing.

In terms of a developmental sequence, word-initial consonant clusters are sometimes
acquired before and sometimes after word final consonant clusters (McLeod, van Doorn and
Reed, 2001). Nevertheless, most normally-developing children have no difficulty in the

perception or production of word-final consonant clusters. Rachel, the child who forms the
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focus of this chapter, presented with age-appropriate language and literacy skills, and speech
that was moderately intelligible to unfamiliar listeners. Closer examination of her speech
revealed that subtle difficulties persisted: she frequently stopped [s] to [t], and also
experienced difficulties in the sequencing of [s]+stop clusters in word-final position. This
chapter attempts to understand the underlying cause of such difficulties, and to describe the
way in which such subtle, yet longstanding difficulties responded to intervention.

A secondary theme of the chapter is that of resilience. Whilst it is known that many
children with persisting speech problems will go on to experience literacy (Bishop and
Adams, 1990) and language difficulties (Bishop and Clarkson, 2003), Rachel was considered
above average in both these areas. She appeared to be resilient in her response to her speech
difficulties. This important — but under-explored concept - is investigated in the chapter.
Section 1 considers Rachel’s background. In Section 2, Rachel’s assessment is described,
and this is followed by sections on macro (section 3) and micro (section 4) intervention
planning. These sections outline the rationale underpinning the intervention, both in terms of
the psycholinguistic focus and the phonological analysis which led to the selection of word-
final consonant clusters as targets for intervention. Section 5 describes Rachel’s intervention
programme. Section 6 is an evaluation of the intervention outcomes, followed by a

discussion of the intervention and associated themes in section 7.

1. BACKGROUND INFORMATION

Rachel was 7;1 at the start of the study and in Year 2 in a mainstream school. Her

involvement in the study continued until she was 8;10 and in Year 4.

1.1. Developmental

Rachel is a right-handed girl whose birth and early developmental history is normal in all
aspects with the exception of her persisting speech difficulties. Her parents reported that she
spoke her first words a little later than her older brother. No hearing difficulties or middle-
ear infections have been reported at any stage. Motor milestones were achieved within

normal age limits. No feeding difficulties were noted.

1.2 Educational
Rachel achieves well at school and is in the ‘top group’ for all her subjects. Her class teacher

describes her as academically well-above average. She is conscientious and hard working.
Rachel’s language and literacy skills are good for her age, and she enjoys both reading and

writing. She has good attention in a one-to-one situation and can generally sustain her
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attention in the classroom situation, although at times she needs to be re-focussed on the task
at hand. IQ results (WASI, Wechsler, 1999) suggest a verbal IQ of 82, a performance IQ of

100 and a full-scale score of 89.

1.3 Medical
Rachel’s medical history is uneventful with no serious episodes of iliness or hospitalisation.
She suffered from asthma when she was younger. She continues to suffer from eczema and

seasonal allergies.

1.4 Speech and language therapy

Rachel was first referred to speech and language therapy at CA 3;9 by her nursery teacher
who found her difficult to understand. Initial assessment revealed good symbolic play and
sentences of three-four words. Her sound system was however, described as extremely
disordered with a limited repertoire of sounds, and consistent fronting, stopping and voicing
affecting her intelligibility. A series of speech therapy séssions was offered with Rachel
attending approximately 7 of these. Rachel was discharged after this input due to non-
attendance. ,

Rachel was referred by her school some 18 months later at CA 5;1 as her reception
class teacher and the school nurse were both concerned about her unclear speech and the fact
that she continued to “mispronounce words, seemingly forming her words in the front part of
her mouth.” Rachel’s class teacher also expressed concern that Rachel’s speech difficulties
were impacting on her ability to read and write. Rachel was re-assessed in January 2000 at
which time it was noted that her concentration was much improved; she was keen to
communicate and used a range of sentence types. Again, major concerns centred on her .
sound system - characterised at this point by immature processes such as fronting, stopping
and cluster reduction, resulting in immature-sounding speech that was unintelligible out of
context. Although Rachel’s family understood her, they recognised that strangers often had
more difficulty. Her parents reported that they had been disappointed by the previous therapy
that seemed to have little effect and focussed heavily on play. The nature of therapy was
explained and it was agreed that Rachel would attend further sessions of therapy focussing
on her speech production.

This ‘block’ of therapy was initiated some 6 months later in June 2000. Rachel (CA.
5:6) attended 5 sessions of weekly (45 minutes duration) therapy which focussed on her
production of phonemes including [k}, [g], [f] and [s]. Articulation therapy was carried out
with Rachel being encouraged to produce the sounds in isolation in the. first instance, then
moving to consonant-vowel (CV) sequences and on to longer words and sentences. Progress

was reported following these sessions and Rachel was placed on the review list to monitor
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her progress in the future. Rachel did not attend her review appointment some three months
later. In November 2000, the school again expressed concern about Rachel’s immature
speech and difficulties in understanding her.

Rachel was then seen in school on a termly basis by a speech and language therapist,
(SLT) with day-to-day work being carried out by a support teacher in the school under the
guidance of the SLT. This work aimed to encourage Rachel to produce [k] and [g], as well
as fricatives such as [s] and [f] which were absent from her repertoire. Rachel remained on
the NHS caseload at the time of the study, and her assessment and intervention was carried

out in close collaboration with her NHS therapist.

1.5 Family

Rachel lives with both parents and is a middle child with two male siblings. Rachel’s mother
stays at home looking after the children. Her father is a long distance truck driver who
spends considerable periods away from home. Rachel’s grandparents live close to the family
and she has a close relationship with them, as well as with her many cousins, aunts and

uncles who live in the same area.

1.6 Social and emotional
Rachel is a quiet girl who sometimes needs to be encouraged to express her opinions in the
classroom situation. In the one-to-one situation with an adult, she was initially shy but once
she gained confidence was talkative and friendly. Rachel has many friends, mainly girls of a
similar age in her class, as well as some older girls in the class above hers. She seems to
form bonds easily with children and adults, and has a kind and caring personality.

Rachel is an insightful, sensitive child who has some awareness of her speech
difficulties. Both her class teacher and her father reported incidents in which she was upset

by other children or adults commenting on her immature speech.

1.7 Summary of background information

Rachel has a normal developmental history with no significant medical or social factors to
report. Academically she is making pleasing progress and has good potential to do well at
school. Rachel has persisting difficulties with her speech production: she spoke slightly later
than her older sibling, and her speech has been a cause of concern to her family, her teachers,
the school nurse and now, increasingly, to herself. Her speech has been variously described
as ‘immature,’ ‘unclear’ and ‘unintelligible to strangers.” Rachel has received speech
therapy - approximately 12 hours of direct therapist contact over the course of ~4 years.
However, difficulties remain and there is concern that Rachel may be at risk for experiencing

spelling and reading difficulties linked to her persistent speech problems.
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2. ASSESSMENT

Assessment was carried out at the start of the study when Rachel was in Year 2 (CA 7;1 —
7;4). The entire assessment procedure was revisited on completion of the intervention, when
she was in Year 3 (CA 8;2 - 8;3) and at long-term follow-up when she was in Year 4 (CA
8:9 - 8;10). Assessment was grouped into four main areas: (1) standardised language
assessment, (2) speech profiling carried out within the psycholinguistic framework, (3)
phonological analysis, and (4) child interview and parent / teacher report. Results of the
standardised assessments are presented in section 2.1, followed by a discussion of the speech
profiling (2.2), speech analysis (2.3) and child interview and parent / teacher report (2.4).

The re-assessments are discussed in the evaluation sections of the chapter.

2.1 Standardised language assessment

The results of the standardised assessments are summarised in Table 7.1.

peech, language and literacy assessment at CA 7;1

Assessment Area tapped Standard Centile Age equivalent

score
Receptive Language
Test of reception of grammar Receptive grammar 104 62.5 9;0
(TROG, Bishop, 1989)
British Picture Vocabulary Receptive 88 22.5 6;2
Scale (BPVS, Dunn et al., vocabulary
1997)
Clinical Evaluation of Receptive language 10 50 Age-appropriate

Language Fundamentals
(CELF- 3), Receptive Subtests
(Semel et al.,1995)

Expressive Language

Renfrew Word Finding Expressive 25 5;8

Vocabulary Test (Renfrew, vocabulary

1995)

Clinical Evaluation of Expressive language 9 40 Age-appropriate

Language Fundamentals
(CELF- 3), Expressive
Subtests (Semel et al.,1995)

Edinburgh Articulation test* Articulation and 77 5:6

(EAT, Anthony et al., 1971) naming

Literacy Measures

Schonell Graded Reading Test Reading single Reading age = 7,9 years
(Newton and Thompson, words

1982)

Schonell Spelling Test Writing single words Spelling age=8;6
(Newton and Thompson, from dictation

1982)

* EAT is designed for use with children up to the age of 6;0. Rachel’s scores were calculated using
this upper age limit although she was 7;1 at the time of the assessment.
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The general speech, language and literacy assessment revealed that Rachel had skills in each
of these areas. Rachel performed slightly below age on both the expréssive and receptive
vocabulary tests. Both Rachel’s reading and spelling skills are beyond what one might
expect for a child her age. Bishop and Adam’s (1990) critical age hypothesis suggests that
children whose speech difficulties persist beyond the critical age of 5,6 are at increased risk
of experiencing literacy difficulties. However, Rachel does not seem to be showing any

literacy difficulties despite these predictions.

2.2 Speech profiling in a psycholinguistic framework

The speech processing profile was used as a framework for this part of the assessment. At
each level of the profile, excluding level C which is not routinely assessed in monolingual
children (Stackhouse and Wells, 1997), at least one assessment was carried out. In some
cases these were standardised measures, and in other cases consisted of unpublished and
non-standardised materials (see Appendix 2). The ticks and crosses on the profile indicate
Rachel’s performance in relation to children of her chronological age, with one tick
indicating age-appropriate skills, and further ticks or crosses showing the number of standard

deviations above or below the mean. The completed profile is presented in Figure 7.1.

2.2.1 Overview of psycholinguistic speech processing profile

Rachel has strengths and weaknesses scattered throughout her speech processing profile, on
both the input and output sides. There is great variability at each level of the profile: she can
do tasks at most levels of the profile and her speech processing system is intact, at least for
the basic requirements. If one considers levels D, I and J (in fig 7.1), Rachel can do some of
the more simple, standardised tests in line with her peers. However, complex and unusual
tasks (e.g. level B, Bridgeman and Snowling’s (1988) non-word discrimination task, see‘

Appendix 2a) outface her.

2.2.2 Strengths

Rachel has good phonological representations and her awareness of the internal structure of
phonological representations (levels E and F, fig 7.1) is adequate. These ‘top-down’
strengths on the input side of the profile are mirrored in the considerable improvement in her
performance on auditory discrimination between real words as opposed to the weaker skills
evidenced further down with non-word auditory discrimination (level B). Rachel’s strengths
are variable in terms of output: She is able to manipulate phonological units (level H) with a
high degree of skill and has adequate sound production skills at the lowest level of output
(level K).
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Figure 7.1 .

Rachel’s speech processing profile at CA 7;1 (from Stackhouse and Wells, 1997)
v = age appropriate performance

X =1 s.d below the expected mean for her age

XX =2 s.d below the expected mean for her age

XXX = 3 s.d below the expected mean for her age

INPUT OUTPUT
F 1s the child aware of the internal structure
of phonological representations? G Can the child access accurate motor
V- Rhyming test (Vance et al. 1994) programmes?
V- PhAB picture alliteration subtest X - Single word naming test (Constable et
(Frederikson et al. 1997) al., 1997)
v - Word-finding vocabulary test (Renfrew
1995)
X - Edinburgh articulation test (Anthony et
rot . al. 1971)
E Ar the'chlld s phonological X - The Bus Story (Renfrew 1969)
representations accurate?

v - Auditory lexical decision task
(Constable et al., 1997)

v - Sorting tasks
H can the child manipulate phonological
units?
¥ - PhAB Spoonerism subtest subtest
e (Frederikson et al. 1997)
D Can the child discriminate between real V- PAT thyme fluency subtest
words? subtest (Muter et al. 1997)

X - Real word discrimination test

(Bridgeman and Snowling 1988)
v - Aston index discrimination subtest

(Newton and Thompson 1982)
V- PhAB alliteration subtest (Frederikson T Can the child articulate real words

etal. 1997
) accurately?

X — Real word repetition subtest
(Constable et al., 1997)

v - Aston index blending subtest - real
Words (Newton and Thompson 1982

C Does the child have language specific ‘ v - Real wo(rdetcst (S:::wlin ) P )

representations of word structures?

Not tested

J Can the child articulate speech without
reference to lexical representations?

B Can the child discriminate speech sounds
the ¢ rimiate Speech soun v - Aston index blending subtest ~

without reference to lexical representations?
XXX — Non-word discrinﬁnat‘i)on test nonwords (Newton and Thompson
(Bridgeman and Snowling 1988) 1982)
X - Non-word repetition subtest

(Constable et al., 1997)
v - Non-words test (Snowling)

A Does the child have adequate auditory K Docs the child have adequate sound
perception? production skills?
- sudiometry ¥ - Stimulable for all sounds

v - Oro-motor assessment (Nuffield
Dyspraxia Programme, Connery et al.
1994)

L Does the child reject her own erroneous

forms?
No
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2.2.3 Weaknesses ,
Most striking is Rachel’s difficulty with the non-word discrimination task (level B,
Bridgeman and Snowling’s (1988) test, see Appendix 2a). Rachel’s score is several standard

deviations below that of her peers. She was able to discriminate between [s] and [t]

segments (e.g. [fos] v. [fot]) but found it extremely difficult to discriminate between

sequences involving these phonemes (e.g. [fost] v. [fots]. Her performance improved when
faced with real words (level D, Bridgeman and Snowling, 1988), although the [st] and [ts]
sequences remained problematic for her even within real words. For the input side of the
profile, auditory discrimination of closely related consonant sequences, particularly in non-
words, is her major weakness. This may have important implications for her new word
* learning, which may explain her lowered vocabulary score in Table 7.1

In terms of output she has pervasive weaknesses in her accessing of some stored
motor programmes, as well as the online creation of new motor programmes (level G) in
non-word repetition tasks. Rachel was able to repeat simple words accurately, but faced
difficulty when words were multisyllabic and required complex consonant sequencing (level
I). Transposition errors were noted on several occasions in the repetition tasks (e.g.
[taetikilo] for CATERPILLAR), and these seem to mirror the sequencing difficulties she faced
with input discrimination. Some authors have suggested that there is no evidence of a direct
relationship between children’s auditory discrimination and their speech output (e.g. de
Montfort Supple, 1983) while others have argued for a close relationship between the two
(e.g. Watson and Hewlett, 1998). In Rachel’s case, there certainly did seem to be a link
between her input speech discrimination errors and her speech output difficulties.
Standardised tests (e.g. Aston index discrimination subtest, Newton and Thompson (1982))
did not pick up the subtle difficulties. The relationship between input and output was

investigated in further detail as described below.

2.2.4 Further investigations
The speech processing profile gave a clear picture of Rachel’s strengths and weaknesses but

it also raised further questions. These were investigated using tasks designed specifically for
the purpose and based on psycholinguistic principles (e.g. see Rees, 2001a).

(a) Is there a link between Rachel’s output problems and her auditory discrimination
difficulties? A test was devised which confronted Rachel with her own speech errors

(e.g. are SEVEN and [devin] the same or different? Are SPOON and [pu:n] the same or

different?). Rachel found it easy to make such auditory discriminations. Locke’s
(1980a,b) procedure (described in Appendix 2a was carried out, which required Rachel
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to make judgements of her own speech errors. Rachel performed well and had a good
representation of many of the words, and some awareness of her own errors. The
auditory discrimination errors she made involved [s], a phoneme which she has not yet
acquired fully. This may suggest a link between input and output — or alternatively it

may reflect the fact that there are few reversiBle consonant pairs in English which

involve sounds other than [s]. Rachel’s auditory discrimination difficulties may be
limited at this stage of her development to reversible consonant clusters - which typically

contain [s].

(b) Rachel had specific difficulties in auditory discrimination of [st] and [ts] clusters, a

©

sequencing problem (e.g. she was unable to discriminate between NEST / NETS). Was
this a general sequencing problem that could be found when other phonetic combinations
were tested or is it specific to [st] and [ts] pairs? In order to answer this question, a
discrimination test consisting of 50 items based on Rachel’s output errors was devised.
Rachel had found it easy to discriminate between words which contrasted two different
segments (e.g. GO v. SO) and where a particular segment was omitted in the minimal pair

(e.g. SO v. OH). All her errors involved sequences of consonants, in particular the
contrasts between [sp] and [ps] (e.g. LISP v. LIPS) or [sk] and [ks] (e.g. FLASK v. [fleeks])
in word final position. Two metathetic errors were also noted (e.g. TOPIC and [ tokip]

were thought to be the same; [bikut]and [bituk] were thought to be the same). Errors
were made on both real and non-word items. Rachel’s input sequencing difficulties
affect not only the sounds used in the Bridgeman and Snowling (1988) tasks ([st] and
[ts]), but also other [s] clusters in word final position such as [sp] and [ps], and [sk] and
[ks].

Is there a link between Rachel’s spelling and her speech? Is she able to spell words with
clusters that she finds hard to produce? How does she cope with non-word spelling tasks
that draw heavily on her phonological skills? Rachel was given a series of words with
word-initial clusters to spell from dictation (Griffiths, 2002). She was able to write all
clusters correctly with the exception of a letter reversal (<br> for [dr]) and <sch> for ‘sq’
in the real words. In the non-word spelling task she made similarly few errors with only
<ql> for [kl], and <g> for [skw]." Her errors suggested a lack of orthographic
experience, and all hér erroneous spellings were logical attempts. There seemed to be no

clear link between Rachel’s speech and her spelling.
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2.3 Speech analysis
PACS (Grunwell, 1985) was used to provide information on Rachel’s speech production. A

summary of the findings is presented in Table 7.2.

Table 7.2
SummarE of Rachel’s sieech data at CA 7;2

Severity indices PCC 96.1%
PVC 100%
PPC 97.5%

Word initial position: all phonemes
Word medial position: all phonemes
Word final position: all phonemes

Phonetic inventory

Stimulability

Phonological processes
analysis (% use)

All phonemes
Developmental processes: stopping (78%), reduction of [s] clusters (72%)

Single word speech
sample

[teetikilo] for CATERPILLAR
[hosbikil] for HOSPITAL
[pun] for SPOON

[kul] for SCHOOL

[deks] for DESK

[ees] for ASK
[t] for ASK
[wi1?] for WITH
[lit] for LEAF
[boid] for BOYS

[didad] for SCISSORS
[6amanwoauntbal.it] for THE MAN WON'T BUY IT
[01smanizwimin] for THIS MAN IS SWIMMING
[1twsgeari] for IT WERE SCARY

[etkwitmit] for AT CHRISTMAS

Connected speech sample

The severity of Rachel’s speech difficulties was estimated at two points before the
intervention: at the start of the macro-assessment, and at the micro-assessment, carried out
~6 weeks later. PCC (percentage of consonants correct), PVC (percentage of vowels
correct) and PPC (percentage phonemes correct) were used'”. The difference between these
scores at the two pre-intervention points was not a significant one indicating a stable pre-
intervention baseline. The severity indices suggest that Rachel’s speech difficulties are very

mild. Nevertheless, she does have some specific difficulties: Rachel found it hard to produce
longer, multisyllabic words. Sequencing errors (e.g. [teetikilo] for CATERPILLAR) and other
sound confusions (e.g. [hosbikil] for HOSPITAL) were frequently noted in words with 3 or
more syllables. Cluster reduction was observed on some occasions but limited only to

simplification of [s] clusters. This process occurred both word-initially (e.g. [pun] for

' following guidelines from Dodd (1995) and Shriberg et al. (1997¢) and discussed in greater detail in
Chapter 9 on intelligibility.
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SPOON, [kul] for SCHOOL) and word-finally (e.g. [&s] or [et] for ASK). Cluster reduction of
[s] clusters occurred for 72% of possible instances. In the word-final position, she was also
frequently noted to include all elements of the [s] cluster but in a reversed order (e.g. [deks]
for DESK).

Stopping of [s] was a frequent feature of Rachel’s speech (e.g. [didad] for SCISSORS)
and occurred in all word positions for approximately 78% of possible instances. Some

inconsistent stopping of [6, f and z] was also noted on occasion (e.g. [wi?] for WITH; [lit]

for LEAF, [boid ] for BOYS).

Rachel’s difficulty with [s] production both in isolation and in clusters is the most
striking aspect of the speech analysis, and one that may affect her intelligibility. The
intervention programme focused on [s]. But the question still remained whether to address
this phoneme in isolation (with possible generalisation to clusters, or clusters being taught at
a later date) or to address [s] clusters in the hope that generalisation to [s] in isolation will
occur. This question is considered in greater detail in the micro intervention planning
section.

In terms of Dodd’s (1995) classification system, Rachel did not meet criteria for
inconsistency since she showed only 20% inconsistency in tasks requiring her to name items
on more than one occasion over the course of a session. Dodd (1995) and Dodd, Hua,
Crosbie, Holm and Ozanne (2002) suggest that 40% or more inconsistent productions are
required over the course of a single session in order to consider a child in the inconsistent
group. Rachel’s oro-motor skills and articulation of individual phonemes are normal. Her
phonological errors are all developmental ones expected from a younger child, with no
unusual error patterns (Dodd et al., 2002) noted. This cluster of characteristics suggests that

she is a child with consistent, delayed speech.

2.4 Child interview and parent / teacher report
This part of the assessment aimed to obtain impressions of Rachel’s speech from Rachel
herself, her class teacher and parents. As with the other assessments, this information was

used to assist with intervention planning and to evaluate the outcome of the intervention.

2.4.1 Child interview

Rachel was interviewed in a semi-structured way with the aim of discovering more about the
following areas: (1) her experience of speech and language therapy, (2) her perception and
awareness of her own speech, (3) her perceptions of communication more generally, and (4)

her attitudes to literacy. This interview procedure was carried out midway through the
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intervention programme at CA 7;8 when a rapport had been established (see Appendix 3).
Rachel was aware of her speech difficulties and acknowledged that [s] was often hard for her
to say, as well as [f] and some ‘other long words.” She was concerned that she sounded like
a younger child and that people would perceive her as ‘a baby’ because of her speech
difficulties. The results of the second interview appears in the evaluation section (Section 6)

for comparison. Table 7.3 summarises the main findings of the first interview.

Table 7.3
Summary of findings from Rachel’s semi-structured interview carried out midway through

intervention at CA 7:8
Arca of questioning Main findings Examples of Rachel’s

response

Rachel’s experience of SLT

e  Present Enjoys therapy a great deal “it’s the best thing I've ever done
at school”
Enjoys all games and likes reading | “I like the games”
Doesn’t enjoy spelling especially “don’t like ... writing everything”
doing the lengthy baselines
e Past Remembers previous therapy and “was nice”
therapists well
Rachel’s perception and awareness | She needed to come to speech “to help with ‘s’
of own speech mainly because of not being able to
say ‘s’
She can do it now “I can do it now”

She likes talking both in the
classroom and to her friends

Rachel’s perceptions of She enjoys both talking and “talking is nice; listening is nice”
communication more generally listening

Most people in England talk the
same language but people in other
countries talk different languages.
She was aware of a child in the
school who does not have English
as a first language

Rachel’s attitudes to literacy Reading is easy and fun for her. “I like reading... reading
everywhere ”
Writing is more challenging “‘sometimes you can’t spell some
words... And sometimes you don’t
do enough”

Reading and writing are both

e
important for success you get clever ... and you can get

to know more words, and ... be

right clever’’

2.4.2 Teacher report
Rachel’s class teacher was unable to complete Bishop’s (1998) Children’s Communication

Checklist due to time constraints. However, informal discussion with Rachel’s Year 2

teacher at the start of the project suggested that concerns about Rachel’s speech were
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relatively minor. She was considered to be ‘almost always intelligible.’ [s] was cited as a
problematic sound for Rachel, although the teacher thought that there might be other sounds
that were not always clear. Rachel was described as being sensitive about her slightly
delayed speech. Her academic abilities were described as excellent and her language - both
written and oral — were considered by her teacher to be amongst the best in the class.

In order to provide further information about Rachel’s academic progress over the
course of intervention, her SATs results were obtained for the assessments carried out prior
to intervention (CA 7;3). Rachel obtained 2A for numeracy and 2B for both reading and

writing. These scores are discussed in further detail in the evaluation of the intervention.

2.4.3 Parent report

Rachel’s parents were concerned about her speech at the start of the project. They
acknowledged that she had improved greatly, but were uncertain as to whether this
improvement was due to age or because of the speech therapy she had had. They reported
that her family and close friends always understand her, and her intelligibility was not a great
concern to them. However, they were concerned that she had become increasingly aware of
her ‘babyish’ speech and on several occasions has been upset because she was mistaken for a
younger child or misunderstood by strangers. They wanted intervéntion to improve the
clarity of her speech and for her to talk like other children of her age. They had no concerns
about Rachel’s understanding of language or her more general communicative and academic

abilities.

3. MACRO INTERVENTION PLANNING

Intervention planning focused on three main areas with each one serving as a rationale for.
the work carried out. These included (1) a psycholinguistic rationale which aimed to answer
the question: “What aspects of the speech processing profile should be worked on?”, (2) a
phonological rationale which aimed to answer the question: “Which aspects of the sound
system should be targeted, and (3) a more general child-centred rationale which aimed to
answer the question: “What other aspects important to the child should be taken into

account? Each of these is discussed in the sections that follow.
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3.1 Psycholinguistic rationale — What aspects of the speech processing profile should be
worked on?

Rachel’s main deficits were mapped from the speech processing profile onto the Stackhouse
and Wells (1997) speech processing model. Rachel’s main areas of deficit are shown in

Figure 7.2.

Figure 7.2
Speech Processing Model (from Stackhouse and Wells, 1997) showing Rachel’s main areas
of difficulty at CA 7;1

- .—’ semantic
representation |
phonological motor
representation program
S e
phonological | motor
recognition programming

phonetic
discrimination

|
speech/non-speech motor planning
discrimination
4
ripheral | i
p:udpitorv ] motor execution
processing

b

Rachel has difficulties with both input and output: phonetic discrimination, stored motor-
programmes and her online motor programming and planning skills are all areas that were
noted as problematic on her profile and which intervention needed to address. Figure 7.2
shows that phonological recognition is problematic for Rachel as measured by the
discrimination tasks (level B and D in Figure 7.1). Her stored knowledge of phonological
representations and semantics were relatively good. However, her stored motor programmes
and online motor-programming are circled as problematic since her scores on levels G, I and
J were lower than her peers in Figure 7.1. Because of the uncertain relationship between
input and output, and the likelihood that these deficits have affected Rachel’s speech
processing in a circular way, both input and output were considered as targets, i.e. to work

on the speech processing system as a whole (Waters, 2001). Rachel’s intervention was
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required to carefully affect positive change in the areas of weaknesses, using the stronger
areas to gentle ‘scaffold’ the desired change.

One part of Rachel’s intervention programme specifically addressed her auditory
discrimination skills. Using the strengths of her peripheral auditory processing and her
literacy skills, Rachel will be given the opportunity to reflect and discriminate between
closely related word pairs. A parallel aim of the programme will be for Rachel to produce
words in a carefully supported way. It is hypothesised that Rachel has established inaccurate
motor programmes for familiar words, and it is likely to be difficult to modify these habitual
patterns immediately. By teaching Rachel new words using a multi-faceted approach that
taps her strengths of semantic knowledge and literacy, new and accurate motor programs can
be built up, and may ‘shake-up’ the already existing inaccurate programmes. This will also
provide Rachel with an opportunity to reflect on her own speech production and to improve
her self-monitoring skills (see Fig 7.1, level L). The third aspect of the programme will aim
to combine the input and output skills. Rachel will be given opportunities to discriminate
between closely related word pairs as well as encouraged to produce stimuli items. Again,
many of these words will be unfamiliar to her. Drawing on Rachel’s knowledge of written

forms as well as her semantic knowledge will support the process of new word learning.

Table 7.4 summarises the psycholinguistic targets of intervention.

Table 7.4

Rachel’s intervention tasks and each one’s psycholinguistic focus

Intervention Example of tasks Aspects of speech processing model

targeted

Speech treatment ‘Meaningful minimal | Mainly targets: motor programming and
pair therapy’ (e.g. stored motor programmes. Also involves
following Weiner, motor planning at connected speech level.
1981)

Auditory Listening and Mainly targets: phonological recognition

discrimination posting games (e.g. skills

treatment see Waters, 2001)

Speech and auditory | Combination of Mainly targets: phonological recognition,

discrimination above tasks motor programming and stored motor

treatment programmes.

3.2. Phonological rationale - Which aspects of the sound system should be targeted?
Research has shown that teaching consonant sequences improves singleton production, while
the reverse does not seem to occur (Barlow, 2001). In Rachel’s case, intervention would be
more efficient if it addressed clusters, given that the singleton [s] should then improve too.
If [s] was addressed in isolation, it seems unlikely that her [s] cluster production would also

improve. Rachel has specific difficulty in discrimination of consonant sequences (rather
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than auditory discrimination of single segments) and work on production would then be
linked and supported by similar work on auditory discrimination. Research by Gierut (1999)
found that treatment of [s] + stop clusters did not promote widespread change across all
consonant sequences, while treatment of other consonant sequences did. This suggests that
[s] + stop clusters are different to other clusters, and require specific intervention to promote
their accurate production. [s] clusters are frequently described as adjuncts: consonants
adjoined more loosely to a word than a true cluster (Barlow, 2001; Velleman, 2002). The
special status of [s] clusters has been supported by treatment studies which have found that
treatment of these adjuncts does not result in generalisation to other clusters (Gierut, 1999).

' Furthennore,‘it has been noted that the adjuncts as a group may be acquired before other
clusters, or after — but essentially that they can be clearly distinguished as a group from the
other clusters. '

Research (e.g. Ferguson, 1978; Edwards, 1983; Grunwell, 1985; Redford,
MacNeilage and Davis, 1997) has suggested that some phonemes emerge first in word-final
position before becoming established in word-initial position, and in other cases the reverse
is true. When considering word-position, there is some evidence to suggest that [s]
production is easier for children acquiring this phoneme in word ﬁnal position. Indeed,
when gathering baseline data for the intervention it was noted that Rachel was already able
to produce [s] as the final segment in some CVC words. However, Rachel found it
challenging to discern differences between sounds in the word final position, which may be
less acoustically salient than sounds in word initial position. The present intervention
programme aimed to address [s] cluster production word finally, and auditory discrimination

of these sounds in the word final position since in addition to the reasons outlined above,
there are few words in English with reversible [s] clusters word initially (e.g. SPIN -> [psin],

but NEST -> NETS).

3.3. Child-centred rationale - What other aspects important to the child should be
taken into account?

Rachel was becoming increasingly aware of her speech difficulties, and her parents and
teacher mentioned that she was sensitive about sounding like a younger child. The
intervention programme aimed to build her confidence in terms of her strengths (i.e. her
good language and literacy skills). She was motivated to change her speech and could thus
be considered as a partner in therapy with the nature and goals of activities made explicit.

Rachel was performing well academically and her literacy skills were good for her age.

' This chapter refers to [sp], [st] and [sk] as ‘Clusters’, with awareness that the term ‘adjunct’ may be
linguistically more appropriate.
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Since her speech difficulties place her at increased risk for experiencing difficulties in these
areas (Bishop and Adams, 1990; Bishop and Clarkson, 2003) her progress and skills in these
areas should be carefully monitored. She has been resilient in terms of her response to her
speech difficulties to date, and this resilience might be investigated further in terms of her

learning style and personality as she progresses in therapy.

4. MICRO INTERVENTION PLANNING

Four lists of stimuli were devised, with three treatment lists and seven control lists.

The requirements for each of the treatment lists were as follows:

(a) Each list consisted of 10 monosyllabic CVCC or CCVCC words. Although CVCC
words were preferred, in some cases CCVCCs had to be used. Where this was the
case these were balanced across the lists.

(b) Each list represented a different [s] cluster: List A represented the cluster [sp]; list B
contained the [st] words, and list C contained the [sk] items. The words had these
clusters in the word-final position. ‘

(¢) Words were matched across the lists in terms of the Kucera-Francis written
frequency (MRC Psycholinguistic database'’) and for spelling irregularities.

(d) Words familiar to Rachel were preferred, but whefe this was not possible due to
phonetic constraints, familiarity of words was balanced across the three lists.
Rachel’s familiarity with the words was determined by picture-naming and
discussion.

(e) Words which could have the final consonant clusters reversed to yield a real wofd
(e.g. CLASP -> CLAPS) were favoured, although this was not possible for all items.

(f) Each list of words was treated in a different way: List A was randomly selected as
the speech-only treatment list. List B was randomly selected as the discrimination-
only treatment list, and List C as the discrimination and speech treatment list.

The three stimuli lists are presented in Table 7.5

17 http://www.psy.uwa.edu.au/mrcdatabase/uwa_mrc.htm
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Table 7.5
Rachel’s stimuli lists for treatment
List A: [sp] List B: [st] List C: [sk]
Speech treatment Auditory discrimination Auditory discrimination and
treatment speech treatment
CLASP HASTE RISK
GASP WEST DESK
LISP GUST DISK
CRISP BOAST BRISK
CusP JEST CASK
GRASP VEST TASK
RASP FEAST FLASK
WASP ROOST DUSK
WISP CRUST KIOSK
UNCLASP RUST TUSK

Each therapy session addressed a subset of the items from each list using the appropriate
treatment method. The amount of input for each list was balanced as closely as possible, e.g.
if two items from list A (speech treatment) were worked on for 20 minutes in a session, then
two items from list B (auditory discrimination treatment) would be worked on for a similar
amount of time, and two items from list C (speech and auditory discrimination treatment)
were worked on for the same length of time.

The main aim of the intervention was to improve Rachel’s speech processing so that
she was able to discriminate closely related sounds more accurately, and also to improve the
accuracy of her speech production for consonant clusters. The intervention was designed to
facilitate these aims, and in addition to allow for comparison in the change brought about for
each list. More specific questions that were posed regarding Rachel’s intervention included
the following:

1. Will the auditory discrimination of [sp] items improve in addition to the targeted
aspect of speech?

2. Will the production of [st] words improve in addition to the targeted aspect of
auditory discrimination?

3. Will [sk] words improve more readily in terms of both input and output than the

other two lists?

In addition to these questions, further questions were asked with regard to generalisation:
(a) This intervention programme was heavily focused on consonant clusters in the word
final position. Will there be generalisation to the same clusters in word initial speech

production (e.g. SPOON)? Will the frozen motor programmes be updated to more

accurate realisations?
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(b) Will Rachel’s online motor programming and planning improve so that she is able to
accurately produce non-words which contain the treated consonant clusters?

(c) Will generalisation extend to other untreated [s] consonant clusters (e.g. [spr], [sn])?

(d) Will singleton [s] production improve as a result of the cluster treatment?

(e) Will production of other problematic fricatives (e.g. [z], [0] and [f]) improve as a
result of the fricative [s] treatment?

(f) Will auditory discrimination of closely related words and non-words improve

generally?
(g) Are Rachel’s speech difficulties reflected in her spelling? And would improved

speech output result in improved written forms?

The seven control stimuli lists were designed in order to answer these questions. These
items were not treated in the intervention programme but used as controls to assess change
occurring within the speech processing system between pre- and post- intervention phases.
The five control wordlists are presented in Table 7.6. As for the stimuli items shown in

Table 7.4, these were selected to meet criteria outlined in that section, where possible.
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Table 7.6

Rachel’s control stimuli for assessment pre- and post-intervention, to be used to answer a

range of research questions

Question

Controls items used to answe

r questions

(a) Will there be generalisation to the same [S‘;I:ICK E:I{AK lgs‘z‘chu
clusters in word initial speech production? SPIKE STAED SRUNE
SPACE STAR SKI
SPANNER STOOL SKIRT
SPADE STAIN SKATE
SPARK STALK SKELETON
SPOKE STATUE SKIN
SPONGE STATION SKINNY
SPOON STEAM SKIP
SPIDER STEP SKITTLE
(b) Will Rachel’s online motor programming | [sp] [st] [sk]
and planning have improved so that she is [:f‘““p] [dest] [Zmi]
able to accurately produce non-words which {r:;';]] EZELSS'[]] }kz::kll
contain the treated consonant clusters? fhassp] [vist] firiank]
[tesp] [bist] [fausk]
[kasp] [Ozst] [O1sk]
[Oasp] [fest] [d3esk]
[d3pst] [kust] [lask]
[lusp] [hust] [tfusk]
[hausp) [d3pst] [reisk]
(c) Will generalisation extend to other [sn] [sm] (sl
: 9 SNORE SMASH SLIME
untreated [s] consonant clusters? SNATL SHIGRE ST
[sw] [skw] [str]
SWITCH SQUIRREL STRAWBERRY
SWAN SQUARE STRONG
[ser] [spl] [spr]
SCRATCH SPLIT SPRAY
SCRUB SPLASH SPRING
(d) Will singleton [s] production improve as ::’)g;d initial ::’::;g: word x\(;"':d final
a result of the [s] cluster intervention? SKDBLE CSSEMFTY NEOUSE
SALAD BASKET CROSS
SEAL BISCUIT ADDRESS
SALT PLASTER CLASS
SARDINE MONSTER GRASS
SAW ANSWER OCTOPUS
SECOND FATSO TENNIS
SINGER ASTHMA PALACE
SOAP BASIN CIRCUS
SAUSAGE WHISPER
CASPER
MUSCLE
SAUSAGE
i i icati [z] 0 [f]
.(e) Will production of other_ frlgatlves L - £v er — . —
improve as a result of the fricative [s] Rk hi bisiol
treatment? ZEBRA THIN ROOF
ZED Within word GIRAFFE
ZERO TOOTHBRUSH CALF
=5 TOOTHPASTE KNIFE
Within word Word final
BIESIC MOTH
EASEL TEETH
POISON
PIZZA
RAISIN
DAISY
PUZZLE
BLAZER PRISON
COUSIN
Word final
MAY’S
MAZE
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Table 7.6 cont. Rachel’s control stimuli

SIZE
SIGHS
BANANAS
ROSE
BUZZ
LAZE
LAYS
BRUISE

(f) Will auditory discrimination of closely [sp] [st] [skl]

related non-words improve generally? [husp] [hups] [dust] [drts] [gosk] [goks]
[d3zsp] [d3zeps] | [d3erst] [d3ents] | [fisk] [fiks]
[vusp] [vups] [kest] [kets] [mesk] [meks]
[besp] [beps] {fost] [fots] [pusk] [puks]
[tisp] [tips] [blexts] [blexst] [disk] [diks]
[kssp] [ksps] [nust] [nuts] (tfask] [tfaks]
[masp] [maps] [Bust] [Buts] [lausk] [lauks}
[@osp] [6ops] [Iost] [lots] [waisk] [waiks]
[waisp] [worps] [hest] [hets] [hesk] [heks]
{rosp] [rops] [brst] [bits] [tausk] [tauks]

(g) Are Rachel’s speech difficulties reflected | Control items from (a), (c), (d) and () above

in her spelling? And would improved speech

output result in improved written forms?

For each of the treatment stimuli lists and the control stimuli, Rachel was required to carry
out the following tasks:
(a) picture naming, where the word was real and familiar to Rachel, and / or repetition
for unfamiliar words
(b) spelling of the item to dictation and with picture support where possible

(c) auditory discrimination of non-word minimal pairs using a same different paradigm,

e.g. are these the same [husp] / [hups]?

These measures constituted the micro evaluation, which was carried out at three points in the
study:

* TI: pre-intervention when Rachel was CA 7;2-7;3

» T2: post-intervention at short-term follow-up when Rachel was CA 7;8

= T3: post-intervention at long-term follow-up when Rachel was CA 8;10.

Figure 7.3 shows the design of the intervention.

Figure 7.3
The design of Rachel’s intervention programme

INTERVENTION
Tl {spl | (st] | [sk] T2 T3
addressed in each session using Assessment
Assessment thres different treatments Assessment
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S. INTERVENTION

5.1 Overview of intervention

Rachel received a total of 10 hours of intervention: ten sessions of 1 hour each. Each session
involved work on three [s] + stop clusters in the word-final position. Each cluster was
associated with a different treatment, i.e. [sp] was given speech-only treatment; [st] was
given an auditory discrimination treatment, and [sk] received treatment addressing both input
and output. Reading and writing were used in all the interventions. Rachel was seen on a
twice-weekly basis in school. Sessions were carried out in a quiet room with only the
therapist and Rachel present. Each session was structured so that equal amounts of time
were spent on each of the three wordlists, and the same number of words were addressed
from each list at each session. Rachel was 7;7 at the start of the intervention itself and was

7,11 on completion of the final intervention session.

5.2 Intervention report

Each session aimed to work on a subset of speech items (list A, Table 7.5), a subset of items
from the auditory discrimination list (list B, Table 7.5) and a subset of items from the speech
and discrimination list (list C, Table 7.5). The therapist aimed to spend equal amounts of
time on each of the lists, and from session to session the order of activities used to target
each list was varied. Table 7.7 presents a summary of the sessions carried out together with
comments on Rachel’s progress and an indication of the type of activities carried out in each

session.

Table 7.7
Summary of Rachel’s intervention sessions

Session  Targets Comments
no. List A words: speech treatment

List B words: auditory

discrimination treatment
List C words: speech and
discrimination treatment

| A: CLASP; UNCLASP

Spoke about these new words: Rachel preferred to use ‘grab’ and needed
to be encouraged to say the correct targets initially. Many reversals were
noted (e.g. [klaeps] for CLASP). Spelling was used to support these
attempts by placing these on the table while saying the words.

B: HASTE; RUST Rachel found these auditory discrimination tasks relatively easy,
although initially hesitant with HASTE/HATES.
C: RISK; TUSK The same activities used for lists A and B were combined with the list C

items. The spelling activity assisted Rachel with her speech production.
She is confident about her writing. Speech production of RISK was
excellent, but she found TUSK harder and persisted with saying [tuk.sk].
Rachel had to say either RISK or RICK'S and I would point to the item in
question. She scolded me for making some mistakes, even though I was
doing exactly what she had said: her representations are accurate.

2 A: WASP, CRISP Rachel found speech production of these items hard. Spelling helps a
great deal and she uses this effectively as a support.
B: WEST, BOAST Rachel did well with the auditory discrimination tasks and needed

minimal support to perform the listening tasks required of her.
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Table 7.7 cont. Summary of Rachel’s intervention sessions

C:

DUSK, FLASK

Her auditory discrimination was excellent but her speech production was
inconsistent. '

3 A:

WISP, LISP

Rachel learnt these unfamiliar words quickly and was soon able to use
them appropriately in sentences. Speech production was carried out
using letters on the table to physically mark out the difference and what
the sequence of phonemes should be. I encouraged her to use a less
exaggerated [s] now but she found this very hard. It seems to be the swift
change from ‘s’ to ‘p’ that is challenging for her.

: CRUST, JEST

Rachel needed encouragement to make accurate distinctions but was
soon doing so with ease. She has improved in her ability to discriminate
these similar sounds — will this improvement cross over into her speech
at some point?

: BRISK, DESK

Rachel did not know what a desk is. Good auditory discrimination
following practise but finding speech much more challenging. She tries
very hard and concentrates well in the sessions.

: GASP, CUSP

: GUST, VEST

Rachel found these words hard to remember and use. We played a
‘barrier’ game which involved giving instructions from behind a screen.
We both got confused! Using written letters as cues afterwards was a
great help. Rachel then attempted the words without the cues, and was
able to do this with careful planning. Her confusion with the order of
those final sounds was evident as she spent a long time thinking about
the spellings.

Continues to do well with this type of task — she is quite enjoying this
now whereas she found it hard. She said that she finds it easy because
she imagines a VEST and then she imagines VETS. This indicates her top-
down semantic strengths and why the non-word tasks are harder for her.

: TASK, DISK

These words were incorporated into relevant activities as appropriate.

: GRASP, RASP

As expected, Rachel finds the vocabulary challenging. The clusters
remain hard unless [s] is prolonged. However, have noted that she is
getting [s) as a singleton more frequently in SIWI and SFWF pasitions.

: FEAST, ROOST

We played an active game today which involved jumping on squares of
paper around the room depending on whether sounds were the same or
different. Rachel performed well on the task, achieving 100% success.

0

: KIOSK, CASK

Again, the new vocabulary is challenging for Rachel but she did well
and achieved some success.

: whole list

Revision of all 10 words. Rachel was able to remember 8/10 words and
their meanings. She had difficulty in saying all the words correctly, but
is able to order the sounds in an appropriate sequence by using written
letter cues. Her [s] production has improved a great deal.

: whole list

Rachel has done very well with the auditory discrimination activities,
achieving an average of 80% correct discriminations. She has moved
from hesitant responses to more confident judgements.

: whole list

More new words have been learnt in this category. The discrimination of
these words is much easier for Rachel than the production of the words
but she has tried hard and seems to have increased awareness of the
importance of sequencing consonants.

7 A:
WASP, GASP

LISP, WISP, CRISP,

Review of the speech targets following the school holidays. Rachel had
managed to remember the words and was able to say all words in this. list
correctly. She was not needing to lengthen the ‘s’ as we were doing
previously. Perhaps she needed the break to consolidate her skills.

B:
GUST, FEAST

VEST, JEST, CRUST,

Reviewed the meanings of these words and then played a game with
Rachel listening to my speech and deciding if the pronunciation was
accurate. Rachel made only three errors in total (~80% correct). We
tried listening with a speech amplifier and she said it was easier.

C
KIOSK, TUSK

TASK, FLASK, DISK,

Comments as above apply to these words: Rachel has remembered most
of the words and could produce them accurately. She could not
remember meanings of DISK and KIOSK, and also found these the hardest
words to say.

8 A:
RASP, UNCLASP

CLASP, CUSP, GRASP,

Today we used the computer. Rachel made sentences and found pictures
for each of the targets. She named words in isolation as well as in
sentences, and said it was easy for her to do. She achieved ~80% correct
for both single word speech uction and connected h.

B:
ROOST, RUST

HASTE, WEST, BOAST,

Rachel used the mouse to click on target words and foils. [ said the
words and she was required to group them into (st] and [ts] categories.
We tried with her looking at the spelling, and then not looking and just
listening. She achieved 100% accuracy.

C
CASK, DUSK

RISK, DESK, BRISK,

Words in this list were included in both games described for A (speech)
and B (auditory discrimination) above. She did well with both activities
although BRISK was hard for her to say and discriminate from BRICKS.
This may be because of phonological complexity (clusters W1 and WF)
and difficult meaning.
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Table 7.7 cont. Summary of Rachel’s intervention sessions

9 A: LISP, WISP, CRISP, Another computer session t(?day, fogu_sjng on a story written using the
WASP. GAS target words. Rachel filled in the missing words and produced these
» GASP both as single words an in sentences. The task became more challenging
for her with the sentences.
B: VEST, JEST, CRUST, mm (:n ngbditory discrimination questions linked to the story. Rachel
i .
GUST, FEAST
C: TASK, FLASK, DISK, These words were incorpf)rat.ed i?l both activitie's described above. )
KIOSK. TUSK Excellent speech production in single words; slightly more challenging
’ in sentences. Rachel says that KIOSK is the hardest word to say and write.
10 A: CLASP, UNCLASP, CUSP, Rev;ssit;:l of :htor:{l f:o:;‘: ;:;edv::\dns st?ssion; follow::j l?y.:ievli?im]n olf altLr other
words from this list. No uction of one word initial [sp) cluster in
GRASP, RASP the story.
B: HASTE, RUST, WEST, Revision of auditory discrimination items from previous session and
BOAST. ROOST linked to story. No difficulties noted.
C: RISK, DUSK, BRISK, ‘Revision of items from previous session. Coped well with remaining
DESK. CASK items in terms of both input and output tasks.
6. EVALUATION

This section focuses on the outcome of Rachel’s intervention programme. Section 6.1. is a
micro evaluation of the intervention study and aims to look at the specific changes in treated
stimuli and untreated control items outlined in Section 4. The section starts with an
overview of the micro evaluation (6.1.1), before considering speech (6.1.2), épelling 6.1.3)
and auditory discrimination (6.1.4) in turn. Section 6.15 summarises the findings from the
micro evaluation. Section 6.2 provides a macro analysis of the intervention, aiming to
outline broader benefits in the following areas: Standardised language assessment (6.2.1),
speech profiling in a psycholinguistic framework (6.2.2), speech analysis (6.2.3), and the
child interview and parent / teacher report (6.2.4).

6.1. Micro evaluation
Rachel was reassessed at three intervals during the intervention study: pre-intervention at CA
7,1, and following 10 hours of intervention which took place twice-weekly over the course
of 2 — 3 months. The post-intervention evaluations took place at T2 when Rachel was 7;8
and at T3 when she was 8;10. The micro evaluation involved the following tasks:
(a) picture naming, where the word was real and familiar to Rachel, and / or repetition
for unfamiliar words
(b) spelling of the item to dictation and with picture support where possible
(c) auditory discrimination of non-word minimal pairs using a same different paradigm,
e.g. are these the same [husp] / [hups]?

The results for these assessments are described below.

323




Chapter 7: Rachel

6.1.1 Overview

Table 7.8 gives an overview of Rachel’s progress on treated and untreated stimuli by
comparing the percentage of target phonemes correct in her speech, spelling and auditory
discrimination at pre-intervention assessment (T 1) with scores obtained on completion of the
programme at T2 (short-term follow-up), and at T3 (long-term follow-up). The scoring

procedure focussed specifically on the target clusters, not on the remainder of the word. One
point was awarded for each correct target cluster (i.e. [sp], [st] and [sk]). Raw scores were

converted into percentage. The data for the untreated stimuli in Table 7.8 are limited to the
words with the clusters in the word-initial position and for the non-words with the clusters in

word-final position.

Table 7.8
Overview of Rachel’s performance in speech, spelling and auditory discrimination
'lVl 'l‘z Il“‘
Pre-intervention Post-intervention Post-intervention
% of target phonemes % of target phonemes % of target phonemes
correct## correct® L correct®E

Treated Untreated | Treated Untreated Treated Untreated

stimuli controls stimuli controls stimuli controls

Speech: (mean) (13.3) (16.6) (93.3)* (81.6)* (93.3)* (95)%,+
[sp] 0 5 80* 05% 100* 100*
[st] 30 45 100* 55 90* 90%*, +
[sk] 10 5 100* 95% 90* 95*_M

Spelling: (mean) | (36.6) | (75) | (96.6)% |(883)  |(86.6)* |(85)
[sp] 10 80 100* 95 80* 95
[st] 80 80 90 90 90 75
[sk] 20 65 100* 80 90* | 85

Auditory : : ; SR ] e B

discrimination: Vg o

(mean) (43.3) (03:3) 0 | N (80,6) %4
[sp] 20 80* 100*
[st] 40 70 90*

[sk] 70 40 70

** The scoring procedure focussed specifically on the target clusters, not on the remainder of the word. One
point was awarded for each correct target cluster (i.e. [sp], [st] and [sk]). Raw scores were converted into %.

* paired with T1 results (p<.05)
+ paired with T2 results (p<.05)

A two-way mixed between-within subjects ANOVA was conducted. There was a
statistically significant main effect for time for both speech [F (2, 87) = 60.348, p< .001] and
spelling [F (2, 87) = 20.107, p< .001]. Both Rachel’s written and spoken production of the
targeted clusters had changed over the course of the intervention programme. The effect size
for speech (eta squared = .581) was slightly greater than that for spelling (eta squared =
.316), but both are large effects (Cohen, 1988).

Paired samples t-tests were carried out to compare performance on stimuli lists at

two points in time. In terms of speech, it was found that Rachel’s production of the treated
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stimuli had improved significantly from T1 to T2 (t(29)=-5.385, p<.001) and from T1 to T3
(t (29) = -5.592, p<.05), although not from T2 to T3 after intervention ceased. For the
untreated items, significant improvements were noted when comparing T1 with T2 (t(79) =
-4.222, p<.0S), and T2 with T3 (t(79) = -3.414, p<.05) showing that overall the intervention
was effective and that the greatest gains were made after intervention had ceased, between
the follow-ups. _

In terms of speech production for individual phonemes, it can be seen that Rachel’s
production of [sp] and [sk] changed significantly from T1 to T2 (t(9)=-6, p<.001), and from
T1 to T3, with no further gains noted between T2 and T3 after intervention had ceased. The
treated [st] words responded in a similar way to the other two clusters, with significant gains
made from T1 to T2 (t(9)=-4.583, p=.001) and when comparing scores at T1 with those at
T3 (1(9)=-2.714, p<.05). The untreated [st] words were slower in their generalisation
response to treatment: no significant gains were noted from scores at T1 to T2, but
significant improvement was noted from T2 to T3 (t(19)=-3.199, p=.005) and when
comparing T1 and T3 (t(19)=-3.943, p=.001). '

Rachel’s spelling of the treated words improved significantly from T1 to T2 (t (29)
=-6.595, p<.005), and T1 to T3 (t (29) =-4.785, p<.005), with no significant changes
occurring between T2 and T3. This suggests that the intervention was effecfive in bringing
about improvements in the accuracy of her written representatfons. For individual clusters it
can be seen (as indicated by the * in Table 7.8) that [sp] and [sk] improved significantly
from T1 to T2 (t(9)=-6.0, p<.001) and from T1 to T3 (t(9)=-4.583, p=.001). No significant
changes were noted across intervention for the [st] items in terms of spelling. Further, no
significant changes were noted for the untreated spelling items across these measurement
intervals, but Rachel’s spelling of the untreated items at T1 was significantly better than her
spelling of the treatment words (t(52)=-3.624, p=.001) which meant that there was less scope
for further gains with this set.

Results for auditory discrimination revealed significant improvements overall for the
three cluster groups when comparing T1 and T3 scores (t(29)=-4.709, p<.001). Auditory
discrimination improved slowly with no significant increase noted from T1 to T2, but
significant gains made from T2 to T3 (t(29) =-2.971, p<.05). In terms of the individual
clusters, there was no significant change noted for Rachel’s auditory discrimination of [sk]
across the intervention. [sk] words received the combined speech and auditory
discrimination intervention. Discrimination of [sp] improved significantly from T1 to T2
(t(9)=-3.674, p=.005) and from T1 to T3 (t(9)=-6, p<.001). [sp] words received the speech
treatment only, without discrimination being specifically addressed. Discrimination of [st]

improved overall when comparing T1 and T3 scores (t(9)=-3, p<.05). [st] words received
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the auditory discrimination treatment. The following sections provide more details of these

speech, spelling and auditory discrimination results.

6.1.2 Speech

In the micro evaluation, treated and untreated speech stimuli were presented to Rachel in a
randomised order. She was asked to name the pictures and repeat the therapist’s spoken
production of the words. The results presented below focus on single word naming since no
significant differences were noted between her naming and repetition of single words.
Results are presented in Tables 7.9 — 7.17 below. Table 7.9 compares Rachel’s naming of

treated [s] cluster words pre-intervention (T1) and post-intervention at T2 at T3.

Table 7.9

Overview of Rachel’s production of treated words pre- and post-intervention.

Tl T2 T3
Pre- Post- Post-
intervention intervention Intervention
% of target % of target % of target
clusters correct® clusters correct® clusters correct®
List A: [sp] 0 80+ 100+
speech treatment
List B: [st] 30 100+ 90+
Auditory discrimination treatment
List C: [sk] 0 100+ 90+
Speech and auditory discrimination
treatment

* Words were scored correct where [sp], [sk] or [st] was present, and incorrect where [sp], [sk] or [st]

was omitted, reduced or transposed.
+ paired with T1 results (p<.05)

Rachel received three different interventions for each of the three word lists. There was not a
significantly different response to the three treatments in terms of her speech production. At
T2 (and T3) following the completion of intervention, Rachel had made significant gains for
each of the three lists. List B ([st] words) received the auditory discrimination treatment
only and still showed significant gains in terms of speech production, suggesting that it did
not make a difference whether or not speech production was directly targeted.

Table 7.10 provides a qualitative view of changes within each of the treated lists.
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Table 7.10
Individual item comparison of Rachel’s production of treated words pre- and post-
intervention with shaded items showing correct productions
Stimuli Tl 2
Pre-intervention Post-intervention

List A: speech treatment CLASP [klaeps) [klap?]
GASP [geeps] [geesp]
LISP [1ips] [lisp]
CRISP [krips] [klisp]
cusp [kas] [kasp]
GRASP [graes] [glzeps]
RASP [reeps] [reesp]
WASP [waps] [wasp]
WISP [wist] [wisp]
UNCLASP [ankleps] [Anklesp]
List B: Auditory HASTE [hers] [heist]
discrimination treatment WEST [wes] [west]
GUST [gast] [gast]
BOAST [bous] [boust]
JEST (d3esp] [dzest]
VEST [ves] [vest]
FEAST [fit] [fist]
ROOST [rust] [rust]
CRUST [krast] [klast]
RUST [rat] [rast]
List C: Speech and RISK [riks) [risk]
auditory discrimination DESK [dekO] [desk]
Treatment DISK [diks] [disk]
BRISK [briks] (brisk]
CASK [keesO] [keesk]
TASK [taeks] [task]
FLASK [flaeks) [fleesk]
DUSK [duk] [dask]
KIOSK [kr.ps] [kr.osk]
TUSK [tuks] [task]

In the pre-intervention phase, Rachel typically transposed the final consonants (e.g.

producing [klaps] for CLASP) finding it hard to sequence them appropriately. In other cases
she omitted the final stop consonants (e.g. [kas] for CUSP) or, more rarely the [s] (e.g.

[fit] for feast). As Rachel was introduced to the new words and encouraged to produce

these, she devised online motor programmes for their production. Without support these
were produced incorrectly, but when supported with the various techniques used in therapy
(e.g. slowed speech, spelling), she was able to produce the words correctly. Therapy helped
her to build the correct motor programmes. Through repetition and practise of the words she
was able to consolidate the correct programmes that became increasingly more automatic.
Not all of the words were new to Rachel. For the familiar words she most likely had

accurate phonological representations and good semantic knowledge. The process of
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producing the words carefully in therapy sessions aimed to revise and re-formulate the old,
inaccurate motor programmes. No difference in Rachel’s production of the familiar and un-
familiar items was noted. Rachel benefited readily from her own written cues which
suggests that she either had existing, accurate orthographic representations on which she
could draw, or that she was able to build up orthographic representations with relative ease
and has accurate online phoneme-grapheme conversion skills.

It was noted that post-intervention at both T2 and T3 assessments, Rachel was, on
some occasions substituting [1] for [r] (e.g. [gleeps] for GRASP and [klisp] for CRISP. This
was also noted in her spontaneous speech at the follow-up assessments, and had not been
noted before this time. A possible explanation for this is that Rachel had become very aware
of her cluster production as a result of the intervention and was now testing out alternative
patterns of cluster sequences.

Untreated speech controls were included in order to answer a range of questions
about Rachel’s speech. Rachel’s spoken production of each category of control items is

considered below, by returning to the questions posed previously in Table 7.6.

(a) Will there be generalisation to the same clusters in word initial speech production?
Intervention focused on three specific clusters, [sp], [st] and [sk] in the word final position.
The production of these clusters in word final position improved significantly over the
course of intervention. Were these gains specific to these clusters in word final position or
would an improvement in the same clusters in word initial position also be noted? Control
items in this group consisted of CCVC words with [sp], [st] and [sk] word initially in words
such as STAFF and SKIRT. Results are presented in Table 7.11 with percentage scores

indicating the proportion of single words that were named correctly.

Table 7.11
Rachel’s production of untreated control words pre- and post-intervention: [sp], [st] and [sk]
in word initial position

TI T2 R

Pre-Intervention+ Post-intervention+ Post-intervention+
% clusters correct % clusters correct % clusters correct

[sp] e.g. SPOT 30 100 100
[st] e.g. STAFF 80 30 80
[sk] e.g. SKIRT 20 90 90

+ Words were scored correct where [sp], [sk] or [st] was present, and incorrect where [sp], [sk] or [st]
was omitted, reduced or transposed.

Rachel initially found [sp] and [sk] hard to produce, but at the post-intervention
assessments, her performance on the naming task had improved significantly and was

approaching ceiling (1(9)=-4.583, p=.001). She was able to generalise from the clusters
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targeted in word final position in therapy to untreated items, where the clusters appeared in
a different word position. In general, research suggests that such generalisation from a
phoneme treated in one word-position to another word-position can occur (e.g. Elbert and
McReynolds, 1975). However, the question has not been specifically investigated for
clusters.

The results for [st] are less clearcut. Rachel was relatively successful at the baseline
phase in that she managed to produce 80% of these clusters correctly in the word initial
position. Indeed, returning to the baseline measures for the word-final clusters (shown in
Table 7.9), Rachel showed relative strengths with [st], obtaining 30% correct as opposed to
0% for the other two lists. Thus, for Rachel [st] may have been an emerging cluster more
well established in her phonological system in terms of productive phonological knowledge.
There is no evidence in the literature to support the early emergence of [st] before the other
[s]+ stop clusters. There is some evidence that [sk] may be slightly later acquired on
average, when compared to [sp] and [st] but no evidence that specifically suggests that [st]
is more advanced than the other two (Mcleod et al., 1997).

Rachel’s performance with [st] in word initial position declined significantly from
80% (at T1) to 30% (at T2) (t(9)=4.583, p=.001) rather than improving as one might expect.
One possible explanation for this decline is that the words in the [st] list received the
auditory discrimination treatment. Direct speech work on [s] clusters in final position may
improve motor-programming skills to such an extent that generalisation occurs to other
untreated words and all word positions. Auditory discrimination of final sound sequences
may improve awareness of the particular sounds, but this does not generalise to motor-
programming and have the same sort of generalisation effect noted for the direct speech
work. The emphasis on input may have caused confusion with the already emerging [st] in
the output mbtor-programmer. Rachel was not given opportunities to produce [st] words in
intervention and this may have affected her motor programming skills for this cluster. The
final re-assessment result at T3 supports this theory: At T3 her accuracy of [st] production
had returned to 80% suggesting that the intervention itself had a detrimental, rather than a
positive effect on this particular subset of control items.

Table 7.12 provides an individual item comparison of the control words with the

clusters in word-initial position at T1, T2 and T3.
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Table 7.12

Individual item comparison of Rachel’s production of untreated control words pre- and

post-intervention. Shaded items had the [s] clusters accurately realised.
Tl T2 T3

Pre-intervention Post-intervention Post-intervention

List A: SPECK [pek] [spek] [spek]
[sp] SPIKE [spaik] [spaik] [spaik]
SPACE [sperf] [sperf] [speis]
SPANNER [paena] [speena) [spena]
SPADE [perd] [sperd] [speid]
SPARK [pak] [spak] [spak]
SPOKE [pauk] [spouk] [spouk]
SPONGE [spund3] [spund3] [spund3]
SPOON [pun] [spun] [spun]
SPIDER [pada] [spaida] [spaids]
List B: STEAK [sterk] [se1k] [steik]
[st] STAFF [saf] [steef] [staf]
STAR [sta] [sta] [sta]
STOOL [stul] [sul] [sul]
STAIN [stemn] [semn)] [slemn]
STALK [s0K] [sok] [stak]
STATUE [stetfu) [saetfu] [steetfu]
STATION [stexfm] [stexfm] [stexfm]
STEAM [stim] [sim] [stim]
STEP [step] [sep] [step]
List C: SKETCH [ketf] [sketf] (sketf]
[sk] SKUNK [kank] [sank] [sapk]
SKI [ki] [ski] [ski]
SKIRT [kst] [skat] [skst]
SKATE [kert] [skert] [skert]
SKELETON [skelotn] [skelotm] [skelotn]
SKIN [kin] [skm] [skm]
SKINNY [kini] (skni] [skmni]
SKIP [kip] [skip] [skip]
SKITTLE [skpil] [skatil] (skitil]

Before intervention Rachel reduced [sp] clusters to [p], and [sk] clusters to [k], e.g. SPECK
was produced as [pek]; SKI produced as [ki]. Post-intervention she was able to produce the
entire cluster correctly. When considering Rachel’s poor performance with [st] at T2, it was
noted that the cluster reduction is of the sort ([st -> s]). In normal phonological
development, [s]+ stop clusters are typically reduced to the most salient element with [s]
typically omitted in the word initial position (Ohala, 1999) in accordance with what is known
about the sonority of the phonemes involved. Thus, while this was the case for the errors
reported for the [sk] and [sp] lists (word finally and word-initially), Rachel’s error pattern for
[st] was atypical. Her awareness may have been focussed on [s] as a common feature in all
three treatment lists, and thus it had become the most salient aspect for her. Alternatively,
sonority sequencing principles suggest that final stop elements would be omitted in word
final [s] + stop clusters, and this was the pattern observed in Rachel’s errors for the clusters

word-finally. It may be that the emphasis of intervention on final clusters was causing
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confusion when she came to realise the same clusters word-initially. She may have retained

the [s] as the most salient element from the word-final work.

(b) Will Rachel’s online motor programming and planning have improved so that she is able
to accurately produce non-words that contain the treated consonant clusters?

It was hypothesised that the intervention would result not only in Rachel’s existing motor
programmes being revised, but that the online motor programmer would be altered to allow
for more complete and accurate sequencing of clusters. This notion was tested by giving
Rachel unfamiliar words to repeat. These non-words contained [s] clusters in word final

position such as [musp]. Using non-words ensured that Rachel had not previously

encountered the words. The results are presented in Table 7.13.

Table 7.13
Rachel’s production of untreated control words pre- and post-intervention: [sp], [st] and [sk]
in non-words

Tl T2 T3
Pre-intervention Post-intervention Pre-intervention

% clusters correct+ % clusters correct+ % clusters correct+
[sp] e.g. [musp] 0 100 100
[st] e.g. [vist] 10 80 100
[sk] e.g. [kosk] 0 100 100

+ Words were scored correct where [sp], [sk] or [st] was present, and incorrect where [sp], [sk] or [st]
was omitted, reduced or transposed.

Results from these control items show that initially Rachel found the non-words hard to
produce. At both T2 and T3 assessments following intervention she was able to produce the
non-words in a way which showed a significant improvement for each wordlist. This
demonstrates the generalisation that occurred as a result of the intervention, and supports the
original idea behind the intervention plan: the intervention aimed to not only update the
frozen motor programmes of familiar words but also give Rachel the tools to create new and
accurate motor programmes. There was no difference in the progress made for the three
wordlists despite the different nature of the interventions.

Table 7.14 offers a qualitative perspective on changes within each of the non-word

lists.
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Table 7.14
Individual item comparison of Rachel’s production of untreated control non-words pre- and

post-intervention. Shaded items had the [s] clusters accurately realised
Untreated control T1 T2 i R)

non-word Pre-intervention Post-intervention  Post-intervention
List A: sp [masp] [mapts] [masp] [masp]
[fisp] [fips] [fisp) [fisp)
[pisp] [pips] [pisp] [pisp)
[besp] [beepst] [beesp] [baesp]
[tesp] [teps] [tesp) [tesp]
[kasp] [kaps0] [kasp] [kasp]
[Oosp] [Oopst] [Oosp] [6osp]
[tforsp] [tfors] [tforsp] [tfoisp]
[lusp] [lups] [lusp] [lusp]
[hausp] [haus] [hausp] [hausp]
List B: st [d3st] [d30t] [dsst] [dast]
[gerst] [gers] [gers] [gerst]
[naust] [naut] [naus) [naust]
[vist] [fist] [vist] [vist]
[bist] [prs] [bist] [brst]
[Oast] [0as) [Oaest] [Oeest]
[fest] [fets) [fest] [fest]
[kust] [kuts] [kust] [kust]
[hast] [hats] [hast] [hast]
[dzpst] [d3pts] [d3pst] [d3pst]
List C: sk [bosk] [boks) [bosk] [bosk]
[daesk] [daeks] [daesk) [decsk]
[kask] [koas] [kask] [kosk]
[maisk] [marks] [maisk] [maisk]
[fausk] [foks) [fausk] [fausk]
[O1sk] [O1ks] (1sk] [B1sk]
[d3esk] [d3e] [dzesk] [d3esk]
(lask] ([lat] [lask] [lask]
[tfask] [d3ak] [tfask] [tfask]
[reisk] [rers] [re1sk] [reisk]

At T1 Rachel typically reversed the word-final clusters (e.g. [fips] for [fisp] or omitted the

final stop element (e.g. [kos] for [kosk]). At T2 and T3 she had not only progressed to

produce all the necessary cluster elements, but was also able to appropriately sequence these.

(c) Will generalisation extend to other untreated [s] consonant clusters?

At the initial assessment Rachel was able to accurately produce most consonant clusters,
with the exception of [s] clusters. Rachel’s intervention programme focussed on intervention
of three [s] clusters ([sp], [st], [sk]), which seemed to be particularly difficult for her. One of
the initial questions posed was whether treating three specific clusters would result in
improvement of the other problematic [s] clusters. The results are summarised in Table 7.15,

and discussed in further detail below.
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Table 7.15
Rachel’s production of untreated control words pre- and post-intervention: untreated [s]

clusters in word-initial position

T1 T2and T3
Pre-Intervention+ Post-Intervention+
Items correct Examples Items correct Examples
(n=2) (n=2)
[sn]: SNORE, SNAIL 2 [sna], [snetjil] 2 [sno], [sneil]
[sm]: SMASH, SMOKE 2 [smaf], [smouk] 2 [smef], [smauk]
[sl]: SLIME, SLIT 2 [slaim], [slit] 2 [slaim], [slit]
[sw]: SWITCH, SWAN 2 [switf], [swzan] 2 [switf], [swaen]
[skw]: SQUIRREL, SQUARE 0 [kwiril], [kwea] 2 [skwiril], [skwea]
[str]: STRAWBERRY, STRONG 0 [troberi], [toron] 2 [strobeli], [strong)
[skr]: SCRATCH, SCRUB 0 (kreetf], [krub] 1 [sklzetf), [skrub)
[spl]: SPLIT, SPLASH 1 [pltt], [splef] 2 [split], [splf)
[spr]: SPRAY, SPRING | [prei], [sprin) 0 [spler], [splip]

+ Words were scored correct where [s] clusters was present, and incorrect where cluster was omitted,
reduced or transposed.

Initially Rachel was able to accurately produce the 2 element [s] clusters, i.e. [sn], [sm], [s]],
and [sw]); thus the intervention had little impact on these clusters, except perhaps to
consolidate them at a conversational level. Three part [s] clusters (e.g. [skw], [str], [skr],
[spl], [spr]) proved more troublesome for Rachel in the pre-intervention phase. These
improved following the intervention, with Rachel being able to realise all three parts of these
clusters in most cases. In general, it was interesting to note that the specific word final [sp],
[sk] and [st] treatment had positive effects on the more complex 3 part clusters used word-
initially. [skr] and [spr] remained challenging for her. Pre-intervention, Rachel had
typically omitted [s] from her cluster realisations. Post-intervention she was able to produce
[s] accurately and in the appropriate order for most of these untreated [s] clusters.

At T2 and T3 assessment Rachel sometimes substituted [1] for [r] for some of these

clusters, e.g. [sklatf] for SCRATCH. Although she was able to consistently produce three

elements she requires further consolidation to ensure that these are accurately realised. Thus,
she has made progress with all the three element clusters but the scoring does not fully

reflect this.

(d) Will singleton [s] production improve as a result of the [s] cluster intervention?

There is some evidence that work on more complex linguistic structures will generalise to
more simple component parts (e.g. Gierut and Dinnsen, 1987; Gierut et al., 1987). Changes
in three element [s] clusters, as noted in section (c) above, in response to work on two

element [s] clusters indicated the opposite: work on two element items generalised to more
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complex 3 element items. The stimuli items used to measure this effect were however,

limited. To investigate the opposite point of view, a set of words with [s] in all word

positions was selected. These were matched in terms of age of acquisition and frequency

with the treatment stimuli words. Results of the pre-intervention and post-intervention

assessment for these untreated items are presented in Table 7.16 with further discussion

following.

Table 7.16

Rachel’s production of untreated control words pre- and post-intervention: singleton [s] in

Tl

Pre-Intervention+

single words. Shaded items had the [s] clusters accurately realised

)

Post-Intervention+

T3
Post-Intervention+

[s] word-initially 7/11 (63.6%) 11 (100%) 11 (100%)
SOCK [stok] [sok] [sok]
SADDLE [sedl] [sedil] [seedl]
SALAD [tseelid] [seelid] [seelid]
SEAL [sil] [sijrl] [sijul]
SALT [solt] [seelt] [solt]
SARDINE [sadm] [sadin] [sadin]
SAW [sad] [s2] [sa]
SECOND [tsekind] [sekind] [sekind]
SINGER [smge] [sgo] [s1mge]
SOAP [saup] [saup] [saup]
SAUSAGE [dosid3] [sosid3] [spsid3]
[s] within-word 11/14 (78.5%) 14/14 (100%) 11/14 (78.5%)
PERSON [pssimm] [pssin] [pssm]
ASSEMBLY [asembli] [esembli] [esembli]
BASKET [baekt] [baskat] [baskit]
BISCUIT [brkat] [biskat] [brskat]
PLASTER [pleesta) [pleesta] [pleesta]
MONSTER [monsta] [monsta] [mpnsta]
ANSWER [eensa] [@nsa) [ensta]
FATSO [feetsou] [fretsou] [feetstau]
ASTHMA [esma] [esma] [wsma]
BASIN [bersm] [bersin] [beistin]
WHISPER [wispa] [wispa] [wispa]
CASPER [kee’pa] [keespa] [keespa]
MUSCLE [musil] [musil] [musil]
SAUSAGE [dosid3] [spsida] [spsids]
[s] word-finally 8 (80%) 10 (100%) 10 (100%)
CASE [kersO] [keis] [keis]
MOUSE [maus] [maus] [maus]
CROSS [kros] [klos] [klps)
ADDRESS [redres] [adres] [odres]
CLASS [klet] [klees) [klees]
GRASS [grees] [glees] (glees]
OCTOPUS [pktapis] [oktapis] [pktapis]
TENNIS [tenis] [tenis] [tenis]
PALACE [paehs) [peehis] [peclis)
CIRCUS [sskas] [ssks] [sskis]

+ Words were scored correct where [s] was perceived as accurately produced.
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Rachel’s singleton [s] production improved from the time of the initial standardised
assessment to the initial baseline assessment for the micro evaluation. Her pre-intervention
performance was good and she produced an accurate [s] in about 75% of the single words
sampled. Word initial [s] production was slightly, but not significantly more challenging for
her than producing [s] in word-final position or within words. At T2 assessment this figure
had increased to 100% for each of the three word positions. This was supported by
observations from Rachel herself and from her teachers that she could now say [s]. Thus,
there is evidence that the intervention aimed at [s] clusters facilitated the consolidation of
Rachel’s singleton [s]. Working on [s] alone may not, according to some authors have
brought about the changes in the cluster production however (e.g. Gierut, 1999). There is
also the possibility that Rachel may have acquired [s] on her own without the intervention
since there was evidence of improvement prior to the start of the intervention from macro to
micro assessments. These assessments focused on Rachel’s production of [s], other
fricatives and clusters and it may also be that her attention was focused on these sounds and
this acted like intervention, sufficient for her to make changes in her [s] production prior to
the intervention per se.

At T3 assessment, Rachel had maintained most of the gains no;ed at T2, although for
the [s] within-word items, her score had returned to the pre-intervention level of 78.5%.

Examinations of these errors items reveal that the nature of the errors has changed form T1

to T3. Initially she omitted [s], e.g. producing [bakit] for BASKET. At T3 she made errors
that involved the inappropriate insertion of an [s] cluster, e.g. [@nsta] for ANSWER,

[beistin] for BASIN. She may have been trying very hard at the long-term follow-up
assessment to show the therapist that she had now learnt the [s] clusters that were the focus

of therapy.

(e) Will production of other fricatives improve as a result of the fricative [s] treatment?
Rachel’s main difficulties were with [s] and [s] clusters. However, at the initial assessment it

was noted that other fricatives were also inaccurately produced on occasion. These included
[z] in all word positions, [8] in all word positions and [f] word-finally. Her production of

these fricatives was thus monitored pre and post-intervention. The results are summarised in

Table 7.17.
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Table 7.17

Rachel’s production of untreated control words pre- and post-intervention: other fricatives in
single words. Shaded items had the fricatives accurately realised.

Tl

Pre-intervention+

T2

Post-intervention+

T3

(2]
word initially | 5/5 (100%) 5/5 (100%) 5/5 (100%)
700 [zu] [zu] [zu]
ZEBRA [zebra] [zebra] [zebra]
ZED [zed] [zed] [2ed]
ZERO [z1arau] [z1arau] [z1arou]
zip [z1p] [z1p] [z1p]
within word 8/10 (80%) 10/10 (100%) 9/10 (90%)
MUSIC [mjuzik] [mjuzik] [mjuzik]
EASEL (iz01] [iz1l] [izil]
POISON [porzm) [porzim] [porzm]
PIZZA [pitza) [pitza] [pitsa]
RAISIN [re1zm] [rerzi] [re1zm]
DAISY [derzi] [derzi] [derzi]
PUZZLE [puzl] [puzl] [puzl]
BLAZER [bleiza] [bleiza] [blersta]
PRISON [prizin] [prizm] [prizin]
COUSIN [kutm] (kuzm] (kuzm]
WO"(’f{”“”)’ 9/10 (90%) 10/10 (100%) 10/10 (100%)
MAY'’S [merz] [meiz] [meiz]
MAIZE [meiz0] [merz] [merz]
SIZE [SﬂlZ] [sa]z] [SaIZ]
SIGHS [sarz] [sarz] [sarz]
BANANAS [bonaniz] [bananiz] [bananiz]
ROSE [rouz] [rauz] [rauz]
BUZZ [baz] [buz] [buz]
LAZE [leiz] [lerz] [lerz]
LAYS [leiz] [leiz] [leiz]
BRUISE [bruz) [bluz] [bluz]
(6]
word initially 2/2 (100%) 2/2 (100%) 2/2 (100%)
THIEF [0if] [0if] [0if]
THIN [0m] [Omn] [Om]
within word 1/2 (50%) 0/2 (0%) 2/2 (100%)
TOOTHBRUSH | [ru0bruf] [tufbluf] [tu0bruf]
TOO’I‘"HPASTE [tupeis] [tufpers] [tubpers]
RO 2/2 (100%) 0/2 (0%) 2/2 (100%)
PR [mp0] [mof] [mp0]
- [1i0] [tif] [1i6]
[f] 6/6 (100%) 6/6 (100%) 6/6 (100%)
Word finally
LEAF (1if] (lif] (lif]
THIEF [6if] (0if] [0if]
ROOF [ruf] [ruf] [ruf]
GIRAFFE [goref] [guzef] [gureef]
KNIFE [naf] (naif] [narf]
CALF [kaf] [keef] [keef]

+ Words were scored correct where targeted fricatives were perceived as accurately produced.

336

Post-intervention+




Chapter 7: Rachel

Pre-intervention, Rachel’s performance was close to ceiling for many of the items sampled.
Her difficulties were not consistent and the number of assessment items small, making it
difficult to answer the original question posed. Her [z] production in word initial position
remained stable at T1, T2 and T2 at 100%. Within-word she initially scored 8/10 and this
then improved to 10/10 at T2, before decreasing again to 9/10 at T3. The nature of her errors

at T1 and T3 differed: at T1 she stopped [z] to [t], e.g. producing [kutin] for COUSIN, and
inserting 0] in [iz611] for EASEL.

The error noted at T3 was [bleista] for BLAZER, again involving the insertion of a
stop but this time also including a fricative element. Again, this may have been because
Rachel was overly aware of the work that had been carried out on her clusters and wanted to
demonstrate these to the therapist.

Rachel’s [0] production in the word-initial position remained at 100% at each
assessment, despite some observations of difficulties with this sound in conversation.
Within-word position was more challenging for her with [0] omitted in [tu’peis] for
. TOOTHPASTE. This might however be considered normal assimilation. At T2 Rachel
seemed to favour [f] instead of [0] for all within word and word final occurrences. Although
this may seem to have been a regression from her pre-intervention sampling, this is a
dialectal feature that many of the children in the school use. Furtilermore, word final [f] was
one of the fricatives initially noted as challenging for Rachel. Thus the substitution
suggested progress in that she was now able to choose from a wider repertoire of fricatives.

At T3 assessment she was able to use [0] appropriately in all word positions.

6.1.3 Spelling

Rachel’s spelling and reading skills were age appropriate at the initial assessment. Work on
spelling was not a specific aim of the intervention programme, but many of the intervention
activities involved reading and writing so that her strengths were incorporated in the
intervention. Written forms were used in each of the three interventions for each of the three
wordlists. The assessment revealed that Rachel had difficulties with the spoken production
of particular cluster sequences, and it was asked whether these difficulties were reflected in
her spelling. Changes in Rachel’s spelling of treated words are presented in Table 7.18
below.
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Table 7.18
Comparison of Rachel’s spelling pre- and post-intervention for treated items.
Shaded items had the clusters accurately written.
T1 T2 T3
Pre-intervention Post-intervention Post-intervention

% clusters correct+ % clusters correct+ % clusters correct+
and examples and examples and examples

Treated: List A 10% 100% 80%
CLASP <claps> <clasp> <clasp>
GASP <gasp> <gasp> <garst>
LISP <list> <lisp> <lisp>
CRISP <cris> <crisp> <crisp>
Cusp <gus> <casp> <casp>
GRASP <grass> <grasp> <grasp>
RASP <ras> <rasp> <rasp>
WASP <wast> <wasp> <wastp>
WISP <wist> <wisp> <wisp>
UNCLASP <unglus> <unclasp> <unclasp>
Treated: List B 80% 70% 80%
HASTE <hast> <hasted> <hast>
WEST <west> <west> <west>
GUST <gas> Sgust> <gust>
BOAST <bost> <bastd> <bost>
JEST <jeses> <jest> <jest>
VEST <sest> <vests> <vests>
FEAST <fest> <feast> <fests>
ROOST <rust> <aas> <roost>
CRUST <riust> <crust> <crust>
RUST srust> <ust> <rust>
Treated:List C 10% 100% 90 %
RISK <rick> <risk> <risk>
DESK <decs> <besk> <besk>
DISK <bice> <disc> <bise>
BRISK <brisk> <brisk> <brisk>
CASK <case> <casc> <carst>
TASK <tak> <task> <task>
FLASK <flas> <flask> <flask>
DUSK <dus> <dusk> <bask>
KIOSK <ceeof> <keyosk> <keyosk>
TUSK <tuks> <tusk> <task>

+ Words were scored correct where targeted clusters were accurately spelt and not transposed or
omitted

Rachel’s spelling of the treated words improved significantly from T1 to T2 (t (29) =-6.595,
p<.005), and T1 to T3 (t (29) =-4.785, p<.005), with no significant changes occurring
between T2 and T3. This suggests that the intervention was effective in bringing about
improvements in the accuracy of her written representations. Although the intervention was
not specifically aimed at improving Rachel’s spelling, much of the therapy involved written
forms. Rachel’s exposure to this resulted in improved representations of the treated words.
For individual clusters it was found that [sp] and [sk] improved significantly from T1 to T2
(t(9)=-6.0, p<.001) and from T1 to T3 (1(9)=-4.583, p=.001). No significant changes were

noted across intervention for the [st] items in terms of spelling, but these were approaching
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ceiling at the T1 assessment. As for speech, there is no evidence in the literature of [st]

developing prior to [sk] and [sp], although it does occur more frequently in word-final

position than the other two clusters which may be a factor in its early emergence.

To some extent, Rachel’s speech difficulties were reflected in her spelling at T1. Her

particular difficulty in sequencing [s] clusters is revealed in many of her spellings, e.g.

<claps> for CLASP; <decs> for DESK. In addition to these transpositions, she also frequently

omitted elements of the clusters, e.g. <tak> for TASK. Table 7.19 outlines the changes

occurring for Rachel’s spelling of the untreated control items.

Table 7.19
Comparison of Rachel’s written forms

Pre-intervention

host-intervention for untreated control words

T2

Post-intervention

T3
Post-intervention

Control stimuli % clusters correct and % clusters correct and % clusters correet and
examples examples examples
Word initial [sp] 80% 95% 95%
E.g. SPONGE <spunch> <sunch> <spunj>
Word initial [st] 80% 90 % 75%
E.g. sTOOL <strol> <sull> <stoerl>
STEP <step> <sept> <step>
Word initial [sk] 65% 80% 85%
E.g. SKATE <stace> <scate> <skate>
SKITTLE <stickles> <skittill> <skilte>
SKUNK <stunk> <stunck> <skaws>
SKIRT <scert> <serkt> <skirt>
SKIP <skip> <sip> <skip>
Other word-initial [s] 90% 90 % 90%
clusters
E.g. SQUIRREL <scrile> <sqwr> <SCroow>
STRAWBERRY <starberry> <stobrary> <stardey>
Singleton [s]
e  Word initial 90 % 100% 100%
E.g. SOCK <stock> <sock> <sock>
SALT <stolt> <salt> <salt>
e  Within word 70% 90% 90 %
E.g. ASSEMBLY <astembley> <sindley> <sassemdley>
BISCUIT <bicile> <bisceter> <biscit>
ANSWER <anster> <anster> <anster>
BASIN <basten> <basern> <busin>
WHISPER <wister> <wisper> <wiseper>
CASPER <caster> <casper> <casper>
MUSCLE <mustle> <masim> <masil>
MONSTER <monster> <monter> <moster>
° Word final 90% 100% 100 %
E.g. CASE <cast> <case> <case>
Other fricatives
[z]: word initial 100% 75% 100%
[0]: all positions 100% 66% 100%
[£]: word final 100% 83.3% 100%

+ Spelling scores are for the phoneme target only and do not consider the remainder of the word.
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No significant changes were noted for the untreated spelling items across the three
measurement intervals. However, Rachel’s spelling of the untreated items at T1 was
significantly better than her spelling of the treatment words (t(52)=-3.624, p=.001) which

meant that there was less scope for making significant gains with this set.

6.1.4 Auditory discrimination

In Rachel’s speech processing profile (Figure 7.1), the difficulties she experienced with
discrimination of non-words was striking. She found it particularly hard to distinguish
between sequences of consonant clusters in non-words. The intervention focused on a
combination of motor programming and auditory discrimination, with three different
treatments carried out: (a) speech intervention, (b) auditory discrimination intervention, and
(c) speech and auditory discrimination intervention. Auditory discrimination was assessed at

each of the evaluation points (T1, T2 and T3) by asking Rachel to make same / different
judgements about non-word minimal pairs such as [husp] / [hups]? The results from these

assessments are shown in Table 7.20.

Table 7.20
Rachel’s auditory discrimination of closely related non-words
Tl 2 T2
Pre-intervention Post-intervention Post-intervention

% judgements % judgements % judgements
correct correet correct

List A: [sp]

Treatment: speech 20 80 100
e.g.[husp] [hups]

List B: [st]

Treatment: auditory discrimination 40 70 90

e.g. [dist] [dits]

List C: [sk]
Treatment: speech and auditory 70 50 70
discrimination

e.g.[fisk] [fiks]

Results for auditory discrimination revealed significant improvements overall for the three
cluster groups when comparing T1 and T3 scores (t(29)=-4.709, p<.001). Auditory
discrimination improved slowly with no significant increase noted from T1 to T2, but
significant gains made from T2 to T3 (t(29) =-2.971, p<.05). In terms of the individual
clusters, there was no significant change noted for Rachel’s auditory discrimination of [sk]
across the intervention. [sk] words received the combined speech and auditory

discrimination intervention. Discrimination of [sp] improved significantly from T1 to T2
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((9)=-3.674, p=.005) and from T1 to T3 (t(9)=-6, p<.001). [sp] words received the speech
treatment only, without discrimination being specifically addressed. The fact that no direct
work on discrimination was carried out did not seem to affect Rachel’s progress with the
online auditory discrimination task indicating that the speech intervention may have been
successful in targeting her speech processing system as a whole. Discrimination of [st]
improved overall when comparing T1 and T3 scores (t(9)=-3, p<.05). [st] words received
the auditory discrimination treatment and therefore this is not surprising. At the same time,
her speech production of [st] was not directly worked on, but also improved. Again, this
suggests that the speech processing system as a whole was affected. The nature of the
treatment did not seem to matter since the input work resulted in progress with output. A
problem with the research design may have meant that all three treatments were working on
the speech processing system together and thus it is not realistic to separate out the specific
effects of each intervention type. Furthermore, it should be noted that it is challenging to
keep such treatments ‘pure’. For example, the speech treatment involved listening by its
very nature, and although Rachel was not encouraged to produce the items for the auditory
discrimination treatment, on some occasions she did, thus rendering it not entirely ‘input’
work. These points are returned to in the discussion session. , |

Words in the [sk] list were given both speech and auditory discrimination
intervention. Rachel’s auditory discrimination of these words did not change significantly
overall from T1 to T3, remaining at 70%. However, this starting point of 70% was higher
than for the other two cluster groups. Since her auditory discrimination of [sk] was already
reasonable, her cognitive resources may have been more directed toward improving her

speech given the dual nature of the intervention.
6.1.5 Summary of micro evaluation

(a) Micro evaluation focussed on the specific results of Rachel’s intervention by looking at
changes in her production, auditory discrimination and spelling for treated stimuli as
well as control items. Rachel received 10 hours of intervention which consisted of three
different treatments (speech treatment, auditory discrimination treatment and combined
speech and auditory discrimination work) for three different stimuli sets (words with

word-final [s] clusters: [sp), [st] and [sk] respectively).

(b) There was a statistically significant main effect for time for both speech [F (2, 87) =
60.348, p< .001] and spelling [F (2, 87) = 20.107, p< .001]. Both Rachel’s written and
spoken production of the targeted clusters had changed over the time course of the
intervention programme. The effect size for speech (eta squared = .581) was slightly
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greater than that for spelling (eta squared = .316), but both are large effects. Each of the
interventions was successful in that it brought about improved speech production in each

of the three treated stimuli lists with scores approximating 100%.

(c) A range of control stimuli was included in order to assess the broader effects of

intervention. The first control set consisted of the same clusters [sp], [st] and [sk] in
word initial position. For [sp] and [sk] Rachel was able to generalise from the clusters
targeted in word final position in therapy to untreated items where the clusters appeared
in a different word position. The results for [st] were less clear-cut. Rachel was
relatively successful at the baseline phase in that she managed to produce 80% of these
clusters correctly in the word initial position. A decline from 80% (at T1) to 30% (at T2)
was noted, followed by a return to 80% at T3. It was suggested that the auditory
discrimination treatment for this wordlist did not generalise to other word positions and

had the effect of confusing Rachel’s emerging production skills.

(d) Results for the non-word control items showed that Rachel was able to produce these

words in a significantly improved way following intervention. This suggests that
generalisation occurred as a result of the intervention, and that motor programmes and
motor programming improved. There was no difference in the progress made for the

three wordlists despite the different nature of the interventions.

(e) Other untreated [s] clusters were also evaluated. Improvement in Rachel’s realisation of

()

three parts [s] clusters such as [skl] and [spr] was noted, suggesting that generalisation
can occur from simple to more complex structures. At the same time, her production of
singleton [s], in variety of word positions, also improved. This suggested that working
on the complex structures such as clusters can result in generalisation to component

structures.

Other fricatives problematic for Rachel were also monitored. These included [z] in all
word positions, [0] in all word positions and [f] word-finally. Her production of these

fricatives improved over the course of intervention.

(g) Spelling was not the main focus of the intervention programme, but written forms were

used in each of the three interventions for each of the three wordlists. Rachel’s exposure
to written forms resulted in improved representations of the treated words. No
significant changes were noted for the untreated spelling items across the three
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measurement intervals. However, Rachel’s spelling of the untreated items at T1 was
significantly better than her spelling of the treatment words which meant that there was

less scope for making significant gains with this set.

(h) Auditory discrimination was assessed at each of the evaluation points (T1, T2 and T3)
by asking Rachel to make same / different judgements about non-word minimal pairs
such as [husp] / [hups]. Results for auditory discrimination revealed significant
improvements overall for the three cluster groups when comparing T1 and T3 scores
(t(29)=-4.709, p<.001). In terms of the individual clusters, there was no significant
change noted for Rachel’s auditory discrimination of [sk] across the intervention. [sk]
words received the combined speech and auditory discrimination intervention. Since her
auditory discrimination of [sk] was already reasonably good (70% accurate), her
cognitive resources may have been more directed toward improving her speech given the

dual nature of the intervention.

(i) The research design did not reveal a clear effect from the different treatments: working
on input only resulted in input and output gains, while working on output only resulted
in the same gains. There was some evidence that the mixed treatment (input and output)
was less effective in terms of generalisation to some of the control items. Such issues

are considered in greater detail in the discussion section.

6.2. Macro evaluation

Short-term follow-up took place in January 2003 when Rachel was CA 8;1, approximately 6 -
months after completion of her intervention programme. Long-term follow-up took place
some 9 months later at CA 8;10. The complete assessment as carried out initially in Section
2, was repeated in order to assess her progress in terms of speech, language and literacy.
Assessment is grouped into four main areas: (6.2.1) standardised language assessments,
(6.2.2) speech profiling carried out within a psycholinguistic framework, (6.2.3) speech

analysis, and (6.2.4) child interview and parent / teacher report.

6.2.1 Standardised language assessment
Standardised tests administered at the start of the intervention, were re-administered, and

results are presented in Table 7.21.
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Table 7.21

Comparison of Rachel’s standardised speech, language and literacy assessments at CA 7;1

(

pre-intervention) and CA 8;1 and 8:10 (

PRE

post-intervention)

POST

POST

Assessment Arcatapped  INTERVENTION INTERVENTION INTERVENTION
CATil CA 81 CA 810
Score Age- Score Age- Score Age
}quivalent equivalent cquivalent
Receptive language ; :
Test of reception of | Receptive | Std Score: | 9;0 Std Score: 9;0 Std Score: 9;0
grammar (TROG, grammar 104 104 104
Bishop, 1989) Centile: Centile: 62.5 Centile: 62.5
62.5
British Picture Receptive | Std Score: | 6;2 Std Score: 7;2 Std Score: 8;10
Vocabulary Scale vocabulary | 88 92 100
(BPVS, Dunn et Centile: Centile: 30 Centile: 50
al., 1997) 22.5
Receptive Subtests | Receptive | Std Score: Std Score: 10 Std Score:
of CELF language 10 Centile: 50 11
(Clinical Centile: Centile: 74
Evaluation of 50
Language
Fundamentals —
UK Edition, Wiig
et al., (2001).
Expressive language »
Renfrew Word Expressive | Z Score: 6;12 | Z Score: 8:6 Z Score: 8:6
Finding vocabulary | .0, ] 1.66 1.66
Vocabulary Test
(Renfrew, 1995)*
Clinical Evaluation | Expressive | Std Score: Std Score: 9 Std Score:
of Language grammar 9 Centile: 40 10
Fundamentals Centile: Centile: 50
(CELF- 3), 40
Expressive
Subtests (Semel et
al.,1995)
Edinburgh Articulation | Std Score | 5;6 Std Score = 5;8 Std Score = | 650
Articulation Test | and =77 86 106
(EAT, Anthony et naming
al., 1971))** :
utﬂaﬁymmmcs : _b i e ) : et 1 S s s A L o R e
Schonell Reading Reading Reading age = 7;9 | Reading age = 8;2 Reading age = 8,9
Test (Newton and single years years years
Thompson, 1982) words
Schonell Spelling Writing Spelling age=8;6 Spelling age=8;5 Spelling age=8;8
Test (Newton and single years
Thompson, 1982) words
from
dictation

* Renfrew Word Finding Vocabulary Test has norms up to age 8;6 which were used for Ben at all
assessment points beyond this age
**EAT is designed for use with children up to the age of 6;0. Rachel’s scores were calculated using
this upper age limit although she was older than this at each assessment.

In terms of receptive language, Rachel’s TROG score (Bishop, 1983) did not change over

the three assessments. However, the score is appropriate given her chronological age, and no
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cause for concern. Her performance on the other two receptive language measures showed
steady increases over the course of the project. Her BPVS score (Dunn et al., 1997) for
receptive vocabulary was slightly delayed at T1. At T2 the gap between Rachel and her
chronologically matched peers remained. However at T3 her score was found to be age-
appropriate. It is suggested that this may be because her auditory discrimination had
improved which had in turn improved her new word learning skills. Her scores on the
receptive subtests of the CELF (Wiig et al., 2001) remained age-appropriate throughout the
intervention with a slight, but not significant increase noted at T3. Similarly, her expressive
language skills remained appropriate for her age with some slight but insignificant gains
noted over the assessments. Her receptive and expressive language skills are age-
appropriate.

Rachel’s performance on the literacy tests may be slightly more cause for concern.
At T1 her age equivalent scores were well in advance of her peers for both reading and
spelling. At T2 these scores remained age-appropriate although they were slightly less
advanced than at the initial assessment. At T3, the scores were slightly, although not
significantly delayed for her age. Although each set of literacy results is not a cause for
concern in its own right, the trend in relation to her age-matched peers is slightly worrying
especially given the history of her speech difficulties. It will be important that Rachel’s
literacy development is carefully monitored so that the gap between her and her age-matched
peers does not become a significant one. When comparing reading and spelling, it is
interesting to note that at the first two assessments her reading performance was weaker than
her spelling performance, an unusual trend (Bishop and Clarkson, 2003). At T3 assessment
this pattern had changed and the two skills were now almost equally matched. Again, it will
be important to ensure that her spelling, a potentially challenging area for children with a
history of speech difficulties, does not fall behind.

6.2.2 Speech profiling in a psycholinguistic framework

Tests used to build Rachel’s initial speech processing profile (fig 7.1) were carried out again
in order to determine if any changes in her profile had occurred. The updated profile is
presented in Figure 7.4. Changes on both input and output parts of the profile were found:
Rachel now performed age-appropriately on all aspects of the profile. Her ability to
discriminate between real words (level D) and non-words (level B) was now age appropriate.
The output difficulties previously experienced at levels G,I and J had also now resolved. Her

self-monitoring abilities (level L) were also judged to have improved.
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Figure 7.4
Rachel’s speech processing profile at CA 8;1 (from Stackhouse and Wells, 1997). Changes

from the earlier profile (fig 7.1 at CA 7;1) are indicated by shaded areas

V = age appropriate performance

INPUT

F Is the child aware of the internal structure

of phonological representations?

V- Rhyming test (Vance et al. 1994)

V- PhAB picture alliteration subtest
(Frederikson et al. 1997)

OUTPUT

E Are the child’s phonological

representations accurate?

V - Auditory lexical decision task
(Constable et al., 1997)

V - Sorting tasks

G Can the child access accurate motor

programmes?

Y - Single word naming test (Constable et al.,
1997)

V- Word-finding vocabulary test (Renfrew
1995)

D Can the child discriminate between real

words?

Y = Real word discrimination test

_(Bridgeman and Snowling 1988)

v - Aston index discrimination subtest
(Newton and Thompson 1982)

V- PhAB alliteration subtest (Frederikson
etal. 1997)

H Can the child manipulate phonological
units?
vV - PhAB Spoonerism subtest subtest
(Frederikson et al. 1997)
v - PAT rhyme fluency subtest
subtest (Muter et al. 1997)

C Does the child have language specific
representations of word structures?

Not tested

I Can the child articulate real words

accurately?

Y = Real word repetition subtest
(Constable et al., 1997)

v - Aston index blending subtest — real
Words (Newton and Thompson 1982)

V - Real word test (Snowling)

B Can the child discriminate speech sounds
without reference to lexical representations?
Y= Non-word discrimination test

" (Bridgeman and Snowling 1988)

J Can the child articulate speech without

reference to lexical representations?

V - Aston index blending subtest —
nonwords (Newton and Thompson
1982) ‘

¥ = Non-word repetition subtest

(Constable et al., 1997)

v - Non-words test (Snowling)

A Does the child have adequate auditory
perception?
V - audiometry

K Does the child have adequate sound

production skills?

v - Stimulable for all sounds

v - Oro-motor assessment (Nuffield
Dyspraxia Programme, Connery et al.
1994)

forms?

Yes

L Does the child reject her own erroneous
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6.2.3 Speech analysis

A post-intervention PACS (Grunwell, 1985) was carried out to provide information on
Rachel’s speech production system (Table 7.22). This was compared with the summary of
the findings from the initial assessment (section 2.3.1). Rachel’s severity indices remained

high and unchanged.
Cluster reduction was significantly reduced in Rachel’s naming of PACs and other

pictures. Initially noted for 72% of possible instances, it was noted for only 5% of possible
instances at the post-intervention follow-ups. These instances were all noted for [s] clusters
in word-initial position (e.g. [semps] for STAMPS) but Rachel was able to correct herself
once she had produced the word. Rachel still found it hard to produce some multisyllabic

words. Sequencing errors (e.g. [teetikilo] for CATERPILLAR) and other sound confusions (e.g.

[hosbikil] for HOSPITAL) were still noted in a few instances of Rachel’s spontaneous speech.

However, her ability to repeat these accurately had improved from the initial assessment.
When Rachel produced these multisyllabic words erroneously, she was able to self-correct.

Stopping of [s] was no longer noted in Rachel’s speech.

6.2.4 Child interview and parent / teacher report
The child interview, and evaluation from teachers and parents was carried out again at CA

8;10 to provide further impressions of changes in Rachel’s speech.

6.2.4.1 Child interview

The same interview procedure as described in section 2.4.1 and Table 7.3 was carried out at
the long-term follow-up assessment. The results of the second interview are summarised in
Table 7.23 together with the results from the initial interview for comparison. Rachel
showed good insights into her speech and the progress that she had made in therapy. Her
attitudes to both speech and literacy were positive. She is confident about her spoken
language abilities now, but realises that literacy can pose challenges and is something that

one can practise in order to achieve success.
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Assessment
Severity indices

Pre-intervention CA 7:2
PCC 96.1%
PVC 100%
PPC 97.5%

Comparison of Rachel’s speech data at CA 7;2 (pre-intervention) with CA 8;2 (post-intervention)

Post-intervention CA 8:2
PCC 94.8%
PVC 100%
PPC 96.7 %

Phonetic inventory

Word initial: all phonemes
Word medial: all phonemes
Word final: all phonemes

Word initial: all phonemes
Word medial: all phonemes
Word final: all phonemes

Stimulability

All phonemes

All phonemes

Phonological processes
analysis (% use)

Developmental processes: stopping (78%), reduction of [s]
clusters (72%)

Developmental processes: reduction of [s] clusters (5%)

Single word speech
sample

[teetikila] for CATERPILLAR
[hosbikil] for HOSPITAL
[pun] for SPOON

[kul] for sCHOOL

[deks] for DESK

[didad] for SCISSORS

[es] for ASK
[=t] for ASK
[w1?] for WITH
[lit] for LEAF
[boid] for BOYS

[kaetipila] for CATERPILLAR
[hosbikil] for HOSPITAL
[spun] for SPOON

[skul] for scHOOL

[desk] for DESK

[s1zas] for SCISSORS

[st] for ASK
[@sk] for ASK
[w18] for WiTH
[lif] for LEAF
[boiz] for BOYS

Connected speech
sample

[6amanwauntbar.it] for THE MAN WON'T BUY IT
[01smanizwimin] for THIS MAN IS SWIMMING
[1tw3agear1] for IT WERE SCARY

[etkwrtmit] for AT CHRISTMAS

[farvpakitsakrisps] for FIVE PACKETS OF CRISPS
[eenwiswaminBasi] for AND WE SWAM IN THE SEA
[auglzsgotapraiz] for OUR CLASS GOT A PRIZE
[ardonlaikit] for I DON'T LIKE IT
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Table 7.23
Summary of findings from Rachel’s semi-structured interview at CA 7;8 (during
-term follow-up)

Main findings at CA 8:10

intervention) and CA 8;10 (post-intervention at long

Arca of questioning

Rachel’s experience of SLT
e  Present

. Past

Rachel’s perception and awareness
of own speech

Main findings at CA 7;8

Enjoys therapy a great deal

Doesn’t enjoy spelling especially
doing the lengthy baselines

Enjoyed therapy a great deal and
want to have more even though her
speech difficulties have resolved
The writing was a challenge for her

Remembers previous therapy and
therapists well

She needed to come to speech
mainly because of not being able to
say ‘s’

She likes talking both in the
classroom and to her friends

She had some problems with
talking but she can do everything
now.

She loves chatting to her friends
and family.

Rachel’s perceptions of
communication more generally

Most people in England talk the
same language but people in other
countries talk different languages.
She was aware of a child in the
school who does not have English
as a first language

Rachel’s attitudes to literacy

Reading is easy and fun for her.
Writing is more challenging

Reading and writing are both
important for success

Reading books at home is fun.
Sometimes reading and writing can
be hard at school.

She wants to get a prize for spelling
and knows she will have to practise
spelling everyday to achieve this.

6.2.4.2 Teacher report

Rachel’s class teacher and LSA were asked questions about changes in her speech post-

intervention. Both agreed that she had made good progress and that there was now nothing

they could think of that was wrong with her speech. They both thought that speech and

language therapy was no longer necessary, and expressed positive feelings about her speech,

language, literacy and social skills.

In order to provide further information about Rachel’s academic progress over the

course of the intervention, SATSs results were obtained from the assessments carried out at

the end of Year 2 (prior to starting intervention, CA 7;3) and at the end of Year 3 (following

intervention, CA 8;5). These results are shown in Table 7.24.
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Table 7.24
Rachel’s SATSs results from pre-intervention (Year 2) to post-intervention (Year 3)

Year 2: CA 7:3 Year 3: CA 8;5 Comment*
Reading 2B 2C Decreased by 1 grade
Writing (includes spelling 2B 2B Remained the same
and handwriting)
Numeracy 2A 3C Improved 1 grade

* the numbers indicate the child’s level of ability which moves from 1 upwards through to a target of
4 by the end of key stage 2. An A symbol indicates the child is almost ready to progress to the
following level, whereas C or B suggests that they need further consolidation at that level. Here
changes are reported in ‘grades’ which are derived from the number of ‘letter’ changes occurring, i.e.
1B to 1A constitutes an improvement of 1 grade. One would expect an average child to move 2-3
grades in the course of a year.

Rachel’s assessment scores for reading show a decrease in her abilities when compared to
the expected standards for her year group. Her teacher reported that at the Year 3 assessment
Rachel had performed poorly and the result was not a true indication of her skills. She
reported that Rachel had started to cry halfway through the reading passage and had not
coped well with the assessment situation. Her writing and spelling assessments revealed a
stable performance which teachers were not concerned about given the results of other
children in the class. Nevertheless, one might expect to see some gains being made over the
course of the year. These literacy results are a cause for concern given the results from the
standardised tests in Table 7.21 which also showed Rachel to be performing slightly less
well in relation to her peers than at the start of the project. At these assessments she did not

seem anxious.

Rachel’s numeracy scores had improved in line with what one might expect given

the amount of time that had elapsed.

6.2.4.3 Parent report
Rachel’s parents were very pleased with the progress that Rachel had made over the course
of intervention. They considered Rachel to have no residual speech difficulties post-

intervention and were happy with all aspects of her communication. They felt that it was

appropriate for intervention to stop.

6.2.5 Summary of macro evaluation

1. Rachel’s expressive and receptive language skills as measured by standardised tests

outlined in 7.21, remained appropriate for her age.
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2. Rachel’s literacy performance is now some cause for concern. Her reading and spelling
age as measured on single word tests (Schonell spelling and reading tests, Newton and
Thompson, 1982) remained appropriate for her age, but showed a trend of decreasing
skills in relation to her peers. These findings were supported by the SATs results
obtained from Rachel’s teacher which showed no change in her spelling over the course
of a year, and a decline in the standard expected for her reading. Given the links
between speech and literacy, and her history of speech difficulties, her literacy progress

should be carefully monitored.

3. Rachel’s speech processing profile (Figure 7.3) showed a range of changes in both input
and output: she was found to be performing age-appropriately in relation to her peers for

all input and output tasks.

4. Rachel’s self-monitoring skills were judged to have improved over the course of the
intervention, and this enabled her to make self-corrections for some of the errors still
noted in her speech. These errors include persisting difficulties with multisyllabic words
and occasional cluster reduction of [s] clusters. Her immature phonological processes of
cluster reduction and stopping had significantly decreased (from 72%) with 5% of

possible clusters now reduced, and no instances of stopping noted.

5. Rachel herself, her parents and teachers were pleased with her speech progress and no

longer felt that intervention was needed.

7. DISCUSSION

Normally-developing children do not have difficulty in the perception or production of
word-final consonant clusters. Rachel, the child discussed in this chapter, clearly had
specific difficulties with her speech production and perception of word-final clusters.
Research into children’s speech and spelling development has suggested that consonant
clusters can pose particular difficulties for many children. Most of the research to date has
focused on spelling of word-final consonant clusters (e.g. Treiman, 1985) or speech
production of word-initial clusters (e.g. Powell and Elbert, 1984; Smit, 1993; Gierut, 1999;
Gierut and O’Connor, 2002). It is known that [s] + stop clusters are different to other
clusters, and require specific intervention to promote their accurate production (Barlow,
2001), and that treatment of [s] + stop clusters does not promote widespread change across

all consonant sequences, while treatment of other consonant sequences can (Gierut, 1999).
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Rachel’s intervention of word final [s]+ stop clusters resulted in generalisation to other more
complex, three-element clusters as well as to singleton [s] and other fricatives.
Mcleod et al. (1997) have reported that there is no clear developmental hierarchy for the
development of [s] clusters word initially or finally, although it is known that [s] production
may be easier for children acquiring this phoneme in word final position (Grunwell, 1985;
Redford et al., 1997). Again, extensive generalisation was found across word position with
Rachel able to apply her knowledge of the word-final consonants clusters to the same
clusters in other positions. In terms of the specific [s]+stop clusters, there is some evidence
that [sk] may be slightly later acquired on average, when compared to [sp] and [st]. This
finding did not apply to Rachel. However, it was observed that [st] was more advanced in
both her speech and spelling than the other two clusters. Although this is not reported in any
of the cluster studies, [st] does occur more frequently in word-final position than the other
two clusters which may be a factor in its early emergence.

Target selection was an important part of the intervention planning for Rachel.
While intervention focused on three [s] + stop cluster in the word-final position, a range of
untreated controls were used to determine the generalisation effects beyond the treatment
stimuli. Gierut et al. (1987) suggest that the process of target selection.should involve
classification of a child’s knowledge of phonemes into categories ranging from ‘no
phonological knowledge’ (i.e. the child does not have the phoneme in their repertoire) to
‘maximal phonological knowledge’ where they are consistently able to use the sound in
appropriate ways in all word positions. It is suggested that choosing targets about which the
child has no knowledge will result in more widespread change than choosing those about
which some knowledge exists. Considering the difference in baselines at the start of the
study, it seems likely that Rachel’s PPK of [st] was higher than for the other two groups.
The generalisation pattern observed in this study supports the theory: Rachel improved not
only in her ability to produce the [s] clusters but also in her ability to produce singleton [s]
and other fricatives, most notably [z]. However, it should be cautioned that Rachel was
becoming increasingly proficient in her singleton [s] production during the initial
assessment, and thus she may have been ready to acquire that phoneme in any event. It is
also interesting to note that contrary to the predictions of Gierut et al. (1987), Rachel’s
speech production of thee-part consonant clusters also improved. Detractors of Gierut et al.’s
(1987) complexity accounts of treatment efficacy (e.g. Williams, 1991) suggest that the
categories of phonological knowledge may be too broad to characterise the precise level of
knowledge, and further that in real-life settings complex targets are often not suitable
treatment goals since children find them too challenging in the initial stages of therapy.
From Rachel’s intervention one might conclude that choosing moderately challenging targets
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is a successful compromise with the child not being outfaced and generalisation occurring
both downwards to the less complex structures and upwards to the more complex aspects.

Rachel’s intervention programme made use of new lexical items. It was
hypothesised that it would be easier for her to acquire the new motor programmes from
afresh, rather than revise already existing ones. This is by no means a novel therapy
approach (e.g. see Bryan and Howard, 1992). In Rachel’s case, no significant difference was
noted in the way in which old and new items improved. However, it may be that there were
sufficient novel items to stimulate the online motor-programming device and sufficient
impetus to shake-up the motor-programme store.

Rachel received three different interventions, which were applied to three different
wordlists. Significant differences were not noted in response to these differing interventions:
all of the interventions were effective in targeting the treatment stimuli. Widespread
generalisation was noted to each of the control sets of words, although the wordlist with [s]
cluster word-initially revealed some interesting results. Here it was found that the accuracy
of [st] production decreased following the auditory discrimination intervention. As noted,
[st] seemed different to the other two clusters [sp] and [sk]: Rachel obtained pre-intervention
scores for speech and spelling that were significantly higher for this phoneme than the other
two. It has been suggested that the auditory discrimination treatment for this wordlist did not
generalise to other word positions and had the effect of confusing Rachel’s emerging
production skills. However, it is difficult to know if the decline observed was due to
characteristics specific to the [st] cluster and the stage that Rachel was at in acquiring the
cluster, or due to the input intervention. It is most likely that the results reflect an interaction
of these two factors.

There are other effects of intervention that are hard to disentangle. The aim of
applying three different treatments to three cluster sets was to monitor the progress observed
for each set, almost as if three different children were receiving three different treatments.
This logic presupposes that the three [s] clusters are distinct entities. Clearly this may not be
the case. Results of the study and patterns of generalisation observed suggest that each
treatment affected the speech processing system as a whole and effects could not be
separated from word-list to word-list. This is a useful finding in that therapists can consider
[s] clusters, such as the ones targeted in this study, as being very closely linked with great
overlap in the way they are stored in children’s speech processing system. However, despite
this fact, it is important to consider baseline PPK as children may respond differently to
intervention depending on the knowledge they already have about particular clusters.

At the start of the project, Rachel was considered to be a resilient child: one whose
persisting speech difficulties had not affected her literacy and academic and social success.

The concept of resilience is an interesting one that has been little researched in relation to
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speech and language. Some authors (e.g. Werner and Smith, 1982) have attempted to profile
resilient children, looking at factors which seem to predispose ‘at-risk children’ to cope with
their particular environment and difficulties in a positive way. Although the focus of this
research is not specifically on speech and language, findings have suggested that
autonomous children with good social skills are ones who are likely to cope best with
difficulties faced. Certainly, Rachel presented as an independent girl with excellent social
and pragmatic language skills.

However, the positive picture of Rachel’s literacy skills presented at the start of the
chapter, was brought into question towards the end of the study: Rachel’s literacy progress
was not as great as one might have expected in relation to her peers and given the amount of
time that had elapsed. Bishop and Adam’s (1990) critical age hypothesis predicts that
children such as Rachel with speech difficulties persisting beyond age 5;5 face an increased
risk of experiencing literacy difficulties. Rachel may have been enjoying a temporary respite
from literacy difficulties that will surface in the future. Following the intervention given in
this study, she was discharged from speech and language thefapy by the local SLT service as
her difficulties were now considered resolved. This raises the question of criteria for
discharge: Joffe, Penn and Doyle (1996) investigated the persisting difficulties faced by
children who had been discharged from therapy and were considered ‘remediated.” In many
cases they found such decisions were premature, and called for a broad-based perspective for
therapy discharge criteria. One way of developing such a perspective is through longitudinal
studies. The longitudinal study carried out by Nathan, Stackhouse, Goulandris and Snowling
(2004) found that children whose speech difficulties persisted beyond 5;5 typically had
speech processing profiles that were resistant to change. These children seemed to have core
deficits that characterised their condition. The fact that Rachel’s speech processing profile
changed after the intervention and indeed ‘normalised’ at each level, suggests that she might
not have these core difficulties. However, the fact that she does still evidence some
difficulties in her production of multi-syllabic words may mean that underlying difficulties
still remain and that the speech task were not hard énough to tap into these residual
problems. Question that remain unanswered about Rachel are (a) whether earlier and
intensive intervention would have resolved her speech difficulties and normalised her

profile, and (b) whether or not she will go on to experience literacy difficulties.
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Older children with persisting speech problems face a number of risks. They are at increased
risk of experiencing psychosocial difficulties: low self-esteem, poor self-image and possibly
bullying and stigmatisation (Nash, Stengelhofen, Toombs, Brown and Kellow, 2001). These
children are also at particular risk of being poor spellers due to the shared phonological
underpinnings for speech and spelling (Lewis, Freebairn and Taylor, 2002). A study by
Clark-Klein and Hodson (1995) revealed that children with histories of speech difficulties
made more phonologically deviant misspellings than their normally developing peers.
Speech sound errors do not necessarily map directly onto spelling errors (McCormick,
1995), but rather difficulty with speech may result in imprecise phonological representations
of words in the lexicon (Treiman, 1985; Stackhouse, 1996), resulting in inconsistent
erroneous spellings. Children with speech sound disorders at pre-school may be at risk for
later spelling difficulties due to poor phonological awareness and difficulties in phonological
coding in verbal memory. Bishop and Adams (1990) contrasted literacy outcomes for two
groups of 8-year-old children: a group whose speech difficulties had resolved, and a group
whose speech difficulties remained. They found that a significant number of the children
with persisting speech problems had literacy difficulties, while their resolved counterparts
did not. Their critical age hypothesis thus suggests that children whose speech difficulties
have not resolved by 5,6 face an increased risk of experiencing difficulties with literacy as
they get older.

It is important to consider the nature of speech difficulties in studies looking at the
relationship between speech and spelling and long-term outcomes. Studies of children with
organic speech difficulties (e.g. dysarthria, or level K on Stackhouse and Wells’ (1997)
speech processing profile) found that such speech difficulties are not linked to spelling
problems (e.g. Stackhouse, 1982; Bishop and Robson, 1989). Similarly, results from more
recent research show that children with articulation difficulties are not at an increased risk of
having literacy problems provided that they have good language skills and the articulation
difficulties are not severe (Bishop and Clarkson, 2003). Dodd, Gillon, Oerlemans, Russell,
Syrmis and Wilson (1995) found that children with disordered phonology are at greatest risk
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for spelling difficulties, but that children with delayed phonology and articulation difficulties
are also at some risk. Speech difficulties are thought to assume importance in terms of
literacy outcomes when they co-occur with language difficulties. Bishop and Clarkson
(2003) reported that the group of children with both speech and language disorders were the
poorest performers in their study, and the results from a longitudinal study by Nathan,
Stackhouse, Goulandris and Snowling (in press) confirmed this finding.

Bishop and Clarkson (2003) observe that spelling skills are frequently overlooked
when evaluating children with speech and language difficulties. These authors note that
literacy research has tended to focus more on reading than spelling, and that it is often
argued that spelling performance can be deduced from reading performance since the two are
typically highly correlated. They argue that spelling offers an important window into the
developing speech and language system since it is a late-acquired and complex skill. This
chapter focuses on the oldest participant in the study, a boy called Ben with persisting speech
problems and associated literacy difficulties. The chapter centres on some of the difficulties
faced by older children with unresolved speech problems. It explores links between speech
and spelling in this population; the nature of persistent speech problems and the reasons they
may be resistant to change. The chapter describes Ben’s (1) background, (2) assessment, (3)
macro intervention planning, (4) micro intervention planning and (5) iinplemeﬁtation of his
intervention programme. It concludes with (6) an evaluation of the intervention, and (7)

discussion of the themes specific to this case.

1. BACKGROUND INFORMATION

Ben was 8;6 at the start of the study and in Year 4 in a mainstream school. His involvement

in the study continued until he was 10;3 and in Year 6.

1.1. Developmental

Ben'’s birth and early developmental history was normal in all aspects with the exception of
the slightly delayed onset of first words. His father reported that he spoke his first words a
little later than his older sistér, but that he was very communicative. Ben had a series of
middle ear infections as a baby, but these resolved before he was 3;0. He has passed all
hearing screens since starting school. Motor milestones were achieved within normal age

limits and no feeding difficulties were noted. Ben is right-handed.
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1.2 Educational

Ben is in the lower ability group in his class and receives some additional learning support in
a small group for the slower learners in the class. This support is for literacy and numeracy.
He has good attention in a 1:1 situation and can generally sustain attention in the classroom,
although at times he needs to be re-focussed on the task at hand. His teacher described him
as a quiet and hard-working boy. She expressed concerns about his spelling and reading,
which she noticed had become increasingly weak as literacy demands grew in Year 4. She
commented that some of his speech errors were noted in his spelling. Ben is a creative child
whose favourite subject is art.

IQ results (WASI, Wechsler, 1999) suggested a verbal IQ of 82, a performance 1Q of
115 and a full-scale score of 98 which falls in the average range. Verbal IQ is often

recognised as the best predictor of future academic achievement (Townend, 2002).

1.3 Medical
Ben’s medical history is uneventful. He is a healthy child, seldom absent from school and

with no reported episodes of hospitalisation or serious illness.

1.4 Speech and language therapy
Ben was referred for speech and language therapy for the first time at CA 6;3. This late
referral seems to have been due to the fact that his language was good, and his parents and
teachers considered that he would grow out of his speech difficulties. Assessment at this
time revealed receptive and expressive language appropriate for his age. His speech was
described as immature for his age with a range of persisting phonological difficulties. Ben
was then seen in school at varying intervals by the local SLT service. He received therapy
both individually and in a small group.

At the start of this project at CA 8;6, Ben was no longer receiving therapy on a
regular basis, but was being reviewed each term with advice being given to the school staff.

His remaining areas of difficulty included production of [st] and [str] (typically reduced to
[s]), [f] and [tf] (also produced as [s]), and [0] and [8], inconsistently produced as [v]. His

teacher’s main concern was that he is not always easy to understand in conversation, and that

his speech seems to affect his spelling skills.
1.5 Family

Ben lives with his father and one sister, two years older than him. His parents had recently

divorced, and at the time of assessment Ben was upset about this and adjusting to a new
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routine. He spends every second weekend with his mother. Ben is very close to his sister

and the siblings meet at break time to play together.

1.6 Social

Ben is a quiet, gentle boy who needs to be encouraged to express his opinions in the
classroom situation. In the one-to-one situation with an adult he was initially shy but once
he gained confidence was talkative and friendly. He has few close friends in his class, and
seems to prefer the company of adults, or his sister. School staff have expressed concern
about his social withdrawal and the fact that his sister is his closest companion. He is
sometimes a target for teasing by the other children in his class: the focus of the teasing

seems to be on his speech and shyness.

1.7 Summary of background information

Ben has a normal developmental history with the exception of delayed speech. Socially and
emotionally, he was experiencing some difficulties which may be related to his parents’
recent divorce as well as his speech difficulties. Academically Ben requires additional
support to maintain his position in the class. Increasingly, his speech errors have been
observed in his spelling, and there are concerns about his literacy progress in ”general. Ben’s
speech difficulties at CA 8;6 were subtle but persisting. He was referred late to speech and
language therapy (CA 6;3) but in the past two years has received intervention which has had
some effect on his phonology. However, difficulties remain and there is concern that Ben
may be at risk for experiencing further spelling and reading difficulties linked to his

persistent speech problems.

2. ASSESSMENT

Assessment was carried out at the start of the study when Ben was in Year 4 (CA 8;6 —-8;9).
The entire assessment procedure was re-administered on completion of the intervention,
when he was in Year 5 (CA 9;7 — 9;8) and at long-term follow-up in Year 4 (CA 10;2 -
10;3). Assessment was grouped into four main areas: (1) standardised 1anguage assessment,
(2) speech profiling carried out within the psycholinguistic framework, (3) phonological
analysis, and (4) child interview and parent / teacher report. Results of the standardised
assessments are presented in section 2.1, followed by a discussion of the speech profiling
(2.2), speech analysis (2.3) and child interview and parent / teacher report (2.4). The re-

assessments are discussed in the evaluation sections of the chapter.
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2.1 Standardised language assessment

The standardised assessment revealed that Ben has a range of difficulties in all aspects of his
language development. He performed below-age for both the expressive and receptive
vocabulary tests contrary to what had been reported from other language assessments. His
understanding of grammar is substantially delayed for his age. These language delays
together with his speech difficulties place him at increased risk for experiencing literacy
difficulties (Bishop and Clarkson, 2003). The literacy measures showed that Ben is
approximately one year delayed in his reading ability. His teacher cautioned that although
he decodes well, his reading comprehension is poor. The Schonell Graded Reading Test
(Newton and Thompson, 1982) does not assess reading comprehension. His spelling is more
delayed, by approximately 18 months, and this accords with the strong links between speech
and spelling outlined in the introduction to this chapter by authors such as Lewis et al.,
(2002) and Clark-Klein and Hodson (1995). The results of the standardised assessments are

summarised in Table 8.1

Table 8.1
Summary of Ben’s standardised speech, language and literacy assessment results at CA 8;8

Assessment Area tapped Standard  Centile  Age equivalent

score

Receptive language

Test of reception of grammar | Receptive grammar 87 25 7;0

(TROG, Bishop, 1989)

British Picture Vocabulary Receptive vocabulary 78 7 6;2

Scale (BPVS, Dunn et al.,

1997)

Clinical Evaluation of Receptive language 9 40 Age appropriate

Language Fundamentals
(CELF- 3), Receptive
Subtests (Semel et al., 1995)
Expressive language

Renfrew Word Finding Expressive vocabulary 25 6;11
Vocabulary Test (Renfrew,

1995)

Clinical Evaluation of Expressive language. 9 40 Age appropriate

Language Fundamentals
(CELF- 3), Expressive
Subtests (Semel et al.,1995)

Edinburgh Articulation test* | Articulation and 77 5;6

(EAT, Anthony et al., 1971) naming

Literacy:measures! e B e A i R e
Schonell Graded Readmg Reading single words Readm{, age =
Test (Newton and Thompson, 7,7 years

1982)

Schonell Spelling Test Writing single words Spelling age=7;1
(Newton and Thompson, from dictation

1982)

* Renfrew word finding vocabulary test has norms up to age 8;6 which were used for Ben at CA 8;8
*¥EAT is designed for use with children up to the age of 6;0. Ben’s scores were calculated using this
upper age limit although he was 8;8 at the time of the assessment.
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2.2 Speech profiling in a psycholinguistic framework

The speech processing profile from Stackhouse and Wells (1997) was used as a framework
for organising the data from this part of the assessment. At each level of the profile at least
one assessment was carried out'®, In some cases this included data already obtained from the
standardised tests, and in other cases unpublished, non-standardised tests or subtests from
standardised materials were used (see Appendix 2). Ben’s speéch processing profile at 8;8 is
shown in Figure 8.1. The ticks and crosses shown on the profile indicate Ben’s performance
in relation to other children of his chronological age, with one tick indicating age-appropriate
skills, and further ticks or crosses showing the number of standard deviations above or below

the mean. The completed profile is presented in Figure 8.1.

2.2.1 Overview of psycholinguistic speech processing profile

In general, Ben'’s surface speech deficits were relatively minor. However, examination of
his profile revealed that he had many specific difficulties with more complex tasks and his
problems are subtle, but widespread throughout the profile. He had difficulties with both

input and output processing.

2.2.2 Strengths
Ben’s profile showed a range of strengths: He has generally good phonological
representations as tested by specific sorting games focusing on his error sounds, as well as
the auditory lexical decision task (Constable et al., 1997). He has good awareness of the
internal structure of phonological representations and equally good skills in the manipulation
of phonological units. Ben had good phoneme-grapheme links (he could write all letters to
dictation), and this fits in with his generally intact input phonological skills. However his
phoneme-grapheme links may be more questionable when he is faced with a string of
phonemes, e.g. in a single word writing to dictation task.

Ben’s ability to devise online motor programmes was relatively good. When
presented with the written word <biscuits> he did not recognise the word, and was able to
sound it out by grapheme-phoneme conversion, and then blend the sounds and accurately

devise an ‘online’ motor programme. At first he rehearsed this ‘new’ motor programme in a
whispered voice: he was heard to say the word accurately: [biskits]. However, having

carried out this rehearsal, he then recognised the word as a familiar one after all, and

'® With the exception of level C which is not routinely assessed in monolingual children (Stackhouse
and Wells, 1997).
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produced it at normal volume using his stored motor programme: [bisits]. Examples such as

this one were key in planning the intervention programme.

Figure 8.1

Ben’s speech processing profile at age 8;8 (from Stackhouse and Wells, 1997)

= age appropriate performance
X =1 s.d below the expected mean for his age
XX =2 s.d below the expected mean for his age
XXX =3 s.d. below the expected mean for his age

INPUT

F Is the child aware of the internal structure

of phonological representations?

v - Rhyming test (Vance et al. 1994)

- PhAB picture alliteration subtest
(Frederikson et al. 1997)

v - Sorting games

E Are the child’s phonological

representations accurate?

v - Auditory lexical decision task
(Constable et al., 1997)

v - Sorting games

D Can the child discriminate between real

words?

XXX — Real word discrimination test
(Bridgeman and Snowling 1988)

v - Aston index discrimination subtest
(Newton and Thompson 1982)

X - PhAB alliteration subtest (Frederikson
etal. 1997)

C Does the child have language specific
representations of word structures?

Not tested

B can the child discriminate speech sounds

without reference to lexical representations?

XXX — Non-word discrimination test
(Bridgeman and Snowling 1988)

~ - Aston index discrimination subtest
(Newton and Thompson 1982)

A Does the child have adequate auditory
perception?

v - audiometry. But has history of middle ear
infections as a baby.

OUTPUT

G Can the child access accurate motor

programmes?

X - Single word naming test (Constable
etal, 1997)

X — Word-finding vocabulary test (Renfrew
1995)

X - Edinburgh articulation test (Anthony et
al. 1971)

H can the child manipulate phonological

units?

+ - PhAB spaonerism subtest (Frederikson et
al. 1997)

¥ - PAT rhyme fluency subtest (Muter et al.
1997)

I Can the child articulate real words

accurately?

X — Real word repetition subtest
(Constable et al, 1997)

X — Real word repetition (Snowling)

+ - Aston index blending subtest — real
Words (Newton and Thompson 1982)

J Can the child articulate speech without

reference to lexical representations?

V- Aston index blending subtest -
nonwords (Newton and Thompson
1982)

X — Non-word repetition subtest

(Constable et al, 1997)
XX - Non-words test (Snowling)

K Does the child have adequate sound
production skills?

v - Nuffield Motor assessment; Oral
examination and DDK

Finds it hard to produce [{]

forms?
Inconsistently

L Does the child reject his own erroneous
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Ben had good semantic knowledge and was aided by the use of pictures. His online motor
programming skills were variable: when faced with more challenging non-words he
performed at a lower level than one might expect for a child of his age (e.g. see the results of
the Snowling Test, level J, Figure 8.1, Appendix 2b). However, online motor-programming

is a relative strength when compared to his access of stored motor programmes.

2.2.3 Weaknesses

Ben seemed to have two core areas of difficulty: one on the input side and one on the output
side of his speech processing profile. Input difficulties were mainly with his discrimination
of closely related real words (level D) and non-words (level B). Ben performed variably on
the discrimination tasks, for both real word and non-word items. On standardised tests such
as the Aston index discrimination subtest (Newton and Thompson, 1982) he scored age-
appropriately for both real and non-words. However, the more challenging items in
Bridgeman and Snowling’s (1988) test (see Appendix 2a) were problematic, and Ben scored
-several standard deviations below the mean for his age. This test requires children to

distinguish between [st] and [ts] using a same / different paradigm with word pairs such as
[fits] and [fist]. The rationale behind this procedure is that children with dyspraxic speech

typically make errors in their sequencing of sounds, but the basis for these errors is thought
to be not entirely attributable to output difficulties but also with input difficulties. Ben’s
difficulty with the Bridgeman and Snowling tasks suggests that sound sequencing - both for
input and output - is problematic for him. From another point of view his poor performance
on the test is not surprising if one considers that production of [st] is one of Ben’s particular
speech output difficulties.

Output difficulties were centred on his stored motor programmes where it seems that
many ‘frozen’ motor programmes have not been updated, despite improved online motor
processing, as illustrated by the BISCUIT example above. Ben found repetition of real and
non-words hard: especially when these were longer, low frequency and more phonetically
complex words.

It was hypothesised that his discrimination difficulties and ‘frozen’ motor
programmes work together to affect his speech processing: If one is not hearing all the
linguistic information encoded in a word, then one will not be able to create accurate motor
programmes and produce these appropriately. From a developmental perspective, linguistic
input is a prerequisite for linguistic output. Ben does have a history of input difficulties with
level A (auditory perception) affected when he was younger. Although these problems with
his hearing may now be resolved, the effect may be more lasting on his entire speech

processing system. It is suggested that both auditory discrimination and motor programming
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must be addressed together in order for change to be brought about in Ben’s speech
processing. Two tasks were carried out to determine the relative contribution of Ben’s

auditory discrimination difficulties to his output difficulties.

Task A: Ben was given pictures of selected items from the Snowling repetition task (e.g.
ESKIMO, SPAGHETTI and AMBULANCE, See appendix 2b). He was asked to name the
pictures, and his productions compared with his speech productions from the repetition task.
In a similar way his repetitions on the Constable et al. (1997) real word naming task were
compared with his spontaneous picture naming abilities for these items. Ben had many
difficulties with both the naming and the repetition task. However, on an item-by-item
comparison it was clear that his difficulties were greater on the repetition task than on the
naming task, suggesting that in the case of the former he is confused by the input he receives,
unclear of the phonological representation he needs to select. In the case of the picture
naming, having semantic knowledge aided him slightly in his retrieval of a motor
programme. However, in the real word repetition task, Ben could also access semantic
information to aid in selection of a motor programme, although he did not necessarily need

to do this.

Task B: Another way of making comparisons between tasks involving input and those that
do not, is through reading. Using a non-word reading task is one way of removing semantic
knowledge and concentrating on the specific contributions of input and motor programming
vs. motor programming only. Ben was given a list of 10 real and 10 non-words to read out.
His performance on the non-word items was better (80% correct) than for the real word
items (60% correct). However, comparison of these scores using an independent samples t-
test indicated that the difference was not significant (t(18)=-.949, n.s). He was then given a
spelling task in which he was shown pictures of words and asked to write the words, without
these having been named. His performance on this task was better than for the dictation
spelling task using the same set of words, but since the sample of items used was small

statistically significant change could not be demonstrated.
2.3 Speech analysis

PACS (Grunwell, 1985) was carried out to provide information on Ben’s speech production

system. A summary of the findings is presented in Table 8.2.
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Table 8.2

Assessment
Severity indices

Summary of Ben’s speech data at CA §;8

Comments
PCC 86 %
PVC 99 %
PPC 90.3 %

Phonetic inventory

Word initial position: All phonemes except [tf], [d3], [0], [f]
Word medial position: All phonemes except [0], [(], [3]
Word final position: All phonemes except [tf], [0], [{], [3]

Stimulability

All phonemes except [{]

Phonological processes
analysis (% use)

Developmental processes: Cluster reduction (30%); fronting of [tf],
[d3] and [f] (87.5%); gliding [r] to [w] (20%)

Single word speech [tiz] for CHEESE [bsfder] for BIRTHDAY

sample [s@em)] for JAM [bwis] for BRIDGE
[fam] for THUMB [eksimou] for ESKIMO
[fis] for FISH [sel] for SHELL
[weik] for RAKE [sauk] for STROKE

Connected speech sample

[aumuts] for HOW MUCH

[athad.alital] for I HAD A LITTLE
[i?gpbwaukin] for IT GOT BROKEN
[1.wa.lerfowsk] for HE WERE LATE FOR WORK

The severity of Ben’s speech difficulties was estimated at two points before the intervention:

at the start of the macro-assessment, and at the micro-assessment, carried out ~6 weeks later.

PCC (percentage of consonants correct), PVC (percentage of vowels correct) and PPC

(percentage phonemes correct) were used'’. The difference between these scores at the two

pre-intervention points was not a significant one indicating a stable pre-intervention baseline.

The severity indices suggest that Ben’s speech difficulties were very mild. Nevertheless, he

did have some specific difficulties: [tf] was reduced to its stop component (e.g. [tiz] for

CHEESE), [d3] was fronted to [s] or [d] (e.g. [sem] or [deem] for JAM), [f] was typically

substituted for [0] (e.g. [fam] for THUMB), and [{] fronted to [s] (e.g. [fis] for FISH). [r] was

glided to [w] for ~20% of the time, e.g. [weik] for RAKE. Ben was stimulable for each of

these sounds in isolation, although [{] was extremely hard for him and required many tries.

While Ben had generally mastered all consonant clusters, he found it difficult to

produce [st] and [str] in all word positions typically deleting [t]. [str] (SIWI) was produced

variably as [sw], [s] and [sr].

" following guidelines from Dodd (1995) and Shriberg et al. (1997c) and discussed in greater detail in

Chapter 9 on intelligibility.
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In terms of Dodd’s (1995) sub-grouping, Ben is a child with delayed phonology. He was

consistent in his speech production (approximately 90% consistency within each assessment

session) and evidences errors which are typical of younger children.

2.4 Child interview and parent / teacher report

This part of the assessment aimed to gather impressions of Ben’s speech from Ben himself,

his class teacher, LSA and his parent. This information was used to assist with intervention

planning and to evaluate the outcome of the intervention programme.

2.4.1 Child interview

Ben was interviewed in a semi-structured way to discover more about (1) his experience of

speech and language therapy, (2) his perception and awareness of his own speech, (3) his

perceptions of communication more generally, and (4) his attitudes to literacy (see Appendix

3). This interview procedure was carried out at two points in the study, midway through the

intervention programme, when a rapport had been established, and at the completion of the

intervention study at long-term follow-up. The results of the first interview are presented in

Table 8.3, while the results of the second interview appear in the evaluation section (Section

6) for comparison. Table 8.3 shows that Ben enjoys speech and language therapy and had

good insights into his communication and communication more generally.

Table 8.3

Summary of findings from Ben’s first semi-structured interview following Phase I of

intervention at CA 9;2

Area of questioning

Main findings

Examples of Ben’s responses

Ben’s experience of

speech and language

therapy

e  Present (comments
on phase )

e Past
Ben’s perception and
awareness of own speech

Enjoys therapy

Particularly enjoys games and drawing

Doesn’t like the video and being recorded

“it’s good”

“I like drawing. The train game is the
best”

“the video is a bit scary”

Can’t remember

He enjoys talking but only to certain people
He likes listening
His speech has improved

He has been misunderstood quite often

“yeah (it has improved) but its hard to
say how.”

Ben’s perceptions of
communication more
generally

Not everybody in the world speaks English.
He knows some other languages.

“Lots of other languages, like
Japanese, Chinese and American”

Ben’s attitudes to literacy

Reading is very important for accessing
information

Reading can be difficult but is easier than
writing.

“if you’re learning about animals, you
can bring in your animal book and read
about them”

“hard words make reading hard.”
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2.4.2 Teacher report

Ben'’s class teacher and LSA jointly completed Bishop’s (1998) CCC. The results of the

checklist are presented in Table 8.4.

Table 8.4

Summary of the Children’s Communication Checklist (CCC, Bishop, 1998) and Ben’s

performance on subscales

CCC subscale

Example of behaviours in each
subscale

Ben’s
Score

Comments*

A. Speech output:
intelligibility and fluency

Intelligibility; use of immature
speech sounds; rate and fluency

24

Scores of 27 or below
require further
investigation; Ben’s
speech is an area of
difficulty

B. Syntax

Grammatical errors, phrase
length

29

Acceptable: Scores
below 29 require
further investigation

C. Inappropriate initiation

Ability to talk appropriately to
different people; whether amount
and nature of communication is
appropriate for the situation

28

D. Coherence

Ability to talk logically; make
explicit information when
needed

31

E. Stereotyped conversation

Use of favoured phrases and
topics; over-precise manner

30

F. Use of conversational
context

Understanding conversational
rules; social appropriacy

30

G. Conversational Rapport

Appropriacy of initiation and
response to initiation of
conversation; understanding and
use of facial expression, gesture
and eye-contact

33

Ben’s composite score
for the Pragmatic
subscales C-G = 152.
Scores below 132 are
considered indicative
of pragmatic
impairment.

H. Social relationships

Friendships; interactions with
children and adults

33

Acceptable: Scores of
24 or less require
further investigation

I. Interests

Having very focused interests;
prefers to do things alone or with
others; interests in factual
information

31

Acceptable: Scores of
28 or less require
further investigation

* based on clinical guidelines from http://epwww.psych.ox.ac.uk/oscci/dbhtml/CCC/cccinstruct.htm

Ben’s pragmatic skills are excellent. His greatest area of difficulty was with his speech.

Bishop suggests for clinical purposes that children scoring less than 27 on the speech scale

should be followed up with further investigations. Ben scored 24, and thus fell into this

range. His syntactic score of 29 fell at the cut-off point at and below which Bishop considers

a syntactic impairment to exist.

In order to provide further information about Ben’s academic progress over the

course of the intervention, his SATSs results were obtained for the assessments carried out

prior to intervention (CA 8;9). Ben obtained scores of 2A for numeracy, 3B for science and
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3C for reading and writing. These scores are discussed in further detail in the evaluation of

the intervention.

2.4.3 Parent report
Ben’s father was concerned about Ben’s speech, language and literacy at the start of the

project. He observed that Ben sounded a little babyish at times, and notes that people often
have to ask him to repeat what he has said. His father also had concerns about Ben’s general

academic progress and the fact that he is withdrawn and has few friends.

2.5 Further investigations
The assessment yielded a picture of Ben’s strengths and weaknesses but it also raised some

questions. These were investigated using further specific tasks, as outlined below.

(a) One key role of auditory discrimination in speech processing is in allowing an individual
to distinguish between correct and incorrect production in their speech. Were Ben’s
speech production errors (partly or completely) due to the fact that he is unable to
distinguish between his own error sounds and target productions? In order to answer this
question, a discrimination test consisting of 50 items based on Ben’s outiaut €ITOrs was
devised. Ben performed poorly on this task, unable to distfnguish between phoneme
pairs such as [tf] and [t]; [f] and [s] in both real and non-word items, and in all word
positions. It was concluded that Ben’s auditory discrimination skills affect his speech

production and should be addressed in intervention.

(b) Is there a link between Ben’s spelling and speech difficulties? Is he able to spell words.
containing sounds that he finds hard to produce? Ben’s teacher noted many of his
speech errors in his spelling, but this required more systematic investigation. The
Schonell spelling test (Newton and Thompson, 1982) was administered and results from
this test qualitatively analysed. In addition, further items, incorporating Ben’s speech
production errors were presented to him in a dictation task. Table 8.5 compares spoken

and written productions of Ben’s error phonemes.
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Table 8.5
Comparison of Ben’s spoken and written productions

Target phoneme/cluster  Spoken production Weritten production

[s] st, sr, s
/str/ [s], [sw], [sr] str, sr
1§/ [t], [ts] ch, t
/d3/ [d3], [s] j, t, th
0/ [f] th (for all real words)
f (for all non-words)
10/ (0] th
/§/ [s] sh, s, omits
v/ [r]. [w] r, w

In general the speech errors were replicated in his spelling, although with varying

degrees of consistency, e.g. /0/ was always correctly represented by the grapheme <th>

in real words, /{/ was variably represented as <sh>, often being omitted or represented by

<s>.

3. MACRO INTERVENTION PLANNING

Intervention planning focused on three main areas with each one giving direction to the work
carried out. These included (1) a psycholinguistic rationale that aimed to answer the
question: “What aspects of Ben’s speech processing system should be worked on?” (2) a
phonological rationale which aimed to answer the question: “Which aspects of the sound
system should be treated?” and (3) a more general child-centred rationale which aimed to
answer the question: “What other aspects important to the child should be taken into

account? Each of these is discussed in the sections that follow.

3.1 Psycholinguistic rationale — What aspects of the speech processing profile should be
worked on?

Ben’s main deficits were mapped from the speech processing profile onto Stackhouse and
Wells’ (1997) speech processing model. Ben’s main areas of difficulty are presented in

Figure 8.2
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Figure 8.2.
Speech processing model (from Stackhouse and Wells, 1997) showing Ben’s main areas of

difficulty at CA 8;11

\ semantic |
representation

B phonological
representation

phonological
recognition

phonetic
discrimination

speech/non-speech motor planning
discrimination

|

peripheral
auditory
processing

r l

motor execution

Ben had difficulties with both input and output: discrimination of real words and non-words;
storage and online creation of motor-programmes, as well as motor planning. These are all
areas that intervention needed to address. Ben’s difficulties with each of these parts of the
model were not general. He was able to carry out many of these tasks efficiently, but it was
with a small and specific set of phonemes that proBlems arose. The motor programme
representations affect both his speech and his spelling, and intervention was required for
both these areas®®. Ben’s online motor programming was a relative strength when compared
to his stored motor programmes. As for all the children, Ben’s intervention needed to
carefully affect positive change in the areas of weaknesses, using the stronger areas to gently
‘scaffold’ change. Ben’s intervention task hierarchy is presented in Table 8.6 and shows

how the intervention was structured to move towards increasingly challenging tasks.

2% A child with similar difficulties is described by Nathan and Simpson (2001).
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Table 8.6

Ben’s intervention task hierarchy
Task Description Part of the speech processing system
1= easiest; 9 = mppcd

most challenging

Task 1 non-word reading task taps output: the relative strength of online
motor programming and bypasses
auditory discrimination

Task 2 real word reading task taps output: online motor programming
and/or stored motor programmes.
Bypasses auditory discrimination

Task 3 listening and picture matching | taps input: pictures are provided to give

task top-down support but bypasses output
weaknesses

Task 4 listening and real word taps input: relies on phoneme-grapheme

matching task conversion and orthographic knowledge.
Bypasses output, no picture support
available

Task 5 non-word listening and word as above but non-word discrimination is

matching task more challenging

Task 6 real word listening and written | taps input and written output

output

Task 7 non-word listening and written | as above, but more challenging with non-

output words

Task 8 real word listening and taps input and spoken output

repetition

Task 9 non-word listening and as above, but more challenging with non-

repetition words

Early tasks in the hierarchy were designed with the aim of tapping one of the areas of
weakness (i.e. either output or input) while later tasks draw on both these aspects. Each step
in the hierarchy is designed to be increasingly more challenging for Ben, although the
increments between tasks are small (e.g. Task 1 is a non-word reading task, Task 2 is the
same task but slightly more challenging for Ben in its use of real words). This hierarchy has
been designed to focus firstly on each of the weak points individually and to support them
with relative strengths (e.g. pictures, online motor programming) and then to bring them

together working on both input and output.

3.2. Phonological rationale - Which aspects of the phonological system should be
targeted?

Ben’s difficulties were summarised in section 2.3.1 based on the PACS analysis (Grunwell,
1985). His difficulties are all at a segmental level and limited to a small group of sounds
which include the clusters /str/ and /st/ as well as /{/, /d3/, /t{/ and /0/. Because of Ben’s age

it was decided that intervention should aim to address as many of these speech sounds as

possible in order to be maximally efficient. Phonemes were selected with a view to carrying
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out minimal work to achieve maximal generalisation. The three phonemes /f/, /tf/ and

/6/, and the cluster /st/ were selected as intervention targets. It was hypothesised that
working on this set of items would result in generalisation to other problematic sounds. For
example, the cluster /st/ might lead to generalisation to the 3 part cluster /str/. There is some
evidence that targeting 3 part consonant clusters can result in widespread generalization to
two part consonant clusters (Gierut and Dinnsen, 1987). Would the reverse be true?
Another claim to be investigated is that working on [s]+stop clusters (such as [st]) does not
result in generalization to other clusters although working on other clusters does (Gierut,
1999).

Addressing the other three targets /f/, /tf/ and /6/ might result in more consistent

production of the voiced counterparts of these phonemes, i.e. /3/; /d3/ and /8/. There is

some evidence that treatment of one representative aspect of a sound category can facilitate

improvement across that category (within clags generalization). This has been documented
for place, manner and voicing of production, e.g. treatment of fricatives [s] and [0]

enhanced changes in other untreated fricatives (Costello and Onstine, 1976). This type of
generalization is thought to be influenced by the relationship that exists between sounds.
The fact that children seem to generalize across sounds that have common features is some
indication that these groupings have a psychological validity.

As for all the children, the concept of productive phonological knowledge (PPK)
(Gierut and Dinnsen, 1987) was invoked. The four targets /st/, /{/, /t§/ and /68/ were

considered in the light of Ben’s PPK. /f/ is a PPK type 6 phoneme, about which Ben has no
knowledge and which is produced incorrectly in all word positions. Phonemes in PPK Type
4 are defined as being produced correctly in one or more word positions and consistently in
error in others. The remaining three targets were considered to fall in this group since Ben

was able to produce them in some word positions, but never in others.

3.3. Child-centred rationale — What other aspects important to the child should be
taken into account?

Ben is a quiet boy who is sometimes teased by other children. He seemed to have insight
into his difficulties and was motivated to change his speech. Intervention aimed to build
Ben’s confidence, giving him opportunities to display his talents, e.g. in art. Because of his
high levels of insight and motivation he was regarded as a partner in therapy with the nature

and goals of activities made explicit at each stage.
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4. MICRO INTERVENTION PLANNING

Ben received a total of 36 hours of intervention. This was subdivided into 4 equal phases
with each one addressing a specific target sound. Re-assessment was carried out following
each intervention phase in order to evaluate the effects of therapy over the course of the
programme. Four lists of stimuli were devised with each list representing one of the four
treatment targets. The requirements for each of the 4 treatment lists are set out below

(a) each list to consist of 10 monosyllabic words

(b) each list to represent a different phoneme or cluster: list A= /st/; list B =/{/; list C =
/0/, list D = /t{/

(c) each of the lists to have half the items with the targets in word initial position, and
the other 5 with the target in word final position

(d) items to be matched across the groups by Thorndike-Lorge written frequency (from
the MRC Psycholinguistic database’') and for spelling irregularities

The four treatment stimuli lists are presented in Table 8.7.

Table 8.7
Ben’s four treatment stimuli lists

1 B STACK SHEET THAW CHAIR
2 %ﬂ STAY SHELL THIN CHOKE
3 E STEAL SHIP THORN CHAP
4 .S STOLE SHOCK THANK CHILL
5 § STUCK SHORE THICK CHEEK
6 = PAST DISH MOTH CATCH
7 gf’ MIST CASH MOUTH COACH
8 S TEST PUSH PATH MATCH
9 L‘..E NEST BASH DEATH PEACH
10 § GUST LASH BATH BENCH

The task hierarchy in Table 8.6 shows that for each phoneme group, real word and non-word
tasks, were carried out. The real word task involved the words shown in Table 8.7. For each
of these items a matched non-word item was created by keeping the target sound and altering

the medial vowel and remaining consonant segment to produce a phonotactically acceptable

! www.psy.uwa.edu.av/mrcdatabase/uwa_mrc.htm
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non-word (STACK -> STIP). These non-words are presented in Table 8.8 together with the

real word targets from which they were derived.

Table 8.8
Ben’s four treatment stimuli lists showing real words and matched non-word stimuli
List B
/f/
1 = [stip] (fop] [6iz] (tfak]
an
2 § STAY [sto] SHELL | [fig] THIN [6ps] CHOKE | [tfup]
3 T,—_E’ STEAL | [stog] SHIP [f=n] THORN | [6ab] CHAP [thid]
g
4 K STOLE | [stab] SHOCK | [fab] THANK | [61p] CHILL [tfoub]
S BO STUCK | [stpn] SHORE | [fim] THICK [Oud] CHEEK | [tfps]
6 o PAST | [dest] DISH [pif] MOTH [s0] CATCH | [batf]
7 g" MIST [kist] CASH [bef] MOUTH | [gauf] COACH | [fitf]
8 "cg TEST [maist] PUSH [fof] PATH [wouB] | MATCH | [wertf]
9 = NEST |[tast] | BASH |[naf] | DEATH |[t6] | PEACH | [betf]
10 § GUST | [beest] LASH | [vaf] BATH [douB] | BENCH | [sutf]

Each of the stimuli lists was addressed in successive intervention phases. The order for the

intervention was randomly chosen. /st/ was addressed in intervention phase I, /f/ in
intervention phase II, /0/ in the third phase of intervention and the final phase of intervention

focused on /tf/. Each of these intervention phases consisted of 9 sessions with each session

involving the tasks outlined in Table 8.6 for the words in question and taking approximately
one hour.
In order to evaluate generalisation effects, further lists of untreated stimuli were created.

These are presented in Table 8.9 and were chosen according to the following criteria.
(a) For each of the four treatment stimuli (/st/, /{/, /t{/, /6/) 10 words were selected with the

treated sound in word-initial position. They were monosyllabic words matched to the
treated items in terms of the Thorndike-Lorge written frequency and for spelling
irregularities. These matched words with target phonemes in word-initial position were

chosen to evaluate within item generalisation.

(b) For each of the four treatment stimuli (/st/, /{/, /t{/, /0/), a further 10 items were selected

with the treated sound in word-final position. They were also monosyllabic words

matched to the treated items in terms of the Thorndike-Lorge written frequency and for
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(c)

(d)

spelling irregularities. These matched words with target phonemes in word-final

position were chosen to evaluate within item generalisation.

For each of the four treatment stimuli (/st/, /{/, /tf/, /0/), a further set of 10-20 items was
selected that contained the ‘linked’ sound, i.e. either the voiced counterparts for

/{1, 1t{/, 10/, or in the case of /st/, the three-part cluster /str/, used to observe the effects of

generalisation. The size of the groups varied because /3/, for example, occurs word-
finally only and with low frequency. These were words matched in terms of frequency
of usage, and containing the control phonemes in word-initial and / or final position,
depending on the sound in question. These words were chosen to evaluate within class

generalisation.

For each of the four treatment stimuli (/st/, /f/, /tf/, /0/), a set of 10 non-words was

created which contained the target in word initial (5 items) and word final position (5
items). These words were chosen to evaluate any changes which had been brought about

in online processing.

Table 8.9

Ben’s untreated control stimuli
Matched Matched Linked sound  Words with linked Non-words
words with words with used to sound with target
target in target in monitor in WI and

word initial word final  within class WF

(W) position  (WFK) general- position
isation
[st] STAB BEST [str] STRAP | [stug]
STAFF CAST STRAW [steez]
STAIN COST STRIKE [steb]
STALE DUST STREAM [stuv]
STALL LIST STREET [stav]
STAR FIST STRING [wist]
START MAST STRIP Lost]
STEAM PEST STRIPE [post]
STEEP BOOST STROKE [[dfi'sst‘]]
STEM VEST STRONG
] SHOOT BLUSH 3] BEIGE [feig]
SHADE MARSH CASUAL [fub]
SHAKE BUSH MEASURE [fan]
SHAME MASH MIRAGE [fof]
SHAPE SMASH USUAL [f11]
SHARE WISH VISION [wef]
SHIRT FISH COLLAGE [mif]
SHARP FLASH GARAGE [jzef]
SHINE FLUSH PLEASURE [hif]
SHOE WASH UNUSUAL [fei]
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Table 8.9 cont. Ben’s untreated control stimuli

[6] THIEF BOTH [3] THEM | SMOOTH [6zb]
THING FAITH | THEN BATHE [0ef]

THINK TOOTH THAT SOOTHE [85g]

THIRD TEETH THEY CLOTHE [Bauk]
THUD WORTH THOSE | LOATHE [6emm)

THUMB WITH [pod)

THEME NORTH [louB]

THUG FOURTH , [ke6]

THUMP SOUTH [bi6]
THIGH BIRTH [wauf)

[tf] CHAIN LUNCH [d3] JOIN FUDGE [tfog)
CHARM BEACH JOKE BARGE [tfes]

CHASE DITCH JUMP LARGE [tferb]

CHILD BUNCH JACK BULGE [tfib]

CHEAP PITCH JAIL CAGE [tfof]

CHIN PINCH JAM LEDGE [sitf]

CHIP FETCH JOG WAGE [mitf]

CHOP MARCH JOB HEDGE [hotf]

CHEESE PATCH JET EDGE [kertf]

CHECK HATCH JERK HUGE [futf]

Figure 8.3 shows the design of the intervention. Baseline evaluation took place prior to the
intervention at T1, and then following each of the four phases of intérvention’, in accordance
with a multiple baseline design. Each phase comprised 9 sessions, i.e. working through the 9
tasks of the task hierarchy focusing on one particular target. On completion of the
programme (T5), re-assessment took place, and at T6, long-term follow-up evaluation took
place. Each of these micro assessments involved the following tasks:

(a) Picture naming of treatment stimuli words in Table 8.7

(b) Repetition of untreated, matched non-words in Table 8.8

(c) Picture naming or repetition of all untreated, control words in Table 8.9

(d) Spelling of both real and non-words from dictation

(e) Auditory discrimination task using ‘same / different ’ paradigm to

distinguish between all stimuli words and closely related words e.g. are

these the same or different: STALE / SALE?

Figure 8.3
The design of Ben’s intervention programme

T1 PHASE T2 PHﬁSE T3 PHﬁAISE T4 PHIOSE 5 T6

Assessment [ SIt] Assessment m Assessment [ t ﬂ Assessment [ e] Assessments

9
sessions

9 9 9
sessions sessions sessions
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The following questions were asked: _

(a) Is the intervention strategy effective? If so there should be improvements in Ben’s
speech production of treated items beyond chance level. If the intervention is effective,
does the success of the intervention vary across the four sounds targeted, and why?

(b) Does generalisation extend to the untreated matched control stimuli? If within-item
generalisation is found, what are the patterns observed? Is generalisation greater for
some of the targets than others and how does this inform our knowledge about the
relationship between the sounds?

(c) Does generalisation extend to the untreated ‘linked’ control stimuli? If within-class
generalisation is found, what are the patterns observed? Is generalisation greater for
some of the phonemes/clusters than others and how does this inform our knowledge
about the relationship between the sounds?

(d) Is improvement noted in Ben’s repetition of non-words? If so, this would suggest that
his online motor programming had been effectively altered.

(e) How does the intervention affect Ben’s written representations of words? Are
improvements beyond chance level noted for treated items and /or untreated controls,
and how does this inform our knowledge of the speech-spelling link? If the intervention
is effective for spelling, does the success of the intervention vary across the four sounds
targeted, and why? '

(f) Does Ben’s auditory discrimination ability improve over the course of intervention?
What is the pattern of change observed and how does this fit in with the changes

observed for speech and spelling?

5. INTERVENTION

5.1 Overview of intervention

Intervention consisted of 4 consecutive phases with each phase focussing on a particular
target sound. Each phase consisted of 9 sessions of approximately one-hour duration, i.e.
one session for each task in the task hierarchy as shown in Table 8.6. There was a total of 36
intervention sessions. The sessions were carried out on a twice-weekly basis in Ben’s school
in a quiet room with only him and the therapist present. Ben was 8;10 at the start of the

intervention itself and was 9;7 on completion of the final phase of intervention.
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5.2 Intervention report

Each phase centred round a phoneme or cluster. Sessions are outlined in Table 8.10 together

with notes from each session.

Table 8.10

Summary of Ben’s intervention sessions
Session  Task Example of Comments

stimulus

number

Phase I [st]

1 non-word reading task [stip] Ben was able to read all 10 non-words
correctly. Made use of whispered verbal
rehearsal, and self-corrected [st] (reduced to [s])
when doing this.

2 real word reading task STACK All words correctly produced both WI and WF.
3 listening and picture STACK Able to do quickly and accurately.
matching task
4 listening and real word STACK 75% of items correct at first try. Some of the
matching task items he was not able to find and other times he
was confused by the foils.
S non-word listening and [stip] Found this task more challenging with the non-
word matching task words. Needed some practice to become
confident.
6 real word listening and STACK No difficulties. (100% correct)
written output
7 non-word listening and [stip] More challenging for Ben than with the real
written output words, but able to write all appropriately by end
of session.
8 real word listening and STACK Excellent productions — no errors.
repetition
9 non-word listening and [stip] Excellent productions — no errors.
repetition
Phase II []
1 non-word reading task [fop] He read the words with difficulty and needed

encouragement to get the correct lip and tongue
positioning for [{].

2 real word reading task SHEET Much practice needed. Achieved 70% correct by
completion of session.

3 listening and picture SHEET A very easy task for Ben (100% correct).
matching task

4  listening and real word SHEET A very easy task for Ben (100% correct).
matching task

5  non-word listening and [Sop] No difficulties in finding the words. He achieved
word matching task 100% correct by end of session.

6  real word listening and SHEET Slightly more challenging than previous task. (70%
written output accuracy achieved)

7  non-word listening and [fop] Excellent phoneme-grapheme conversion (90%).
written output

8  real \ygrd listening and SHEET [f] is easier for him WF than WI. Inconsistent
repetition productions (40%).

9  non-word listening and [fop] Non-words are easier to produce than real words but

~__repetition 7 _still challenging for him (60% with support).

Phase III [0] Rl S 2 et
1 non-word reading task [0iz] Excellent productions — no errors.
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Table 8.9. Cont. Summary of Ben’s intervention continued

2 real word reading task THAW Excellent productions — no errors.

3 listening and picture THAW A very easy task for Ben. Achieved 100%
matching task

4  listening and real word THAW A very easy task for Ben. Achieved 100%
matching task

5 non-word listening and [0iz] A very easy task for Ben. Achieved 100%
word matching task

6  real word listening and THAW Good [0] representations as appropriate;
written output experienced most difficulty with medial vowels.

7  non-word listening and [0iz] As for real words.
written output

8  real word listening and THAW Excellent productions — no errors.
repetition

9  non-word listening and [6iz] Excellent productions — no errors.
repetition

Phase IV /tf/

1 non-word reading task [tfak] An easy task for Ben (90%).
real word reading task CHAIR 90% accuracy achieved.

3 listening and picture CHAIR 100% accuracy achieved.
matching task

4  listening and real word CHAIR This task was more challenging for Ben and he
matching task required some practise (60%).

5 non-word listening and [tfak] Another fairly challenging task for Ben (60%).
word matching task

6  real word listening and CHAIR Good spelling noted (70%)
written output

7  non-word listening and [tfak] Good spelling noted (70%)
written output

8  real word listening and CHAIR High level of accuracy noted (90%).
repetition

9  non-word listening and [tfak] High level of accuracy noted (90%).
repetition

6. EVALUATION

This section focuses on the outcome of Ben’s intervention programme. Section 6.1. is a
micro evaluation of the intervention study, aiming to look at the specific changes in treated
stimuli and untreated control items outlined in Section 4. The section starts with an
overview of the micro evaluation (6.1.1), before considering speech (6.1.2), spelling (6.1.3)
and auditory discrimination (6.1.4) in turn. Section 6.15 summarises the findings from the
micro evaluation. Section 6.2 provides a macro analysis of the intervention, aiming to
outline broader benefits in the following areas: standardised language assessment (6.2.1),
speech profiling in a psycholinguistic framework (6.2.2), speech analysis (6.2.3), and child
interview and teacher / parent report (6.2.4). The section concludes with a summary of

findings from the macro level (6.2.5).
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6.1 Micro evaluation ,
Ben was reassessed at periodic intervals during the intervention study using a multiple

baselines design. Figure 8.3 shows the six points (T1 — T6) at which he was assessed. The
micro evaluation involved the following tasks:
(a) Picture naming of treatment stimuli words in Table 8.7
(b) Repetition of untreated, matched non-words in Table 8.8
(c) Picture naming or repetition of all untreated, control words in Table 8.9
(d) Spelling of both real and non-words from dictation
(e) Auditory discrimination task using ‘same / different * paradigm to distinguish
between all stimuli words and closely related words e.g. are these the same or
different: STALE / SALE?

The results for these assessments are described below.

6.1.1 Overview

Table 8.11 gives an overview of Ben’s progress on treated and untreated stimuli by
comparing the percentage of target sounds correct in his speech, spelling and auditory
discrimination at pre-intervention assessment (T1) with scores obtained on completion of the
programme at TS (short-term follow-up), and at T6 (long-term follow;up). The scoring
procedure focussed specifically on the target sounds, not on the remainder of the word. One
point was awarded for each correct target sound (i.e. /{/, /0/ and /tf/, and the cluster /st/).
Raw scores were converted into percentages.

A two-way mixed between-within subjects ANOVA was conducted. There was a
statistically significant main effect for time for both speech [F (5, 145) = 11.746, p< .001]
and spelling [F (5, 145) = 9.862, p< .001]. Both Ben’s written and spoken production of the
targeted sounds had change ovef the time course of the intervention programme. The effect
size for speech (eta squared = .276) was slightly greater than that for spelling (eta squared =
.243), but both are large effects (Cohen, 1988). For both speech and spelling, an interaction
effect was found for time/stimuli group [F (5, 145) = 5.517, p<.001 (speech) and F (5, 145)
=7.314, p< .001 (spelling)] suggesting that the change occurring over time was different
when comparing the treated words with the matched, untreated words. Greater change

occurred for the treated items while generalisation to the untreated items resulted in less

change overall.

380



Chapter 8: Ben

Table 8.11
Overview of Ben’s speech, spelling and auditory discrimination of stimuli words pre- and

post-intervention

T1 TS Té6
Pre-intervention Post-intervention Post-intervention
% of target sounds Y% of target sounds correct** % of target sounds
correct** Treated Untreated correct**
Treated Untreated matched Treated Untreated
matched controls matched
controls controls
Speech: (mean) | (40) (48.75) (62.5)* (52.5) (70)* | (72.5)* +
/st/ 80 95 100 95 90 98
/j‘/ 0 0 10 0 10 18
10/ 50 50 100* 70* 100 96+
y/ 30 50 40 45 80+ 78.3+
Spelling: (mean) | (80) [ (80) | (95)* [ (90)* | (90)* (87.75)*
/st/ 100 80 100 100 100 98
/f/ 100 95 100 95 90 70*+
10/ 100 70 100 75 70*+ 88
/tf/ 20 75 80* 90 100*+ 95%*
discrimination | S S £ G edis | (e i | dan cliaial Lol e iiocs | SRR e e
(mean) i | (22) S (23 3 ) S | (7)) (24 ) i || 2 IO ) S| (23 8 2) s
Ist/ 64 76.6 84* 83.3 100* 83.3
€.g. NEST V. NESS
1§/ 88 86.6 92 82.7 92 90
€.g. SHOCK V. SOCK
10/ 48 40 44 43.3 40 40
e.g. THIP V. FIP
IS/ 88 90 96 76.6 76.6+ 82
e.g. CHID V. SID

** The scoring procedure focussed specifically on the target sounds, not on the remainder of the word. One
point was awarded for each correct target sound (i.e. [f], [0] and [tf], and the cluster [st]). Raw scores were

converted into %.
* paired with T1 results (p<.05) + paired with TS results (p<.05)

Paired samples t-tests were carried out to compare performance on stimuli lists at two points
in time. In terms of speech,. it was found that Ben’s production of the treated stimuli had
improved significantly from T1 to TS and from T1 to T6 (t(79)=-5.592, p<.05), although not
from TS to T6 after intervention ceased. For the untreated items, significant improvements
were noted when comparing T1 with T6 (t(79) = -4.222, p<.05), and T5 with T6 (t(79)=
-3.414, p<.05) showing that overall the intervention was effective and that the greatest gains
were made after intervention had ceased, between the follow-ups.

In terms of speech production for individual sounds, it can be seen that Ben’s
production of /{/ did not change significantly between T1 and the follow-up assessments at

TS5 and T6, despite intervention. Similarly, significant gains were not made for /st/ which
seemed to be approaching ceiling at the start of the intervention. Ben seemed to have made

gains with this sound between the initial macro assessment and the baseline measures at T1.
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For /t{/, no significant gains were noted between T1 and TS5, but the improvement occurring
from TS5 (short-term follow-up) to T6 (long-term follow-up) was significant (t(39) =-5.099,
p<.05) for both the treated items and the matched controls. Significant gains were noted for
production of /8/ when comparing scores at T1 and at T5 (t(39)=-4.583, p<.005). Further
gains were noted for the untreated controls at T6 (t (19) = -2.597, p<.005) by which point the

treated sounds remained at ceiling.

Spelling performance was significantly better than speech performance. Spelling
scores at T1 were significantly higher than those for speech (t(318) = -4.551, p<.001). They
remained higher at TS (t(318) = -6.041, p<001) and T6 (t(318) = -3.795, p<001). Ben’s
spelling of the treated words improved significantly from T1 to TS (t (79) =-5.646, p<.005),
and T1 to T6 (t (79) =-5.132, p<.005). The same pattern of change was noted for the
untreated items with improvement from T1 to TS (t (79) =-3.549, p=.001), and T1 to T6
(t(79) =-3.359, p=.001). For individual sounds, it can be seen that as for speech, /st/ seemed

to be approaching ceiling at the start of the intervention and no significant changes were
noted. /f/ was also approaching ceiling at T1 and scores were maintained at TS. Again, it
seemed as if Ben had improved in his spelling between the initial macro assessment and the

baselines measures at T1 (for example Table 8.5). At T6, it was found that performance on
the matched controls containing this sound had significantly declined (t (39) = 2.912, p<.05).
Declines were also noted in the longer term for /6/. Ben achieved high levels of accuracy
with this phoneme in general, but at T6 assessment a significant decline in his performance
on the treated words was noted from the previous assessments (t (19) = 4.088, p<.001).
These declines in his spelling performance suggest that his spelling skills may not be as

stable and robust as they seem at first glance. There was a significant improvement in Ben’s
written representation of words incorporating /tf/ following intervention for the treated |
words (t (19) =-5.339, p<.001) at TS and further gains at T6 (t (19) =-2.179, p<.05). His
performance on the untreated /tf/ words was initially higher, leaving less room for gains.
However, the difference between his T6 and T1 scores for the untreated items was also
significant (t (39) = -2.726, p<.05).

Results for auditory discrimination showed no significant changes over time.
Overall, Table 8.11 shows that Ben’s response to the intervention was variable. The
following sections provide more details of these speech, spelling and auditory discrimination

results.
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6.1.2 Speech

Figure 8.4 shows the changes occurring in Ben’s speech over the course of intervention from

T1 (pre-intervention) to T6 (long-term follow-up), by stimulus type.

Figure 8.4
Comparison of Ben’s stimuli groups over the course of intervention: speech
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Ben made steady gains in his speech production of treated stimuli, although this was not
100% accurate by the completion of intervention. It has been previously noted that the
change in performance on treated items from T1 to T6 was a significant one (t(79) = -5.592,
p<.05). Untreated matched controls made some gains during the intervention with the
greatest gains made after the second phase of intervention and again after the intervention-
free phase between follow-ups. Again, it has been noted that this change in performance on
untreated matched items from T'1 to T6 was a significant one (1(79) = -4.222, p<.05). The
pattern of change observed for the non-words is also a significant one, based on comparisons
of performance at T1 and T6 (t(39) = -3.122, p<.005). Across the course of intervention,
non-word scores revealed a peak of 70% accuracy after the second phase of assessment, with
this falling to levels similar to those pre-intervention at TS, and then approximating 70%
again at T6. The turbulent nature of changes in non-word production may reflect the fact
that Ben’s online motor programming was being altered in some way. Words which
contained a closely-related sound target (e.g. voiced phonemes and another /s/ cluster) were

also investigated. These words did not change significantly over the course of the
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programme suggesting that generalisation to other sounds was limited, and that the links
between the target sounds and these items may not be strong.
Figure 8.5 shows changes in Ben’s speech production over the course of intervention

by sound groups.

Figure 8.5
Comparison of Ben’s stimuli sounds over the course of intervention: speech
Arrows indicate intervention phases for specific sounds
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Ben produced the four sounds with varying degrees of success both initially and after the
intervention. /st/ was the cluster focussed on in phase I of intervention. This cluster was
accurately produced at T1. He seemed to have made progress with this sound between
macro and micro assessments. He responded well to the intervention, and at all subsequent
follow-up assessments was able to maintain a 96% level of accuracy. The change from T1 to
T6 represents a significant gain ((59) = -3.291. p<.005). The sound addressed in phase II

was /{/. This was a more challenging sound for Ben. He made some progress after the

specific intervention phase targeted at that sound, and in the period following the
intervention. A significant gain was made for this sound when contrasting T1 and T4 results
(t(59) = -2.175. p<.05) but not overall when comparing T1 and TS5, and T1 and T6. The third
phase of intervention addressed /0/. Statistically significant progress was made when
comparing results from T1 and T6 (t(59) = -7.429. p<.001). Much of this change was made
in the initial two phases of intervention which did not directly address this sound. Further

progress was noted in the phase of intervention that focussed specifically on the sound, with
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Ben approaching ceiling on the assessment at the end of this phase. He was able to maintain
these gains at follow up. The final phoneme addressed was /t{/. This phoneme showed
steady improvement in the earlier phases of intervention, and was found to be continuing to
improve at the long-term follow-up. Again, T1 and T6 comparisons reveal change that is
statistically significant (t(59)=-5.077, p<.001). Table 8.12 gives a breakdown of results for

each of the sound groups and in terms of the type of stimuli.

Table 8.12
Breakdown of Ben’s speech results by stimuli type and sound catego
Tl T2 T3 T4 TS T6

Assessment  Assessment  Assessment  Assessment  Assessment  Assessment
% items % items Y% items % items % items % items
correct correct correct correct correct correct
Treated words [st] 80 100 100 100 100 90
;1 0 0 10 10 10 10
0] 50 60 80 100 100 100
[tf] 30 50 60 60 50 80
Treated non-words [st] 90 90 80 100 80 90
)1 10 0 10 0 50 0
0] 30 60 80 100 90 100
[tf] 50 50 60 40 100 100
Untreated matched words
[st] 100 100 100 100 100 98
] 10 20 30 20 0 18
] 80 80 100 100 80 96
[tf] 60 70 90 100 90 78

Untreated words with target
in WF position

[st] 90 100 100 100 90 100
5] 10 10 20 10 0 0
(o] 20 40 80 80 60 80
[tf] 40 30 30 60 0 60 -
Untreated non-words
[st] 40 60 90 80 100 100
5] 10 40 40 50 10 10
0] 40 60 100 100 90 100
[tf] 50 50 40 60 70 60
Words with generalisation
sound [st] [str] 60 40 30 20 40 0
[ [3] 10 10 10 20 10 40
(0] [8]) 60 70 70 80 100 100
[tf] [d3] 70 70 100 80 70 70
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It is interesting to note again that /st/ was a cluster that Ben seemed to have acquired prior to
intervention: his scores in most of the word categories were approaching ceiling. /st/ was
linked to the 3 part cluster /str/. Ben still experienced difficulties in producing /str/ on the
completion of the programme, and his score had decreased to 0%. This cluster is one that is
acquired relatively late in normal development (Mcleod, van Doorn and Reed, 1997).
Although the intervention brought about changes in Ben’s production of /{/, his overall
accuracy when attempting this sound, remained low. For this sound, he achieved relatively
greater success with the non-words: both treated and untreated. The success with non-words
may be due to the fact that it is easier to create a new motor programme rather than revise an

existing one. /f/ was linked to its voiced counterpart /3/, and there was some improvement

noted for this phoneme from 10% (T1) to 40% (T6).

For /6/, some progress was observed for the treated words as well as the untreated
items. /6/ was linked to /8/, its voiced counterpart, for which improvement was also noted.

At the completion of the intervention, /8/ was produced with a 100% accuracy. /tf/ was

found to improve for many of the word categories, although production of this sound seems
very variable. Treated non-words were more accurately produced than the real-words;
untreated matched words were more accurate than the treated words; word-ﬁﬁally Ben’s
performance seemed very unstable with this phoneme ranging from 60% accuracy to 0%
accuracy at the following assessment. For the linked phoneme /d3/, there were some gains
during the intervention phases, but ultimately no change from T1 to T6.

Qualitatively, Ben’s speech changed over the course of the intervention. Table 8.13
gives examples of the different patterns of change noted for the treated words. Six patterns
of change were noted. These were:

(1) Erroneous production — no change, Over intervention Ben’s production of

these words did not change for the target consonant. He was never able to
produce these words accurately — or differently, e.g. SHIP was always produced

as /s1p/ (See items 1 and 2 in Table 8.13).

(2) Correct production — no change. These were words that Ben was able to
produce correctly throughout the evaluations. Examples include items
numbered 3-7 in Table 8.13, e.g. THIN was correctly produced at all times.

(3) Inconsistent changes. Items in this category were in a state of flux with Ben
using ‘trial and error’ in his realisation of the targets. Items 8 and 9 are

examples of this group, e.g. CATCH was produced as [kaet], [keetf] and [keets].

(4) ‘Model’ items. These items responded to the intervention in the way which one

aims for in a multiple baseline design. They were incorrect prior to their own
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specific intervention phase (e.g. [sak] for STACK) but following intervention
they were accurate, remaining accurate at subsequent evaluations. Items 10-12
in Table 8.13 are examples of this pattern.

(5) ‘Premature’ items. These words are ones which started out inaccurate, but
were accurately produced before their specific intervention phase. These are
words which may have improved without intervention or may have changed
because of effects of the overall intervention programme, e.g. Items 13-17 in

Table 8.13 such as CHOKE which was quickly modified from [tsouk] to an

accurate production.

(6) ‘Delayed’ items. These words were accurately produced only some time after
intervention had targeted them. At the evaluation post-intervention they were
unchanged, but the effects of intervention were delayed with a change to more
accurate realisations occurring in a delayed fashion. An example of this group is

item 18 in Table 8.13, the target SHORE is correct only at TS and T6.

Examples of g production
Item T1 T2 T3 T4 TS T6

Table 8.13
qualitative changes in Ben’s speech

assessment assessment assessment assessment assessment assessment

T [sip] [stp] [sip] [stp] [stp] [sip]
2 PUSH [pus] [pus] [pus] [pus] [pus] [pos]
3 THIN [01n] [6m] [61n] [Om] [61n] [61n]
4 CHAIR [tfea] [tfea] [tfea] [tfea] [tfea] [tfea]
5 STEAL [stil] [stil] [stil] [stil] [stil] [stil]
6 TEST [test] [test] [test] [test] [test] [test]
7 CHILL [tful] [tf1l] [tfil] [tfil] [tfi1] [tful]
8 CHAP [tsaep] [teep] [taep] [tfeep] [taep] [tfeep]
9 CATCH [keet] [keet] [keetf) [keets] [keets] [keets]
10 STACK [sak] [steek] [steek] [steek] [steek] [steek]
11 pATH (peef] [peef] [pef] [pa0] [p0] [p0]
12 NEST [nes] [nest] [nest] [nest] [nest] [nest]
13 CHOKE [tsauk] [tfouk] [tfouk] [tfouk] [tfauk] [tfauk]
14 BATH [baef] [b0] [bae0] [ba0)] [bz0)] [bx0]
15 THORN [s.00nz] [s.00nz] [6an] [6on] [6on] [6on]
16 DEATH [def] [de0] [de0] [de0] [de0] [de0]
17 MOTH [mbf] [mpO] [mp0] [mp0] [mp0] [mpO]
18  SHORE [s] [s] [s9] [s0] [Jo] (§o]
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6.1.3 Spelling
Ben’s spelling was significantly more accurate than his speech at T1 (t(318) = -4.551,

p<001). For example, he was unable to say [{] at the outset of intervention (0% of spoken

treatment stimuli correct) but was able to use it appropriately most of the time in his spelling
(100% correct for written productions of treatment stimuli)*>. After the intervention at TS
and T6 his spelling remained significantly better than his speech (t(318) = -6.041, p<001 at
TS, and at T6 t(318) =-3.795, p<001. As for speech, scores for spelling focussed on the
target sound, giving one point if it was correctly used in the appropriate part of the word, and
giving no points if it was omitted or inappropriately used. The remainder of the word was
not scored.

Figure 8.6 shows changes in Ben’s written representations over the course of
intervention, by stimuli group. There was a general pattern of improvement for each of the
groups both treated and untreated, however for the most part the changes occurring from
assessment to assessment, and when comparing T1 with T6 are not significant. There was
however a significant improvement noted for the words with the generalisation sound (i.e.

the voiced phonemes or other [s] cluster) when comparing T1 scores with T6 scores (t(39) =

-3.365, p<.005).

Figure 8.6
Comparison of Ben’s stimuli groups over the course of intervention: spelling
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*2 Although this high level of accuracy in spelling stands in strong contrast to the lower accuracy
noted at initial assessment (see Table 8.4)
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Figure 8.7 shows Ben’s spelling progress over the course of intervention by sound category.

Figure 8.7
Comparison of Ben’s sound stimuli groups over the course of intervention (spelling)
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As for speech, Ben’s skills prior to intervention varied considerably by sound: /st/ and /f/
presented initially with a high degree of accuracy: 86.6% and 92% respectively. Both of these
sounds did not change in a statistically significant way over the course of intervention.

/0/ and /tf/, on the other hand were more difficult for Ben and greater changes were noted for

the written representations of these sounds. For /0/, statistically significant gains were found

when comparing scores at T1 with TS (p(59)=-4.04, p<.001), and from T1 to T6 (t(59)=-3.639,
p=.001). There was also a statistically significant change from T1 to T2 (t(59) = -4.238, p<.001)

despite the fact that this sound had not yet been targeted. /tf/ made continuous improvement

over the course of the programme: significant changes were noted at almost every re-
assessment. Comparison of the T1 and T6 scores reveals a statistically significant improvement
overall (t(69)=-7.623, p<.001). Again, this sound’s improvement was not directly linked to its
specific intervention phase: it was improving both before the intervention and afterwards.
Comparison of spelling (Figure 8.7) and speech (Figure 8.5) for individual sounds
reveals some patterns. /st/ was similar for both speech and spelling. It was a cluster that Ben

seemed to be mastering by the start of the programme. It was approaching ceiling in terms of
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both speech and spelling, and throughout the programme Ben was accurate in his written and

spoken realisations of the sound. This did not change in any significant way for each

modality. /tf/ was effectively modified in both speech and spelling, and again responded in

fairly similar ways over the course of the programme. At T1, /tJ/ was challenging for Ben in

both speech and spelling. However, steady improvements were noted throughout the

programme with these changes occurring in a way that did not seem closely linked to the
specific /tf/ intervention phase. It seemed as if Ben’s representations — both written and

spoken were changing hand-in-hand for the two modalities. A similar link was noted for
/0/, which again was challenging for Ben in both speech and spelling. His initially low-

scores improved over the course of intervention with significant gains made at various

points. /f/ is the phoneme for which a notable mismatch between speech and spelling

occurred. It was noted that initially Ben’s ability to represent /f/ in written forms was
excellent, but his ability to produce the sound was limited. This pattern was maintained over
the course of intervention: /{/ remained at ceiling in terms of spelling (Figure 8.7), and
although some significant gains were noted in his speech production of this sound, he

requires intervention to improve production of /f/ beyond an accuracy level of approximately

15%. This mismatch in terms of speech and spelling for /f/, and between /{/ and the other

sounds, is considered further in the discussion section.

6.1.4 Auditory discrimination

Ben was thought to have difficulties with the auditory discrimination of closely related
words and non-words, as outlined in his speech processing profile (Fig 8.1). His auditory
discrimination was assessed by presenting him with pairs of words. He was asked to say if
they were the same or different. Each of these words was paired with a closely related item
based on Ben’s pattern of errors (e.g. SHOE v. SUE). Foils consisting of the same items
repeated twice (e.g. SHOE v. SHOE) were also included for each stimuli group. The
presentation order of these items was randomised. Figure 8.8. shows the changes which

occurred across the intervention programme by sound set.
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Figure 8.8
Comparison of Ben’s auditory discrimination skills over the course of intervention by stimuli

group
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Comparisons of mean auditory discrimination skills at the assessment points revealed no
significant changes. However, at an individual sound level, significant changes were noted

for the treated /st/ words, when comparing results from T1 with those at T5 (t (24)=-2.449,
p<.05) and T6 (1(24)=-3.674, p<.001). A significant decline was noted for [tf] after

intervention had ceased, from TS (short-term follow-up) to T6 (long-term follow-up), t (24)

=-2.449, p<.05. Ben’s auditory discrimination skills were relatively good for each of the
sound groups at the start of the programme. Ben’s auditory discrimination of /t{/, /{/ and /st/
was not significantly different. However, he experienced difficulty with /0/ that was

significantly greater than for the other sounds (t(25)=6.825, p=.001). Although there were

not clear patterns in relation to the specific sound under treatment, it was interesting to note
that after the phase of therapy that focussed specifically on /0/, Ben’s discrimination of this

sound from related sounds improved.
6.1.5 Summary of micro evaluation

(a) Micro evaluation focussed on the specific results of Ben’s intervention by looking at
changes in his processing of single words containing the sounds /st/, /{/, /0/ and /tf/.

Intervention focused on Ben’s reading, spelling, listening and spoken production.
Control stimuli included words matched to the treatment set, non-words and words with

a related target sound. Ben received a total of 36 hours of intervention, which was
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subdivided into four phases. Each phase addressed one sound and was followed by a

reassessment of all items.

(b) A statistically significant main effect of time for both speech [F (5, 145) = 11.746, p<
.001] and spelling [F (5, 145) = 9.862, p< .001] was found. Both Ben’s written and
spoken production of the targeted sounds had change over the course of the programme.
The effect size for speech (eta squared = .276) was slightly greater than that for spelling
(eta squared = .243), but both are large effects. For both speech and spelling, an
interaction effect was found for time/stimulus group [F (5, 145) = 5.517, p<.001
(speech) and F (5, 145) = 7.314, p< .001 (spelling)] suggesting that the change occurring
over time was different when comparing the treated words with the matched, untreated
words. Greater change occurred for the treated items in comparison to the untreated

controls.

(c) Ben’s spelling performance was significantly better than his speech performance both

before and after intervention.

(d) Ben seemed to be mastering /st/ by the start of the intervention. He was accurate in his
written and spoken realizations of this cluster, and this did riot change in any significant

way for each modality.

(e) [tf] was effectively modified in both speech and spelling, responding in similar ways

over the course of the programme. Initially /tf/ was challenging for Ben in both speech

and spelling. However, steady improvements were noted throughout the programme.
Ben’s representations — both written and spoken — changed hand-in-hand for the two

modalities.

() [6] was challenging for Ben in both speech and spelling. His initially low-scores

improved over the course of intervention with significant gains made at various points.

Auditory discrimination of this target from related sounds was difficult for Ben. His
performance on the auditory discrimination tasks with /6/, was significantly poorer than

his responses for the other sounds.

(2) A notable mismatch between speech and spelling occurs for /f/. Ben's ability to

represent /f/ in written forms was excellent, but his ability to produce the sound was
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limited. This pattern was maintained over the course of the intervention:/{/ remained
near ceiling for spelling, and although some significant gains were noted in his speech
production, he requires further intervention to improve production of /{/ beyond an

accuracy level of approximately 15%.

(h) Overall, Ben’s auditory discrimination scores did not change significantly over the

course of intervention.
6.1.6  Questions revisited

(a) Was the intervention effective? If so there should be improvements in Ben's speech
production of treated items beyond chance level. If the intervention was effective,
does the success of the intervention vary across the four sounds targeted, and why?
Ben’s intervention was effective. His mean speech scores for the treated words

changed beyond chance level over the course of intervention. However, if one

considers the four individual sounds, it can be seen that only two phonemes /6/ and

/t§/ contributed to this change over the programme. It is suggested that these
phonemes were different to /st/. /st/ was approaching ceiling at the start of
intervention and had little scope for significant gains, whereas /0/ and /tf/ were
sounds that were harder for Ben to produce and the scope for improvement was
much greater. Using this same logic, /f/ was the phoneme that was most

challenging for Ben to produce, and thus which had greatest scope for improvement.
However, the gains made for this phoneme were small. One explanation is that Ben

had very limited PPK of this phoneme, and it was easier for him to make gains with
sounds that he had at least some knowledge about, such as /6/ and /tf/. Another

explanation is that Ben’s speech processing profile should have been carried out in a

more phoneme-specific way. The therapy programme met the needs of the targets
/6/ and /tf/, but /§/ may have required more tailor-made intervention. This is
discussed further in the discussion section.

In terms of normal phonological development, /6/ is a phoneme typically
acquired approximately one year later (at an average CA of 6;0, Smit et al., 1990)

than the phonemes /§/ and /tf/ and the cluster /st/.
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(b) Did generalisation extend to the untreated matched control stimuli? If within-item

(c)

generalisation was found, what are the patterns observed? Was generalisation
greater for some of the sounds than others and how does this inform our knowledge
about the relation&hip between the sounds? Words matched to the target stimuli
were selected as an untreated control set. Significant improvement was found when
comparing T6 speech performance on this entire set of words with Ben’s production
of the words at T1. Despite not being targeted in intervention, these words had
improved beyond chance level from T1 to T6 showing that a significant degree of

generalisation had taken place. When one focused on the four individual sounds that

constitute this set, it was found that only /6/ and /tf/ had contributed to this change in
a significant way. /0/ made significant gains from T1 to T5, and T1 to T6.
/t§/ improved significantly from T1 to T6. This pattern of change fits in with the

change noted for the treated items: /0/ and /tf/ were the phonemes that improved

significantly for the treated word sets. This suggests that a significant degree of
change is needed in specifically targeted items for generalisation to occur in

untargeted but matched words.

Did generalisation extend to the untreated ‘linked’ control stimuli? If within-class
generalisation was found, what are the patterns observed? Was generalisation
greater for some of the sounds than others and how does this inform our knowledge:
about the relationship between the sounds? Each of the targeted sounds was linked
to a closely related sound, i.e. voiced counterparts for /tf/, /8/ and /f/, and another /s/
cluster for /st/. Overall, these words did not change significantly over the course of
the programme, suggesting that within-class generalisation was limited. The number
of items in these control sets was small, but patterns of generalisation emerged (see
Table 8.12).

The cluster /st/ was linked to the cluster /str/. Developmentally, three part
clusters are acquired later than two part clusters (McLeod et al., 1997). There was a
decline in Ben’s ability to accurately produce /str/ when comparing T1 and T6: no
generalisation had occurred to this sound and the effects of producing an accurate
/st/ seemed to be a less accurate /str/. One way of interpreting the variability in his
scores for /str/ production is that he was reaching a state of developmental readiness
to produce this cluster: variability is sometimes thought to precede acquisition of a
sound (Grunwell, 1985).
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(e)

/t§/ was linked to /d3/. No change was noted in Ben’s ability to produce the

/d3/ words when comparing T1 and T6. Given that /tf/ was one of the most
successfully treated sounds it is interesting that generalisation did not extend to its
voiced counterpart. An increase in speech production accuracy was noted for the
phonemes /3/ (linked with the treated /{/) and /8/ (linked to /6/). This suggests that
generalisation can occur from voiceless to voiced phonemes as has been suggested
(Costello and Onstine, 1976), although this may not necessarily happen for all

children and all phonemes. /3/ is a phoneme that has low frequency in English when
compared to /d3/ and /8/. It does not occur word-initially. For these reasons, there
was a limited number of stimuli used to assess /3/, and the comparisons made
between /3/ may not be fair given the different frequencies and positional constraints

affecting these phonemes.

Was improvement noted in Ben's repetition of non-words? If so, this would suggest
that his online motor programming had been effectively altered. Yes, the pattern of
change observed for the non-words was a significant one, based on comparisons of
performance at T1 and T6 (t(39) = -3.122, p<.005). Across the course of
intervention, non-word scores revealed a peak of 70% accuracy after the second
phase of assessment, with this falling to levels similar to those pre-intervention at
TS5, and then approximating 70% again at T6. The turbulent nature of changes in
non-word production may reflect the fact that Ben’s online motor programming was
being altered in some way.

Again, /0/ and /tf/ were the phonemes in the non-word sets that showed the -
greatest improvement over the programme. This fits in with the change noted for the

treated items: /6/ and /tf/ were the phonemes that improved significantly for the

treated word sets. This suggests that the revision of existing motor-programmes may

go hand-in-hand with changes in online motor-programming for specific sounds.

How does the intervention affect Ben's written representations of words? Are
improvements beyond chance level noted for treated items and /or untreated
controls, and how does this inform our knowledge of the speech-spelling link? If the
intervention is effective for spelling, does the success of the intervention vary across
the four sounds targeted, and why? Ben’s spelling was significantly more accurate

than his speech at T1. After the intervention at TS and T6 his spelling remained
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significantly better than his speech. Significant gains were made for the spelling of
the untreated controls as well as the treated words, suggesting that generalisation

was taking place for spelling as well as speech.

Ben'’s skills prior to intervention varied considerably by target sound: /st/
and /f/ presented initially with a high degree of accuracy: 86.6% and 92%
respectively. Both of these sounds did not change in a statistically significant way
over the course of intervention. /6/ and /tf/, on the other hand were more difficult

for Ben and greater changes were noted for the written representations of these
sounds. To some extent, this ties in with the pattern of change noted for speech: /st/
was a cluster that Ben was mastering by the start of the programme. Ben was

accurate in his written and spoken realisations of the cluster, and this did not change
in any significant way for each modality. /tf/ and /0/ were effectively modified in

both speech and spelling, and again responded in fairly similar ways over the course

of the programme. It seemed as if Ben’s representations — both written and spoken

were changing, together for the two modalities.
/§/ is the phoneme for which a notable mismatch between speech and

spelling occurs. Initially Ben’s ability to represent /f/ in written forms was
excellent, but his ability to produce the sound was limited. This pattern was
maintained over the time course of the intervention: /f/ remained at ceiling for
spelling, and although some significant gains were noted in his speech production of
this sound, he requires intervention to improve production of /f/ beyond an accuracy

level of approximately 15%.

Did Ben’s auditory discrimination ability improve over the course of intervention?
What is the pattern of change observed and how does this fit in with the changes
observed for speech and spelling? No, comparisons of mean auditory
discrimination skills at the assessment points revealed no significant changes.
Residual problems may remain with this level of processing that affect his speech
production. A significant increase was however noted for the treated /st/ words,
when comparing results from T1 with those at TS and T6. These results suggest that
highly accurate production rhay precede accurate discrimination skills. A significant
decline was noted for /tf/ after intervention had ceased, from TS to T6 (long-term
follow-up), suggesting that gains made in the discrimination of this phoneme had

been lost after intervention ceased. Ben experienced difficulty with /8/ that was
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significantly greater than forthe other phonemes. Miller and Nicely (1955) suggest
that /f/ and /0/ are amongst some of the most perceptually confusing phonemes, and
this is confirmed by acoustic studies (e.g. Behrens and Blumstein, 1988). Although
no significant gains were made in his perception of these phonemes overall, he did

make significant gains immediately after the intervention phase that focused on /6/.

/0/ has also been cited as one of the phonemes that was most successfully addressed

for speech. The fact that similar gains did not occur for auditory discrimination,
again suggests that speech changes may sometimes precede changes in auditory

discrimination.

6.2 Macro evaluation ]

Short-term follow-up took place in March 2003, approximately one month after the
completion of Ben’s intervention programme at CA 9;7. Long-term follow-up took place
some 7 months later at CA 10;2. The complete assessment as carried out initially in Section
2, was repeated in order to assess his progress in terms of speech, language and literacy.
Assessment is grouped into four main areas: (6.2.1) standardised language assessments,
(6.2.2) speech profiling carried out within a psycholinguistic framework, (6.2.3) speech

analysis, and (6.2.4) child interview and parent / teacher report.
6.2.1 Standardised language assessment

Standardised tests administered at the start of the intervention, were re-administered, and

results are presented in Table 8.14.
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Table 8.14

Comparison of Ben’s standardised speech, language and literacy assessments at CA 8;8 (pre-

intervention) and CA 9;7 and 10;2 (post-intervention)

PRE

POST

POST

Assessment Area tapped INTERVENTION INTERVENTION INTERVENTION
CA 8;8 CA 9;7 CA 10;2
Score Age- Score Age- Score Age-
pquivalent equivalent equivalent
Receptive Language : ,
Test of reception of | Receptive 25t 7:0 75" centile 11;0 50" centile 10;0
grammar (TROG, grammar centile
Bishop, 1989)
British Picture Receptive | Std score 6;2 Std Score=99 | 9;4 Std 9:8
Vocabulary Scale vocabulary | =78 46" centile Score=99
(BPVS, Dunn et 7" centile 46™ centile
al., 1997)
Receptive Subtests | Receptive | Std score | 8;6 Std score=9 | 9;6 Std score = 10;0
of CELF language | =9 40™ centile 9
(Clinical 40" 40" centile
Evaluation of centile
Language
Fundamentals —
UK Edition, Wiig
etal., 2001).
Expressive language
Renfrew Word Expressive | Z Score: 6;12 | Z Score: 8;6+ Z Score: 8;6+
Finding vocabulary | 1] 1.66 1.66
Vocabulary Test
(Renfrew, 1995)*
Clinical Evaluation | Expressive | Std score 8:6 Std score =9 | 9;6 Std score = 10;0
of Language grammar | =9 40™ centile 9
Fundamentals 40" 40" centile
(CELF- 3), centile
Expressive
Subtests (Semel et
al.,1995)
Edinburgh Articulation | Std Score | 5;6 Std Score = 5;8 Std Score = | 5;8
Articulation Test | and =77 86 86
(EAT, Anthony et naming
al., 1971)**
Literacy measures , g o ;
Schonell Reading Reading Reading Age = 7,7 | Reading Age = 7;10 Reading Age = §;1
Test (Newton and single years years years
Thompson, 1982) words
Schonell Spelling Writing Spelling Age=7;1 | Spelling Age=8;0 Spelling Age=8;4
Test (Newton and single
Thompson, 1982) words
from
dictation

* Renfrew Word Finding Vocabulary Test has norms up to age 8;6 which were used for Ben at all
assessment points beyond this age
*FEAT is designed for use with children up to the age of 6;0. Ben’s scores were calculated using this
upper age limit although he was older than this at each assessment

Ben’s results show some change from the initial assessment. In terms of receptive language,

he performed above the expected mean for his age on the TROG (Bishop, 1989) at short-

term follow-up, but this elevated score is reduced at long-term follow-up to a score that is
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appropriate for his age. His score on the BPVS improved from initial assessment, and at
both follow-ups he was found to be only a few months behind the expected norms for his
age. In terms of expressive language, Ben had maintained development at the follow-up
assessments. Ben’s performance in literacy revealed minimal changes relative to norms for
his age and taking into account the amount of time that had elapsed between assessments.
His reading age had increased from 7;7 to 8;1 (6 months) over the course of the programme
which lasted 20 months. His spelling age had increased from 7,1 to 8;4 years (15 months)
over the 20 month period. It is interesting to note the way in which Ben’s spelling age
surpassed his reading over the intervention period. The intervention involved both reading
and spelling. The asymmetry between the two skills is considered further in the discussion

section.

6.2.2 Speech profiling in a psycholinguistic framework

Tests used to build Ben’s initial speech processing profile (Figure 8.1) were carried out again
in order to determine if any changes in his profile had occurred. The updated profile is
presented in Figure 8.9. There were no changes noted when comparing the new profiles
from long and short-term follow-up with the initial one. Ben still has auditory discrimination
difficulties with both real and non-words on the input side of the profile (levcis B and D),
and a range of output difficulties. As noted previously his difficulties are very specific: He is
able to score age appropriately on some of the commonly-used, standardised tests but finds

some of the unpublished, but norm-referenced tests more challenging (see Appendix 2).

6.2.3 Speech analysis

A pos;-intervention PACS (Grunwell, 1985) was carried out to provide information on Ben’s
speech production system. This was compared with the findings from the initial assessment
(section 2.3.1). Table 8.15 summarises the results.

Ben’s severity indices remained high and unchanged. Ben was now producing [st]
clusters more accurately. In the speech sample he was able to produce [st] correctly for 80%
of possible instances. He still experiences difficulties with [str] in all word positions
typically deleting [t]. [str] (SIWI) is produced variably as [sw], [s] and [sr]. Ben’s accuracy
of /t§/ had improved to approximately 60% in all word positions. /d3/ showed slight

improvement but not beyond chance level. Ben was using [0] and its voiced counterpart
more consistently and accurately than before. His accuracy for these sounds in naming tasks
and conversational speech was now estimated at 75%. [f] remained challenging for Ben

who was estimated to achieve approximately 7% accuracy for this phoneme in single word
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and spontaneous speech tasks. Again, he was not readily stimulable for this sound. [r]

remains inconsistently glided to [w].

Figure 8.9
Ben’s speech processing profile at age 9,7 and 10;2 (from Stackhouse and Wells, 1997). No
changes are noted when compared to his earlier profile at CA 8;8 (Fig 8.1)

v = age appropriate performance

X =1 s.d below the expected mean for his age
XX =2 s.d below the expected mean for his age
XXX =3 s.d. below the expected mean for his age

INPUT OUTPUT
F Is the child aware of the intemal structure
of phonological representations? G Can the child access accurate motor
v - Rhyming test (Vance et al. 1994) programmes?
- PhAB picture alliteration subtest V- Single word naming test (Constable
(Frederikson et al. 1997) etal.,, 1997)
: X - Word-finding vocabulary test (Renfrew
1995)
X - Edinburgh articulation test (Anthony et

E Are the child’s phonological al. 1971)

representations accurate?
V- Auditory lexical decision task
(Constable et al., 1997)

v - Sorting tasks H can the child manipulate phonological
units?
v - PhAB spoonerism subtest (Frederikson et
"D can the child discriminate between real al. 1997) '
words? v - PAT rhyme fluency subtest (Muter et al.
XXX - Real word discrimination test 1997) -

(Bridgeman and Snowling 1988)
- Aston index discrimination subtest
(Newton and Thompson 1982)

X - PhAB alliterati b iks
etal. 13191;)”a fon sublest (Frederikson I Can the child articulate real words
X - Own errors accurately?

X —Real word repetition subtest
(Constable et al., 1997)

C ) . - Aston index blending subtest — real
Does the child have language specific Words (Newton and Thompson 1982)

representations of word structures?

Not tested

J Can the child articulate speech without
reference to lexical representations?

B can the child discriminate speech sounds ¥~ Aston index blending subtest —
without reference to lexical representations? nonwords (Newton and Thompson
XXX ~ Non-word discrimination test 1982)

(Bridgeman and Snowling 1988) X - Non-word repetition subtest
V- Aston index discrimination subtest (Constable et al., 1997)

(Newton and Thompson 1982) X - Non-words test (Snowling)
A Does the child have adequate auditory K Does the child have adequate sound
perception? production skills?
v - audiometry. But has history of middie ear v - Nuffield Motor assessment; Oral
infections as a baby. examination and DDK

Finds it hard to produce {{]

L Does the child reject his own erroneous
forms?
Inconsistently
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Table 8.15

Assessment

Comparison of Ben’s speech data at CA 8;8 (pre-intervention) with CA 10;2 (post-intervention)

Pre-intervention CA 8:8

Post-intervention CA 10:2

Severity indices PCC 86 % PCC 86%
PVC 99 % PVC 100%
PPC 90.3 % PPC 90.6%

Phonetic inventory

Word initial position: All phonemes except ttj'], [d3}, [61, [f]
Word medial position: All phonemes except [61, i1, [3]
Word final position: All phonemes except [tf], [0], [f], [3]

Word initial position: All phonemes except [d3], [{]
Word medial position: All phonemes except [f], [3]
Word final position: All phonemes except [{], [3]

Stimulability

All phonemes except [{]

All phonemes except [f]

Phonological processes
analysis (% use)

Developmental processes: Cluster reduction (30%); fronting of
[tf1, [d3] and [f] (87.5%); gliding [r] to [w] (20%)

Developmental processes: Cluster reduction (11%); fronting of
[d3] and [f] (87.5%); gliding [r] to [w] (20%)

Single word speech
sample

[tiz] for CHEESE [bsfder} for BIRTHDAY
[sem] for JAM [bwis] for BRIDGE
[fam] for THUMB [eksmmou] for ESKIMO
[fis] for FISH [seel] for SHELL

[weik] for RAKE [Sauk] for STROKE

[tfiz] for CHEESE [b30dei] for BIRTHDAY
[s@m] for JAM [bwid3] for BRIDGE
[0Am] for THUMB [eksmmou] for ESKIMO
[fis] for FISH [sl] for SHELL

[weik] for RAKE [swouk] for STROKE

Connected speech
sample

[aumuts] for HOW MUCH

[athaed.slitol] for 1 HAD A LITTLE
[i?gpbwoukm] for IT GOT BROKEN
[r.w3.lerfowsk] for HE WERE LATE FOR WORK

[o.difwmtw3d] for A DIFFERENT WORD
[a1.pzsju.opiktokat] for I PASS YOU A PICTURE OF CAT
[0agslivdaundasrit] for THE GIRL LIVED DOWN THE STREET
[0adpgtferstdo.kt] for THE DOG CHASED THE CAT
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6.2.4 Child interview and parent / teacher report

The child interview, and evaluation from significant others was carried out again at CA 10;2

to provide further impressions of changes in Ben’s speech.

6.2.4.1 Child interview

The same interview procedure as described in section 2.4.1 and Table 8.3 was carried out at
the long-term follow-up assessment. The results of the second interview are summarised in
Table 8.16 together with the results from the initial interview for comparison. Ben was
comfortable with the researcher at the second interview and spoke more openly about his
perceptions of his own speech. He admitted that teasing about his speech sometimes upset
him. He said that he thought his speech was acceptable (‘sort-of OK’) and that he did not
feel shy to talk in class. Ben showed some insight into communication in general, realising
that literacy and languages are valuable skills for adults in the workplace. In terms of
literacy it was interesting to note that despite difficulties with reading, he still enjoys reading
independently at home. At this follow-up interview he commented that writing was easier
for him than reading, the reverse of what he had stated at the initial interview. This reflects
his scores on the literacy assessments since he achieved higher scores with spelling as

opposed to reading at the second assessment, and vice versa at the first.

Table 8.16
Comparison of findings from Ben’s semi-structured interviews at CA 9;2 and 10;2

Arca of questioning  Main findings: €A 9:2 Main findings: €A 102

Ben’s experience of

speech and language Enjoys therapy Likes more than being in class: ‘it gets
therapy me out of the classroom’
¢  Present (comments Particularly enjoys games and drawing Likes games
on phase I)
Doesn’t like the video and being recorded
e Past Can’t remember
Ben’s perception and He enjoys talking but only to certain people { He is ‘sort-of happy’ with his speech

awareness of own speech
He likes listening Sometimes other children tease him

about his speech
His speech has improved
People occasionally don’t understand

He has been misunderstood quite often him, but he normally rephrases what he
has said and then they do.
Ben’s perceptions of Not everybody in the world speaks English. | Talking is very important — for getting
communication more He knows some other languages. a good job. He would like to learn
| generally some other languages.
Ben’s attitudes to literacy | Reading is very important for accessing He doesn’t like reading at school. At
information home he likes independent reading.

Reading can be difficult but is easier than Reading and writing are equally
writing . important. Writing is easier than
reading.
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6.2.4.2 Teacher report

At the start of the intervention project, Ben’s class teacher was concerned about his speech

and the negative impact she considered his speech to be having on his spelling. The

following year, Ben had a different teacher who seemed less concerned about his speech,

believing that as his speech was always intelligible, there was no cause for concern. She was

more concerned about Ben’s ability to cope with the literacy and numeracy demands of the

classroom, and in particular encouraged Ben to practise his reading and spelling. -

Table 8.17 compares the ratings given by Ben’s class teachers before and after

intervention, on Bishop’s CCC (1998).

Table 8.17

Comparison of Ben’s ratings on the Children’s Communication Checklist (Bishop, 1998)
pre- and post intervention

CCC subscale

Faample ol behaviours in
cach subscale

Ben's score
(pre-
interyention
C\A9:2

Ben's score
(post-
interyention
C A 0:2

Comments”®

A. Speech output:

Intelligibility; use of

Scores of 27 or below

interests; prefers to do
things alone or with
others; interests in factual
information

intelligibility and immature speech sounds; require further
fluency rate and fluency investigation
B. Syntax Grammatical errors, phrase | 29 31 Scores below 29
length require further
investigation
C. Inappropriate Ability to talk 28 30
initiation appropriately to different
people; whether amount
and nature of
communication is
appropriate for the
situation
D. Coherence Ability to talk logically; 31 30
make explicit information Scores below 132 are
when needed considered indicative
E. Stereot_yped Use of favoured phra§es 30 26 of pragmatic
conversation and topics; over-precise impairment. Ben
manner scored 148
F. Use of Understanding _ 30 30
conversational conversational rules; social
context appropriacy
G. Conversational Appropriacy of initiation 33 32
Rapport and response to initiation
of conversation;
understanding and use of
facial expression, gesture
and eye-contact
H. Social Friendships; interactions 33 30 Scores of 24 or less
relationships with children and adults require further
investigation
I. Interests Having very focused 31 29 Acceptable: Scores of

28 or less require
further investigation

* based on clinical guidelines from http://epwww.psych.ox.ac.uk/oscci/dbhtml/CCC/cccinstruct.htm
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A different teacher completed the ratings pre- and post-intervention, and thus differences in
the scores may reflect differences in the teachers’ perspectives. Ben’s speech score was
initially the main area of concern revealed by the scale (Table 8.4). It can be seen that his
speech is no longer regarded as requiring further investigation. Ben’s speech did improve
over intervention. The other areas of the profile show no cause for concern with Ben having
good pragmatic skills

In order to provide further information about Ben’s academic progress over the
course of the intervention, SATSs results were obtained from the assessments carried out at
the end of Year 4 (prior to starting intervention, CA 8;9) and at the end of Year 5 (at the
completion of intervention, CA 9;9). These results are shown in Table 8.18 and indicate that

Ben has made some progress in his general academic work, but it is not greater than might

be expected over the course of this time period.

Table 8.18
Ben’s SATs results from pre-intervention (Year 4) to post-intervention
Year4: CA8Y Year 5: (CA9Y Comment

Reading ic 3B Improved 1 grade
Writing (includes spelling 3C 3A Improved 2 grades
and handwriting) .
Numeracy 2A 3C Improved 1 grade
Science 3B 3A ’ Improved 1 grade

* the numbers indicate the child’s level of ability which moves from 1 upwards through to a target of
4 by the end of key stage 2. An A symbol indicates the child is almost ready to progress to the
following level, whereas C or B suggests that they need further consolidation at that level. . Here
changes are reported in ‘grades’ which are derived from the number of ‘letter’ changes occurring, i.e.
1B to 1A constitutes an improvement of 1 grade. One would expect an average child to move 2-3
grades in the course of a year.

6.2.4.3 Parents
Ben’s father was very encouraging of the intervention work and believed that Ben’s speech
had improved. He was keen for Ben to continue coming for speech therapy, believing that

there was ‘further work to be done.’

6.2.5 Summary of macro evaluation

From a macro perspective, limited change was observed in Ben’s speech processing skills.
The speech processing profile revealed no significant change, either on the input or output
side of the profile. PACS (Grunwell, 1985) revealed some changes related to the usage of
particular sounds that had been targeted in intervention. The standardised language tests
showed that Ben was for the most part maintaining his levels of development, and that the

mismatch between himself and his age-matched peers was neither increasing nor decreasing.
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The literacy tests showed that in the case of both reading and spelling the gap between Ben
and his age —-matched peers was widening. Greater gains had been made in his spelling than
for his reading. This was supported by Ben’s own viewpoint, when he suggested in the
interview that reading was no longer considered easier than writing, and that the reverse was
now true. Intervention involved both reading and spelling. There were also some positive
comments from Ben himself, his teachers and father, but these may have reflected the fact
that Ben was now emotionally more settled and more confident, or the fact that there was
greater concern about his literacy and numeracy which now overshadowed the relative minor

speech errors observed.

7. DISCUSSION

Ben is a child who has had intervention for his speech and language over the course of many
years, but whose difficulties have not resolved. The implications of these persisting speech
problems may be wide ranging in terms of the effect on his literacy achievement, and
academic and social success at school. This discussion will focus on some of the issues and
implications of persisting speech difficulties for the older child as exerhpliﬁed by Ben.
Bishop and Adam’s (1990) critical age hypothesis suggests that children with speech
problems that have not resolved by the age of 5;6 are at increased risk of facing literacy
problems. Ben was the oldest child participating in this study. At age 8,6 at the start of the
project he was well beyond the critical age and his teachers were voicing concern about the
impact of his speech on his literacy. It has further been suggested that children with isolated
speech difficulties have a better prognosis in terms of literacy outcomes than children with
speech and associated language problems. Bishop and Clarkson (2003) caution that speech
éssessments should contextualise any difficulties against a backdrop of language skills since
this is prognostically important.

Ben faced difficulties with both persisting speech problems as well as language delays,
suggesting that his prognosis may be poor. The intervention that took place was focused
specifically on his speech, rather than on his language more generally. The programme
aimed to bring about changes in his speech processing system that would result in improved
production of four target sounds. Literacy and auditory discriminatibn were also evaluated
in the light of the close relationship between speech and these areas. It was hypothesised that
changes in the speech processing system would affect speech, auditory discrimination and
literacy. The intervention was successful in bringing about changes in Ben’s speech
production and spelling for the target sounds. Some generalisation to untreated words was

also found, although the extent of this varied. The longitudinal study of children’s speech
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processing skills carried out by Nathan et al. (in press), found that some children have core
difficulties affecting their speech processing and literacy. These core difficulties — in
contrast to delays - are not likely to be resolved by one intervention episode, and thus from
this point of view it is not surprising that Ben’s speech processing profile did not show
changes from pre- to post-intervention.

What is known about the effectiveness of intervention beyond the critical age? Does
it become harder to bring about change beyond this time, or is there a window of opportunity
for bringing about change before another critical age at puberty? In general it is known that
phonological intervention is effective (Nye, Foster, and Seaman, 1987) and that the earlier
treatment is initiated, the better the outcome (Schery, 1985). In terms of intervention for
reading difficulties, there is good evidence that significant improvements in reading accuracy
and comprehension can be made in older children. Gillon and Dodd (1995) used spoken
language training to target phonological processing and semantic / syntactic skills with 10-12
year old children evidencing severe difficulties in written and higher-level spoken language,
with positive effects. For school-age children with weak language skills, language services
which are integrated into the education setting by school speech and language therapists have
resulted in important educational outcomes including significant gains in reading skills
(Norris and Hoffman, 1993), significantly higher scores on listening aﬁd writing; improved
abilities in understanding vocabulary and cognitive-linguistic concepts; increased writing
skill; improved ability to follow directions with new concepts, and heightened phonemic
awareness (Farber and Klein, 1999). Such studies have typically focused on children with
language deficits as opposed to children specific speech deficits as well as language delays.

In Ben’s case it is difficult to separate causal and co-occurring factors. For example,
in the background section of this chapter it is mentioned that Ben’s early speech was
unintelligible, but his language was considered appropriate for his age. However, the initial '
assessment revealed that Ben is delayed in terms of both his receptive and expressive
language. It is unclear whether his speech difficulties have resulted in literacy difficulties
which in turn have reduced his opportunities for exposure to language. St Louis, Ruscello
and Lundeen (1992) found that many school-age children with persisting phonological
difficulties have associated language difficulties, and that the likelihood of this increases as
the speech difficulties become more severe and the child gets older. Lewis (1992) suggests
that speech and language difficulties may be the differing manifestations of a common core
verbal deficit. .

Ben’s reading and spelling was delayed at both pre- and post-intervention
assessment. However, it was noted that while reading was his initial strength, it improved
little over the course of the intervention, whereas spelling improved considerably to become

the stronger skill of the two. The intervention involved both reading and spelling, and it is
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difficult to account for this asymmetry in the two skills in terms of intervention. Spelling is
typically thought to be a more challenging skill than reading (Bishop and Clarkson, 2003)
and the fact that Ben’s spelling is less delayed than his reading may be a positive indicator
for future success. It should also be noted that the literacy assessments carried out with Ben
at the macro level were single word reading and spelling tasks. Narrative writing and
reading tasks would have provided additional insights into his ability to process and produce
larger pieces of text, and as Bishop and Clarkson (2003) note, single word spelling and
continuous writing can yield very different pictures.

Some researchers have attempted to address children’s language in the hopes of
improving not only their language but also their literacy and their speech (e.g. Hoffman,
Norris and Monjure, 1990). Others (e.g. Nathan and Simpson, 2001) have addressed literacy
in the hopes of improving that aspect as well as general oral language skills. To a lesser
extent, researchers have focussed on speech processing and production in order to bring
about change in the other domains. To some extent this may reflect misunderstandings about
the term ‘speech.” Speech can be conceptualised as a range of aspects specifically involved
in the processing and production of speech sounds, for example as elucidated in Stackhouse
and Wells’ (1997) speech processing profile. In other cases, authors consider speech to
represent motoric aspects of production, e.g. as exemplified in level K of Stackhouse and
Wells’ profile. This distinction is made clear in Bishop and Adam’s critical age hypothesis,
where it is clarified that long-term literacy difficulties are thought to not occur when children
have peripheral speech difficulties such as in cleft palate. Bishop and Clarkson (2003)
investigated the literacy skills of children classified as having ‘speech only’ difficulties,
‘speech and language difficulties’ and residual language deficits. They found that while the
‘speech only’ children performed comparably to normal controls, the ‘speech and language’

group of children performed below the expected mean. These authors concluded that:

“speech difficulties, do... assume importance when they occur in the context of
language impairment. Because speech problems are often the most obvious
symptom of impairment in a child with communication difficulties, it sometimes
happens that language is not fully assessed.” (p.231).

Ben’s intervention involved reading, listening and speech production for a specific set of
stimuli words. Although the intervention resulted in some success in terms of his speech and
spelling of some of the treatment items, generalization to some non-treated items was
minimal, and no change was noted overall for his auditory discrimination skills. Possible

reasons for this are considered below:
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(a) Ben's age: There is a great deal of emphasis on the early intervention of children with
speech and language difficulties (e.g. Rossetti, 1993; Pebly and Kopenhaver, 2001). By
addressing these difficulties early on, one may be able to prevent the knock-on effects
often described in children who have not received early support. In terms of service
prioritization, it is not hard to understand the motivation behind such emphasis on early
involvement. However, many children will be identified late and will not be able to
benefit from this early provision. In the background section of this chapter, Ben’s late
referral to speech and language therapy was noted. What is the evidence for outcomes
with this group? The answer depends on the nature and severity of the child’s
difficulties, as well as any co-occurring or factors, and the type and intensity of
intervention received. Good verbal language skills can act as a protective factor making
children at risk for failure more resilient (Hechtman and Weiss, 1986; Herrero and
Hechtman, 1994). Furthermore, there is evidence of older children benefiting from
intervention targeted at their specific and longstanding speech (e.g. Dent, 2001, Spooner,
2002) and language (e.g. Stieglér and Hoffman, 2001) problems. Ben came to the
intervention with many strengths: motivation, average PIQ, good social and pragmatic
skills, good levels of classroom and family support. It seems unlikely that his age alone

was the sole factor in the limited success of his intervention.

(b) Intervention was not sufficiently intensive: There remains a great deal to be learnt about
optimal intervention dosage. Case studies have demonstrated that children with specific
speech difficulties require intervention that is specific and relatively intensive to bring
about change (e.g. see Crosbie and Dodd, 2001). Intervention that has shown a transfer
effect to the reading and spelling process for children with spoken-language impairment
consisted of 20 hours of treatment administered in a relatively intensive manner (i.e., two
one-hour individual sessions weekly with a speech and language therapist, Gillon 2000,
2002). Less intensive models of intervention or the use of LSAs may not produce the
same results. Research is needed to investigate the efficiency of alternative models of
service delivery, specifically for children with persisting speech deficits. For Ben, the
intervention may not have been enough. The intervention may have had different results
if the same number of sessions had been carried out in a more intensive manner over a

shorter time scale.

(c) Intervention was not specific enough. Children with longstanding speech difficulties
require intervention that is specifically addressed to their needs. Gillon (2002) notes that
children with a history of speech-language impairment are 4-5 times more likely to have

reading difficulties than children from the general population and that these difficulties
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tend to be persistent in nature and not readily resolved by classroom instruction.

Specific and intensive interventions are required in order to help these children with both
their speech and literacy skills. The importance of treating underlying deficits for
written-language development is highlighted in a longitudinal study by Stothard,
Snowling, Bishop, Chipchase and Kaplan (1998) which indicated that children whose
spoken-language difficulties were resolved by age 5;6 at a surface level were found to
have reading difficulties at age 15. It may be speculated that early speech-language
intervention that included programmes to build underlying skills for literacy (such as
phonological awareness) may have prevented the persistent academic difficulties
experienced by these adolescents. Ben was identified late and not able to take advantage
of such programmes.

Intervention planning in Ben’s case involved careful consideration of his
underlying speech processing difficulties. It was found that Ben had difficulties with
both his input and output processing, and that many of these difficulties were not clear-
cut ones, e.g. at each level of the profile a range of strengths and weakneéses were found.
Ben performed well on some of the standardized measures that tap into a particular skill
in a very general way, but had difficulties with some of the more focused tasks. The
outcomes of Ben’s intervention were not uniform, for some of the sounds he made good
progress and generalization was noted, but for others very limited progress was made. It
may be that /f/ responded minimally to intervention because the intervention was not
specifically tailored enough to address that particular phoneme. Ben’s speech processing
profile (Fig 8.1) shows in level K on the output side, that he has some difficulties with
raising his tongue. These difficulties were specific to his production of /f/ which Ben
could produce in isolation but with considerable difficulty. Although, to some extent the:
intervention did involve assisting Ben with his articulation of this sound, intervention
might have been more specifically addressed at this level for this sound. The peripheral
nature of Ben’s problems with /f/ can account for the success with spelling that was
noted for this phoneme in contrast to his speech production. His phonological

representations were accurate for this phoneme. For /tf/ and /6/, his phonological
representations were not accurate. Intervention addressed itself to this need and resulted
in the parallel gains for speech and spelling. The intervention was targeting

/t§/ and /0/, but not wholly targeting /{/.

The intervention was based on speech profiling, but the profile might have been
used in a more specific way. In the case of children with subtle and specific difficulties,

it may be appropriate to profile at the level of individual sounds, resulting in different
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treatment plans for different sounds as appropriate. Ben was considered to be a child
with a phonological delay, in terms of Dodd’s (1995) subgroupings. However, as noted

for the speech processing profile, it may have been the case that he had phonological

delays for certain sounds (e.g. /tf/ and /07, and articulation difficulties for others (e.g.

9.

If one considers that the intervention was successful in terms of treating Ben’s phonological
delays, but that it was not as effective in addressing his articulation difficulties, then what are
the implications for future intervention with Ben? Ruscello (1995) and Dagenais (1995)
suggest that children like Ben with persisting difficulties, might respond to visually oriented
treatment such as biofeedback techniques, when more traditional speech production and
auditory techniques have failed to work. Most speech therapy — like Ben’s - relies heavily
on the auditory modality. For children with auditory processing difficulties, this may be
inappropriate, and alternative approaches required. Ruscello acknowledges that the group
of children with longstanding difficulties is likely to be a heterogenous one and that response
to this type of intervention will vary. Ben did experience some auditory discrimination
difficulties and these were taken into account in the intervention although they were not the
only focus of intervention. It may be the case that these were not sufficiently addressed and
that this is a contributing factor to the lack of successful outcomes. Examples of visual
biofeedback interventions are provided by Dagenais (1995) and Dent (2001). Dent describes
intervention for two older children (CA 8;6 and 10;5) who had not responded to traditional
therapy, but for whom electropalatography (EPG) intervention was successful. Ben might

have benefited from the use of EPG specifically for his /§ / production, and in addition he
may have been assisted in his production and discrimination of /6/ and /f/, sounds which are’

perceptually very similar. This type of visual approach may have been another, more
successful way of scaffolding around his auditory discrimination difficulties.

Some researchers have suggested that auditory perceptual difficulties underpin wide-
ranging speech, language and literacy difficulties (e.g. Tallal, Miller and Fitch, 1993;
Merzenich et al., 1996). Proponents of such auditory theories would suggest that children
like Ben would benefit from auditory-based interventions. Certainly Ben’s auditory
processing skills were not addressed in any physiological way, and tﬁe results of such an_
assessment would have been helpful in planning for intervention. However, it should also be
noted that speech production and literacy can contribute to children’s development of speech
processing (Stackhouse, 1992), and it seems unlikely that Ben’s complex profile of deficits

would be reflective of one isolated underlying problem.
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Studying older children like Ben and finding effective interventions for their persisting
problems is an important priority since minor speech errors may be negatively perceived by
peers (Crowe Hall, 1991) and can affect self-esteem and self-confidence (Nash et al., 2001).
Although Ben described teasing about his speech on occasion, his confidence had improved
.over the course of intervention, and his attitudes to both talking and literacy were positive.
Ben has many strengths in his favour: good pragmatic skills, above average performance IQ
and a positive attitude to languages and literacy. As the effects of speech on literacy and
other academic areas become increasingly well-documented, children like Ben may benefit

from more effective and efficient interventions that can address a combination of these areas.
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Intelligibility has been defined as “the understandability of speech” (Yorkston, Dowden and
Beukelman, 1992), “the match between the intention of the speaker and the response of the

listener” (Schiavetti, 1992) and, the ability to use speech to communicate effectively in
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everyday situations (Osberger, 1992). It is the immediate criterion by which communicative
attempts are judged, and is closely linked to communicative competence. It is an important
and complex concept, but one for which there is no agreed definition or uniform
measurement. The World Health Organisation’s (WHO, 2002) International Classification
of Functioning, Disability and Health describes the domains (1) body functions and
structures, and (2) activities and participation. Impairments are defined as problems in body
function or structure, and many speech and language assessments are centred at this level.
The second domain includes activity, defined as an execution of a task or action by an
individual, and participation in a life situation. Intelligibility falls at this level, and is a way
of moving beyond impairment in the assessment process. The intervention case studies
reported in Chapters 4 - 8 of this thesis focussed mainly at the impairment level both in a
micro and macro way. However, it is clear that improving intelligibility is an important aim
of these and other speech interventions. This chapter focuses on intelligibility as a clinical
outcomes measure.

Section 1 reviews the way in which intelligibility can be measured, considering
advantages and shortcomings associated with each technique, as well as the distinction
between intelligibility and severity ratings. Section 2 focuses on accounts of intelligibility:
what do we know about the factors that influence intelligibility? This section introduces a
review of research papers that have had intelligibility as their focﬁs. Section 3 considers
intelligibility as a clinical outcomes measure, focusing more specifically on research that has
used intelligibility as a way of evaluating the effectiveness of intervention. Section 4 returns
to the five children outlined in the preceding chapters, explaining how changes in their
intelligibility were evaluated and outlining the results for each case. The final section of the
chapter, section § discusses the findings from the intelligibility experiment as they relate to
the five children presented, as well as how these results contribute to our understanding and

evaluation of intelligibility.

1. MEASURING INTELLIGIBILITY

Definitions of intelligibility vary and factors affecting intelligibility are wide-ranging and
complex (Gordon-Brannan and Hodson, 2000). For these reasons, measuring intelligibility
poses many challenges. Yet because intelligibility levels are frequently used in making
clinical decisions, measurements need to be accurate, reliable, and valid. A starting point is
to be clear about what one is attempting to measure: although intelligibility may be closely
related to severity the two are different indices of speech (Kent, Miolo and Bloedel, 1994).
For the purposes of this work speech intelligibility is defined as word or utterance
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recognition in natural communication situations (Smith and Nelson, 1985). True measures
of intelligibility should thus involve listeners attempting to discern meaning from an
individual’s speech in a way that approximates a real-life environment. Three approaches
typically used for measuring intelligibility are word identification tasks; listener-rating scales
and formal assessments which make use of one or both of these methods and are normally
designed to be used with a specific speech-disordered population (Kent, 1992; Gordon-
Brannan and Hodson, 2000). Each of these approaches to the evaluation of intelligibility is
discussed in further detail in the following sections, followed by an evaluation of the
approaches.

Measures of intelligibility can also be used to index the severity of a speech disorder:
95% intelligibility would suggest that a speech disorder is mild, in contrast with 10%
intelligibility where understanding is more difficult and the disorder severe. Quantitative
measures of severity can be derived from connected speech or single words, and include
metrics such as PCC (percentage consonants correct), PVC (percentage vowels and
dipthongs correct) and PPC (percentage phonemes correct). Such metrics of severity are
more widely used in intervention studies than the intelligibility measures and are discussed

in further detail in the following section.

1.1 Word identification tasks

Word identification tasks require the listener, or a panel of listeners, to write down what the
speaker says. An open response format is most commonly used with the listener instructed
simply to write down the word or words they hear. In some cases closed-set tasks are used,
where listeners are given a range of multiple-choice alternatives from which to select their
responses. In this case, Kent, Weismer, Kent and Rosenbek (1989) suggest that the response
set should reflect the potential speech production errors in the target population. The speech
sample may consist of single words or sentences, typically pre-recorded onto an audiotape
and randomised. While single word tests are easier to administer and score, connected
speech intelligibility tests have more contextual validity as measures of real world validity.
Scoring procedures vary but typically involve sentences being scored on the number of key

words correct or by the total number of words correctly identified.

1.2 Listener rating interval scales

Listener rating interval scales require listeners to make judgements about the speaker’s
intelligibility using a technique such as interval scaling or direct magnitude estimation.
Interval scaling requires the listener to assign a number to each recorded stimulus — most
commonly 5, 7 and 9 point scales where, for example, 1=completely unintelligible,

9=completely intelligible. Direct magnitude estimation requires an estimate — typically a
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percentage — of parts of a sentence which are understood, e.g. 100% would indicate that a
listener understood the entire sentence, whereas 50% would suggest that they understood
only about half of the words. The technique is typically used with a standard, or reference
stimulus, chosen as a good exemplar of "midrange" intelligibility (Weismer and Laures,
2002).

1.3 Formal tests
Some formal tests of speech intelligibility have been developed. An early example of such a
test is Tikofsky’s (1970) revised list for the estimation of dysarthric single word
intelligibility. More recent tests, also devised for quantifying dysarthric speech include the
Frenchay Test (Enderby, 1983) and Yorkston and Beukelman’s (1981) Assessment of the
Intelligibility of Dysarthric Speech. A computerised test, the Sentence Intelligibility Test
(SIT) brings the sentence feature of Yorkston and Beukelman’s (1981) test and another test,
the Computerized Assessment of Intelligibility of Dysarthric Speech (CAIDS), (Yorkston,
Beukelman, and Traynor, 1984) to Macintosh and Windows platforms.

For children the Children’s Speech Intelligibility Measure (CSIM, Wilcox and
Morris, 1999) has been devised for the assessment of single word intelligibility. Fifty words
are randomly selected from given sets of words and the child repeats these onto an
audiotape. Two to three listeners are then required to listen to the tape, either transcribing the
words or using a multiple-choice format. Alternatively the Weiss Comprehensive
Articulation Test (Weiss, 1980) includes a section for transcribing a 200-word speech
sample, followed by a calculation of the percentage of words understood. The Beginners
Intelligibility Test (BIT, Osberger, Robbins, Todd and Riley, 1994) was developed
specifically for use with young children with hearing impairment and speech and language

delays. Scoring is based on the percentage of words correctly determined.

1.4 Quantitative measures of severity: speech indices

Degree of intelligibility and severity level overlap considerably, and both are likely to be
affected by many of the same factors (Yorkston and Beukelman, 1981; Gordon-Brannan and
Hodson, 2000). Methods devised to quantify severity levels include percentage of
consonants correct (PCC) (Shriberg and Kwiatkowski, 1982), percentage of vowels /
dipthongs correct (PVC) (Shriberg and Kwiatkowski, 1982) and percentage of phonemes
correct (PPC) (Dodd, 1995). These are typically calculated from a connected speech sample,
but can also be obtained from single word tasks. They focus on the intended consonants,
vowels or phonemes, expressing the total number correct as a percentage of the total number
intended. In a study by Shriberg and Kwiatkowski (1982), experienced clinicians rated

recorded samples of children’s speech in terms of intelligibility, and these ratings were then
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linked to PCC measures. It was found that judgements of mild difficulties correlated with
PCC scores of 85%; scores between 65 and 85% were considered mild-moderate, scores
from 50-65% were linked with the judgment ‘moderate-severe’ and scores less than 50%

were considered severe.

1.5 Comments on measurement techniques

The measurement techniques described are useful and have been applied on their own or in
combination, in both clinical and research situations. However, the term ‘intelligibility’ is of
little value if it is not used in a reliable and valid way. Reliable and valid measures of speech
intelligibility are needed for indexing and explaining intelligibility deficits from both an
articulatory and an acoustic point of view. Clearly, regardless of the purpose of any speech
intelligibility measuremeht, the interaction of speaker, transmission system and listener must
be considered foremost in making the measurement. Kent et al. (1994) carried out a review
of the procedures used to assess intelligibility in children. They grouped these into those
procedures which focus on the speaker by carrying out phonological process analysis or
phonetic contrast analysis, or on the listener by emphasising word identification and scaling
methods. : ‘
Word identification tasks have the advantages of high face validity (Samar and
Metz, 1988; Schiavetti, 1992; Konst, Weersink-Braks, Rietveld aﬁd Peters, 2000).
Calculating the percentage of words understood from a continuous-speech sample is thought
to yield the most valid measure of intelligibility (Kent et al., 1994; Gordon-Brannan and
Hodson, 2000). In addition, the metric of speech intelligibility produced - typically a
percentage of words correctly heard - is readily usable by clinicians and researchers. The
disadvantage is that data collection and analyses are time consuming and not always
practical in clinical situations. Furthermore, the method of scoring whole words as either
correct or incorrect is a fairly gross one, imparting no information about parts of words that
are intelligible, and providing limited opportunities to reflect on qualitative changes that may
have occurred within words as part of a pre-post design. For children with severe speech
difficulties, this may be a particular problem.

An intelligibility study by Pascoe and Tuomi (2001) used a write-down paradigm to
evaluate the understandability of adult, second language speakers of English with non-
standard dialects, in South Africa. At the first level of analysis, whole words were scored as
correct or incorrect. At a further level of analysis, the percentage of consonants and
percentage of vowels / dipthongs correctly identified, were considered for each participant.
Error matrices were used to determine the consonants and vowels that were accurately
perceived, and those that resulted in listener confusion. An error matrix is a grid in which

target phonemes (on one axis) are compared to listener’s perceptions on the other. It was
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argued that in the case of non-standard dialects, speech and language therapists need to be
able to distinguish between characteristics of the accent which do not compromise
intelligibility, and those features which lead to miscommunication. The study was able to
conclude by offering some intelligibility-driven suggestions for intervention targets, for
South African therapists working with this specific client group.

The use of rating scales is frequently cited as a fast and easy method which does not
require particular tools or training, and is practical for severely unintelligible speech when
target words are not known. However, the reliability and validity of this approach are
questionable (Schiavetti, 1992; Konst et al., 2000) and if it is used it should be with
awareness that its validity is unproven. Formal tests are clinically useful, and have been
used with a range of client groups including people with motor speech disorders, laryngeal
cancer, foreign dialect, and cleft palate. Their development and use has been important in
increasing awareness of intelligibility issues. However, they have been criticised due to
design difficulties, e.g. Kent et al. (1989) note that the Frenchay Test (Enderby, 1983)
contains word items that are highly variable with respect to syllable number and shape,
making it difficult to understand the sources of variability in an intelligibility score. Also,
they are designed for use with a particular speech-disordered population and when applied to
other client groups may not always give meaningful results. '

The phonetic indices used for severity are practical for clinicians to use: they do not
require a panel of listeners and speech samples are relatively easy to obtain. However, with
connected speech samples difficulties may occur with children with severe difficulties when
one does not know the desired target. Flipsen (2002) suggests that these indices should be
obtained from spontaneous connected speech if they are to be valid.

A further criticism of all the measurement techniques is the fact that whilst they may be able .
to index the intelligibility or severity of disordered speech, they are typically limited in their
explanatory power, and thus in their ability to inform and monitor intervention. This
important point is developed in the following section. It seems most likely that since
intelligibility is not a unitary phenomenon, there is not likely to be a single adequate measure
for research and clinical purposes. Kent (1992) suggests the triangulation of data, for
example by using word-intelligibility tests, sentence intelligibility tests and rating scales or

others as appropriate.

2. EXPLAINING INTELLIGIBILITY

Research has suggested that intelligibility measures should transcend mere indexing of

severity of speech disorder and attempt to seek explanations for intelligibility deficits (Kent
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et al., 1989; Weismer and Martin, 1992). For example, dysarthric individuals may obtain
identical scores on a single word intelligibility test, but qualitative perception of their speech
may differ, and analysis of error matrices may reveal different strengths and weaknesses. A
comprehensive model of intelligibility needs to account for these differences, which can then
be used in treating speech disorders and monitoring progress. An explanatory model must
relate overall intelligibility to underlying variables associated with the speech, its
transmissions and perception.

As a starting point, it is helpful to conceptualise speech intelligibility scores in terms
of thréc major variables: the characteristics of the speakers under study, the speech material
used and its mode of transmission, and the characteristics of the listeners who perform the
evaluations. Any work on intelligibility needs to quantify parameters in each of these areas
as well as considering interaction between them (Schiavetti, 1992). Schiavetti gives the
examples of (1) speech and language therapists typically holding the transmission system
and listener parameters constant in order to evaluate the effect of variations in speaker
parameters on speech intelligibility; (2) audiologists holding ’speaker characteristics and
transmission variables constant to investigate the effect of a hearing impairment on speech
perception, or holding speaker and listener characteristics constant and varying the
transmission system when trying out different hearing aids; (3) the communication engineer
holding the speaker and listener constant and varying the parameters of the transmission
system (e.g. signal to noise ratio, bandwidth) to evaluate the effect of these parameters on
speech intelligibility. However, Chin, Finnegan and Chung (2001) caution that in the case of
hearing impaired children this distinction cannot be so clearly made: for such children
deafness is an important audiological concern but questions of language acquisition, speech
production and environment itself are equally important, typically involving professionals
from all three areas with overlapping concerns.

A Medline search (via PubMed) was carried out using the search term intelligibility
and limited to papers written in English from 1990. A total of 212 papers were found, and

an overview of these is provided in Table 9.1.
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Table 9.1
Results of a limited* Medline search of papers containing the keyword Intelligibility

Category of journal Examples of journals % total

Speech and Language Therapy Journal of Speech, Language and Hearing 26%
Research; International Journal of

Communication Disorders; Folia

- focusing primarily on speech production
whilst keeping transmission and listener

variables constant Phoniatrica et Logopaedica

Acoustics and Audiology Journal of Acoustical Society of America,  62%
- focusing primarily on transmission or listener ~ British Journal of Audiology,

aspects typically keeping speech variables Scandinavian Audiology, Ear and Hearing

constant

Human Factors and Technology Human Factors; American Industrial 0.5%
- focusing primarily on transmission variables ~ Hygiene Association Journal; Aviation,

related to aviation, military applications and Space and Environmental Medicine

technology which could not clearly be

categorised into the previous groups

Other 11.5%
- papers which could not be classified into any

of the above-mentioned groups

* Papers written in English from 1990-2004

Each paper was categorised into groups based on Schiavetti’s (1992) parameters as
exemplified in (1), (2), and (3) above, and including an additional category for papers which
did not clearly meet criteria for Schiavetti’s groups. It can be seen that the majority of work
into intelligibility has been carried out in the acoustic / audiological domain, with more
limited work carried out in the speech and language therapy field. The 59 studies in the
speech and language therapy category, i.e. focusing primarily on speech production whilst
keeping transmission and listener variables constant, form the body of work on which much
of this chapter will focus. Much of this work has focused on adults with acquired neurogenic
speech deficits, e.g. Parkinson’s Disease (Hammen, Yorkston and Minifie, 1994; Weismer,
Jeng, Laures, Kent and Kent, 2001; Kempler and Van Lancker, 2002), Amyotrophic Lateral
Sclerosis (Turner, Tjaden and Weismer, 1995; Riddell, McCauley, Mulligan and Tandan,
1995; Weismer et al., 2001), dysarthria (Weismer and Martin, 1992; Garcia and Dagenais,
1998; Whitehill and Ciocca, 2000; Hustad and Beukelman, 2001; De Bodt, Hernandez-Diaz
and Van De Heyning, 2002; Hustad, Jones and Dailey, 2003; McHenry, 2003) as well as a
fairly substantial amount of research into the speech and voice of laryngectomy patients (e.g.
Miralles and Cervera, 1995; McColl, Fucci, Petrosino, Martin and McCaffrey, 1998; Searl,
Carpenter and Banta, 2001; Prosek and Vreeland, 2001; Eksteen, Rieger, Nesbitt, Seikaly
and Searl, 2003;) and hearing impaired individuals (e.g. Hargus and Gordon-Salant, 1995;
Cienkowski and Speaks, 2000; Kvam and Bredal, 2000).

Studies such as these have informed our understanding of the variables which
underlie intelligibility, as well as ways of measuring them, including the use of formal
assessments. In terms of speaker factors we know that both segmental and supra-segmental

factors influence intelligibility. Speech sound production seems to be the single most
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important factor in influencing intelligibility, but it is not likely to account for more ‘than
50% of what makes an individual understandable (De Bodt et al., 2002). It is likely that the
interaction of segmental and supra-segmental factors is an essential aspect of understanding
speech intelligibility (Weismer and Martin, 1992). Segmental characteristics strongly
associated with reduced intelligibility include omission of word initial phonemes, voicing
errors (Miralles and Cervera, 1995), errors of consonant clusters, consonant substitutions and
unidentifiable distortions. Clearly the exact errors will depend on the speech disorders of the
population under study. Research with individuals with dysarthria (e.g. Weismer and
Martin, 1992) has found that although intelligibility involves a number of potential phonetic
dimensions, only a small number of these may be needed to predict a speaker’s level of
intelligibility. Kent, Kent, Rosenbek, Weismer, Martin, Sufit and Brooks (1990)
investigated single word productions of individuals with amyotrophic lateral sclerosis and
listeners’ responses to these productions. Error profiles revealed that the intelligibility
deficit does not uniformly affect all phonetic contrasts. Rather, certain contrasts seem to
contribute more heavily than others to the word identification errors that define an
intelligibility deficit. It seems that speakers with few segmental errors may still be
unintelligible and speakers with many errors may be quite intelligible (Konst et al., 2000).

Supra-segmental features are thought to constitute about 20% of intelligibility in
dysarthric speech (De Bodt et al., 2002), and include rhythm, d@ﬁon of speech sounds,
stress, fundamental frequency and intonation. An excessively fast or slow rate may reduce
intelligibility. Studies of adults with acquired motor speech disorders show that
intelligibility increases when rate is slowed to more normal levels (e.g. Yorkston and
Beukelman, 1981; Pilon, McIntosh and Thaut, 1998). Atypical stress patterns may also
reduce intelligibility since listeners use stress as an automatic language processing strategy
and have certain expectations. Speech perception does not simply involve recording a
sequence of sounds as the speech signal enters the auditory system, but attending
preferentially to certain aspects of the signal. These strategies are well-practised and natural,
having been shaped by the predictable structure of the incoming signal. Listening to the
unusual speech signal produced by someone with a speech disorder challenges normal
 perception abilities, making it an effortful process. Yorkston and Beukelman (1981) provide
an alternative account for the positive effect of slowed rate on intelligibility suggesting that
speakers may have more time to achieve accurate articulatory placement.

In terms of voice quality, a harsh or hoarse voice adds noise to the signal making it
harder to understand. High-pitched voices have fewer harmonics and are more susceptible to
reduction in intelligibility. Voice quality may be a factor secondary to articulation and is
thought to contribute no more than 30% of the intelligibility of dysarthric speech (De Bodt et
al., 2002). Hyponasal speech can be harder to understand because of the loss of oral-nasal
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contrasts, and hypernasal speech is thought to have a slightly more serious impact on
intelligibility. However, overall nasality is thought to be one of the least dominant
contributors to intelligibility, estimated at about 5% in dysarthric speech (De Bodt et al.,
2002). The De Bodt et al. (2002) study on perceptual ratings of dysarthric patients showed
that the impact of articulation on intelligibility is dominant, but inclusion of other
dimensions such as prosody and voice, results in a more balanced estimation of
intelligibility. These authors caution that voice quality and nasality may be more important
contributors for other client groups such as the hearing impaired or cleft palate populations.

In terms of the speech material used, we know that sentence intelligibility scores are
higher than when single words are used (Osberger, 1992). However, a single word
intelligibility estimate should not be considered as a good predictor of sentence or connected
discourse intelligibility (Weismer and Martin, 1992) since speech perception is a highly
complex process. In general, it seems that use of short, syntactically simple and semantically
predictable sentences will increase intelligibility (Garcia and Dagenais, 1998).

Findings related to the listeners used to evaluate intelligibility are less clear. It is
frequently noted that listeners who have had experience in listening to disordered speech
give higher intelligibility ratings than naive listeners without this experience (e.g. Osberger,
1992; Liss, Spitzer, Caviness, and Adler, 2002). Experienced listgners do not require
personal knowledge of a speaker but rather, the ability is generalised across all individuals
with the same type of disorder (Osberger, 1992), and thus experienced speech and language
therapists are generally better at understanding disordered speech than non-SLT’s (e.g. see
Bridges, 1991). However, Fujimoto, Madison and Larrigan (1991) and Ellis and Fucci
(1992) found no significant differences between the ratings given by the SLT’s and naive
listeners in their studies.

Higher intelligibility scores are typically obtained when listeners are able to both see
and hear speakers. The average improvement in the intelligibility of a hearing impaired
talker’s speech between the listener-only and look-plus-listen condition has been reported to
be roughly 15% (Monsen, 1983). When other visual cues (e.g., gestures, pictures, or initial
letters) are used in addition to auditory signals of severely disordered dysarthric speech,
intelligibility has been found to significantly increase (Hunter, Pring and Martin, 1991;
Garcia and Dagenais, 1998; Hustad and Beukelman, 2001).

There have been relatively few intelligibility studies that focus on children with
speech disorders. Much of the work in this area relates to children born with cleft palates
(e.g. Van Lierde, De Bodt, Van Borsel, Wuyts, and Van Cauwenberge, 2002) or those with
hearing impairment and cochlear implants (e.g. Chin et al., 2001; Allen, Nikolopoulos, Dyar,
and O'Donoghue, 2001; Chin, Tsai and Gao, 2003), with fewer papers on autism (e.g.
Koegel, Camarata, Koegel, Ben-Tall and Smith, 1998), cerebral palsy (e.g. Pennington and
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McConachie, 2001) and Down syndrome (Kumin, 1994). Whitehill (2002) provides an
interesting review of the literature on intelligibility measures of cleft palate speech.
Although intelligibility measures are being increasingly for this population, concerns about
the reliability and validity of the type of measures used were expressed as well as a
reiteration of the need to use intelligibility as an explanatory factor rather than a simple index
of acceptability.

Children with phonologically disordered or delayed speech have not been studied a
great deal from an intelligibility point of view. Kwiatkowski and Shriberg (1992) studied the
intelligibility of c}.lildren with speech delays by asking caregivers to gloss a simultaneously
videotaped and audiotaped sample of their child engaged in conversation with a clinician.
Caregivers glossed an average of 78% of the utterances and 81% of the words correctly. A
comparison of their glosses to the reference glosses suggested that they accurately
understood an average of 58% of the utterances and 73% of the words. Weston and Shriberg
(1992) used listeners' glosses of children's intended words to provide data for their studies of
the potential influence of selected contextual and linguistic variables on word intelligibility.
They found that intelligibility outcomes were associated with utterance length and fluency,
word position, intelligibility of adjacent words, phonological complexity, and grammatical
form. Flipsen (1995) studied parents’ intelligibility ratings of their phonologically
disordered children, and contrasted these with the ratings given by unfamiliar adults.
Mothers understood significantly more of the words than fathers or unfamiliar adults. This is
not surprising since it was noted that mothers in the study spent more time with their
children than the fathers. Gordon-Brannan and Hodson (2000) carried out an investigation
of pre-school children’s intelligibility by comparing the scores obtained for a range of
severity and intelligibility measures. The children ranged in phonological proficiency from
adult-like to severely disordered. They suggested that any child above the age of four years
with a speech intelligibility score of less than 66% (i.e. less than two thirds of utterances
understood by unfamiliar listeners) should be considered a candidate for intervention. Their
study also underlined the complexity — and importance - of measuring intelligibility.
Regarding the normal development of intelligibility, it is known that greater intelligibility is
associated with increased chronological age. By three years of age, a child’s spontaneous
speech shohld be at least 50% intelligible to unfamiliar adults. By four years of age, a
child’s spontaneous speech should be intelligible to unfamiliar adults, even though some
articulation and phonological differences are likely to be present (ASHA, 1987). There
remains a great deal of research to be done in determining individual factors that affect the

intelligibility of children with persisting phonological difficulties.
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3. INTELLIGIBILITY AS AN OUTCOMES MEASURE

Intelligibility may be regarded as the sine qua non of spoken language, however it has been
used as an outcome measure in a very limited number of clinical efficacy and effectiveness
studies in the field of speech and language therapy to date. An outcome is defined as a
natural result; a consequence; or a comparison of an observation at a later point in time with
an observation made earlier (Wertz and Irwin, 2001). Outcome measures provide evidence
for answering questions about clinical practice and client care, and can be broadly defined as
measurements which give an indication of treatment success. Robey and Schultz (1998)
have described a systematic method for developing a treatment via a five-phase outcome
research model that is employed by most scientific disciplines: Phase I focuses on
‘discovery,’ developing hypotheses about intervention to be tested in later phases; Phase II
tests effectiveness; Phase III evaluates efficacy; Phase IV examines efficiency; and the final
phase determines cost-effectiveness, cost-benefit, and cost-utility. Specific research designs
are appropriate for each phase in the model, and the evidence about a treatment’s outcome,
as tested in each phase, can be rated by a level, or quality, of evidence scale.

Of the 59 SLT intelligibility papers described, a total of 15 used intelligibility as an
outcomes measure, fitting into one of the five phases described by Robey and Schultz
(1998). This may reflect a weakness in the search strategy as some outcomes studies will
have used intelligibility as one of many secondary measures. However, different search
strategies and a common consensus in the field (ASHA Special Emphasis Panel in Treatment
Efficacy, 2002) suggest that this is infact the case. Because intelligibility is a difficult
concept to report reliably and accurately, many researchers may prefer to use well-
established standardised tests instead.

Intelligibility has been used with varying degrees of validity and reliability as an
outcomes measure in several surgical and medical papers (e.g. Rieger, Wolfaardt, Jha,
Seikaly, 2003; Sinha, Young, Survitz and Crockett, 2004) suggesting that for professionals
not directly involved in speech and language therapy, intelligibility seems an important and,
misleadingly, ‘easy-to-get-at’ concept. The fact that it has been used to a limited extent to
evaluate SLT interventions is unfortunate since it is a key outcomes measure for much SLT
work, and a factor which unites many SLT’s working with disparate client groups.

Of the 15 SLT studies using intelligibility as an outcomes measure, 11 were
considered to be in Robey and Schultz’s (1988) Phases III-IV which are concerned with the
efficacy, effectiveness and/or cost-effectiveness of specific interventions. Of these 11
papers, six focused on dysarthric clients (Yorkston, Hammen, Beukelman and Traynor,
1990; Hunter et al., 1991; Keatley and Wirz, 1994; Pilon et al., 1998; Hustad et al., 2003;
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Sapir, Spielman, Ramig, Hinds, Countryman, Fox and Story, 2003), two were concerned
with clients having undergone laryngectomies (Christensen and Dwyer, 1990; Max, De
Bruyn and Steurs, 1997) and one focused on children with autism (Koegel et al., 1998). An
interesting paper by Furia, Kowalski, Latorre, Angelis, Martins, Barros, and Ribeiro (2001)
used intelligibility as an outcome measure for a package of treatment for oral cancer patients.
Patients were divided into 3 groups by extent of tongue resection (total, subtotal or partial
glossectomy). All patients then received speech therapy to activate articulatory adaptations,
compensations, and maximization of the remaining structures for 3 to 6 months. Speech
therapy was found to be effective in improving speech intelligibility, even after major
resection. Different pre-therapy ability between groups was seen, with improvement of
speech intelligibility in two of the groups. The improvement of speech intelligibility in the
third group was not statistically significant, and this was attributed to the small and
heterogeneous sample. .

Flipsen (1995) notes that in working with children who have significant speech
delays, the ultimate goal is to improve the child’s ability to get their message across (i.e. to
improve intelligibility) and from this point of view it is surprising that not more studies of
this client group have included intelligibility data. While intervention studies concerned
with addressing children’s phonology have not used intelligibility measures (i.e. word
identification tasks; listener-rating scales or formal intelligibility assessments), use has been
made of speech severity indices. Dodd and Iacano (1989) included ‘percentage of
phonological processes’ (PPP) from a spontaneous language sample as a means of evaluating
gains in speech production following intervention. Holm and Dodd (1999) used PCC as one
of several outcomes measures for the child in their study. Almost and Rosenbaum (1998)
included a conversational measure (PCC) with the participants of their randomised control
trial, showing that not only did their treatment group of children improve in terms of single
word production but that they went on to show gains in their conversational speech.
Although measures such as PCC are not strictly intelligibility measures, they are an
important bridge between impairment-based measures and intelligibility evaluations, and can

provide a concise, socially-relevant way of encapsulating the outcomes of interventions.

4. INTERVENTION CASE STUDIES: EVALUATION OF CHILDREN’S
INTELLIGIBILITY

The present study aimed to use intelligibility as an outcome measurement to evaluate the

clinical effectiveness of intervention carried out with five school-age children with persisting
speech difficulties, presented in Chapters 4 - 8. Measures of intelligibility have seldom been
used in such a way with children with phonological difficulties, and this study was therefore

424



Chapter 9: Intelligibility

an exploratory, pilot approach to the area. The word-identification task or write-down
paradigm was selected as the method of choice to most accurately evaluate intelligibility and
intelligibility changes. Two levels of analysis were carried out. Firstly, the percentage of
words correctly written down (in single words and sentences) was noted, following the
procedure and analysis described by other researchers in the field (e.g. Kwiatkowski and
Shriberg, 1992; Weston and Shriberg, 1992; Gordon-Brannan and Hodson, 2000). The
second level of analysis involved a more fine-grained analysis of intelligibility at a
segmental level to take into account qualitative changes within responses. The method used
was adapted from a phonological evaluation carried out by Bryan and Howard (1992) in
which they compared a child’s spoken realisation for a target word, by comparing each of
the consonants used by the child with the adult target, in terms of the three features of place,
manner and voicing. Severity indices were also included in this analysis.

Numerous difficulties in the measurement of intelligibility have been outlined, and
this study aimed to carefully describe and consider the conditions under which the measures
were obtained, so that these could be refined in future studies. It has been suggested that
intelligibility is not a unitary phenomenon and there is not likely to be one adequate measure
for research and clinical purposes. The data gathered from the intelligibility evaluation is
considered together with severity indices in this section, as well as reconsidering the micro

and macro outcomes measures from previous chapters as appropriate.

4.1 Methods

This study was carried out as part of the larger intervention project using a single-case
design. Thus, in this intelligibility study each child was viewed as a single case. The study
aimed to compare each individual’s intelligibility pre- and post-intervention by obtaining
measures from a group of unfamiliar listeners in identical conditions, and relating these
measures to the other outcomes measures in an attempt to explain each child’s intelligibility
and any intelligibility changes that were found. Speech severity indices (PCC, PVC and
PPC) were also calculated for each child before and after intervention, so that severity and

intelligibility could be contrasted.

4.1.1 Participants

4.1.1.1 Children

Five school-aged children (2 girls, 3 boys) between the ages of 5;6 and 9;5 participated in the
study. The children and their programmes of intervention have been introduced in Chapters
4 — 8. The children attended the same mainstream school where they received individual
speech and language therapy on a twice-weekly basis, with the same therapist. The children
received therapy for a period of four to nine months. Therapy was based on psycholinguistic
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principles (see Stackhouse and Wells, 1997, 2001), following a careful analysis of each
child’s underlying strengths and weaknesses. The therapy activities consisted of some
‘traditional’ table-top therapy as well as some computer-based sessions. More details on the
content of sessions and activities can be found in Chapters 4 -8 for each individual child.
The children were monolingual English speakers who share a history of ongoing speech and
language difficulties which have not resolved despite previous intervention. The children
differed in terms of age, nature and severity of speech difficulties, concurrent problems and

educational attainment. Table 9.2 presents a summary of participant characteristics.

Table 9.2
Participant characteristics
Subject Sex CA Difficulties on speech Sub-group (from Dodd, 1995)

(across study — processing profile (from

perfodin — Geackhouse and Wells, 1997,

years; months) 2001, l“igure 8.1)
Oliver M 5;6-7;3 A,B, D,EF, G, I J,K Dyspraxia
Katie F 6;5-8;2 B, D G HILJLK Delayed
Joshua M 6;10-8;8 E,F, G, L] Delayed
Rachel F 7;1-8;10 B, D, G, LJ Delayed
Ben M 8,6-10;3 B, D, G, 1] Delayed

Each of the children received intervention tailor-made to their specific needs, as part of a
single case-study design. A range of micro and macro outcome measures was used to
evaluate each individual child’s progress following intervention. This chapter reports

specifically on the use of intelligibility as an outcome measure.

4.1.1.2 Listeners

Naive and unfamiliar listeners were used to judge the children’s speech. First year speech
and language therapy, and speech sciences students were invited to participate as listeners in
the study. Students were required to:

(a) have limited experience of children with speech-disorders, i.e. to be excluded if they
had worked for more than 6 months duration with a child or children with speech
difficulties.

(b) have lived in Britain for the past three years and to have English as their first
language.

(c¢) have normal speech and hearing.

This information was obtained by means of a written questionnaire. Responses from

students who did not meet all three criteria were excluded from the analysis.
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Thirty-three students participated in the study. Ethical approval was obtained from a
university ethical committee, and students gave informed, written consent to participate

anonymously in the study.

4.1.2 Materials

All the assessment and intervention sessions with the children were audio-taped using high-
quality equipment (Sony MD Walkman MZ-R30 MiniDisc recorder with a Sony Condenser
Microphone 5500). The child participants and their guardians had given informed consent
for these recordings to be made and for these to be used anonymously for research and
teaching purposes. From this body of data, a sample of speech was compiled for each of the
five children pre- and post-intervention, consisting of the same 10 sentences and 20 single
words spoken on two occasions, pre- and post-intervention. Intelligibility is typically found
to be higher when sentences are used, although the relationship between single words and
sentences might vary from child to child. Including both single words and sentences was
thought to allow for a representative sample of each child’s speech while also giving the
opportunity to compare the relationship between the single word and sentence conditions.
Sentences between 5 and 15 syllables were used. These had been obtained using repetition
tasks. Oliver was not able to carry out the repetition tasks due to concentration and/or
memory difficulties, and for this reason there was 1o repeated seniences data for him.

Single words were elicited using picture-naming tasks, and randomly selected from a
large pool of items. Target productions were known for each of the utterances and
semantically-linked items were not used in order to reduce contextual effects. Because of
the single case design, and the fact that the children varied in terms of age and mean length
of utterance, different items were selected for each child (see Appendix 6). This also
reduced any learning effects within the listener group.

The inclusion of spontaneous speech posed a problem. Spontaneous, connected
speech is important for valid measures of intelligibility (Kent et al., 1994). However, by
definition it is unlikely that one will obtain the same spontaneous utterances on two separate
occasions. However, in an attempt to include spontaneous speech, four further speech
samples were included for each child. These consisted of two spontaneous sentences
spoken before intervention and two (other, different) spontaneous sentences for each child
post-intervention. An attempt was made to match these spontaneous items in terms of
length and content.

Mini-disc audio-recordings of all the speech samples were randomised onto CD-
ROMs. Because of the large number of speech samples, four CD-ROMs were created: CD
1, CD 2, CD 3 and CD 4. Each of these CDs consisted of an equal number of randomised
utterances from all children both pre- and post-intervention. Each of these CDs had 10% of

427



Chapter 9: Intelligibility

the utterances repeated in order to evaluate intra-judge reliability. Intra-judge reliability was
defined by the Pearson’s product moment correlation between test and retest scores. There
was a strong positive correlation between the scores [r = .871, n = 33, p<.0005).

Cronbach’s o was used to compute interrater reliability. An interrater reliability (33 raters)
of .6921 was obtained for the write-down procedure. Pallant (2001) suggests that ideally
this value should be .7 or higher to indicate internal consistency. However, because a
limited number of items comprised the scale, this slightly lower score is considered

acceptable.

4.1.3 Procedure

The word-identification or ‘write-down’ paradigm in which words intended by the speaker
are compared with words understood by the listener is consistent with definitions of ‘
intelligibility used by authors such as Gordon-Brannan and Hodson (2000). It has also been
shown to be a valid, reliable measure of intelligibility and was thus chosen as the criterion
measure in this study. The procedure was piloted with a group of 60 speech and language
therapists to refine the procedure before being used in the study.

Each of the students was given an evaluation booklet. The cover of the booklet
contained written instructions for reference, as well as a brief questionnaire designed to elicit
information about the student’s eligibility to participate. Sheets inside the booklet consisted
of consecutively numbered blank answer blocks. Instructions were given verbally, as well as
in written form on the evaluation sheets for reference. Instructions are detailed in Appendix
7.

The recordings were played to the group using a laptop computer and audio monitors
(Genelec 1029A). The listeners were able to listen to each speech sample only once, having
been instructed to ‘write down, in normal writing, what you think the child is saying.” Four
practice items were given initially to familiarise students with the task. Students attended
one of four listening sessions in which they listened to speech samples from either CD 1, 2,
3 or 4. Each session took approximately 50 minutes. Eight students listened to CDs 1, 2
and 4. Nine students listened to CD 3.

4.1.4 Analysis

Two levels of analysis took place. Initially, whole words (the single words in isolation and
in sentences) were the focus of the evaluation. A more fine-grained analysis then took
place, looking within words at segmental features. Each of these analyses is outlined in
turn,
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4.1.4.1 Whole-word analysis

Single words were marked as correct where a listener’s written response matched the child’s
target production. They were marked as incorrect where the listener’s written response
differed from the child’s target production or where they indicated that they did not know
what the child had meant. In cases where students suggested two possible ‘answers’ (i.e.,
writing <tusk or task> for TUSK), a point was awarded as long as the target item appeared.
In cases where plural forms were omitted or extraneously included (i.e. writing <dogs> for
DOG, or <cat> for CATS), points were awarded irrespective. The repeated sentences and
spontaneous speech were marked on a word-by-word basis with points given for any
correctly-matching words, again slight differences in morphology were discounted. The
percentage of total words transcribed correctly in each of the 10 samples (pre- and post-
intervention for each of the 5 children) was calculated. Next, the percentage of single words
in isolation, and single words in sentences, transcribed correctly was calculated to yield
separate single words and sentence scores for each child pre- and post-intervention. Finally,
spontaneous speech scores were considered for each child.

The main objective of this study was to evaluate any changes in intelligibility that
occurred within each child, from the pre-intervention assessment to the post-intervention
assessment. Repeated measures t-tests were used for this purpose, with each child regarded
as a single case. Results were calculated for all utterances to yield overall intelligibility

scores, as well as for single words, repeated sentences and spontaneous speech.

4.1.4.2 Within-word analysis

The within-word analysis was based closely on the methods outlined by Bryan and Howard
(1992, pp.362-363) for comparing a stimulus with a response. For each target item (single
words and sentences), the number of consonant phonemes23 was counted, i.e. there are three
consonant targets in the single word item GASP, and 9 in the following sentence: THE MAN
LIKED THE GIRL. The listeners’ responses were re-evaluated by converting each grapheme
into the corresponding phoneme, and then comparing it to the target consonant. Each
consonant was awarded between 0 and 3 points (1 point for correct voicing, 1 point for
correct manner of articulation, and 1 point for correct place of articulation). Matched
consonants were awarded 3 points, and where consonants were omitted 0 points were given.
For example, a listener who wrote <cusp> when Rachel produced GASP, received 8 (out of a
possible 9) points. He was given 2 points for the correct place and manner features of the

word initial [k], and 3 points each for the correct [s] and [p] phonemes. Another listener who

3 Vowels were not included in this analysis because () they were not directly addressed in any of the
children’s intervention programmes, and (b) the results from PVC analyses (see Table 9.11) revealed
that all children had relatively accurate vowel production. Also, vowels do not lend themselves so
well to this type of feature analysis.
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wrote <boo> for GASP, received 1 point (from the possible 9) for the shared manner feature
of the initial stop.

Bryan and Howard (1992) outlined two versions of this scoring procedure: strict and
lenient scoring. The lenient method was used for the purposes of this study. This meant that
consonants in a word response did not have to occur in the same syllabic pdsition as in the
stimulus word to score for feature similarity, i.e. when comparing a CVC response such as
<cap> with the CVCV stimulus CAPER, full points were awarded for the matching [k] and
[p]. For sentences, this lenient procedure was again adopted, with an attempt made to match
response words with stimulus words, e.g. for the stimulus THE MAN LIKED THE GIRL, the
written response <like a girl> was matched, not sequentially with the first three words but
logically with the last three words of the utterances. In many cases it was not possible to
discern which part of a sentence had been attempted, and in such cases response and
stimulus words were matched in a one-to-one, sequential way. Further details on the feature
categories used, as well as examples of scoring procedures, are presented in Appendix 8.
Repeated measures t-tests were used to compare mean scores for each child’s pre- and post-
intervention results. Results were again calculated for all utterances to yield overall
intelligibility scores, as well as for single words, repeated sentences and spontaneous speech.

Severity indices (PCC, PVC and PPC) were also calculated for each child, before
and after intervention and are included for comparative purposes. These indices were based
on a random sampling of 50-100 utterances before and after intervention, following
procedures outlined by Shriberg and Kwiatkowski (1982) and Dodd (1995).

4.2 Results

The intelligi’bility evaluation aimed to determination if the children’s intelligibility had
changed over the course of intervention. Results were analysed at two different levels: the
whole-word level and within-words. Results for each of these analyses are presented in the
sections that follow, starting with an overview of the results for all children and all stimuli.
Results for single words (section 4.2.1), repeated sentences (section 4.2.2) and spontaneous
speech (section 4.2.3) occur in the following sections. This is followed by presentation of
the severity indices for each child (section 4.2.4). The results section concludes with a
summary of each child’s results (Section 4.2.5).

Table 9.3 presents an overview of each child’s intelligibility scores from the whole-
word analysis. These results represent an overall index of intelligibility based on combined
scores for single words, repeated sentences and spontaneous speech. None of the children
showed significant changes in their intelligibility from pre- to post-intervention when
analysed at this level (Oliver: t(24)=-1.121, n.s; Katie: t(31)=.19, n.s; Joshua: t(31)=-1.231,
n.s; Rachel: t(31)=-1.718, n.s; Ben: t(31)=1.009, n.s).
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Table 9.3
Whole-word analysis: Overview of pre- and post-intervention comparison of intelligibili
Child PRE-INTERVENTION POST-INTERVENTION

INTELLIGIBILITY INTELLIGIBILITY
% words understood by unfamiliar % words understood by unfamiliar
listeners listeners

Oliver 2.6 53
Katie 6.7 6.0
Joshua 334 34.1
Rachel 38.9 48.7

Ben 42.7 50.7

Table 9.4 presents an overview of each child’s intelligibility scores, using the more fine-
grained within-word analysis. These results are again collapsed across all conditions: single

words, repeated sentences and spontaneous speech.

Table 9.4
Within-word analysis: Overview of pre- and post-intervention comparison of intelligibilit

PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% features matched to target by % features matched to target by
unfamiliar listeners unfamiliar listeners
Oliver 18.2 24.9
Katie 30.8 311
Joshua 54.1 56.3
Rachel 57.8 74.8%
Ben 63.6 13.9%

* significant at p<.05 when compared to pre-intervention scores

Rachel and Ben’s intelligibility increased significantly following intervention. Listeners
were able to match 57.8% of Rachel’s consonantal features pre-intervention, in comparison
to 74.8% post-intervention (t(31)=-3.12, p<.05). Ben’s pre-intervention intelligibility
increased from 63.6% to 73.9% (t(31)=-2.61, p<.05). The three remaining children did not
show significant changes in their intelligibility from pre- to post-intervention when results
were analysed at this level. These intelligibility results are discussed in further detail in the

following sections.

4.2.1. Single words
The listeners’ responses to each child’s production of 20 single words, before and after

intervention were analysed. Mean intelligibility scores for each child using the whole-word
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analysis are summarised in Table 9.5. No significant difference in single word intelligibility
was found for any of the children using this method (Oliver: t(19)=-1.371, n.s; Katie: t(19)=
-.225, n.s; Joshua: t(19)=-1.066, n.s; Rachel: t(19)=-1.119, n.s; Ben: t(19)=-.895, n.s).

Table 9.5
Whole-word analysis: Pre- and post-intervention comparison of intelligibility for single
words

PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% words understood by unfamiliar % words understood by unfamiliar
listeners listeners
Oliver 0 2
Katie 5 6
Joshua 22 28
Rachel 28 40
Ben 34 40

Results from the within-word analysis are summarised in Table 9.6. A significant increase
in single word intelligibility was noted for Rachel (1(19)=-2.31, p<.05) at this level of
analysis. For the other children, listeners were able to indicate a greater number of matching

features at post-intervention, but these changes did not reach significance.

Table 9.6
Within-word analysis: Pre- and post-intervention comparison of intelligibility for single
words

PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% features matched to target by % features matched to target by
unfamiliar listeners unfamiliar listeners
Oliver 15.7 22.2
Katie 38.2 40.2
Joshua 53.6 59.1
Rachel 56.1 74.2*
Ben 65 74.3

* significant at p<.05 when compared to pre-intervention score

4.2.2 Repeated sentences
The children were given the same sentences pre- and post-intervention in a repetition task.
Oliver was not able to carry out the task due to memory and concentration difficulties, and

thus there is no data from him in this section. These sentences were presented to the groups
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of student listeners. As for the single words, no significant changes were noted in the
children’s intelligibility when comparing pre- and post-intervention results at the whole-
word level of analysis (Katie: t(9)=-1.807, n.s; Joshua: t(9)=1.075, n.s; Rachel: t(9)=-5.07,
n.s; Ben: (1(9)=-1.186 n.s). Table 9.7 outlines the intelligibility scores before and after

intervention.

Table 9.7
Whole-word analysis: Pre- and post-intervention comparison of intelligibility for repeated
sentences

Child PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% words understood by unfamiliar % words understood by unfamiliar
listeners listeners

Oliver n.a* n.a*

Katie 10 5.6
Joshua 453 40.2
Rachel 60.2 63.8

Ben 64 13

* Not applicable: Oliver was not able to carry out the repeated sentences task and therefore has no
data for this section

Table 9.8 outlines the intelligibility scores before and after intervention using the within-
word analysis. This analysis also revealed no significant changes in the children’s

intelligibility when comparing pre- and post-intervention results.

Table 9.8
Within-word analysis: Pre- and post-intervention comparison of intelligibility for repeated
sentences

Child PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% features matched to target by % features matched to target by
unfamiliar listeners unfamiliar listeners

Oliver n.a¥* n.a*

Katie 18.8 15.7
Joshua 47.5 48.9
Rachel 63.1 78.4

Ben 68.7 75.5

* Not applicable: Oliver was not able to carry out the repeated sentences task and therefore has no
data for this section

4.2.3 Spontaneous speech
In this study, a small sample of spontaneous utterances where the child’s meaning was

known, were randomly selected and contrasted with matched utterances. No significant
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difference was found for any of the children when comparing the two sets of results at both
levels of analysis (Oliver: t(9)=-1.536, n.s; Katie: t(3)=-.758, n.s; Joshua: t(3)=-1.54, n.s;
Rachel: t(3)=-.427, n.s; Ben: (t(3)=-2.662 n.s). Table 9.9 outlines the intelligibility scores
for matched spontaneous speech samples before and after intervention using the whole-word

analysis.

Table 9.9
Whole-word analysis: Pre- and post-intervention comparison of intelligibility for
spontaneous speech

PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% words understood by unfamiliar % words understood by unfamiliar
listeners listeners

Oliver 13.4 19.3
Katie 8.1 11
Joshua 84.5 68.3
Rachel 37.8 50.1

Ben 23.7 49.6

Table 9.10 outlines the results for spontaneous speech using the within-word analysis.
Again, no significant changes were noted in the children’s intelligibility when comparing
pre- and post-intervention results for the spontaneous utterances. The number of items used
to evaluate spontaneous speech was small, and significance may have been demonstrated for

at least some of the children if a greater sample of items had been used.

Table 9.10
Within-word analysis: Pre- and post-intervention comparison of intelligibility for
spontaneous speech

Child PRE-INTERVENTION POST-INTERVENTION
INTELLIGIBILITY INTELLIGIBILITY
% features matched to target by % features matched to target by
unfamiliar listeners unfamiliar listeners

Oliver 27.3 35.6

Katie 17 18.2
Joshua 91.1 65
Rachel 48 62.4

Ben 24 61.9

4.2.4 Severity indices

Single words were used to obtain indices of severity for each child. A set of approximately

50-100 randomly selected single words was used for each child. PCC (percentage
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consonants correct), PVC (percentage vowels correct) and PPC (percentage phonemes
correct) were calculated for each child using guidelines in Shriberg and Kwiatkowski (1982)
and Dodd (1995), before and after intervention to provide further information about any

changes occurring at this macro level. The results are presented in Table 9.11.

Table 9.11

Pre- and post-intervention comparison of severity: single words

PRE-INTERVENTION POST-INTERVENTION
SEVERITY SEVERITY
PCC PVC PPC "~ PCC PVC PPC
Y % % % Y% %
consonants vowels phonemes consonants vowels phonemes
correct correct correct correct correct correct
Oliver 23.4 68.2 39.7 27.3 84.1 48
Katie 22 74.1 41.9 49* 73.2 58.2%
Joshua 78 100 86.7 76 100 85.5
Rachel 96.1 100 97.5 94.8 100 96.7
Ben 86 99 90.3 86 100 90.6

* significant at p<.01 when compared to pre-intervention scores

Katie was the only child to show significant gains in her speech severity indices. She made
significant gains with her overall PPC (1(99)=-4.662, p<.01), and significant gains for PCC
from pre- to post-intervention (1(99)=-6.051, p<.01). Her PVC did not change significantly
from pre- to post-intervention. Final consonant production formed the focus of her
intervention. None of the other children revealed significant changes in their speech severity
index. However, it must be noted that there were ceiling effects for some of the children,
e.g. consider Rachel’s PCC, PVC and PPC scores, as well as Ben and Joshua’s PVC scores.
The relationship between severity (as measured by PPC for single words) and intelligibility
(for single words at a whole-word level) was investigated using Pearson product moment
correlation co-efficient. There was a strong positive correlation between the two variables,
both pre and post-intervention [pre-intervention: r = .95, n = 5, p<.005; post-intervention: r =

98, n =5, p<.005].

4.2.5 Child summaries

4.2.5.1 Oliver

Oliver’s intelligibility did not change over the course of the intervention. His single word
intelligibility (Tables 9.5 and 9.6) was extremely low both before and after intervention, with
the difference between the scores not reaching significance (t(19)=-1.371, n.s). Froma

qualitative perspective it was noted that while none of the listeners correctly identified
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Oliver’s targets for pre-intervention utterances, 25% of them were able to identify his
production of some single word targets post-intervention, e.g. CAT - /k/ and /t/ were both
phonemes that were addressed in therapy. Oliver was not able to carry out the repeated
sentences task due to memory and concentration difficulties, and thus there was no data from
him in that section. Oliver’s spontaneous speech intelligibility was low and again showed no
significant difference from pre- to post-intervention (t(3)=-1.536, n.s). Nevertheless a
significant difference was found when comparing his intelligibility at the single word level,
with the scores obtained for spontaneous speech (t(16) =-2.25, p<.05). This may reflect the
fact that Oliver is a skilled communicator in other ways, using supra-segmental cues such as
pitch variation to help convey his messages. Oliver’s speech severity indices revealed severe
difficulties with his consonant production, and moderate difficulties with vowel production.
Significant changes in these severity indices did not occur when comparing pre- and post-

intervention results.

4.2.5.2 Katie

Katie’s speech severity improved over the course of intervention, while her intelligibility did
not change. Her single word intelligibility (Tables 9.5 and 9.6) was very low, both before
and after intervention. The difference between these pre- and post-intervention scores was
not a significant one (1(19)=-.225, n.s). Katie’s speech intelligibility at the sentence level
similarly did not show a significant change from pre- to post-intervention (t(9)=-1.807, n.s)
despite the fact that her intervention had specifically addressed connected speech. Katie also
made no significant changes in her intelligibility at the spontaneous speech level when
comparing pre- and post-intervention scores (t(3)=-.758, n.s). Unlike Oliver, her scores for
the single word and sentence tasks were consistent, with no significant differences noted
between the tasks using different stimuli. Katie was the only child to show significant gains
in her speech severity indices. She made significant gains with her overall PPC (t(99)=-
4.662, p<.001) whidh changed from 41.9% to 58.2%. Significant gains were also noted for
her PCC scores from 22% (pre-intervention) to 49% (post-intervention), t(99)=-6.051, p<.01.
Her PVC did not change significantly from pre- to post-intervention. Final consonant

production formed the focus of her intervention.

4.2.5.3 Joshua

Joshua’s intelligibility did not change significantly over the course of the intervention. At
the single word level his intelligibility was greater than Oliver’s and Katie’s. However, the
difference between his scores pre- and post-intervention was not significant (t(19)=-1.066,
n.s). Joshua’s intelligibility for sentences also showed no significant change from pre- to

post-intervention evaluation (t(9)=1.075, n.s). For spontaneous speech, Joshua’s results
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suggested the highest level of intelligibility for all the children. A substantial (but not
significant) decrease was noted in his spontaneous intelligibility from T1 to T2 (84% pre-
intervention to 68% post-intervention, in Table 9.9, t(3)=-1.54, n.s). This may have been due
to the selection of the spontaneous utterances: the fact that they were not appropriately
matched in some way, and that only two spontaneous utterances were selected for each time
period. Despite the many processes still occurring in his speech and the immature quality of
his speech outlined in Chapter 6, his intelligibility in spontaneous speech is good. A
significant difference was noted between his single word intelligibility and his spontaneous
speech intelligibility (t(10) =-2.26, p<.05). Severity indices revealed a mild-moderate level
of difficulty for Joshua, with this again remaining constant over the course of the

intervention,

4.2.5.4 Rachel

Rachel’s intelligibility improved significantly over the course of the intervention. For single
words, the whole-word analysis revealed no significant change (t(19)=-1.119, n.s), however
the within-word analysis revealed significant improvements in intelligibility from 56% (pre-
intervention) to 74% (post-intervention), t(19)=-2.31, p<.05. No significant gains were
noted for the repeated sentences (t(9)=-.507, n.s) and spontaneous speech (t(3)=-.427, n.s) at
either level of analysis. The difference between her single word and connected speech
intelligibility was not a significant one. |

Rachel’s intelligibility was relatively good, and her severity indices mild, in comparison to
the other children. This is not surprising given the descriptions of her speech in Chapter 7:
her surface speech difficulties were more specific and less severe than the other children.

Her speech s‘éverity scores (Table 9.11) were approaching ceiling.

4.2.5.5 Ben

Ben’s intelligibility improved significantly over the course of the intervention, following a
similar pattern to Rachel. Like Rachel, his surface speech difficulties were more specific
and less severe than the other children. For single words, the whole-word analysis revealed
no significant change (t(19)=-.895, n.s), however the within-word analysis revealed
significant improvements in intelligibility from 65% (pre-intervention) to 74.3% (post-
intervention, t(31)=-2.61, p<.05. No significant gains were noted for the repeated sentences
((9)=-1.186 n.s) and spontaneous speech (t(3)=-2.662 n.s) at either level of analysis. The
difference between his single word and connected speech intelligibility was not a significant
one. Ben’s severity indices showed a mild level of difficulty, approaching ceiling pre-

intervention and not demonstrating a significant change post-intervention.
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4.3 Discussion of intelligibility evaluation
Intervention was carried out with five children with persisting speech difficulties. A range of
outcomes measures was used to evaluate changes which had occurred from pre- to post-
intervention. The intelligibility evaluation was considered a socially relevant way of
measuring overall speech outcome: if changes in the children’s intelligibility could be
demonstrated then the intervention might be considered as effective in a very functional way.
Two levels of analysis were carried out: one focusing on whole words, and the other
looking within words at the accuracy of consonantal features. At the first level, the
intelligibility evaluation did not reveal any significant changes in intelligibility for any of the
children. At the more fine-grained level of analysis, significant improvements in
intelligibility were found for two of the children: Rachel and Ben. Previous studies have
evaluated intelligibility using only the ‘whole-word’ method. This study has shown that this
method may be too gross to reveal differences, and that a more detailed analysis of results
can show gains that would otherwise go undetected. For example, Katie made significant
gains in her ability to produce final consonants (see Chapter 5). The intervention aimed to
get her to produce any final consonant, rather than the specifically correct phoneme. One of

Katie’s stimuli in the intelligibility task was NOTE. In the pre-intervention sample she

produces [neu]. Most of the listeners wrote <no> in accordance with what they heard. The

post-intervention sample had Katie producing [neud], and most of the listeners duly wrote

<node> or <nod>. The whole-word scoring system was not able to credit this improvement,
but the within-word level was able to take this into account. It is clear that improvements
had been made as she was now using final consonants, yet there is still likely to be a great
deal of confusion for her listeners until she is able to voice final plosives appropriately and
mark phonoiogical contrasts in this position: possible next steps for intervention. It would be
valuable to monitor intelligibility with children receiving ongoing intervention to determine
at which point in the intervention programme intelligibility significantly improves.

The within-word feature analysis is an important contribution to intelligibility
studies, yet it is not without problems. Listeners participating in the evaluation were asked
to write down what they thought the children were saying. They were also instructed to
guess at words or to indicate parts of words or sentence in cases where they were unsure
what the entire utterance was. When listeners provided partial information (e.g. writing
<c 7> or <something ending with ‘b*> this was useful for the feature analysis. However, in
many cases listeners entirely omitted a response providing no information about parts of the
word they might have heard. In future studies, instructions should emphasise to listeners the
importance of giving a response.
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The fact that limited changes were noted for some of the children may be due to the method
used to evaluate intelligibility. In this study listeners unfamiliar with the children were
required to discern what the children were saying from audio-samples of the children’s
speech, many at a single word level. Many of the listeners described the task as extremely
challenging, and mentioned factors such as accents, lack of visual information and context,
as factors which made it so. It has been found in previous research that listeners who have
had experience in listening to disordered speech give higher intelligibility ratings than naive
listeners without this experience (e.g. Osberger, 1992; Liss et al., 2002). Results from the
pilot evaluation carried out with speech and language therapists could not be directly
compared to the results obtained from the student listener group, but the comments from
both groups suggested that the task was also very challenging for them.

Removing some of the constraints (e.g. presenting both audio and video recordings)
may have meant that the children’s intelligibility increased. The listeners could then have
picked up on a wider range of cues which may have made the evaluation a more sensitive
one. As it was, children such as Oliver and Katie who had made gains in their speech
production (as evidenced by micro measures reported in Chapters 4 and 5 respectively) were
not able to demonstrate these in the intelligibility task at either level of analysis. .

Higher intelligibility scores are typically found when listeners are able to both see
and hear speakers. The average improvement in the intelligibility of hearing impaired
talker’s speech between the listener-only and look-plus-listen condition has been estimated
as approximately 15% (Monsen, 1983). When other visual cues (e.g., gestures, pictures, or
initial letters) are used in addition to auditory signals of severely disordered dysarthric
speech, intelligibility has been found to significantly increase (Hunter et al., 1991; Garcia
and Dagcnais, 1998; Hustad and Beukelman, 2001). Konst et al. (2000) cautioned that
visual cues were absent in the experimental situation in their study. Clearly such cues
provide important contextual support in real life interaction. The intelligibility assessment
carried out in the present study provides information about the competence of the children’s
spoken language pre- and post-intervention but it does not reflect any changes in their
broader competence as interactive communication partners. Further, the lack of normative
data has also been cited as a methodological difficulty: we do not know how normally-
developing children and adults would fare on tasks such as these.

Many of the child participants had very severe speech difficulties: Katie and Oliver
were children with extremely high severity indices pre-intervention. Low levels of
intelligibility were noted both before and after intervention. These levels of less than 10%
indicate profoundly unintelligible speech (ASHA, 1987). As such it is unlikely that
significant intelligibility gains would be made after one episode of intervention. Intervention
was specific in targeting certain aspects of their speech difficulties. In Katie’s case it is not
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surprising that overall intelligibility did not improve given the range of simplifying processes
still occurring in her speech, and the fact that her speech intervention was very specifically
addressed to one particular process. Similarly, Oliver received intervention for four specific
consonants, but almost all consonants were potential candidates as targets and will need to be
addressed in the future. Stimuli selection for the intelligibility evaluation was random, and
thus the children had some opportunities to demonstrate progress for specific phonemes and
phonological processes, but not as many opportunities as, for example, in their micro
evaluations.

Previous findings have suggested that intelligibility is typically greater for sentences
than single words (e.g. Osberger, 1992; Gordon-Brannan and Hodson, 2000). This was a
general trend for the children in the present case, i.e. contrasting individual children’s scores
in Tables 9.5 and 9.7, shows that sentences offer greater scope for providing contextual
information and grammatical cues. However, a single word intelligibility estimate should
not necessarily be considered as a good predictor of sentence or connected discourse
intelligibility (Weismer and Martin, 1992).

Spontaneous speech is central to the concept of intelligibility. In this evaluation
single words and repeated sentences comprised the bulk of each child’s speech sample. A
very limited number of spontaneous items were included since they were difficult to match
in terms of pre- and post-intervention production, and it is not always possible to know
exactly what children with the severe speech problems were saying. Many of the children
received higher intelligibility ratings for their spontaneous speech, and given that this is the
most functionally relevant aspect of children’s communication it is important that future
studies of this kind include greater numbers of carefully matched spontaneous speech
samples. For spontaneous speech, Joshua’s results suggested the highest level of
intelligibility for all the children. Despite the many processes still occurring in his speech
and the immature quality of his speech outlined in Chapter 6, his intelligibility in
spontaneous speech was good. It was noted in Chapter 6 that Joshua often uses an
inappropriately loud voice. Although this is not always socially acceptable, it may have
aided the listeners in the intelligibility task. This would explain Joshua’s highest
intelligibility score for the spontaneous items as compared to the single words or repeated
sentences, as it was frequently noted when he was telling a story to the therapist that he
would speak very loudly and emphatically.

Intelligibility and severity are closely related concepts affected by many common
factors. The relationship between severity (as measured by PPC for single words) and
intelligibility (for single words at a whole-word level) was investigated in the present study
and a strong positive correlation between the two variables was found. This is consistent
with the findings of Shriberg and Kwiatkowski (1982) who found similarly high correlations
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between the two measures. Most intervention studies that have attempted to include
functional measures of changes in speech have incorporated the latter, using measures such
as PCC, PVC and PPC (e.g. Almost and Rosenbaum, 1998; Holm and Dodd, 1999). These
measures are relatively easy to obtain, do not require special equipment and unfamiliar
listener groups, and can provide valuable information about a child’s overall level of
difficulty and progress. These severity results, again indicate a trend of decreasing severity
with age. All the children’s results are higher than their intelligibility ratings. This is not
surprising given the different evaluation procedures used. The results from this study
showed that such speech indices may not however always provide a full picture of a child’s
intelligibility. Rachel and Ben had PPC scores that suggested mild levels of severity, yet
their intelligibility was only moderate, emphasising that there are additional factors at play
when evaluating intelligibility. Katie showed significant gains in her PCC score from pre- to
post-intervention, yet this change did not yet have an effect on her intelligibility — at least
within the stringent constraints of the evaluation that took place here. This discrepancy
suggests that while PPC and related measures are concerned with individual phonemes at a
segmental level, intelligibility measures move beyond this, incorporating supra-segmental
and other features which can have a great effect on how poorly or well.a child with speech
difficulties is able to make themselves understood. Rachel’s intelligibility improved
significantly from pre- to post-intervention, although her intelligibility was initially high to
begin with, Intervention addressed one very specific aspect of her speech, yet her
intelligibility improved for all words even those that did not contain the specific structures
addressed in intervention. It was clear that Rachel gained a great deal of confidence as a
result of the intervention and the change brought about in her speech. The initial recordings
are quiet with Rachel’s speech sounding generally unclear and ‘mumbly.’ The final set of
recordings show her speaking with a strong, louder voice and it was not surprising that her
speech in general was considered more intelligible. This example highlights some of the
difficulties in objectively measuring and explaining intelligibility. These factors are
discussed in the following section which returns to intelligibility from a more general

perspective.

5. DISCUSSION

A great many unanswered questions remain about children’s speech intelligibility. Firstly,
the relationship between children’s phonology and intelligibility remains unclear. Although
it is clear that factors such as loss of phonological contrasts, homonymy and consistency
affect intelligibility, it is not clear how each of these factors contributes to intelligibility, and
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how the factors interact with each other. In the present study, the children’s intelligibility
was found to increase with age, with the youngest child, Oliver having the lowest level of
intelligibility, and Ben, the oldest boy, having the highest level of intelligibility.

While we know that segmental phonology alone does not contribute to intelligibility,
the other factors remain hard to access and measure. Work with adult clients with dysarthria
by De Bodt et al. (2002) attempted to discern variables affecting intelligibility and to weight
these in terms of relative percentage contributions. The clinical importance of such
information is not hard to imagine: Yorkston et al. (1992) suggested that it is precisely the
sort of information that is needed in order to move towards “an intelligibility-based model of
intervention.” Pascoe and Tuomi (2001) were able to pinpoint specific features in the speech
of their South African Black English dialect speakers which seemed to compromise
intelligibility, and used these findings to suggest specific assessment and intervention
approaches when working with this client group. In the case of children with phonological
difficulties requiring long-term intervention, it would be helpful for clinicians to know which
factors — segmental and otherwise — have the greatest effect on intelligibility, so that these
could be prioritised in intervention. It may be that such factors vary from child to child, or it
may be that certain factors are linked to children of different ages, phases, sub-groups or
speech processing profiles. Such information would be helpful in accounting for the
persisting speech difficulties which some children experience despite having normal
phonetic repertoires and performing age-appropriately on standardised measures.

Returning to the concept of an “intelligibility-based model of intervention,” clinicians
carrying out assessment procedures should be asking: what strategies, techniques or clinical
approaches will make a difference to intelligibility? They should structure the intelligibility
tasks in order to provide answers to these questions. Yorkston et al. (1992) give the example.
of varying rate, the speaker’s ability to modify unintelligible utterances, the effect of
semantic context — in the case of dysarthria. Research into acquired dysarthria has shown
that the increased rate associated with the condition is a factor that decreases intelligibility.
This fact has led to efficacy research where clinicians use various ways to reduce the
speaking rate of their clients, and confirm that intelligibility improves as a result of the
treatment, and treatment can be regarded as a success in terms of this important factor.

From a psycholinguistic perspective there is much to be gained from linking the
concept of intelligibility into one’s understanding of a child’s strengths and weaknesses.
Intelligibility is clearly affected by speech processing at each of the output levels, but further
research is needed to consider the contributions of levels such as motor programming, motor
planning and self-monitoring of one’s own speech. Intelligibility can seem a large, and
ungainly concept: tying it to a psycholinguistic framework may allow one to account for it

more readily, and measure it more accurately. One way in which this might be done, is by
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linking intelligibility measures to the developmental phase model from Stackhouse and
Wells (1997) (see Figure 2.3 in Chapter 2). We know that normally-developing children’s
intelligibility increases with age, and that the same trend is likely to be followed by children
with difficulties, although at a slower pace. It may be that at the ‘whole word’ level of
development intelligibility is low as children are concerned with meaning units in a fairly
gross way. As children move through the systematic simplification phase and into the
assembly phase of speech development, they may become more concerned with sound
structures resulting in increased intelligibility. The dawning of the metaphonological phase
may mean that they are now able to reflect on their speech in a more objective way, taking
the listener’s perspective into account and maximising intelligibility through careful self-
monitoring. These suggestions need to be tested out more systematically in future work.
One way of doing this would be to evaluate the intelligibility of young, normally developing
children as they move through the stages outlined by Stackhouse and Wells. Not only would
such data aid in our understanding of intelligibility development, but it would also provide a
set of norms with which the intelligibility of children with speech difficulties might be
compared.

From a clinical perspective, some authors (e.g. Monsen, 1981) have suggested that
intelligibility indices be used for the educational placement of hearing impaired children, and
monitoring of therapy progress, and others (e.g. Beukelman and Yorkston, 1979) have
suggested that it is a useful index for communicating to a speaker’s family and other
professionals. Yorkston et al. (1992) describe measures of sentence intelligibility as critical
in the clinical setting for describing whether or not a speaker is sufficiently understandable to
be a functional communicator in a variety of natural settings. One might focus on sentence
intelligibility, word intelligibility with and without semantic context or phoneme
intelligibility. Intelligibility clearly has an important clinical role, yet it needs to be
evaluated in ways that are valid and reliable, and with an understanding of the factors that
affect it.

It has been suggested here that intelligibility should be routinely included in
evaluations of interventions for children with phonological difficulties. The inclusion of
sgch measures will not only enhance our theoretical understanding of intelligibility, but also
add to the armoury of outcomes measures that allow us to ensure interventions are socially
and functionally relevant. However, such evaluations are not without their difficulties.
Numerous problems emerged in the present study. Spontaneous speech posed difﬁculn?es.
For example, while wanting to keep all factors constant in pre and post measures, in natural
communication situations, factors that influence speech intelligibility often occur in
combination and may interact with each other in complex ways. To measure changes in
spontaneous speech intelligibility in ways that are reliable and valid, may mean to lose what
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lies at the heart of intelligibility: spontaneity and ‘real life’ communication. When children
with very severe difficulties are included in intelligibility evaluations with unfamiliar
listeners, the task may become extremely challenging. In such cases, using visual
information may allow for a task at a more appropriate level of difficulty in which subtle
changes in children’s communication can be more readily discerned.

The speech of developing children may not lend itself to the type of intelligibility
work which has been carried out with the adult dysarthric population, i.e. there may be too
many factors at play, and more differences than similarities in a disparate group: we may
never be able to assign percentage to factors contributing to intelligibility in the same way
that has been done for some of the adult client groups. However, this should not deter
researchers and clinicians from investigating intelligibility more fully for this group since it

is widely agreed that:

“Intelligible speech is the long term goal for most intervention

approaches for children with speech disorders.” (Dodd and Bradford,

2000, p.191) ‘
The evaluation presented in this chapter attempted to devise a method for the reliable and
valid measurement of intelligibility. The procedure was used successfully to this end,
although suggestions have been made for future modifications. Intelligibility needs to be
routinely evaluated both in intervention studies and in the clinic. Evaluations such as the one
carried out here contribute to a body of knowledge about intelligibility and the factors that
constitute it. Refinement of procedures for measurement of intelligibility will also inform
our knowledge of these factors and ensure that our clinical outcomes are ultimately more

valid, reliable and meaningful.
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This chapter returns to the issues introduced in Chapter 2 regarding the normal development
and organisation of speech and language, as well as theories about speech and language
disorder. The chapter aims to compare and contrast the cases presented in the preceding
chapters, drawing together the theoretical contributions made. The starting point of the
chapter (Section 1) is an evaluation of Stackhouse and Wells’ (1997, 2001) speech
processing model in terms of how adequately this model can account for the five children
presented, and their responses to intervention. Evidence from generalisation patterns is
considered, and used to reflect on the nature of the specific processing levels hypothesised
by Stackhouse and Wells (1997, 2001), as well as modularity more generally.
Developmental phase models are re-considered in section 2, in the light of the children
investigated in this project and specifically focusing on Stackhouse and Wells’ (1997)
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developmental phase model. Theories about speech and language disorder are considered in
section 3, with particular consideration given to motor programming and the controversial
diagnostic category of dyspraxia; mapping theories, auditory theories and sub-grouping /
profiling approaches. The chapter concludes with a summary of the theoretical contributions

made (section 4).

1. STACKHOUSE AND WELLS’ SPEECH PROCESSING MODEL

This section aims to evaluate Stackhouse and Wells’ (1997, 2001) speech processing model
as a theoretical account of what happens when children process speech and language, based
on the five cases presented. A further evaluation of the model as a clinical tool is presented
in Chapter 11. In intervention studies, generalisation of treatment effects is one way in
which the organisation of the speech and language processing system can be investigated.

Patterns of generalisation for the five child participants are considered in section 1.1.

1.1. Generalisation of treatment effects

1.1.1 Across-item generalisation

Table 10.1 summarises across- item generalisation patterns noted for each child. Across-
item generalisation can offer insights into the organisation of linguistic units within speech
processing modules. It can be seen that across-item generalisation was a widespread
phenomenon for many of the children. It was almost always found to extend to the matched
sets of words devised for each child on the basis of spoken language frequency,
developmental norms for acquisition age, and phonetic structure. The fact that _
generalisation extended to such items is not surprising given what is known about the way in
which lexical items are stored. Current theories suggest that lexical representations are most
likely organised into a distributed network of interconnected micro-features that are shared
by many different words (e.g. Coltheart and Byng, 1989; Patterson, 1990; Lieberman, 2000).
All the children, had a control set of untreated words which was matched for age of
acquisition and language frequency, as well as by phonological structure (usually with onset
phonemes matched) to the treatment stimuli. All the children, except Ben, showed
significant generalisaﬁon to these wordlists providing some evidence for close links between

words matched in this way.
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Table 10.1
Summary of across-item generalisation for each child

Child Across-item generalisation observed

Oliver From treated to untreated matched From treated to untreated, new words
words *  From treated (phoneme in word initial
position) to untreated word with
phonemes in word final position

Katie = From treated to untreated matched
words
Joshua = From treated (novel) words to

untreated (matched) non-words
=  From treated (novel) words to
untreated familiar words

Rachel =  From treated to untreated matched
words

»  From treated (phoneme in word final
position) to untreated word with
phonemes in word initial position

= From treated to untreated non-words

*  From treated s-cluster words to words
with other untreated s-clusters

=  From treated s-clusters words to words
with untreated singleton /s/

= From treated s-cluster words to words
with other untreated fricatives

Ben From treated words to

s Untreated matched words

s Untreated matched words with related
phonemes (i.e. voicing cognates or
related cluster)

s Untreated non-words

Findings were conflicting about generalisation from phonemes in one word position to
another: this was something that did not occur for Oliver (for a specific set of phonemes,
from word initial to word final position) but that did occur for Rachel (for a different set of
phonemes, from word final to word initial position). These children were different overall in
the severity of their difficulties and their responses to generalisation. Rachel had relatively
minor difficulties with her speech processing, and generalisation was widespread for her
after a relatively short period of intervention (10 hours). Oliver on the other hand, had
widespread difficulties of a severe nature. Intervention dosage was 28 hours in total and his
generalisation less widespread. It may be that generalisation occurs more readily from word
final to word initial position (as for Rachel), rather than from word initial to word final
position (as for Oliver), but this has not been found in previous studies and given the wide
differences between the two cases, as well as the fact that different phonemes are involved,
such conclusions are probably not justified.

There is some evidence that lexical representations are stored in phonological
neighbourhoods organized by phoneme similarity in the onset-nucleus or rhyme positions of

overlap (Storkel, 2002). Oliver’s generalisation patterns fit with this: according to
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‘neighbourhood’ theory, working on word-initial consonants may lead to generalisation to
other words with the same onset, or linked words with the same rime, e.g. working on word-
initial /k/ in items such as CAT will result in generalisation to untreated words such as CAP
and KEY which share the onset, and words such as HAT and BAT which share the rime.
Words such as MAKE and PICK with the target /k/ in final position are not part of the
neighbourhood and one would thus not expect to see effects of generalisation extend to these
words. Katie’s intervention targeted final consonants, with untreated controls matched in
terms of rime. Generalisation extended to these items, again supporting the theory.

Rachel’s widespread generalisation does not accord so well with the model, but it
may be that her system was fundamentally different to Oliver’s with mbre well developed
representations already existing between lexical items. Furthermore, the stimuli items
addressed in intervention were of low spoken language frequency and more unusual
phonological structure (e.g. WASP, CUSP). According to Storkel (2002) these items would be
located in sparse phonological neighbourhoods with more limited links to other lexical items.
The fact that widespread generalisation did extend to the rest of the system after addressing
these items suggests that (a) the organisation of these sparse neighbourhoods may be
fundamentally different to the organisation of dense neighbourhoods, and (b) that addressing
words from sparse neighbourhoods may offer scope for greater generalisatioﬁ because the
activation is more concentrated through a smaller network of items.

Generalisation to new or non-words was noted for Rachel and Joshua. Non-word (or
new word) processing involves a different processing path than that used for real words, and
thus understanding this type of across-item generalisation involves consideration of different
processing paths rather than just focusing on the items within one level. Rachel, for
example, repeated non-words phonetically matched to the treatment stimuli as part of her
assessment (see Table 7.12). Stackhouse and Wells (1997, 2001) conceptualise such a task
as involving the mapping of phonological information on the input side onto the online
motor programming system. The fact that Rachel was able to do this with significantly
increased accuracy following intervention informs us that her input skills, mapping skills and
online motor programming were sufficiently modified to be able to carry out the task with
more success. The earlier models proposed by Hewlett (1990) and Dodd and McCormack
(1995) offer similar accounts of the changes observed. Dodd and McCormack (1995)
conceptualise a direct line from perceptual analysis to the phonological plan, which omits
lexical knowledge as well as the application of any realisation rules. From their perspective,
the fact that Rachel improved significantly in her non-word repetition would suggest that
intervention must have addressed auditory perception, phonological planning or motor

execution (or a combination of these areas). Given that no difficulties in motor execution
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were noted for Rachel, it seems likely that the dual focus of intervention on auditory
perception and phonological planning was effective in targeting these areas.

In Joshua’s case néw words were central to the intervention: He was introduced to
new words in order to alter his online motor programming, create new representations of
these words and ultimately to ‘shake up’ his inaccurate motor programmes for words with
related phonemes. To some extent, this strategy was successful: Joshua was able to improve
his speech production of the stimuli words, and generalisation was noted for matched non-
words as well as real and familiar words. This generalisation suggests too that his online
motor programming accuracy had improved (at least for the cluster phonemes in question)
and that his stored motor programmes had been ‘shaken up’ by the introduction of more
accurate items. This is good evidence for having two separate motor programming centres
(online motor programming and stored representations), and for the two-way flow of
information between the two levels. Hewlett (1990) explicitly incorporated ‘time free’ and
‘real time’ information flow in his model of speech processing, indicating that the ‘motor
programmer’ serves to both create new programmes for immediate production and to devise
output representations that can be stored for future use. Similarly, ‘stored routines’ are an
important part of Dodd and McCormack’s model with these being closely linked to online
phonological planning. According to this model, Joshua’s intervention involved emphasis
on phonological planning which then had an influence on the pfe-existing stored routines.

Nippold’s (1992) notion of thresholds for storage and retrieval was a useful one that
helped to account for some of the children’s responses to intervention. For example, Joshua
and Ben both made some gains in their initial phases of intervention but these fluctuated a
great deal and ultimately significant gains were not made. Joshua did not remember the
meaning of many of his new words following intervention. It may be that the amount and/or
quality of information needed across children to reach a ‘normal’ threshold varies widely.
The notion of varying thresholds from child to child, and from lexical item to lexical item,
may go someway in accounting for individual responses to intervention. Thresholds may
also be a more specific way of conceptualising memory: some children remember new words
with only a few exposures to the item; for others remembering words is more of a challenge
requiring more exposure. Short-term memory has become increasingly implicated in
accounts of disordered speech and language development (Gathercole and Baddeley, 1990;
Gupta and MacWhinney, 1997). References to the clarity or ‘fuzziness’ of lexical
representations (e.g. see Constable, 1997; Stackhouse and Wells, 1997, 2001; Chiat, 2000)
may also link in with the concept of thresholds: children with fuzzy representations have
reached the threshold for storage of an item, but this is the minimum requirement for storage

and ongoing input is needed to hone the clarity of the representation.
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In Oliver’s case generalisation did not extend to his production of non-words. Significant
improvement in his naming of treated words was noted, but not for ﬁis repetition of untreated
non-words. The difference in the processing routes required for these two tasks is that the
former involves access of stored motor programmes and the latter involves online motor
programming. Oliver was able to update existing, but inaccurate motor programmes as a
result of the intervention, but the processing of new words in real time had not been affected.
What did Oliver do in order to update his existing motor programmes? Accounts of this
process are given by Hewlett (1990) and Stackhouse and Wells (1997, 2001). These authors
suggest that the child must first become aware of the mismatch between the stored motor
programme and the phonological representation. The child then needs to revisit the motor
programming process creating a modified programme to become the new stored motor
programme. Such a revision requires that motor programming is able to create new
programmes in an efficient way. But, what exactly does motor programming entail?
Stackhouse and Wells (1997, p.163) describe this component of speech production as

follows:

“Motor programming can be thought of as comprising a store from which
phonological units are selected, and a process of assembling these units in new
combinations. An analogy would be a child’s box of letters, from which you can
make a selection, then sequence them in new combinations to create new words.
However, in the case of speech the phonological units are unlikely to be
segment-sized, particularly for the younger child...the store can be thought of as
containing the set of the possible onsets and of the possible thymes of English.”

Similarly, Levelt’s (1989) ‘blueprint of the speaker’ includes phonological encoding, a
process of selecting phonological units in a left to right fashion. Levelt acknowledges that
the syllable first appears at this level, before phoneme specific programming is involved.
From a developmental perspective, Maassen (2002) revised Levelt’s (1989) model to include
‘optional’ phonological coding that may not be available to young children. Hewlett (1990)
refers to ‘motor processing’ modules, while Chiat (2000) and Hulme and Snowling (1992)
refer to articulatory planning. Dodd and McCormack (1995) and Ozanne (1995) describe a
phonetic planning level, following the generation of the phonological plan. This level, akin
to Stackhouse and Wells’ motor planning level and Hewlett’s (1990) motor processing
modules, is thought to involve three sub-processes. These include conversion of the
phonological plan into a motor-speech programme, assembly of the phonetic units into
appropriate sequences, and concluding with the implementation of the programme. A
distinct module is then posited for motor execution itself.

Oliver was not able to devise motor programmes for unfamiliar words containing the

phonemes that had been addressed in intervention, with any significant degree of accuracy.
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He was able to produce the phonemes in question in isolation and in the familiar words
worked on in therapy, as well as in matched, untreated control words. Generalisation from
the treated to untreated matched items has been accounted for by the way in which these
words are stored in close proximity or with many links in the motor programme store. The
fact that Oliver could not produce the unfamiliar words suggests that he did not have access
to an efficient motor programming device. He did not have the segmental level skills, and at
the syllabic level he only had access to a very restricted range of syllables and sequences.
Oliver’s motor programming is a major difficulty for him, particularly revealing itself in
non-word repetition tasks to which he could only respond with a very gross mapping of the
input representations onto his restricted inventory of syllables. However, the question
remains that if Oliver had such difficulties with his motor programming then how was he
able to accurately revise his existing representations of words, achieving this with a fair
degree of success? Intervention could be conceived of as training motor programming to
more accurately produce words with certain phonological frames (at a syllabic level) or
words with particular phonemes, ideally at onset since the direction of the ‘device’ is thought
to be from left to right (Harley, 2001). However, if this is the case then Oliver should have
been able to cope better with the non-words which were closely matched to the treatment
items in terms of phonological structure. An alternative suggestion is that Oliver’s motor
programming is so limited that a different process takes place avoiding motor programming
altogether: He creates whole word mappings of phonological forms onto motor programmes

using the direct link between the two stores, as shown in Figure 10.1.

Figure 10.1.
Direct and indirect mapping of motor programmes

semantic
representation

DIRECT

phonological
representation

INDIRECT

phonological
recognition

AA

It has been suggested that children’s phonological representations are sparse, enabling them

to recognise the same word produced by a variety of speakers in a variety of different ways
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(Stackhouse and Wells, 1997, 2001). If this sparse knowledge is the blueprint for Oliver’s
motor programmes then it is not surprising that his speech is inconsistent and often
unintelligible. Intervention aimed at improving Oliver’s phonological representations and
this was a successful strategy in updating his motor programmes on a word-by-word basis,
i.e. accounting for the minimal generalisation observed. Oliver had relatively good semantic
knowledge, and if one considers the close links between phonological representations,
semantic representations and motor programmes (Figure 10.1), then it is another argument
for the way in which Oliver was able to improve his production of the treated (and untreated)
words by relying on top-down processing strengths and avoiding his problematic motor
programming. When faced with non-words there was no top-down knowledge to access and
he was forced to either map directly from a freshly created and fuzzy phonological
representation directly to a motor programme or to attempt to use his motor programming
skills which are also deficient.

Whiteside and Varley (1998) conceptualise a dual route for speech encoding in
adults. It is similar to what is described above, in that the direct route involves retrieval of a
stored form and the indirect route involves assembly of speech from sub-syllabic units.
These authors noted that the direct route is used for high-frequency words and forms a direct
connection between semantic knowledge and whole-word motor programmeé. They
conceptualise apraxia of speech (AOS) in adults as an impairmént of the direct route for
speech encoding, so that adults with AOS have to use the indirect route resulting in slower
speech and many errors. Maassen (2002) considers this notion in the light of developmental
data and suggests that the direct route might apply early in development with children not yet
having access to phonological encoding or motor programming. This fits in with Stackhouse
and Wells’ developmental phase model of an early whole-word phonology phase (Figure
2.4). Taken further, children with abnormal speech development may remain stuck at this
whole-word phase with limited access to phonological encoding, which would explain the
problems of non-word repetition frequently cited in studies of such children (e.g. Botting and
Conti-Ramsden, 2001), as well as Oliver’s difficulties.

Katie was another child who experienced major difficulties with her motor
programming. Velleman’s (2002) ‘phonotactic therapy’ was an important influence on
Katie’s intervention planning. This therapy focuses on building up accurate phonotactic
frames, a fairly basic motor programming task, before focusing on ‘filling up’ the phoneme
slots within the frames with accurate realisations. Katie’s speech output initially showed
characteristics of this whole word phase: she relied heavily on CV syllable structure and
benefited from expanding her limited syllable structures to include CVC units, thereby
enabling her to make a much greater range of lexical contrasts. Unfortunately, non-words

were not included as untreated controls in Katie’s evaluations so that it is difficult to know if
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her online motor programming was altered. Anecdotally, there was some evidence to
support development of online motor-programming: Katie was observed in the classroom
producing new vocabulary items with some appropriate final segments. Katie’s speech
improvements did not show up at the macro level, i.e. no significant change was noted on
level G of the speech processing profile (Figure 5.1) as measured by assessments such as the
Bus Story (Renfew, 1969) or on level J by the Constable non-word repetition subtest (1993).
It seems that although intervention was specific and change resulted in a particular aspect of
her motor-programming (i.e. she now had a CVC phonotactic frame when needed), it may
not have been sufficient to affect her spontaneous speech (i.e. she still has a limited phonetic
repertoire and many simplifying patterns). Dodd and McCormack’s (1995) speech
processing model considers that realisation rules act upon phonological plans prior to
phonetic assembly. This is useful since it allows one to explain that Katie made gains in
terms of her phonetic assembly and motor programming, but that immature realisation rules
still act prior to these levels to simplify her speech. In Chapter 5 it was shown that Katie’s
difficulties were widespread throughout her speech processing system, and it has been
acknowledged that while intervention addressed some of these difficulties there is a need for
further intervention. However, what is interesting to consider is whether a process such as
final consonant deletion is one of the ‘realisation rules’ described by Dodd (1995) or whether
final consonant deletion is a description for the behaviour that fesults from a motor
programming deficit. Researchers have debated the meaning and psychological reality of
terms such as ‘realisation rules’ and ‘phonological processes’ for many years (e.g. see
Hewlett, 1990; Harley, 1991). While they are undoubtedly useful descriptive terms of
children’s speech behaviours, the ways in which they fit with psycholinguistic processing
levels remains unclear. Certainly Dodd and McCormack’s (1995) model is one of the few to
explicitly include ‘realisation rules’ as a processing level.

In Rachel’s case intervention effectively addressed motor programming, as
evidenced by her appropriate non-word repetition following intervention. Rachel’s
difficulties with motor programming were specific and high level: she had difficulties
producing sequences of clusters. Her motor programming was efficient but required ‘fine
tuning’ at an advanced, phonemic level. Rachel showed further generalisation: her treatment
targeted three specific [s] clusters used in word final position, with generalisation noted to
other untreated [s] clusters, untreated singleton [s] in all word positions and to some extent to
other untreated fricatives. Again, this information provides some evidence for how leXical
representations may be stored, but should be interpreted with caution given that this
widespread generalisation was limited to just one child. On the one hand, the generalisation
to singleton [s] and other [s] clusters may be a reflection of the neighbourhood effects of

Rachel’s phonological knowledge. More efficiently, or possibly working in conjunction
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with this effect, is motor programming and changes in the process of phonological encoding.
If one considers that phonological encoding involves selection of a frame, and then the
filling of the slots with appropriate units, addressing clusters involves working on the frame
itself as well its contents, and thus it is not surprising that there is generalisation to clusters
as a whole. This point is returned to in Chapter 11 in the discussion of efficiency.
Generalisation was minimal for Ben, and his overall generalisation patterns did not fit
in with those of the other children. The question of why such minimal generalisation
occurred for this child has been considered in some depth in Chapter 8. Ben did respond to
intervention in a way that fits in with the model, but his generalisation to other items beyond
these was minimal, suggesting that there may be additional factors at play: his age,
intervention dosage and the range of different speech processing problems for different

phonemes.

1.1.2 Across-task generalisation

Across-task generalisation for each child is summarized in Table 10.2. Ben’s intervention
was designed so that it tapped into almost all parts of the speech processing system: in
intervention Ben carried out reading, auditory discrimination, speech and spelling tasks.
Because intervention directly addressed each of these areas, there were no untreated tasks by

which to measure across-task generalisation.

Table 10.2
Summary of across-task generalisation for each child

Child Across-task generalisation

From input (auditory discrimination and
phonological representations judgement) to
= Qutput (single word naming and

repetition)
= Spelling
Katie From output (single word speech production) to | From output (single word speech production) to
= Spelling *  Output (connected speech production)

»  Input (auditory discrimination)

Joshua | From mapping (input and output) to spelling

Rachel | From output (single word speech production) to
s Spelling
*  Input (auditory discrimination)
*  Qutput (connected speech production)
From input (auditory discrimination) to
= Output (single word naming and

repetition)
»  QOutput (connected speech production)
= Spelling
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The extent of this generalization is fairly large compared to other studies (e.g. see Table 1.7).
One of the reasons for this may be methodological: for each child a wide range of outcomes
measures was selected to give the greatest chance of observing such effects. Glogowska

(2001) has noted:

*“what shows up in terms of change... largely depends on what you chose to
measure and how you measured it in the first place.” (p.7).

Intervention was carried out over a fairly long timescale so that again, opportunities for
generalisation were maximised.

None of the children in this study were treated primarily for literacy deficits,
although many of the children had literacy difficulties and most of their programmes
incorporated written forms in some way. However, all the children evidenced across-task
generalization from either speech input or output to spelling. In most cases this was specific
to items targeted in intervention rather than being general gains in their literacy that may
have occurred through classroom instruction. It seems that spelling improvement typically
occurs hand in hand with speech (or speech input) gains. This suggests that spelling is
intrinsic to the speech processing system: by no means a novel finding. Spelling has not
always been included as an outcome measure in evaluations of speech and language therapy,
and for this reason may not have been widely noted. Stackhouse and Wells’ (1997) detailed
conceptualization of the lexical representation (Figure 2.3 in Chapter 2) accounts for this
phenomenon in each child’s case. This model shows arrows linking phonological
representations to orthographic programmes, which can account for the fact that a very
specific set of orthographic representations improved even in cases where children were not
shown printed forms of words, i.e. bottom-up processing took place. It can also account for
the way in which orthography, when included in interventioh, may have supported the
development of other skills, i.e. top-down processing took place.

Joshua’s intervention aimed to improve his production of word initial clusters, by
using written stories to introduce new cluster words. By the completion of intervention, he
was able to produce the novel words with significantly improved levels of accuracy. Table
10.2 shows too, that across-task generalization extended to spelling. He had stored
orthographic representations, accurate motor programmes and phonological representations,
yet he lacked semantic and grammatical information about the novel words: he could not say
what the words meant or use them appropriately in sentences. It is interesting to note that
Joshua stored the orthographic programmes as whole units and was able to produce them by
drawing on these stored programmes. This suggests that semantic information (and

grammatical knowledge) is not a prerequisite for acquiring the other aspects of word
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knowledge. Although semantics is often presumed to be at the heart of young normally
developing children’s word learning (Chiat, 2000), older children have to deal with many
new words, the meanings of which are acquired at a later stage.

Katie’s intervention resulted in generalisation from her output therapy to input tasks
not specifically addressed, such as auditory discrimination. In fact the changes noted in
input were greater than those observed for output when compared to her peer group.
Interpretation of this generalisation can be accounted for in several ways. Firstly, Katie’s
auditory discrimination skills were periodically reassessed between each phase of
intervention, and this exposure at the assessments may have been sufficient to improve her
auditory discrimination skills. She was periodically reassessed on both her non-word and
real word discrimination, yet it was only in terms of her real word discrimination that she
improved, suggesting that learning effects are not the sole factor at play. Another, more
likely account, is that although intervention aimed to target output primarily, input was also
addressed to some degree by the very act of child and therapist speaking to each other in
intervention sessions. Intervention gave Katie opportunities to listen to the therapist’s
production of a specific set of words on an intensive basis, as well as listening to her own
productions and being given feedback about these. It is extremely challenging to find truly
untreated tasks that can be used to evaluate across-task generalisation. Howéver, there may
be evidence from Katie and the other children in the study that '(a) input is more receptive to
change, irrespective of whether or not it is specifically treated, and this ties in with (b), the
fact that all the participants had difficulties with motor programming which may represent
their core deficit and one that is very resistant to change. These claims are considered in
further detail in sections that follow, together with an attempt to understand the nature of the
link between auditory discrimination difficulties and motor programming. _

In Oliver’s case generalisation was noted from the input tasks that constituted the bulk
of his therapy to his speech output. However, the final stage in Oliver’s task hierarchy did
involve speech production, and thus input and output tasks were not entirely separated.
Again, it is interesting to note that the input programme was successful in improving input
aspects targeted and brought some success in output too. Waters et al. (1998, 2001) also
used input work successfully with a child with severe output problems in the presence of
relatively good input skills (see Chapter 4). In Rachel’s case intervention involved
concurrent treatments of input and output, with widespread across- task generalisation
resulting. Although this makes it hard to single out the specific effects of input and output
work, it does show that working on the speech processing system as a whole (i.e. input and
output) can result in changes for the speech processing system as whole.

It is equally important to consider cases where across-task generalisation did not take

place. In Table 10.2 it can be seen that for Katie this did not happen from single words to
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connected speech - at least until connected speech was specifically addressed. This informs
our knowledge about the relationship between motor programming, typically thought to take
place at a single word level, and motor planning which is thought to move beyond single
words focusing on the utterance as a whole. Although there may be clear links between the
two, this does not necessarily mean that change in motor programming will filter down to the
motor planning stage. Stackhouse and Wells (1997) consider that it is at the level of motor
planning that the utterance is put together, although there is earlier input from the
grammatical representations. Levelt’s (1989) model incorporates grammatical aspects with
connected speech by means of a ‘formulator’ which contains subdivisions for grammatical
and phonological encoding with links between the two as well as with links between both
these subsystems and the lexicon. In any event, based on the data from Katie’s intervention
it seems that if motor planning is to be improved then this process needs to be specifically
addressed in intervention. In Katie’s case the motor programmes need to be used in
connected speech in a carefully scaffolded way. The fact that motor programming was
addressed is not necessarily sufficient in resulting in feed forward to motor planning. This
may be the case for children such as Katie with very severe difficulties as well as other
concomitant motor execution difficulties. In Rachel’s case generalisation from single word

speech production to connected speech was noted without specifically addreésing this aspect.

1.2 Modularity
Modularity is an important concept in cognitive neuropsychology, and one on which

intervention studies may be able to offer insights. Harley (2001, p.21) has suggested that

“We should start with the assumption that processes are modular or non-
interactive unless there are very good reasons to think otherwise.”

This was the approach adopted for this study. Results of the individual cases have not
provided strong evidence against modularity of processing aspects. There is evidence for
most of the functionally distinct components as they appear in Stackhouse and Wells’ (1997,
2001) speech processing model. This evidence is evaluated in further detail in the points

below. There was support from the intervention cases for the following:

" Two distinct but closely linked phonological lexicons, an input store of phonological
representations and an output store of motor programmes. This is not a controversial
notion and is well supported by experimental findings (e.g. Chiat, 1983; Hewlett, 1990).
Each child’s phonological representations and motor programmes were tapped by means
of specific tasks. Differences were found in the extent and nature of the knowledge in
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each of these stores suggesting that they are functionally distinct representational spaces.
Similarly, these stores responded in different ways to intervention, e.g. Oliver’s
intervention tapped his input phonological representations which improved more

noticeably than his motor programmes.

" A store of orthographic representations closely linked but separate from phonological
representations. Evidence comes from the way in which, for example, Oliver seemed to
have no orthographic representations of words at the start of the intervention, in the
presence of some inaccurate phonological representations. At the completion of
intervention he had significantly improved phonological representations (of specific
words) and had developed some orthographic representations of these specific words
despite no direct exposure to written forms of the words in intervention. This has been

suggested in other studies, for example Stothard et al. (1996) and Lundberg (2002).

s Distinct stores of orthographic programmes and motor programmes. Rachel, Katie, Ben
and Joshua seemed to have more accurate knowledge of written forms of words than
spoken productions at the initial assessment. Oliver made some improvement with his
spoken productions as a result of intervention, but his written representaﬁons had
improved to a greater extent. It is suggested that since his motor programming was
problematic, he compensated by ready acquisition of visual forms. Since he was not
shown written forms of the words, he was not learning whole orthographic forms but
must have been building these based on his phonological recognition and

representations.

» A distinction between the phonological encoding of motor programming and the
phoneme-grapheme conversion process required for writing. Although there are
similarities between these processes, they must be distinct as evidenced for example, by
Oliver’s readiness to develop new orthographic programmes but his inability to develop

motor programmes in such a systematic manner.

® A distinct semantic lexicon that is not automatically implicated in the speech processing
of children with speech and language difficulties. Joshua readily acquired new words
and was able to produce and spell these with some accuracy, without fully acquiring and
remembering the meaning of the words. While the semantic system has strong links to
other parts of speech processing and can be useful in supporting aspects of speech and
language processing in a top-down fashion (e.g. in Oliver’s case), it does not necessarily

need to be involved, and this is evidence of its functional separateness.
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s A functional distinction between motor programmes (single word) and motor planning
(single word or connected speech). Katie’s response to intervention suggests that while
there may be strong links between the two, targeting the former will not necessarily .
bring about changes in the latter, which requires more specific intervention addressed to

its particular functions.

» A functional distinction between real and non-word discrimination. This was evidenced
by selective improvement of these skills (e.g. in Katie’s case). This does not necessarily
mean that distinct boxes need to be included on the speech-processing model since the
model can adequately account for these discrepancies by positing different processing
routes (top-down in which case lexical representations are accessed, versus bottom-up,

in which case they are not).

Each of these points relate to the Stackhouse and Wells (1997, 2001) speech processing
model, a model which attempts to account for the way in which normally developing
children process and produce speech. These authors suggest that if we have a model of what
takes places when normally-developing children process speech, then this caﬁ beusedasa
starting point for understanding children with difficulties. The evidence cited above derives
from children with speech and language difficulties, but contributes to the model of normal
development. This is because a model of speech and language processing should be able to

account for all cases, both normal and disordered.

“A theory or model of a particular cognitive function is meant to account for all
reported cases of disorder of that function, so that the theory is not a theory of a
single patient.” (Ellis and Young, 2002, p.9)

While there is some evidence for the distinctiveness of these modules, this is not to say that
there are no links between the various subcomponents. For example, there is evidence of
links between phonological representations and motor programmes, as evidenced by the
‘decreasing gradient of knowledge’ between the two, i.e. all children knew more about the
sound structure of words than they could produce, both at the start and completion of
intervention. This suggests that the main flow of information may be from phonological
representations to motor programmes. Links between phonological representations and
orthographic representations have similarly been illustrated, e.g. Oliver was able to map
from his phonological representations to create new orthographic representations.
Orthographic knowledge, once established, can be used to support other aspects of speech

processing, e.g. Rachel and Joshua’s intervention programmes relied heavily — and
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successfully - on this top-down flow of knowledge. This supports the links hypothesised by
Stackhouse and Wells (1997) and shown in Figure 2.3.

In Chapter 2, Seron’s (1997) considerations about multiple baseline designs and
their need to be used with functionally distinct tasks, were presented. This constraint was
noted in many of the children’s intervention designs - which in itself yields insights into .
modularity. For example, Joshua’s programme distinguished between consonant clusters
with different sets of clusters targeted in consecutive intervention phases. However, by
completion of the first phase of intervention many of the untreated clusters had improved,
presumably through the fact that some clusters were being addressed and links between all
clusters exist. The exact nature of these links remains unclear: Is it at the level of
phonological encoding that the commonalities exist or in the way in which words are stored
as motor programmes? Rachel’s intervention also resulted in generalisation from treated to
untreated clusters. Pre-intervention, she had the concept of a cluster but had difficulty in
consistently representing and ordering the segments (again evidence of phonological
encoding difficulties). After intervention this aspect improved for the treated clusters as well
as for other untreated clusters. In Rachel’s case the treated and untreated clusters were all [s]
. clusters and thus the relationship between these clusters may be even closer than that for all
consonant clusters more generally. |

Modularity can also be considered more broadly, for ciample, considering whether
speech and language skills function in a separate way to cognitive skills more generally.
This was a question not systematically investigated in this work, although there are still
insights to be gained into the issue. The first is through consideration of the children’s non-
verbal IQ scores. If language skills are separate from other non-verbal cognitive skills, as
some authors have suggested (Chomsky, 1980), then children’s non-verbal scores would
have no bearing on their language skills or their response to therapy. This is exactly what
was found. For example, Ben was the child with the highest non-verbal IQ at 115, yet he
had widespread speech and language difficulties and his response to intervention was
positive but with minimal generalisation observed. Rachel has an average non-verbal IQ of
100. In Chapter 7 she was cited as an example of a resilient child, not conforming to
predictions of Bishop and Adams’ (1990) critical age hypothesis and able to respond very
positively to a relatively short period of intervention. Katie and Joshua are children with
borderline non-verbal IQ scores in the presence of widespread language processing
problems. Both children responded well to intervention. There was no relationship between
the children’s IQ scores and their difficulties and responses to intervention, which may
suggest that language is indeed a modular aspect of more general cognition. However, there
are more general aspects of cognition such as attention, memory and reasoning which were
important skills that the children brought to intervention.
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1.3 Refinement of Stackhouse and Wells’ speech processing model

Stackhouse and Wells’ (1997, 2001) speech processing model is able to account for the five
cases both in terms of assessment findings, as well as changes following intervention. Thus,
the model successfully meets the “minimum requirement for any model... that it should be
compatible with the data under consideration” (Stackhouse and Wells, 1997 p.144).
However it is acknowledged both by these authors, and by others more generally (e.g. Baker
et al., 2001; van Dulm, 2002) that psycholinguistic models are underspecified, gross
accounts of the intricacies of speech and language processing. The intervention studies
carried out suggest two specific aspects of the model which would benefit from further
expansion: motor programming and the speech-language interface. These are discussed

below:

1.3.1 Motor programming

Motor programming problems are widespread in the older group of children with persisting
speech difficulties. Both in this study and in other research (e.g. Ozanne, 1995; Nathan,
2001) motor programming has been cited as a particular source of difficulty for children with
speech problems. Stackhouse and Wells’ model specifies one ‘box’ for this f)rocess. Given
the range of difficulties found in the five children in this study,’ it is suggested that there is
some evidence that further specification of this level is needed. Three of the five children
who experienced difficulties with this level of processing demonstrate the range of

difficulties (and thus levels of processing) that should be included in the model.

(a) Oliver’s online motor programming was severely impaired. He was able to program
new words by using an (inaccurate) whole word mapping technique, directly from

his phonological representations to his motor programmes.

(b) Katie’s motor programming was also severely affected but over the course of
intervention she was able to program new words more accurately by setting up the

correct CVC phonotactic frame.

(c) Rachel’s motor programming was more intact than the two children above. She was
able to alter her programming ability over the course of intervention by re-ordering

specific phonemic segments.

It is suggested that these three levels of processing be included in any conceptualisation of
motor programming. Stackhouse and Wells’ (1997, 2001) mode! is right in that it places
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motor programming off the main processing route — it does not always occur and there are
other routes for speech production which need not call upon this one. Oliver did not yet
have any access to motor programming: he used an alternative ‘direct route’ shown in Figure
10.1 since he had no functional motor programming skills available to him. Alternatively, if
motor programming is conceptualised in a hierarchical 3-tiered way (as shown in Figure
10.2) then it could be said that he does have access to motor programming but that his skills

are still at a very simplistic, ‘shallow’ level.

Figure 10.2
Further specification of Stackhouse and Wells’ motor programming module

To motor
programmes

MOTOR PROGRAMMING
Level 1: Whole-word
mappings
Level 2: Phonotactic Frames

Level 3: Phonemic Encoding

Katie programs at the level of phonotactic frames while Rachel has access to the deeper

. levels of motor programming involving phonemic encoding. The suggestion of these levels
is not a novel one. It is closely linked to Hewlett’s (1990) conceptualisation of motor
planning as consisting of syllabic and segmental levels; Levelt’s (1989) description of
phonological encoding; and the lexical restructuring accounts such as Metsala and Walley’s
(1998) outlined in Chapter 2. Furthermore, developmental studies of input processing have
suggested a similar ‘weighting shift’ in terms of perceptual processing from big (i.e. words

and utterances) to small (i.e. segmental) units (Nittrouer et al., 1989).

1.3.2 The speech and language interface
Most models do not account for all the aspects involved in speech and language processing,
and choose to focus on specific parts of the process. Stackhouse and Wells’ (1997, 2001)

model focuses mainly on speech processing with the authors noting:

“Although [the model] attempts to handle the processing of connected speech
and the influence of phonetic context, it does not deal in any detail with
sentence processing and grammatical development. Within this limitation, it
attempts to be reasonably comprehensive.” (p.146)
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However, this separation of speech from language may be problematic in that aspects crucial
to understanding the entire process of speech and language are oversimplified and
incomplete. Paul (1998) and Camarata (1998) emphasise the speech-language connection
suggesting that it is inaccurate to view speech and language as autonomous processes, and
that the speech-language connection should be taken into account when evaluating models of
speech and language processing. These authors give wide-ranging examples of the links
between speech and language. Of particular interest to the present study are the following:
(1.3.2.1) phonology and syntax links, (1.3.2.2) phonology and semantics links, and (1.3.2.3)

‘choke point’ theories of speech.

1.3.2.1 Phonology and syntax links

In terms of phonology and syntax it is noted from experimental work that syntactic
complexity frequently results in reduced phonological accuracy (e.g. Panagos and Prelock,
1982; Paul and Shriberg, 1982). This is thought to occur because of limited processing
resources so that increased syntactic processing demands result in decreased resources
available for phonological processing, and the fact that there is a shared interface between
phonology and syntax. In the present study, much of the assessment and intervention
focused at a single word level. When performance on single words was compared to
connected speech production, children’s speech was typically fbund to contain more errors in
the connected speech (e.g. if one contrasts the children’s performance on a single word
naming test and in a connected speech task such as the Bus Story (Renfrew, 1969)**. If one
considers this relatively well-accepted fact, then it must indicate that grammatical processing
(or encoding) is taking place prior to phonological encoding since the earlier process
depletes resources for the later one. Indeed this is what Levelt (1989) hypothesises in his
model. ,

There are some problems with Stackhouse and Wells’ model with its emphasis on
speech processing, in accounting for these speech-language links. The model does not
explicitly considered how grammatical representations tie in with other aspects of connected
speech processing. The model is largely an account of single word processing, although
motor planning is explained by considering connected speech. So, in terms of the model,
where does connected speech come from and how does the processing load of connected
speech production affect the system? Where is the interface between grammar and speech?

There is some evidence that developmentally, children move from big (i.e. connected strings

# However, the reverse was found in the intelligibility study where children were found to be more
intelligible in their connected speech production than their single word production. Although there
may indeed have been more errors in their speech output for connected speech, the listeners were able
to draw on their grammmatical and semantic knowledge.
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of words or single words) to smaller units (syllables or segments) in their speech processing
- how is the system differentiated to cope with these differences? Stackhouse and Wells
consider that the lexical representation includes grammatical information about, for example,
the part of speech of a particular word and the type of plural form it takes. However, it is
unclear where grammatical encoding takes place, if one is moving beyond a single word
utterance. Grammatical encoding seems unlikely to take place at the motor planning level as
this does not fit with what is known about the resource issue, i.e. that grammatical encoding
must occur before phonological encoding if the former is to deplete the resources available
for the latter. If grarnrnati‘cal encoding takes place at a higher level, for example, it is
included in the box entitled ‘grammatical representations’ (see Figure 2.3) then it is unclear
how this process would fit in with other aspects such as semantic knowledge and
phonological encoding.

It is also not clear how Katie’s pattern of response fits in with the model. Katie
made significant progress with her single word speech production in the early phases of
intervention, while her connected speech production remained unchanged. After
intervention that specifically addressed her connected speech, her connected speech
production improved while her single word speech accuracy declined (although it did not
return to pre-intervention levels). In the first instance it may have been that she had revised
motor programmes for the treated words, but when required to i:roduce connected speech her
accuracy decreased due to resource limitations. However, Katie was asked to produce single
words in a standard carrier phrase and thus did not have to generate her own grammatical
formulations. Because of this fact it has been hypothesised that motor planning was being
tapped, both in intervention and assessment. The issue remains of where grammatical
encoding takes place, how this links in with phonological encoding and other aspects of the
model, particularly with motor planning. The model is focused largely on single word
representations until the level of motor planning. Clearly this is not the case, and the authors
have described the model in terms of the best exemplars of linguistic processing units in each
module. It would be useful to develop the model to include grammatical encoding. Chiat
(2000) explicitly incorporates grammar into her model of children’s speech and language
processing. Verbs and their associated argument structure lie at the heart of her model of
grammatical processing whilst integrating with other aspects of speech and language
processing, making it a fairly comprehensive developmental model in terms of the
speech/language interface. It is suggested that Stackhouse and Wells’ grammatical
representation box should be expanded to include (an optional) grammatical encoding box
for utterances. Strong links already exist between that box and semantic knowledge. Since
motor programmes are typically thought to be stored at a single word level, links could then
be conceptualised between grammatical encoding and motor planning, i.e. grammatical
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encoding generates a frame for the utterance with semantic representations and motor
programmes then retrieved at a single word level and brought together to fill in the pre-
created frame at the level of motor planning. These hypothesised additions to the model are

shown in Figure 10.3.

Figure 10.3
Speech processing model adapted from Stackhouse and Wells (1997) to explicitly include
grammatical encoding and links with motor planning
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How does this help explain Katie’s response to intervention? The decrease in the accuracy
of her single word production remains hard to explain in the presence of the increased
accuracy of her connected speech production. Some accounts were given in Chapter 5, and
it seems likely that a combination of factors may best explain the phenomenon: pragmatic
factors, metalinguistic awareness and the work on motor planning causing Katie to focus on
larger chunks of speech rather than single word processing. Her intervention initially
focused on updating her motor programmes which did not result in any connected speech
improvement. However, introducing the target items in carefully graded sentences for her to
produce would have stimulated her grammatical representations and grammatical encoding,
and this, together with the strong links posited between grammar and motor planning may
have resulted in the positive changes that occurred for connected speech. Thus, the

suggestion made previously, that working on motor programmes will not necessarily affect
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changes in motor planning, is strengthened if we consider that motor planning (at least at a
connected speech level) relies on strong links with grammatical encoding and its top-down
influence. Gordon and Luper (1989) found that syntactic complexity results in decreased
fluency in young children. The links suggested between grammatical encoding and motor
planning would be able to account for this observation, in the context of a limited resources

model.

1.3.2.2 Phonology and semantics links

Links between phonological representations and semantics are also an important part of the
speech-language interface. These are links that are explicitly included in the Stackhouse and
Wells’ model. Joshua’s responses to his intervention programme suggest that such aspects
should be carefully considered in conjunction with more specific linguistic aspects. His
intervention addressed his phonology, specifically his production of clusters, by focusing on
novel words. Because of his behavioural difficulties the words were introduced in the
context of social stories. However, Joshua’s profile of speech, language and behavioural
difficulties is complex. He was perhaps given too much new information to process in his
intervention. Although he did make progress with his phonology, he did not remember the
meaning of many of the new words. His phonology improved more for the fémiliar control
words than for the unfamiliar words that formed the focus of intervention. Camarata and
Leonard (1986) carried out studies that revealed that increased semantic complexity resulted
in decreased phonological accuracy. Leonard et al. (1982) found that new-word learning
involving new phonemes was more challenging than new-word learning involving already
acquired sounds. Joshua’s response to intervention replicates the finding since the words
used in therapy were not only novel but also in many cases highly abstract.

The links between semantic knowledge and motor programmes are clear in
Stackhouse and Wells’ model. Yet in order to account for responses such as Joshua’s to
heavy semantic processing loads, one has to assume that the child’s speech processing
system has a finite processing capacity with the hypothesised modules working together in
an additive way. At a certain point the child’s threshold for optimal learning will be
exceeded. This is akin to Crystal’s (1987) ‘bucket theory’ in which an extra drop of, for
example, phonology is thought to cause the bucket (the child’s processing system) to
overflow, thus compromising some other aspect of language processing. This assumption is
not made explicit by Stackhouse and Wells — although it must be noted that most information

processing models do not explicitly consider this in their design.
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1.3.2.3 Choke point theories of speech

Speech is a vitally important aspect for shaping and organising the language system. There
is some evidence, mainly from children with little or no functional speech, that not being
able to produce speech results in widespread language problems (e.g. Blischak, 1994,
Camarata, 1998). It has been suggested that:

“Speech can serve as a choke point or flow restrictor for the other aspects of
language.” (Camarata, 1998, p.312).

In other words, children must be minimally proficient in speech production in order to be
successful in overall language production”. How does this fit in with the children in this
study and with Stackhouse and Wells’ account of speech processing? There were two
children in the study with very severe speech production problems: Katie and Oliver. Oliver
not only had output problems with his motor programming but also had auditory input
difficulties: he suffered from ongoing middle ear infections when younger. Katie may be a
better example of this theory since her speech output difficulties are pervasive and linked to
her ataxic cerebral palsy. Indeed, the rationale behind her intervention planning was that her
speech problems are a core deficit and addressing these — the cause of the other speech,
language and literacy problems — would result in improvement of the other aspects. The
theory was partially proved since the gains made in her speech resulted in gains on the input
side of the profile and improvements in her spelling — but more widespread generalisation to
other aspects of language processing was not seen. This may have been because the
intervention dosage was not sufficient and that given more intervention such patterns of
change would be seen. This ‘choke point’ theory may be another way of looking at what has
already been described: all the children in this study experienced varying degrees of speech,
language and literacy difficulties. What they all had in common is a difficulty in their
speech production, or more specifically with their motor programming. Motor programming
may be the flow restrictor that gives rise to more global difficulties, e.g. new word learning,
speech and spelling.

The logic used in Katie’s case may not necessarily be the best way of testing
whether the ‘choke-point’ is the cause of other problems in the system. Although it may
well be the cause, it may not be the module most amenable to change. Results of the case
studies presented here have shown that whatever the cause of speech and language

processing difficulties, input modules may be more amenable to change and in many cases

% Hearing-impaired children proficient in sign language pose an interesting challenge to these theories
that emphasise speech production. It may be that any complex motor activity that interfaces with
language is sufficient to prevent the ‘choke-point’ occurring, i.e. articulatory or hand gestures.
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the best starting point for making long lasting changes in the speech and language processing
system. Stackhouse and Wells’ model can adequately account for the choke point theory of
speech. These authors conceptualise close feedback between speech output and input. If
output is severely disrupted, intra-individual input will be less and the opportunities to
develop and revise speech processing minimised. In this model there is less feedback
posited than for models such as Hewlett’s (1990). Hewlett (1990) conceptualises feedback
between almost all levels of speech output. These feedback links enable one to explain the

importance of speech output and the effect it must have on the entire system.

2. DEVELOPMENTAL PHASE MODELS

Some authors do not agree with the application of static cognitive neuropsychological
models to children since their speech and language is developing in a dynamic way (e.g.
Frith, 1985; Bishop, 1997). Much has been written about the importance of adopting a
developmental perspective when attempting to understand children’s development of speech
and language both in normally developing children and in children facing difficulties (e.g.
Karmiloff-Smith, 1998; Chapman, 2000; Evans, 2001). Stackhouse and Wells (1997, 2001)
have also emphasised the developmental perspective. The speech processing model
discussed in the previous section is one aspect of a broader psycholinguistic framework
which includes a developmental phase model (shown in Figure 2.4). These authors consider
the developmental phase model to be as important as the information processing model, with
each one offering different but complementary perspectives on children’s speech and
language processing. The information processing model enables one to evaluate how
children cope with different aspects of speech processing and at which specific points they
are experiencing difficulties. The developmental phase model, on the other hand, allows one
to consider a more longitudinal perspective: what is the child’s current level of development
in relation to the endpoint which they need to achieve, and in relation to developmental
norms?

The importance of the developmental model became apparent when attempting to
explain some of the responses of individual children to intervention. Much has been made in
previous sections of this chapter and in the children’s chapters about the different levels of
motor planning: from whole words to phonotactic frames to individual segments. Figure
10.2 shows these different levels of mastery in terms of motor programming. Essentially,
this is an attempt to combine a developmental phase perspective with a static information-

processing model. Including three differentiated, hierarchically ordered levels of motor
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programming reminds one that motor programming is carried out in different ways at
different phases of development. This represents what happens in normal development, and
is a useful way of understanding children’s difficulties. As has been noted about Frith’s

(1985) developmental stage model of literacy:

“Frith’s approach helps us to see children with... difficulties in a more
positive light. They are not ‘disordered’ or fundamentally different from
normally developing children, but in certain aspects of their development they
have not moved onto the next phase in the way that studies of normally-
developing children lead us to expect.” (Stackhouse and Wells, 1997. p.188)

Stackhouse and Wells’ (1997) developmental phase model describes a whole word
phonology phase through which children initially pass and which can be linked in terms of
literacy to Frith’s logographic stage. This fits in well with what has been found about
children’s language processing from the earliest developmental stages. For example,
Maassen (2002) suggests that in box-and-arrow terms, children may initially move from
selection of a whole word motor programme (or lexeme) to motor planning, skipping out
phonological encoding (motor programming) which is concerned with phoneme specific
mappings. As has been previously mentioned, Oliver is a good example of a child who
seemed to be stuck at this phase. Linking in with Frith’s (1985) model of literacy
development, it is shown that Oliver is similarly stuck at the logographic stage in his literacy.
He exhibits non-phonetic spelling errors and visual reading errors. By the completion of
intervention, Oliver still seemed to be based largely at the whole word level of speech, but he
was certainly showing signs of having progressed further in terms of his literacy
development towards the alphabetic stage. This provides some evidence of the ‘choke-point’
theory of speech development described in the previous section. Although he is restrained
by the motor programming ‘choke point’ in terms of his speech, his spelling is not subject to
output constraints and is slightly further advanced.

Katie is another child based primarily at this whole word phase of development. In
contrast to Oliver she did show some patterns (e.g. stopping) characteristic of Stackhouse
and Wells’ (1997) systematic simplification phase. In her case it was developmentally
appropriate to focus intervention on the earlier whole word phase. Again, it is helpful to
view the developmental phase model in conjunction with the information processing model
since systemic substitutions may occur at different points in the system, e.g. in Katie’s case
due to both phonological recognition difficulties and motor programming problems. Katie
was supported to move from the whole word phase into the systematic simplification phase,
and further intervention will be required to consolidate her skills at this level before moving

her onto the assembly phase. Her literacy progress is in line with her speech development:
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she shows some attempts at alphabetic representations but has not fully mastered this level of
processing.

The systematic simplification phase is followed by the assembly phase in which
children are required to combine together various aspects of their linguistic knowledge.
Stackhouse and Wells note that difficulties at this level may be indicative of motor
programming or motor planning problems. At its highest level, motor programming requires
children to sequence together phonemes (e.g. see Figure 10.1). Motor planning involves
combining words into connected speech, with co-articulation, prosody and fluency coming
into play at this level. Rachel can thus be seen as a child whose difficulties mainly centre
around the assembly phase. Her pattern of difficulty does not entirely accord with the
developmental model. One of the model’s assumptions is that children need to acquire the
skills associated with one phase before they can progress to the next phase. Although
Rachel’s main difficulties are with the assembly phase, she is not stuck here and has
excellent metaphonological skills characteristic of the next stage‘of development. Her
literacy skills are excellent and she evidences good alphabetic and orthographic skills. It
may be that at each of the phases there is a minimum threshold of skills to be achieved which
allows the child to progress to the following level. Rachel’s assembly difficulties are very
specific ones, and thus she may have had sufficient core assembly skills to allow her to go on
to develop metaphonological skills and associated literacy skills in the normal way. Another
alternative is that she may have been stuck at the assembly phase, but (previous) intervention
and the work carried out in class has addressed her metaphonological skills allowing her to
compensate for the specific difficulties with assembly.

Developmental phase models do not necessarily have the degree of specificity
associated with information processing approaches, yet they offer important insights into
children’s development. Stackhouse and Wells’ framework with its inclusions of both types
of models provides a comprehensive way of understanding children’s speech and language
development. It is interesting to note that the box-and-arrow model from Stackhouse and
Wells has been used in a great many case studies (e.g. Stackhouse and Wells, 1993;
Constable, Stackhouse and Wells, 1997; Vance, 1997; Ebbels, 2000) but that the
developmental model is seldom applied. Although there is increasing awareness of the
importance of a developmental perspective as emphasised by authors such as Bishop (1997),
Karmiloff-Smith (1998), Chapman (2000) and Evans (2001), the explicit adoption of
developmental phase models in intervention research has been limited to date. This may be
due to the lack of specificity that such models seem to offer in terms of intervention
planning: although one can pinpoint where a child is on the developmental trajectory, and
relate this to where a child needs to be in relation to their peers, this does not tell one how to

help move the child there. Although the same has been said of information processing
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models (e.g. see Howard and Hatfield, 1987) the present research has aimed to show that
information processing models can feed directly into intervention planning at least in terms
of process (the ‘how’ of therapy) if not for the content (the ‘what’ of therapy). The issue of
intervention planning and the practical utility of models is a clinical issue, discussed further
in the following chapter. If our aim from a theoretical perspective is to understand more
fully how children process speech and language, then we have to consider the developmental
phase perspective but without losing the detail included in information processing models.
One way of combining the two is by means of the inclusions of different depths or levels of

processing as shown in Figure 10.1 for the motor programming module.

3. THEORIES OF DISORDER

This section retumé to some of the theories of speech disorder presented in Chapter 2, to
evaluate them in the light of the data presented in Chapters 4-8. The theories forming the
focus of this section include (3.1) motor programming theories, (3.2) mapping theories (3.3)
auditory theories, and (3.4) sub-grouping and profiling approaches to understanding
children’s difficulties. ' |

3.1 Motof programming theories

The five children were selected according to broad criteria outlined in Chapter 3: they were
all school-age children with persisting speech difficulties. While much was made of the
heterogeneous nature of children with speech difficulties, there were striking commonalties
between the speech processing profiles of the five children. All five children were found to
have difficulties with their stored motor programmes and online motor programming, |
although the extent and severity of the difficulties varied. Locating persisting speech
difficulty as a deficit of motor programming fits in with the literature on motor programming
/ motor planning difficulties and ‘choke-point’ theories of speech discussed in the previous
section of this chapter. For example, Ozanne (1995) studied a group of 100 children aged
between 3;0 and 5;6 years of age with specific speech and/or language difficulties. She
reported a high incidence of motor programming difficulties. ‘

Motor programming difficulties are thought to characterise developmental verbal
dyspraxia. Children in this study were not specifically labelled as dyspraxic, mainly because
the psycholinguistic approach is an attempt to move away from descriptions of surface
speech difficulties, and consiciers that a specific diagnosis (e.g. dyspraxia, hearing
impairment) is not necessarily associated with a particular speech processing profile or
intervention package. Furthermore, diagnosis of dyspraxia is controversial (Ozanne, 1995;
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Shriberg, Aram and Kwiatkowski, 1997) with much disagreement about whether the
condition exists as a distinct clinical entity, and if it does what its core characteristics are (see
Chapter 4). From a clinical perspective, it is usually diagnosed by looking for clusters of
deficits in speech output performance (Stackhouse, 1992; Campbell, 2002). The aim of this
study was to look at children with persisting speech disorders more generally, and the
assessment undertaken was towards a fundamentally different end. However, we do know
that Rachel and Oliver had labels of dyspraxia applied to them at various points. Irrespective
of whether one uses the label dyspraxia or not, all the children found motor programming
problematic. Maassen (2002) suggests that from a cognitive neuropsychological perspective
dyspraxia can berdescribed beyond clusters of clinical symptoms as a difficulty in
phonological encoding (i.e. motor programming) and that it can occur in conjunction with
other difficulties such as dysarthria (such as in Katie’s case) or autistic spectrum disorder (as
for Joshua). Ozanne’s conceptualisation of dyspraxia as affecting the multiple processes of
phonological planning, phonetic programme assembly and execution, is a useful one which
can account for why dyspraxia is so often resistant to intervention (Ozanne, 1995).

All the children had motor programming problems, yet it is hard to separate out
cause and effect. Has motor programming resulted in other processing problems, or are the
motor programming problems the result of others deficits in the system? Intervention studies
can assist in separating out cause and effect: if one successfully treats the (hypothesised) root
cause, then one might expect the other difficulties to disappear. However, intervention is
seldom so clear-cut: in the cases presented here, motor programming did improve for all the
children but for the most part it was not fully remediated in the sense that children became
comparable to their age-matched peers. Thus, if the root cause has not been fully addressed
then one would not expect the other aspects to be fully remediated either. Rachel’s case may
be the most informative in this regard: intervention tapped her motor programming
successfully, and at a macro level her motor programming was found to be age appropriate
post-intervention. Her motor planning and her phonological representations had also
improved, as well as her overall intelligibility. However, her intervention also included an
auditory discrimination component (see Chapter 7), which confounds the issue. If one
wanted to test this motor programming theory further one would need to carry out
intervention that systematically (and only) taps motor programming, looking to see at which
point more widespread changes are noted throughout the system. It is also unclear from
follow-up studies whether all severe motor programming difficulties can ever be fully
resolved (e.g. Gruber, 1999; Le Normand ,Vaivre-Douret,, Payan and Cohen, 2000). This
would make it impossible to ever test out the theory in the way suggested. More efficient
interventions might focus on addressing other aspects more amenable to change that offer the

child some compensation.
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3.2 Mapping theories

Chiat’s (2000) mapping theory states that children have specific difficulties with language
because they fail in the mapping process, that is, mapping phonological input forms onto
meaning from the earliest stages of language development. Difficulties with this mapping
process are thought to result in widespread problems throughout the system, typically giving
rise to SLL

New word learning gives opportunities to evaluate this type of mapping. Rachel and
Joshua were taught new words as part of their intervention programmes. Orthographic
knowledge was made explicitly available to the children. They responded very differently:
Rachel was skilled in mapping the new phonological forms onto meaning, as indicated by
the way in which she was able to use the words appropriately on completion of the
intervention. Joshua acquired the new phonological and orthographic forms with ease, but
was not able to link these to meaning in any permanent way. Many of the words introduced
in his intervention were abstract words, difficult to explain or illustrate with pictures, so it
may not have been his mapping per se that was problematic. Rather, it may have been that
the level of the words was beyond his current developmental level and Joshua perceived the
pragmatic relevance of the words to be low. '

Similarities between the five children’s profiles have been mentioned in section 3.1
and Chapters 6 and 7. However important differences also exist. Three of the children had
relatively strong phonological representations in the presence of auditory discrimination and
motor programming difficulties. For these children, accurate phonological representations
may have been built up by relying on semantic knowledge (or even orthographic knowledge)
as a means of overcoming the ‘lower level’ input difficulties they face, i.e. semantic
bootstrapping. The ‘low-level’ difficulties are not likely to work as a complete barrier but
will necessitate a greater reliance on top-down processing than may be normal.

The type of mapping proposed by Chiat (2000) is difficult to evaluate from the
present study and may not be wholly appropriate to the group of older children in question.
Chiat’s theory is concerned with early mapping processes that must take place in order for
language to develop normally. Her theory is concerned in making links between the
different types of input children receive, i.e. visual (semantic) information and auditory
(speech) information. However, in order to produce meaningful speech, children must be
able to map this inpixt information (from a range of sources) onto an output motor
programme. This mapping processing may be of more relevance to this older group of
children with persisting speech output (motor programming) difficulties.

Despite the children’s different profiles and their differing interventions, all the

interventions involved some form of mapping from input to output, from phonological
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representations to motor programmes or motor programming. Typically this was successful
for the treated words, indicating strong links between the two lexicons. However, two
distinct pathways for mapping have been suggested (Figure 10.1): One is the direct route
which would involve accessing a stored phonological representation and using this to access
a stored motor programme, tapping into motor programming in a very shallow way. The
other is the indirect route, typically thought to occur when processing of unfamiliar words is
taking place. This entails linking phonological recognition to phonological encoding.

The mapping interventions presented here were all effective but the extent of the
generalisation varied considerably. This may be explained by considering that the children
had a choice of two paths to carry out this mapping. Oliver, for example, made good
progress with speech production of treated words. However, his generalisation to untreated
novel words was minimal suggesting that no change had occurred in his phonological
encoding processes but that he had been able to successfully store and more accurately
produce the items that had been targeted in intervention. Oliver has minimally functional
motor programming and relies on one-to-one mappings from input to output. The clinical
implications of this are important: he can bypass the troublesome depths of motor
programming, though it takes longer and is less efficient to learn new words by the more
direct mapping route. The reverse is true for the adults described by Whiteside and Varley
(1998). These ideas fit in well with current treatment theories: Dodd and Bradford (2000)
suggest that children with inconsistent speech benefit from being taught a core vocabulary.
This is one-to-one mapping of the type described, rather than expecting the child to
generalise broadly from altered phonemic encoding. If one aims to tackle motor
programming directly, rather than opting for compensatory techniques, then a programme
such as the Nuffield Dyspraxia programme (Connery, 1992; 1994) could be used with
careful consideration of the sequence of linguistic units addressed. This programme starts
with phonemes and builds up to phrases. These children may in fact need to start with larger
chunks of speech (at least words) and then move to smaller units. Another way of
addressing troublesome motor programmes is by working on non-words or unfamiliar words.
This was successful with Rachel, but less effective with Joshua, suggesting that processing
demands may accumulate for these children and that some variables should be held constant
rather than working on too many new aspects all at one time (i.e. phonology and semantics
and pragmatics / social skills).

Katie responded with limited generalisation after her first phase of intervention. She
effectively mapped more accurate phonological representations onto her motor programmes,
but limited generalisation was noted to matched words. There is some evidence to suggest
that this intervention was targeting her stored motor programmes directly with one-to-one

mapping, because if motor programming had been altered then a new frame including final
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consonants might have been set up, and thus resulted in improved CVC words more
generally. Katie had a subsequent phase of intervention that gave her the opportunity to hear
and produce many more exemplars of CVC words, and this did result in generalisation to
untreated CVC items. It is suggested that this was sufficient exposure to involve motor
programming. Alternatively, she may have had some CVC words stored as motor
programmes so that new templates were more readily available for phonemic encoding.
Other children, like Rachel, had very specific difficulties with phonological encoding, which
were more easily addressed and resulted in widespread generalisation after relatively little
intervention. It seems clear that Rachel was at a different developmental level to the
younger children such as Oliver and Katie.

Katie, Rachel and Joshua were three children for whom the notion of mapping from
phonological representations to output motor programmes was strongly invoked in
intervention. Interestingly, they were the three children who revealed significant
improvements at the level of the profile on the input side. This may provide further support
for two levels of mapping: input mapping (as described by Chiat, 2000) precedes niapping to
output, and thus intervention focusing on the latter may result in changes to input processing
before changes are seen in output, _

Chiat’s mapping theory provides a useful account of early language development
and what might go wrong for children diagnosed with SLI. For children whose persisting
speech difficulties seem to lie at the heart of their problems (in contrast with the grammatical
difficulties associated with SLI), mapping problems — although of a slightly different type -
may be the cause of their difficulties. However, the terminology ‘mapping’ may be simply
another way of referring to motor programming. This still leaves us with difficulties in

evaluating such theories due to confounds of cause and effect.

3.3. Auditory theories
Tallal’s auditory deficit theory (Tallal et al., 1993; Merzenich et al., 1996) suggests that it is
low-level audit(;ry processing problems that cause the difficulties associated with SLI and
other persisting speech and language problems. Specifically, it is suggested that these
children have problems processing rapidly changing acoustic information, which results in
cascading effects downstream through the language system. Debate surrounding this theory
was outlined in Chapter 2 (section 3). The auditory deficit hypothesis is widely held to be an
insufficient explanation for the wide-ranging difficulties children experience, and for all
individual children’s problems. The theory does however raise valuable considerations
about the importance of input processing in general.

In the present study, a deficit common to four of the five participants was

phonological recognition, or more specifically auditory discrimination of closely related real
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and non-words. Joshua was the only child whose phonological recognition was a strength.
While the exact nature of the relationship between input and output remains debatable, there
is evidence from an increasing number of studies that a proportion of children with persisting
speech difficulties have auditory processing deficits (e.g. Bridgman and Snowling, 1988;
Bird and Bishop, 1992; Nathan, 2001). Certainly, children with persisting speech difficulties
may have input difficulties, but again it is difficult to separate cause from effect. Oliver’s
intervention focused primarily (although not exclusively) on input. The fact that his input
processing improved significantly, as well as his output processing, underlines the
importance of input in shaping the rest of the system. This ties in with what has been said
about mapping from input to output, since if you are trying to map an inaccurate
representation you will almost certainly produce inaccurate output. It was mentioned
previously that whether working on input (as in Oliver and Rachel’s cases) or output (as in
Katie’s case), input seems to be more amenable to change. It may not be surprising that
working on output can have strong effects on input, when one considers that whatever
children produce they hear and most therapy is conducted with the therapist providing
auditory input to the child even if it is not being explicitly addressed. Another explanation
may be that from a developmental perspective input processing happens before output
productions. That is, input mapping must happen efficiently before input to output mapping
can occur. Recent bio-behavioural studies provide some physiological evidence that parts of
the brain used for processing input may indeed be more plastic than the areas subserving
speech output. Results of a study by Temple et al. (2003) with children with dyslexia and
oral language difficulties found that partial remediation of language-processing deficits,
ameliorated disrupted function in brain regions associated with input phonological
processing and produced additional compensatory activation in other brain regions.

There is some evidence, both diagnostic and from the intervention, that non-word
discrimination and real word discrimination are separate skills carried out in different ways.
Children such as Rachel showed a clear mismatch in the ability to discriminate between non-
words and real words. Although to some extent this is normal (Stackhouse and Wells, 1997,
2001) the difficulties that she faced were far greater than what one might expectin a
normally-developing child. Real word discrimination may be a top-down process that draws
on semantic knowledge, whereas non-word discrimination must rely solely on bottom up
processing without access to lexical representations, and would thus show up any difficulties
with more basic auditory perceptual skills. Katie’s intervention resulted in improvement in
her real word discrimination but not her discrimination of non-words, suggesting that her
lexical knowledge may have bootstrapped her auditory processing, making the real word

discrimination easier for her.
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For three of the five children there was not a neat correspondence between the parts of the
speech processing system addressed and the changes resulting from intervention. Katie’s
motor programming was addressed, but it was with her phonological recognition that most
change was noted. Joshua’s motor programming was also addressed (the mapping process
from phonological representations to motor programming) but it was his phonological
representations that improved most considerably. For Ben, intervention targeted most parts
of the speech processing system, but no changes were seen at the macro level of the speech
processing model. Again, one needs to be clear about what it is that is being measured.
Although each of the children’s interventions was successful in addressing its specific
targets, changes were only note at the macro level of the profile, if they were linked to
chronological norms and extended beyond the specific set of treatment stimuli. Ben’s
intervention was not unsuccessful, but it did not seem to bring about widespread change in
his speech processing system.

Clearer patterns of correspondence were noted for two of the children: Oliver and
Rachel. Oliver had difficulties with phonological recognition, phonological representations,
motor programming and his stored motor programmes. Intervention specifically addressed
his phonological representations (as well as other parts of the input side). Changes observed
at the macro-level in terms of the model were at the level of phonological representations.
Rachel’s intervention design was slightly more complex with different sets of words being
treated in different ways. She had both input and output problems, and thus input treatment
addressed phonological recognition and output treatment addressed motor programming.
Macro-evaluation revealed that both these areas had improved at the macro level of the
profile. Because of the design of her intervention, it is hard to separate out which parts of
the intervention brought about those changes respectively. However, what is interesting to
note is that there are correspondences between problems, targets and changes when
intervention focuses on input. It seems that no matter what aspect of the speech processing

profile is addressed, input changed most readily.

3.4. Sub-grouping and profiling approaches

Not all theories about speech and language disorder suggest that there is just one cause or
primary locus for all children’s problems. Many theorists suggest that there are likely to be
many causes and combinations of factors resulting in children’s speech and language
difficulties (e.g. Dodd, 1995; Stackhouse and Wells, 1997, 2001; Briscoe, 2001; Bishop,
2003). Dodd’s approach to this heterogeneity issue has been to consider different subgroups
of children with speech disorders. Sub-grouping is determined by investigations of
children’s surface speech errors and linking these to a psycholinguistic perspective. In the
present study each of the children was classified into one of these groups: four of the
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children were delayed and one was dyspraxic. Dodd has made suggestions based on her own
(e.g. Dodd and Iacono, 1989; Holm and Dodd, 1999; Dodd and Bradford, 2000) and others’
research (Hoffman et al., 1990) into how these sub-groups of children respond to
intervention. This has been discussed in greater detail in the children’s chapters, and is
further summarised in the following chapter. Dodd suggests that children with delayed
speech do not have a specific locus of deficit in terms of a speech processing model, but
rather that the entire system is like that of a younger child. Although many of the children
did have wide-ranging deficits, many nevertheless had relative clear areas of strength and
weakness on their profiles (e.g. consider Joshua’s relatively strong input skills shown in
Figure 6.1). It may be more appropriate to consider children with delayed speech in terms of
developmental phase models, and children with disordered speech in terms of speech
processing models. Sub-grouping children may be an important initial diagnostic step, with
further investigations then taking place to determine at which point on a developmental
phase model (e.g. see Figure 2.4) the child has become ‘stuck.” Sub-grouping and profiling
approaches have great appeal to clinicians since they lead on to intervention planning — their

value is further discussed in the following chapter.

4. SUMMARY OF THEORETICAL CONTRIBUTIONS |

One of the main aims of this work was to demonstrate ‘real theoretical significance.” Within
the limitations of the study (further discussed in the following chapter) this has been

achieved. Theoretical contributions derived from the five cases presented include:

= Across-item generalisation patterns provide support for theories about the way in which
lexical items are stored, i.e. in phonological neighbourhoods by onset / rime, and with

strong links between related linguistic units such as consonant clusters.

»  Across-task generalisation showed children generalising from speech input or output
intervention to spelling. In most cases this was specific to items targeted in intervention
rather than being general gains in their literacy that may have occurred through
classroom instruction. For some children with severe, core motor programming deficits,
literacy may provide a compensatory means of accessing language, provided

phonological representations are accurate.

» Input processing may be more amenable to change than the core deficits of output

processing. Evidence from brain imaging studies supports this theory. The children in
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this study all improved more in terms of input (e.g. auditory discrimination,
phonological representations) than output, irrespective of whether input or output was
addressed.

= Stackhouse and Wells’ (1997, 2001) speech processing model adequately accounted for
the five clinical cases presented. Consideration of the children’s difficulties and their
responses to intervention supports the model which must necessarily account for all
children’s speech processing. More specifically, support was found for two linked
phonological lexicons (phonological representations and motor programmes); strong
links between phonological processing and orthographic representations; distinct
processing paths for auditory discrimination of real and non words, and distinct levels of

processing for motor programming and motor planning.

» Motor programming can take place at three different developmental levels: whole word
mapping in the younger child conceptualised as a direct mapping from phonological
representations to motor programmes, phonotactic mapping, and phonemic mapping.
These developmental levels of motor programming can be included on Stackhouse and
Wells’ (1997) model in order to expand our knowledge of this underspecified level of
processing, and so that the model more explicitly incorporafes a developmental

perspective.

s Models such as Stackhouse and Wells’ (1997, 2001) need to be developed to enable us
to better understand the way in which grammatical processing and connected speech

interface.

» Developmental phase models provide a useful way of understanding children’s speech
processing difficulties. These models yield a longitudinal perspective of development in
contrast to information processing models that offer a ‘snap shot’ view of development
at a particular moment in time. The approaches are not mutually exclusive and an
attempt was made to combine the two in this chapter. Developmental phase models may
be particularly useful in furthering our understanding of children sub-grouped into the
‘delayed speech’ sub-group.

* Motor programming difficulties may be a core deficit for many children with persisting

speech difficulties.
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] The- concept of mapping is important to our understanding of these children, and can be
viewed from a developmental perspective. Initially children need to carry out ‘input’
mapping (as described by Chiat, 2000, 2001) in which semantic and phonological
information is linked. A second phase of mapping is hypothesised: output mapping in
which the phonological/semantic representations must be mapped onto output forms. It

is with this second level of mapping that many children experience difficulties.
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This chapter returns to the issues introduced in Chapter 1 regarding intervention studies and
their importance from a clinical perspective. The discussion here focuses on the clinical
contributions made by the case studies presented in this thesis. The first section of the
chapter compares and contrasts cases in terms of the contributions they make to evidence-
based practice. Chapter 1 presented a review of model-based intervention studies which
used a single case methoddlogy to focus on the school-age child. It was shown (Table 1.3,
Chapter 1) that there is only a small body of studies meeting these criteria. This study aimed
to add to this body of work by carrying out a series of detailed, principled interventions to
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evaluate therapy effectiveness. The clinical contributions of the studies extend, however,
beyond mere addition of volume to the evidence base: Section 1 of this chapter considers
levels of the outcomes hierarchy attempting to outline, with supporting evidence, what the
case studies have taught us about effectiveness, and about specificity, i.e. what therapy
works for different children under different conditions? Section 2 considers Stackhouse and
Wells’ (1997) psycholinguistic framework as a clinical tool, evaluating the speech
processing profile from this perspective, and emphasising the way in which the
psycholinguistic and linguistic approaches were combined in the case studies. Section 4
returns to the strong links between therapy and theory, summarising the clinical
contributions of the research and tying this in with the theoretical contributions from the
previous chapter. In section 5, the study is critically evaluated, while section 6 considers

suggestions for future directions arising out of this work.
1. THERAPY OUTCOMES: BUILDING THE EVIDENCE BASE

Chapter 1 introduced a hierarchical model outlining different levels of knowledge which
might be addressed by intervention research (Frattali, 1998; Figure 1.1). At level one, and
forming the basis of the hierarchy is the following question: Does speech and language
therapy work? Results from previous studies of children with phonological difficulties
suggest that for this group of children, intervention typically brings about positive change
(e.g. Nye, Foster and Seaman, 1987; Shriberg and Kwiatkowski, 1994; Gierut, 1998b; Law,
Boyle, Harris, Harkness and Nye, 1998; Goldstein and Geirut, 1998; Law and Garret, 2003;
Joffe and Serry, 2004). However, this issue is not as clear-cut as it may seem since
outcomes measures and criteria used to determine ‘success’ can vary widely. The first
subsection (section 1.1) describes different levels of outcomes measures, in particular
discussing the wide-ranging measures employed in the case-series. Level 2 of Frattali’s
(1998) outcomes hierarchy is concerned with the issue of specificity, focussing on how child
characteristics and the nature of intervention affect outcomes. Questions at this level of the
hierarchy have mostly been addressed in studies of efficiency. Efficiency studies were
reviewed in Chapter 1 where it was shown that ‘intra-intervention studies’ are concerned
with making therapy better, by considering target selection issues. Inter-intervention studies
compare two (or more) different approaches to intervention. There is a great need for further
research addressing this level of the intervention hierarchy. The present study aimed to
address some of the issues associated with this level. Generalisation and target selection are
considered from a clinical perspective in section 1.2, while section 1.3 considers the
increasingly preséing issues of cost-effectiveness and dosage. Section 1.4 considers

diagnostic sub-groups of children with speech disorders, considering how the present
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intervention case studies contribute to the body of work already carried out in this area, and
how individual characteristics of the five children add to our knowledge about therapy

outcomes.

1.1 A range of outcomes measures

A wide range of outcomes measures was employed for each of the five case studies
described in this thesis. It was argued that outcomes measures which range comprehensively
from the very specific (i.e. the micro measures of this study) to the more general (i.e. the
macro measures used for each of the children) seem most likely to yield a complete picture
of the type of change occurring for each child as a result of intervention. While it has been
argued that outcomes measures need to be socially and functionally relevant to children’s
lives (Lees and Urwin, 1997), they should also be sufficiently sensitive to measure small
changes in the underlying processing system. At a macro level, standardised tests can be
useful but in isolation these provide a gross measure of change. This has been emphasised
by other authors (e.g. Ebbels, 2000; Crosbie, Dodd and waard, 2002), but remains a fairly
widespread approach to evaluating effectiveness of therapy both in clinical and research
settings. _

Improving intelligibility is an important aim for many interventions so that children
are able to make themselves better understood to unfamiliar listeners (Flipsen, 1995; Dodd
and Bradford, 2000). Clearly, this is an ambitious aim for children with severe and
persisting problems that may take many years of intervention to achieve. Gains in literacy
and underlying processing skills are also important for these children. If one relied only on
macro measures, one might erroneously conclude that no progress had been made. Using
micro measures allows one to provide a more complete picture of the change that occurred.
From this point of view, intervention is considered successful if any significant change has
been brought about on appropriately selected and measured stimuli. These micro and macro
levels are similar to the outcomes measures described by Frattali (1998), and also employed
by Bunning (2004) to a range of different intervention settings. These authors refer to
intermediate, instrumental and ultimate outcomes. Intermediate outcomes are analogous to
the micro measures employed in this study: they measure change relative to the child’s own
performance. Instrumental outcomes are described as outcomes which indicate whether to
continue or close an episode of intervention. It is noted that once an individual has achieved
an instrumental outcome “it is assumed that progress will continue beyond the intervention
episode.” (Bunning, 2004, p.105). Ultimate outcomes are analogous to macro measures
employed in the case studies: they relate to functional communication (e.g. intelligibility)
and the child’s performance in relation to their peers. These terms were not employed in the

present study mainly because of difficulties in defining instrumental outcomes: these may
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frequently overlap with the other two categories, depending on the nature and severity of the
child’s difficulties. Roulstone (2001) distinguishes between primary and secondary
outcomes, with the former relating to aspects of the individual’s behaviour and the latter
reflecting the behaviour or opinions of others (e.g. intelligibility as judged by unfamiliar
listeners, parent and teacher report). A consensus from these authors is that a range of
outcomes measures should be employed in routine intervention.

Each of the intervention programmes described here was successful in that the
children’s production of specific stimuli items addressed in the therapy, improved.
However, the extent of the generalisation at a micro level, and the extent of micro gains
through to macro gains varied widely. Figure 11.1 provides an overview of the levels of

change that occurred for each of the children participating in the study.

Figure 11.1
Indices of change for each of the child participants

Significant
changes in:
Oliver Katie Joshua  Rachel Ben

intelligibility (,‘l)* ‘ N} V

standardised v
tests

speech N N J

- processing
profile

generalisation J J N J J

to untreated
stimuli

treated ‘J \/ \, \, \I

stimuli

oma»Z

omO—Z|

* Significant change in severity indices (PCC, PPC) not intelligibility.

All five children made gains at the micro level, although the extent of the generalisation
occurring to untreated items varied widely, as outlined in each child’s chapter. Rachel was
the child with most wide-ranging positive change and this extended to her intelligibility at a
macro level. Intelligibility increases as a result of fairly major or widespread change, not
just as a result of improvement in one part of the speech processing system, and this is an

important factor to bear in mind when using it as an outcomes measure. Oliver, in contrast,
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did not show significant change at the macro level with all his change occurring at the micro
level. This child evidenced speech difficulties typical of developmental verbal dyspraxia,
and his limited response to intervention is fairly typical of that condition (Shriberg et al.,
1997a, b). There is a very small body of research regarding treatment outcomes for children
with DVD (e.g. Helfrich-Miller, 1994; Velleman, 1994; Rosenthal, 1994; Bornman et al.,
2001. It may be that the limited (or very slow) success arising from intervention with these
children, has limited the publishing of such intervention cases. Oliver’s case (described in
Chapter 4) contributes to the evidence base for treatment of children with dyspraxia.
Significant change was demonstrated in Oliver’s speech production (as well as in three other
speech processing areas) at a micro level, i.e. for the targeted stimuli words as well as
matched control lists of words. These findings suggest that while children with DVD may
make slow progress, intervention can be effective in bringing about change to a wide range
of speech processing skills. Joffe and Reilly (2004) review the evidence base for treatment
of motor speech disorders such as developmental verbal dyspraxia and dysarthria. Based on

the extremely limited body of evidence available, they conclude that:

“the evidence for improving speech intelligibility outcomes in children with
motor speech disorders is weak.” (p.247) '

This could be related (a) to the limited amount of work measuring changes in children’s
intelligibility, and (b) the fact that intelligibility is a broad major of change and should not be
the only outcome when working with children with these types of difficulties: changes in
literacy, auditory discrimination and self-esteem are all important. More intervention studies
of children with motor speech disorders are needed. Such studies should employ a range of
outcomes measures so that success may be demonstrated at least at some level. Long-term
intervention studies of such children may yield a more complete picture of the outcomes of
intervention over time: is there a point at which macro changes are noted, and what is the
intervention dosage required to reach this level? Like Oliver, Joshua showed mainly micro
gains with macro changes limited to a few changes on his speech processing profile and not
extending to intelligibility or standardised tests.

Ben and Katie’s pattern of change was slightly different to that of the other children,
suggesting that the hierarchical ordering of assessments may not be appropriate. Ben made
changes at the micro level, but revealed no difference in his speech processing profile or at
the level of standardised tests. However, his intelligibility had improved significantly as
outlined in Chapter 9. The intelligibility evaluation in this study involved comparison of
each child’s intelligibility before and after intervention. Each child acted as their own

control and comparisons were not made with normative data for other children, since this
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was not readily available. In contrast, the standardised tests (and tests used to compile the
speech processing profile) involved comparison of each child’s performance with that of
normally developing age-matched peers. As such, the intelligibility evaluation should
possibly be considered at a lower level of the macro evaluation rather than at the top of the
assessment hierarchy. Katie’s pattern of changes was similar to Ben’s, although her
intelligibility did not change significantly her speech severity did. Indices of change such as
those presented in Figure 11.1 are helpful in their conceptualisation of change at a series of
levels, rather than considering it in an absolute fashion.

Joffe and Serry (2004) outline the current evidence base for the treatment of
articulation and phonological difficulties in children. These authors highlight several issues,
similar to those raised by Sommers, Logsdon and Wright (1992) more than ten years before!
They suggest that there is a great need to expand the evidence base through carefully
designed interventions employing a range of outcomes measures. None of the intervention
studies reviewed in Chapter 1 — or included in Joffe and Serry’s (2004) review - used the
same range of outcomes measures as those used in the present work. It is suggested that
intervention studies focusing on small numbers of children using a single-case methodology,
should employ a similar range of measures in order to provide a full picture of how
intervention affects the child. This is important, not only in improving our understanding of
effectiveness at level one of Frattali’s (1998) outcomes hieraréhy (Figure 1.1), but also in

considering level two, that of specificity, discussed in section 2.

1.2 Generalisation and target selection

Target selection and ways of maximising generalisation are important issues facing
clinicians. The ultimate aim of intervention is to encourage generalization throughout the .
speech processing system. Careful selection of targets may maximize the generalization

achieved, and thus ultimately the efficiency of intervention. Bunning (2004) notes that:

“Generalisation of therapeutic gains is not something that happens as a natural
consequence of therapy ... It requires deliberate planning.” (p.9)

However, as was outlined in Chapter 1, there are a great many unanswered questions
regarding generalisation, and it is challenging to predict how widely a particular child will
generalise new skills learnt in therapy. Joffe and Serry’s (2004) review of the phonological
therapy evidence base reveals that intervention studies have considered generalisation to
varying degrees and have found evidence for generalisation that also varies considerably.
The evidence-base needs to be expanded and developed to assist in target selection, and
replications of documented intervention studies would be one way of providing a clearer

picture of the generalisation.
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Although generalisation cannot be predicted with certainty given the current state of the
evidence base and the heterogeneity of the population, if children’s target stimuli are
selected carefully and with some knowledge of linguistic theory then chances for
generalisation may be maximised. Generalisation is a good example of an aspect of
intervention studies that is equally as important from a clinical perspective (i.e. in terms of
efficiency) as from a theoretical one (i.e. in terms of how it informs our knowledge of
linguistic theory and psycholinguistic processing). Since the latter has been discussed in the
preceding chapter, this section centres on what has been learnt regarding efficiency of
intervention and target selection. Across-item and across-task generalisation for each of the
children is summarised in Table 10.1 and 10.2 in the preceding chapter. In general, these
tables confirm what was noted in Chapter 1: generalisation is very variable from child to
child, and stimulus to stimulus. It does not seem to occur in predictable ways. In each case
study significant generalisation from treated stimuli to untreated but carefully, matched
stimuli was found. In some cases this generalisation extended to novel words (e.g. Rachel
and Joshua) and in other cases to words with the target phoneme in different word positions
(Rachel). Unlike Rachel, the results of Oliver’s intervention showed minimal generalisation
from one word position to another. The literature on generalisation is also equivocal about
this point: although it does seem to occur in some instances it _does not always occur.
Further themes regarding generalisation and target selection are discussed in the sections that

follow.

1.2.1 Connected speech
An important theme of Katie’s chapter was that of connected speech. Speech and language
therapy typically focuses on children’s production of specific speech sounds or production of
single words (e.g. Forrest, Elbert and Dinnsen, 2000; Williams, 2000a,b; Barlow and Gierut,
2002). Many children are able to apply what they have learnt at a segmental or whole-word
level to conversational speech, and some studies have explicitly measured this type of
generalisation (e.g. Wright, Shelton and Arndt, 1969; Elbert, Dinnsen, Swartzlander and
Chin, 1990; Almost and Rosenbaum, 1998). However, this is not always the case, and many
therapists working with older children with persisting speech difficulties find it difficult to
intervene with connected and spontaneous speech beyond the clinic room and beyond the
single word level. Indeed, therapists may discharge children at this point hoping that
generalisation will occur into spontaneous speech without intervention (Bunning, 2004).
There is little research addressing the relationship between connected speech and
single word speech production in intervention despite the fact that connected speech has
important implications from a functional point of view and in terms of intervention
efficiency. The work with Katie suggested (1) that she needed specific intervention aimed at
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motor planning in order for generalisation of final consonant production to extend into her
connected speech, and (2) that intervention might have been more efficient if this level had
been immediately addressed. These findings may be specific to Katie and a small group of
children with similar speech processing difficulties. However, an important theme in this
thesis has been consideration of the level of linguistic unit stored at different phases of
speech development. (e.g. see section 2.1.1.1 in Chapter 2). In section 1.3.1 (Chapter 10) it
was suggested that many of the children’s difficulties with motor programming could be
accounted for in terms of a developmental phase model of motor programming which sees
children moving from whole-word mapping, to phonotactic frames and ultimately mapping
at a phonemic level. Oliver, Katie and Rachel provided good examples of children who
seemed to be carrying out mapping at each of these developmental levels respectively. For
children with motor programming difficulties it may be developmentally more appropriate to
start by addressing larger chunks of speech, rather than following the traditional hierarchy of
single sounds at the most basic level of motor programming,.

From a clinical perspective, it would be valuable to be able to distinguish between
children who (a) will be able to spontaneously generalise what they learn in therapy at a
single word level into connected speech, and (b) are not going to be able to generalise in this
way, and whose therapy should immediately target the level of connected speech. The
intervention with Katie allows for generation of some hypotheses about making this
distinction. It may be that children with very severe speech difficulties are not able to
generalise automatically into connected speech, or that children beyond the critical age of
5;5 are not able to generalise single word changes into connected speech. These hypotheses

will need to be tested out by means of further systematic research.

1.2.2 Developmental hierarchies in intervention
Having an understanding of developmental progression does not automatically translate into
a hierarchy for target selection for intervention. Many researchers have suggested that a
developmental sequence should be adhered to (e.g. Grunwell, 1985, 1987, 1990; Corrin,
2001a, b). The consideration of this factor in target selection was a theme running through
many of the cases presented. In general, it was found that children seemed to respond
favourably to the traditional developmental targets. Oliver’s response to intervention
supported the use of traditional developmental hierarchies: He made the most significant
gains for sounds that are early acquired ([k] and [t]), and with the later developing sounds he
made less progress. If all targets had been selected according to this developmental
perspective, the gains overall may have been greater.

In Joshua’s case, all consonant clusters were addressed. Joshua seemed to follow

developmental trends as, by the end of intervention he had acquired all of the earliest
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acquired clusters, e.g. those usually mastered by 3;6 ([tw] and [kw]) and those that children
typically begin to acquire at 4;0 (e.g. [pl], [bl]) and 5;0 (e.g. [tr], [dr]). The s-clusters,
including the three-element clusters, remained challenging for Joshua. Three-element
clusters are typically some of the last elements of phonemic acquisition (Mcleod, van Doorn
and Reed, 1997). In general, it seems that intervention was able to expedite normal
phonological development, although the [s] clusters seemed not to fit in with this pattern,

functioning as a separate group and somewhat resistant to change.

Ben had four consonants targeted in intervention. Only [0] and [t{] contributed to
the overall change over the programme. [{] was the phoneme that made the most limited

gains. Developmental hierarchies were not adhered to since [0] is a phoneme typically
acquired approximately one year later (at an average CA of 6;0, Smit et al., 1990) than the
phonemes [§ ] and [tf] and the cluster [st]. In Ben’s chapter (chapter 8) the point is made

that his intervention may have needed to be more differentiated in terms of the specific
treatment given to individual phonemes, and this may have affected the results, i.e. all the
four targets were not appropriately addressed in intervention and it would be misleading to

base an evaluation of stimuli selection on these results.

1.2.3 Productive phonological knowledge (PPK) in interventién

Authors such as Gierut (1992, 1998b) and Gierut, Morrisette, Hughes and Rowland (1996)
have predicted that greater generalisation will occur when more advanced targets are
selected, specifically sounds about which the child has little or no productive phonological
knowledge (PPK). The consideration of this factor in target selection was a theme running
through the cases presented. In general there was little support for PPK claims, although it is
acknowledged that the methodologies employed in the cases may not be the most appropriate
for evaluating such claims. Gierut (1992, 1998b) suggested that working on PPK Type 6
targets maximally promotes generalisation to other categories (i.e. it is most efficient) rather
than stating that work on type 6 phonemes is more effective. This is an important distinction
and reminds us that her claims are probably best investigated using groups of children, as has
been done by authors such as Williams (1991). The patterns of change noted in the five
children’s cases are interesting, but since a range of sounds was addressed in each case, it is
not known what patterns of generalisation might have occurred if only type 3 or type 6 items
had been addressed, or if a longer period of intervention had been carried out. The results of
the present work suggested that within the given timescales for intervention, greater change
seemed to be brought about by working on developmental targets. However, it is difficult to
come up with any firm conclusions about this issue because the methodology does not allow

for direct comparison of the two approaches, and if the children had received intervention
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over a longer period of time then the overall efficiency of the programme might have been
different to that noted in the shorter term.

Oliver’s response to intervention supported the use of traditional developmental
hierarchies and showed that for him PPK was not an important consideration for intervention
planning. [k] and [t] differed widely in terms of PPK category with [k] considered as a type
3 phoneme, the group of sounds about which Oliver knew the most, and [t] as a type 6
phoneme, the group of sounds about which Oliver knew nothing. PPK category seemed to
have little bearing on Oliver’s response to intervention, despite predictions in the literature
that [t] would be the best phoneme for bringing about widespread generalisation (Gierut and

Dinnsen, 1987). In Ben’s case four phoneme stimuli were targeted. Only two phonemes
[0] and [tf] contributed to the overall change over the programme. [f] was the phoneme that
made the least gains. One explanation is that Ben had very limited PPK of this phoneme,

and it was easier for him to make gains with sounds that he had at least some knowledge
about, such as [0] and [tf]. Like Oliver, no support for the theories of least PPK leading to

maximal change, was found.

In Joshua’s case, all consonant clusters were addressed. The majority of these were
in the type 6 category, phonemes about which Joshua had no phonological knowledge and
never used correctly. Two of the clusters, [sk] and [st] were considered to be Type 4
‘positional constraint’ clusters which Joshua was able to use word finally but not initially.
The remaining 6 clusters, [kl], [kw], [kr], [br], [gl] and [tw] were clusters from type 3, about
which Joshua had the most phonological knowledge. He was able to produce these correctly
on occasion but had frozen forms for some specific words. The type 6 clusters varied widely
in the pattern of changes observed: some were efficiently modified (e.g. [tr]) while others
showed no change (e.g. [sp]). Each of the 3-part clusters (e.g., [spl] and [spr]) made very -
limited change. The two clusters classed as Type 4 also made very limited change,
suggesting that although Joshua initially had more phonological knowledge of these sounds,
this did not aid the remediation process (see Table 6.19 for a summary of Joshua’s progress).
Many of the [s] clusters were problematic for Joshua to acquire and this is something that
has been noted in the literature (e.g. Barlow, 2001). Six clusters were classed as type 3
clusters — sounds about which Joshua knew the most. No [s] clusters were included in this
set. Joshua made excellent progress with each of these clusters (e.g. see [tw], [kw] and [br]
in Table 6.13) suggesting, in contrast to the other children, that having some knowledge is a
good prognostic factor for intervention. '

Considering her varying baselines at the start of the study, it seems likely that
Rachel’s PPK of [st] was higher than for the other two clusters addressed in her intervention
programme. The generalisation pattern observed in this study supports the theory: Rachel

490



Chapter 11: Discussion of clinical issues

improved not only in her ability to produce the [s] clusters but also in her ability to produce
singleton [s] and other fricatives, most notably [z]. However, it should be cautioned that
Rachel was becoming increasingly proficient in her singleton [s] production during the initial
assessment, and she may have been ready to acquire that phoneme in any event. It is also
interesting to note that contrary to the predictions of Gierut et al. (1987), Rachel’s speech
production of three-part consonant clusters also improved. Detractors of Gierut et al.’s
(1987) complexity accounts of treatment efficacy (e.g. Williams, 1991) suggest that the
categories of phonological knowledge may be too broad to characterise the precise level of
knowledge, and further that in real-life settings complex targets are often not suitable
treatment goals since children find them too challenging in the initial stages of therapy.
From Rachel’s intervention one might conclude that choosing moderately challenging targets
is a successful compromise with the child not being outfaced and generalisation occurring

both downwards to the less complex structures and upwards to the more complex aspects.

1.2.4 Consonant clusters in intervention
Accurate realisations of consonant clusters typically emerge in children’s speech between the
ages of 3;6 to 8;0 (Mcleod et al., 2001). For most normally-developing children they emerge
with no specific intervention, and gradually come to be produqed in adult-like ways.
However, for some children consonant clusters pose particular difficulties and they are
sounds that speech and language therapists frequently find themselves working on in clinical
settings. Gierut (1999) has described consonant clusters as being very vulnerable in the
course of acquisition. Rachel and Joshua were children whose intervention focussed
specifically on clusters. All Joshua’s word initial consonant clusters were addressed, while
word final clusters [sp], [st] and [sk] formed the focus of Rachel’s intervention programme.
The pattern of change observed in Joshua’s clusters provided support for the notion
that s-clusters are different to other clusters and respond differently to intervention than other
clusters (Barlow, 2001; Velleman, 2002). The special status of [s] clusters has been
supported by other treatment studies which have found that treatment of these adjuncts does
not result in generalisation to other clusters (Gierut, 1999). Furthermore, it has been noted
that the adjuncts as a group may be acquired before other clusters, or after — but essentially
that they can be clearly distinguished as a group from the other clusters. [s] clusters certainly
seemed most challenging for Joshua, but this may be because he had difficulties in
articulating [s] at the start of the intervention. Gierut (1999) found that treatment of [s] +
stop clusters did not promote widespread change across all consonant sequences, while
treatment of other consonant sequences did (Gierut, 1999). Rachel’s intervention of word
final [s] + stop clusters resulted in generalisation to other more complex, three-element [s]

clusters as well as to singleton [s] and other fricatives.
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Mcleod et al. (1997) have reported that there is no clear developmental hierarchy for the
development of [s] clusters word initially or finally, although it is known that [s] production
may be easier for children acquiring this phoneme in word final position (Grunwell, 1985;
Redford, MacNeilage and Davis, 1997). In Rachel’s case extensive generalisation was found
across word position with Rachel able to apply her knowledge of the word-final consonant
clusters to the same clusters in other positions, something which Joshua was not able to do.
In terms of the specific [s]+ stop clusters, there is some evidence that [sk] may be slightly
later acquired on average, when compared to [sp] and [st]. This finding did not apply to
Rachel. However, it was observed that [st] was more advanced in both her speech and
spelling than the other two clusters. Although this is not reported in any of the cluster
studies, [st] does occur more frequently in word-final position than the other two clusters
which may be a factor in its early emergence.

There are other effects of intervention that are hard to disentangle for both children:
The aim of applying three different treatments to three cluster sets, in Rachel’s case, was to
monitor the progress observed for each set, almost as if three different children were
receiving three different treatments. Results of the study suggested that each treatment
affected the speech processing system as a whole and effects could not be separated from
word-list to word-list. In Joshua’s case, a multiple baseline design was used with different
clusters being treated at different phases of intervention. In the early phases of intervention
there was a clear effect of intervention on the particular clusters targeted in that phase, but by
the third phase of interventidn this pattern was not clear, with clusters from that set
improving prior to the specific treatment targeted at them. This finding is not entirely
/ surprising (Seron, 1997), and suggests that the concept of a cluster might have been the most
important aspect of intervention. A small set of exemplars might have been sufficient in
bringing about change rather than attempting to include .all clusters. The questions of ‘how
many exemplars to use?’ and ‘which exemplars to use?’ are important ones. While some
authors have suggested that the answer to the first question is just one feature contrast
(Blache, Parsons and Humphreys, 1981) or one phoneme (Gierut et al. 1987), others such as
Edwards (1983) and Hodson and Paden (1991) have suggested multiple exemplars are
preferable. A phonotactic approach to therapy (e.g. as advocated by Velleman, 2002)
accords well with this point of view. Velleman suggests that focusing on the concept of a
new word shape (e.g. CCVC) may well result in generalisation beyond the treated sounds.
These are useful findings in that therapists can consider [s] clusters, such as the ones targeted
in these studies, as being very closely linked with overlap in the way they are stored in

children’s speech processing system.
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1.3 Cost-effectiveness and dosage

Intervention dosage is an important issue about which relatively little is known. In this study
the intervention given was relatively intensive in terms of what the children had been
receiving prior to their participation in the project, and on completion of the project.
However, the intervention was not as intensive as that given for example by Tallal et al.
(1993, 1996) in their intervention studies using computerised auditory training. The
intervention carried out for the children might have had different results if the dosage was
greater and children were seen daily for a shorter time period rather than twice weekly over
the space of many months. There is a great deal of research still to be done regarding the
‘shape’ of intervention and the type of dosage that is optimum for children with different
types and severity of speech problems.

The intervention aimed to be realistic — the type of dosage that might feasibly be
given by private practitioners or therapists employed by the local health service? — and
fitting in with the children’s schooling. What can be stated with certainty is that the children
made significant gains over the course of intervention, and made more progress than they
had previously made with a far more limited dosage. Rachel was discharged on completion
of her intervention, but the other children remained in need of regular and intensive
intervention. The relatively high dosage of intervention given was not sufficient to address
all their difficulties. This raises the issues of intervention effects versus service delivery
evaluation, as raised in Chapter 2. Law and Conti-Ramsden (2000) emphasise this issue in
their evaluation of routine NHS speech and language treatment effectiveness, albeit for

younger children.

“Offering limited amounts of speech and language therapy is not a tenable
solution to the problem. The six hours provided did not necessarily reflect the
choice of the speech and language therapists in the study but rather a constraint
imposed on them by the ... model of service delivery... Such a simplistic
model is not helpful... Practitioners ... should be able to offer a more flexible
package of interventions. This is likely to require a reorganisation of ...services,
but this is the point of practising evidence-based medicine: when you fill the
evidence gap you need to act. (Law and Conti-Ramsden, 2002, p.909-910)

Health service managers are under great pressure to justify the services they deliver not only
in terms of positive outcomes, but also in terms of cost-effectiveness. For a‘child with
severe speech difficulties achieving basic communicative independence will typically require
intensive and ongoing speech therapy (Hall, Jordan and Robin, 1993). As health care costs

continue to rise, it will become even more important to justify frequent speech therapy

% Although this may be debatable in the case of the latter, based on reports such as Law et al. (2002).
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sessions over a long period of time. Cost-effectiveness, cost-benefit, and cost-utility are
terms used to link the expenses associated with providing intervention to the outcomes
obtained as a result of that intervention. Cost-effectiveness links the monetary cost of an
intervention to improvement of direct health / educational outcomes, e.g. the cost of an
intervention compared to the cost savings of preventing additional expenses (e.g.,
admission to a special school, need for counseling or psycho-therapy). Cost-benefit
compares the monetary cost of the intervention with the monetary benefit of the outcome
measured more broadly in terms of increased income and improved leisure time. Cost-utility
compares the monetary cost of the treatment most broadly with quality of life outcome.
Some interventions may not be justifiable in terms of cost-effectiveness, but may be argued
for in terms of cost-utility (Golper, 2001). Sackett, Richardson, Rosenberg and Haynes
(1997) observe that:

“Some fear that evidence-based medicine will be highjacked by purchasers and
managers to cut the cost of health care. This would not only be a misuse of
evidence-based medicine but suggests a fundamental misunderstanding of its
financial consequences” (p. 4).

Certainly, clinicians subscribing to evidence-based practice should identify and provide the
most efficacious treatments to maximize their client’s quality, and if applicable, quantity, of
life. Ultimately, this may raise rather than lower the cost of care. Robey and Schultz’s
(1998) five-phase outcome research model provides a systematic method for developing a
treatment: (1) developing hypotheses about the treatment, (2) evaluating effectiveness, (3)
testing the intervention’s efficacy; (4) examining its efficiency; and (5) determining its cost-
effectiveness, cost-benefit, and cost-utility. Specific research designs are appropriate for
each phase in the model, and the evidence about a treatment’s outcome, as tested in each '
phase, can be rated by a ‘level of evidence’ scale. Progression through the phases must
occur in a sequential way with each phase building on the findings from the previous one.
The first phase is about ‘discovery,” developing hypotheses about intervention to be tested in
later phases. Single subject designs are appropriate at this level. If this phase reveals that no
harm is caused and the effects of intervention are positive, it is appropriate to proceed to the
next phase. In phase II single subject designs remain appropriate, but are used to more
systematically investigate effectiveness: what is the ideal that an intervention might strive
for? Once this question has been answered, phase III investigations can occur. In phase III
efficacy is evaluated, under ideal conditions, and typically employing more powerful designs
such as randomised control trials. If the efficacy of the intervention is established in phase
HI, it is appropriate to move on to phase IV where an intervention shown to be positive in the

previous phase, is now evaluated under average conditions. In the final phase, if the
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treatment has been shown to be successful under average conditions, investigations then take
place into its cost-effectiveness, cost-benefit and cost-utility. Thus, it is suggested that while
cost-effectiveness may be at the forefront of managers’ and purchasers’ minds, it is the
researcher’s role to move through the five outcomes phases, concerned with building a solid
foundation of evidence for a particular intervention and considering cost-effectiveness at the
appropriate point once a fairly substantial amount of outcomes data has been amassed. The
present work was carried out in line with Robey and Schultz’s Phases I and II.

School-age children may be particularly vulnerable to the effects of cost-cutting and
rationalisation: many health authorities consider early intervention to be a greater priority
than intervention for the school-age child. Increasingly consultative models are being
adopted in schools with speech and language therapists having limited opportunity for
providing one-to-one intervention for children. Therapy programmes are often carried out
by classroom assistants and other members of the teaching staff (Law et al., 2002). While
such approaches can be appropriate for some children it may not be appropriate for children
with severe and persisting difficulties that have not responded to previous intervention. The
interventions described in this thesis have shown that work with such children requires
lengthy assessment and ongoing consideration and re-evaluation of their difficulties,
something which untrained personnel would not be able to do.

Despite the need for school-age children with persisting difficulties to access
intensive intervention, it is difficult to justify enormous amounts of time and effort spent on
just a few children (Law et al., 2002). It is estimated that 14.3 speech and language
therapists work with children in any given health trust in the United Kingdom and the
average ratio of SLT to child population is estimated at 1:4257. Recent prevalence data
suggests that 7.4% of school-age children have speech and language difficulties (Tomblin et
al., 1997). This equates to a typical caseload of 315 children per therapist. Law et al. (2002)
have suggested that 40 children is a more desirable level for a notional caseload (Law et al.,
2002). There is obviously a considerable difference and a clearly discrepancy here. A
consultancy model with limited therapist-child contact, and intervention that is less tailor-
made to an individual child’s needs offers a way of coping with these large numbers.
However, it is suggested that it remains for researchers and others who are able to carry out
intervention beyond the confines of a particular service delivery model (e.g. independent
practitioners) to investigate more intensive, tailor-made interventions. Collecting and
providing data from this type of intervention will be a valuable addition to the evidence-base,
and may ultimately allow for a justification of tailor-made, intensive, one-to-one
interventions for those children who need it (Zeit and Johnson, 2002). There is a growing
body of evidence suggesting that in order to bring about long-term changes in speech and
language, intensive input and carefully targeted intervention is needed (Law et al., 1998;
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Tallal, 2000; Glogowska, Campbell, Peters, Roulstone and Enderby, 2002). The five cases
presented in this thesis contribute to that body of evidence.

Not only is data that proves the effectiveness of speech and language therapy
services lacking, but few studies have addressed the issue of how much intervention is
typically needed to bring about progress (Jacoby, Lee, Kummer, Levin, Creaghead, 2002).
ASHA developed the National Outcomes Measurement System (NOMS) for the purpose of
tracking functional gains in individuals receiving therapy. NOMS data revealed that after 17
hours of treatment, 16.4% of 3-6 year old children with a severe articulation disorder moved
to a functional level for discharge. However the large majority of children (83.6%), did not
evidence significant change and required additional treatment. This information shows that
short-term intervention can benefit a small percentage of children, but that most children
with severe speech and language disorders require more treatment time to achieve a
functional communication level that enables them to participate in age-appropriate
activities (Zeit and Johnson, 2002). The children in the present study received from 10 hours
(Rachel) to 36 hours (Ben) of intervention with an average dosage of 25 hour; per child.
Apart from Rachel whose specific difficulties were addressed after 10 hours of intervention,

the other children all required further intervention.

1.4 Diagnostic sub-groups and individual children

Dodd’s (1995) diagnostic subgroups have been discussed in some detail in preceding
chapters. Each child was classified according to their profile of speech difficulties into the
appropriate subgroup. Four of the children were found to have delayed speech, and one
child, Oliver, showed speech difficulties consistent with developmental verbal dyspraxia.
Holm and Dodd (2000) suggest that children with phonological delays benefit from a ‘whole
language approach.’ Hoffman, Norris, and Monjure (1990) carried out narrative-based
discourse therapy with a single, pre-school child, aiming to tap into a variety of levels of
language, i.e. semantics, syntax, and phonology. The outcome of the intervention was
positive with the child making significant gains in each of these areas after six weeks of
intervention. The results were accounted for in terms of a synergistic relationship between
the different components of language. This approach of working on higher level language
functions without specifically addressing phonology, seemed promising as an efficient
means of remediation. However, subsequent studies (¢.g. Tyler and Watterson, 1991; Fey,
Cleave, Ravida, Long, Dejmal and Easton, 1994) using similar ‘whole language’ treatments
did not find the same results, with results possibly confounded by age differences between
the children. These studies found that whole language treatments affected syntax, but that
phonological difficulties needed to be directly addressed if gains were to be made in this
area. Law and Garret’s (2003) systematic review supported the idea that phonological
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therapies are typically successful in addressing speech problems, and that there is less
evidence of effective outcomes from more general language approaches, both in terms of
their effect on language and on speech. In the present study, the four children with delayed
speech did not receive whole-language treatments. Joshua’s intervention was fairly broad-
based in its use of social stories to contextualise cluster words, but did not meet criteria for
true whole-language therapy. Each of the four children made gains in their speech following
intervention, but due to the design of the study it is not known if they would have made
greater gains if a whole-language approach was applied. Given the specific nature of the
children’s difficulties and the fact that they had all had fairly broad-based language work in
the past, it seems as if this may not have been the case.

There may be a point at which these delayed children, have delays so great and are
beyond the critical age, that they cease to respond to intervention like the children described
by Holm and Dodd (1990) and Hoffman et al. (1990). Rachel’s difficulties were less severe
than the other children, and she did respond very positively to intervention. The other
‘delayed’ children, Katie, Joshua and Ben are similar to the children described by Ruscello
(1995) and Dagenais (1995): children with persisting core difficulties that are resistant to
intervention. .

Psycholinguistic approaches have developed partly in response to dissatisfaction
with traditional medical diagnostic categories. The traditional approach to the classification
of speech and language disorders does not focus on each person as an individual with a
unique deficit in his or her processing system. The focus is on grouping people with broadly
similar aetiologies or symptoms, by implication suggesting that the same treatment might be
applicable to all members of the group. However, studies have shown that children with
superficially similar speech difficulties may have very different patterns of underlying
processing deficit (e.g. Snowling, Stackhouse and Rack, 1986; Ruscello, 1995; Chiat, '2000;
Dodd and Bradford, 2000; Nathan et al., in press). Indeed the five children presented in this
work provide an example of just how different children given the same medical diagnosis
can be. Rachel and Oliver had both been labeled as having developmental verbal dyspraxia.
The nature and degree of their difficulties varied widely, as did the underlying difficulties
revealed through the speech profiling. Katie has been given a medical diagnosis of ataxic
cerebral palsy. This diagnosis did not inform her intervention, since speech profiling
revealed difficulties not necessarily associated with the condition, and which would almost
certainly have differed from another child given the same diagnosis. Joshua was diagnosed
as having DAMP (see Chapter 6, section 1.1). This diagnosis had implications for his
auditory processing and behaviour, but in isolation could not provide any detail of his speech
processing difficulties or of the type of speech intervention that might be suitable for him.
The psycholinguistic approach is concerned with investigating underlying processing skills,

497



Chapter 11: Discussion of clinical issues

so that intervention can be specifically targeted at an individual’s specific point of
breakdown, and carried out with an awareness of the strengths and weaknesses that underlie
the individual’s speech processing system. Section 3.4 of the previous chapter has outlined
ways in which sub-grouping approaches can be linked with profiling approaches: the two are
complementary, deriving from the same rationale that this is not a homogenous group and
that intervention has to be specifically targeted if it is to be effective.

In terms of the individual children, it is difficult to pinpoint factors which might be
linked to the relative success of the programme: the children differed widely in terms of age,
severity of difficulties, associated language and literacy difficulties and intervention dosage.
Ben, the oldest participant made the least progress, but the youngest child, Oliver, similarly
made fairly circumscribed gains. Rachel had very specific, minor difficulties and made the
most improvement overall. However, initially when considering her profile she was judged
to be most similar to Ben, who also had fairly specific residual problems. An important
distinguishing feature between these two children is their literacy skills: Rachel had age-
appropriate reading and spelling in contrast to Ben who had delays in this area. Based on
this limited data, one might conclude that age-appropriate literacy skills are a positive
predictor of speech therapy outcome. The implications of this are (a) that children may be
compensating through literacy which draws on other skills (e.g. visual processing); (b) that
children have less pervasive speech/language processing problems if literacy is age-
appropriate, or (c) that there is a link between IQ and literacy achievement but no correlation
between speech severity and IQ.

In terms of degree of severity, there is again no clear prognostic pattern: Oliver and
Katie were the children whose speech was most severely affected. These children responded
to intervention by making more positive changes than Ben, who was considerably less
severely affected in terms of his speech. Cognitive factors also revealed no clear pattern:
non-verbal IQ measures were discussed in the previous chapter and shown to have little

effect on the intervention success.

2. AN INTEGRATED PERSPECTIVE: PSYCHOLINGUISTIC AND LINGUISTIC
APPROACHES TOGETHER

Intervention approaches for children with speech difficulties typically start with a sampling
of the child’s speech and detailed analysis of surface speech productions. Chapter 1 (section
2.2) provided a review of phonological therapy approaches, and Joffe and Serry (2004)
provide a similar longitudinal perspective of the area. These authors, in describing the shift

from articulation to phonology therapy in the 1970’s, suggest that discarding articulation
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frameworks “had the unfortunate consequence of throwing the baby out with the bath
water.” (p.259). Psycholinguistic approaches have become increasingly well-established in
the assessment and remediation of children and adults with speech and language difficulties.
They are valuable in the way in which they can inform the process of phonological therapy,
but it is important to consider that phonological therapy is taking place within a
psycholinguistic framework, i.e. linguistically-based phonological therapy should not be
discarded in favour of a psycholinguistic approach. The two approaches are complementary,
each providing different and valuable information.

Psycholinguistic speech and language processing models have inherent limitations,
and even if further refined, it is doubtful if they could ever shape the clinical process in
isolation. Many single case studies have relied mainly on linguistic theory and phonological
analyses (e.g. Weiner, 1981; Monahan, 1986; Saben and Ingham, 1991; Bernhardt, 1992;
Barlow, 2001) in planning and evaluating interventions, and this body of knowledge should
be brought to bear alongside a psycholinguistically-oriented approach. The cases presented
in this work aimed to show how a psycholinguistic approach can provide a framework in
which linguistic (in this case phonological) knowledge is applied. Each case drew on
knowledge from these two key areas: The psycholinguistic approach was useful in answering
the question: ‘How?’ - How is intervention going to work, or how is change to be brought
about in the individual’s speech processing system? How can strengths be used to support /
compensate for weaknesses? Knowledge from phonology enabled us to answer the more
specific ‘what?’ question, i.e. what is the content of intervention, or what are the stimuli that
will be used in the activities? For example, Oliver’s speech analysis described a range of
simplifying processes and drew on knowledge of normal phonological development,
productive phonological knowledge and maximal / minimal opposition approaches to
phonological intervention. This knowledge led to the selection of specific targets. The
speech processing profile suggested that relatively strong input processing should be the
focus of intervention, and careful consideration of the various levels of input processing led
to the generation of a graded task hiererarchy into which the selected phonemes could be
inserted.

There are few model-based intervention case studies that have attempted to couch
phonological intervention within an explicit psycholinguistic framework. One example is
Bryan and Howard’s (1992) intervention for a five-year-old child with severe phonological
difficulties. The child’s speech processing difficulties were investigated through a series of
psycholinguistically-motivated tasks and interpreted in the light of current models of speech
and language processing. In addition a phonological analysis of the child’s surface speech
errors took place, with both sets of data used to inform intervention planning. This seminal
paper emphasised many of the key aspects emphasised in this work, e.g. the need for levels
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of analysis which vary in terms of sensitivity, and the importance of understanding the
difficulties underlying surface speech errors. Waters (2001) more explicitly emphasizes the
need to integrate psycholinguistic information with phonological information in their report
on intervention with a five-year-old boy with unintelligible speech. They suggest that while
phonological analysis and psycholinguistic assessment are essential for a principled
approach to intervention, they may not always be sufficient: children’s attitudes, behaviours
and preferred learning styles also need to be taken into account. In each of the cases
presented, a third strand of knowledge was considered important for intervention planning:
that of the child and his/her particular needs and preferences. This was a challenging aspect
to incorporate in any systematic, controlled way but recent research (e.g. into children’s
learning styles, Stahl, 1999) suggests that this may be an important contributing area when
planning therapeutic interventions.

Ebbels (2000) investigated the speech and language processing skills of a 10-year-
old child with a hearing impairment. Specific points of breakdown for individual
phonological contrasts were identified, with detailed inpﬁt and output phonological analyses
interpreted within a broader psycholinguistic framework. The results of the investigation
showed that for some children there is not a single level of breakdown, but rather there may
be multiple levels of difficulty with specific phonological contrasts implicated at particular
levels. Each of the papers outlined approached assessment and intervention in different
ways. However, they share a common concern with the nature of their participant’s
underlying phonological representations. Edwards, Fourakis, Beckman and Fox (1999)
outline the evolution of representation-based approaches to understanding children’s
phonology, and suggest that characterizing children’s phonological competence in terms of
representations and the constraints acting on them allows for a richer conceptualisation of .
phonological development than traditional derivational and ‘normalising’ approaches. A
further reason for careful investigation of underlying phonological representations and
phonological processing ability is because of the close relationship between these skills and
reading and spelling abilities. The association between phonological processing difficulties
and reading and spelling problems has been shown in a number of single case studies (e.g.
Campbell and Butterworth, 1985; Snowling et al., 1986) and experimental investigations
comparing dyslexic children with normally-developing readers (e.g. Wagner and Torgeson,
1987). For school-age children with persisting speech problems, understanding of the
child’s underlying difficulties can have important implications for speech, language and
literacy support. However, again we need to be careful not to wholly discard the more
traditional linguistic approach.

Stackhouse and Wells’ (1997) psycholinguistic framework was used as the basis for
intervention planning in each of the cases in the present study. The psycholinguistic and
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developmental phase models constitute an important part of the framework, and have been
discussed in some detail in the previous chapter. Stackhouse and Wells’ framework has been
designed not only to provide a theoretical account of what might happen when children
process speech and language, but also to be used as a clinical tool allowing clinicians to
adopt a theoretically-motivated approach to assessment and intervention. The speech
processing profile is a clinical tool based on the models and one which was central to the
assessment and intervention planning in the cases presented here. The profile aims to break
down speech processing (input and output) into sub processes in an attempt to determine loci
of deficits and to collate assessment results in a systematic way.

In general, the profile provided an excellent starting point for assessment and
intervention of the complex cases presented. Information from a wide range of sources was
organised into each child’s profile. The first important point to note about the profile is one
already highlighted: the profile cannot be used in isolation as the information gathered on the
profile is typically regarding a child’s strengths and weaknesses (i.e. impairments), but these
need to be viewed in conjunction with information about their social situation and
educational attainment and placement. Furthermore, the profile does not allow for inclusion
of very detailed phonological information and needs to be interpreted together with a more
detailed phonological analyses. '

There are some other difficulties with the use of the profile from a clinical
perspective. Level C of the profile asks: “Does the child have language specific
representations of word structures? This is an important level of processing since children
need to be able to distinguish between their first language and other languages that they
might know. However, for many children, and for the children presented in this work, this
block is not relevant. It might be useful to indicate on the profile that this is an optional level
of processing. Furthermore, level L of the profile poses challenges. It is a vitally important
link between output processing and the child’s perception of his / her own production. If a
child has sufficiently good self-monitoring skills to be able to accurately perceive their own
production and to alter this appropriately, then this is valuable information that informs us
about the nature of their speech processing system and what might be a useful intervention
approach. However, it is a difficult aspect to assess, and there is as yet, no standardised way
of objectively measuring this skill. Given the important nature of the skill, it would certainly
be valuable to develop tests specifically targeting that level. Clearly, it would not be a
simple matter to devise a test which only targets that level since production and perception
would both need to be involved. However, a simple procedure might be devised in which
children are instructed to name pictures and then explicitly given the opportunity to decide if
what they have said is right or not. They might then be asked to see if they could try to

produce the word a second time, but more accurately. Although such a test procedure would
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still require careful interpretation to see where the child’s difficulties lie, there would be
much to be gained from investigating how normally developing children self-monitor and
repair their speech, and this data could be used as a starting point in understanding more
about this important level L.

One of the most difficult aspects of intervention planning was mapping the
information that had been gathered on the speech processing profile onto the information
processing model. This was not always a simple case of one-to-one mapping between the
two since there is not a one-to-one correspondence between the processing levels outlined in
each. For example, the information processing model includes a block for ‘semantic
knowledge’ but this aspect is not specifically tapped in the profile. Similarly, the
information processing model includes a block for ‘phonological representation’ but the
profile expands this into two levels: Level E which asks “Are the child’s phonological
representations accurate?” and level F which questions: “Is the child aware of the internal
structure of phonological representations?” From one perspective, the profile might be
considered more comprehensive if it included blocks posing specific questions about
semantic processing, syntactic processing and reading and writing skills. However, the tool
has been designed specifically to evaluate speech processing, and the authors have suggested
that there are other tools which evaluate aspects of language such as semantics and syntax,
and that the profiling approach may not lend itself as well to these aspects. These aspects of
language must be included on a comprehensive theoretical model of speech processing since
they are integral to it, but the clinical tool needs to be more specific in its focus if it is to be
useful.

Reading and writing might be investigated more comprehensively by means of the
psycholinguistic profiling approach. The speech processing profile is not strictly limited to
speech in that tasks involving literacy can often be used in tapping into the different levels of
the profile. However, it is suggested that a second profile might be developed which
specifically focuses on literacy: the input side of the profile being concerned with reading
and the output side with writing. Clearly there would be overlap with the speech processing
profile, but it is suggested that having an optional second profile for use with older children
and those with written language difficulties would be helpful to clinicians in systematically
investigating these aspects and relating them to each other. A draft suggestion for the
written language profile is presented in Figure 11.2.
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Figure 11.2, '
Draft version of written language profile (based on Stackhouse and Wells, 1997)

INPUT (reading) OUTPUT (spelling)

Fi the child aware of the internal structure
of phonological representations

G Can the child access accurate motor
programmes?

E Are the child’s phonological
representations accurate?

H Can the child manipulate phonological
units?

D Can the child decode familiar words?

I Can the child write real words accurately?

, C Does the child have language specific
representations of word structures?

J Can the child write non-words?

B Can the child decode written forms
without reference to lexical representations?

K Does the child have adequate hand-eye
co-ordination and motor skills for hand
writing?

A Does the child have adequate visual
perception?

L Doces the child reject his[her own
erroneous forms?

An important contribution of the psycholinguistic framework is the way in which it allows

clinicians and researchers to describe assessment and intervention tasks in a systematic and
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detailed way. The framework forces one to be explicit about what exactly the hypothesised
difficulties are and what exactly one is tapping in intervention and assessment. The
importance of this structured and shared framework should not be underestimated, since
there are many difficulties in evaluating and comparing effectiveness studies (as outlined in
Chapter 1) because of the limited way in which intervention is often described (e.g. by using
terms such as ‘traditional therapy’ and ‘phonological awareness therapy’) and the conflicting
terms that can be used to describe a child’s surface speech errors.

There is now a relatively substantial body of intervention work which has been
carried out using psycholinguistic frameworks such as Stackhouse and Wells’ (1997) and
Dodd and McCormack’s (1995). It is suggested that such data be pooled into a database,
readily accessible to researchers and clinicians. This database would fulfil several important
purposes including: (a) offering clinicians suggestions of possible treatment strategies that
have worked with particular children under particular conditions (i.e. evidence-based
practice); (b) encouraging clinicians to carry out intervention using methods exemplified in
the database, to further extend the database; (c) allow researchers to mine the data for

possible trends and hypotheses to be explored in further research.

3. AN INTEGRATED PERSPECTIVE: THEORY AND THERAPY TOGETHER

As for the opening chapters of the thesis, this chapter and the preceding one attempt to
separate out the domains of theory and therapy. One of the aims of the thesis has been to
show the overlapping nature of the two: theory must inform therapy, but so too can therapy

inform theory. This section attempts to bring the two aspects together.

3.1 Theory and therapy

Intervention planning is a complex process: when therapists are faced with children with a
range of surface speech errors and underlying processing deficits, it may be difficult to know
where to begin and how to structure intervention. Oliver’s intervention planning highlighted
this since there was a range of potential processing areas and phonological units that might
have been addressed. The psycholinguistic framework, combined with knowledge of
linguistic theory, can help to make the process more transparent and explicit. If intervention
is carefully targeted at an individual’s specific point of breakdown, and carried out with an
awareness of the strengths and weaknesses that underlie the individual’s speech processing
system, then it seems more likely that (a) intervention will be successful in bringing about
change in the speech processing system, and (b) if intervention is not successful then it is

possible to isolate the level of the speech processing system that therapy tasks were tapping,
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and make appropriate revisions. In Ben’s case, generalization was minimal and the progress
made for some of the targeted phonemes was not significant. Much of the discussion in
Chapter 8 focused on ways in which these phonemes might be more appropriately addressed.
Chapter 9 focused on intelligibility outlining numerous difficulties associated with defining,
measuring and explaining this phenomenon. The potential for understanding this concept
using the psycholinguistic framework was outlined.

Consideration of the changes brought about by intervention for each of the children
informed our knowledge of theory. Consideration of the generalization patterns for each of
the children fitted in with models such as Stackhouse and Wells’ (1997), and with other
linguistic theories cited in Chapter 2. Contrasting the different responses of the children to
intervention allowed for hypotheses to be generated regarding, for example, developmental
phases of motor-programming and how these might be incorporated into the speech
processing model.

Reilly (2004) describes the theory-practice gap:

“Often, tensions exist between clinicians who fear that research will become the sole
driver of clinical practice and academics who value basic science over clinically
relevant research.” (p.12).

One of the contributions of this work has been to show that both views are important and can
be knitted together. Figure 11.3 outlines the cyclic, symbiotic relationship between theory
and therapy (based on Reilly, 2004). Aspects such as generalisation have been shown in each
chapter to be key to evaluations of efficiency as well as for the way in which it informs our

theoretical knowledge.

Figure 11.3
The cyclical and symbiotic relationship relationship between theory and therapy (based on
Reilly, 2004 p.12)

THERAPY THEORY
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3.2 Towards a theory of therapy

Many therapists are reticent to discuss the content of their therapy. A likely reason for this is
the perceived mismatch between theory and practice: theoretically-motivated work from a
variety of viewpoints has provided detailed analyses of the deficits underlying some
difficulties, Compared with these sophisticated analyses, many therapists’ treatment
techniques used in day-to-day practice appear very simple; therapists do not feel that they do
justice to the complexity of the problem. Howard and Hatfield (1987) relate this to the fact
that there is no ‘metatheory’ available which explicitly relates a deficit analysis to the
process of treatment. What is a metatheory? What should it contain? And how close are we
to devising one?

A metatheory or ‘theory of therapy’ is an account of intervention that involves
systematically relating an analysis of the client’s strengths and weaknesses to the process of
treatment. The development of a metatheory is a pre-requisite for the development of
specific and motivated therapy methods with decisions taken at each step being conscious
and explicit. Only if we know exactly how a particular treatment task is meant to affect what
ability and why it does so, can therapy progress. The results of intervention can support or
refute hypothetical answers to these questions; but until these hypotheses are put to empirical
test, we will have no means to improve our treatments. Stackhouse and Wells’ (1997)
psycholinguistic framework certainly goes some way towards providing a theory of therapy.
Therapists adopting this approach may be carrying out games and activities which seem
simple on the surface. Yet, if they are carried out with an awareness of the parts of the
child’s speech processing system that are being tapped, and why this is important in terms of
their overall profile, then there is no mismatch between theory and therapy. Nevertheless
there is further work to be done in developing a theory of therapy using this approach, e.g.
what are the mechanisms for bringing about change, and how does the interaction between
therapist and child affect therapy outcomes? Horton and Byng’s (2000) ATICS is a system
used to examine interactional aspects in adult treatment which might have application to
children, and Gardner (1994) has investigated interactions between therapists and children
with phonological difficulties.

Bunning (2004) attempts to elucidate intervention by applying theoretical
frameworks drawn from sociological, medical and psychological literature to speech and
language interventions. These are useful constructs for understanding intervention, and
together with Leahy’s (1995) chapter entitled “Philosophy in intervention” certainly go some
way towards providing a much-needed theory of therapy. One of Bunning’s (2004) aims is
to draw together the range of specialisms within the speech and language therapy field, and
highlight commonalties they share in terms of intervention. This is philosophically

interesting but ultimately the frameworks may be too broad to account for the complex,
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highly-specific difficulties encountered by different client groups. ‘Her frameworks may be
helpful in carrying out a retrospective analysis of what occurred in an intervention episode,
but would not be able to effectively inform intervention planning, for example for the
children presented in this work.

Evidence-based practice offers guidelines for decision-making. Reilly (2004)
emphasises the disparity that exists between clinical practice and research evidence,
suggesting that in some cases although evidence exists it is not applied in clinical situations.
She cites the example of Rousseau, Onslow, Packman and Robinson (2001) who
investigated the Lidcombe programme for addressing stammering in young children. Only
about 50% of clinicians were using the programme in the recommended way with most
making compromises in terms of dosage to suit service delivery limitations, and selecting
parts of the programme that they felt were relevant. This was despite published evidence
from Onslow et al. (2001) that the programme is most effective when employed in a
particular way. Therapists do bring specialized knowledge and intuition to the therapy
process, but the extent to which art and science are implicated in intervention is debatable.
The interventions described in this project have suggested that science and evidence are
paramount in intervention planning. Good interpersonal skills and sensitivity will always
have a place in intervention but these qualities are complementary rather than a substitute for
science.

Rousseau et al. (2001) concluded that those therapists not using the programme were
almost certainly carrying out interventions for which there is as yet no evidence of
effectiveness. This finding, surely not specific to the area of dysfluency, raises two
important issues. Firstly, as speech and language therapy is a relatively young profession it
is not surprising that the academic underpinning of the work is limited. Demands for
services and clinical priorities mean that academic underpinnings are often seen as added
extras for the workforce rather than fundamental. Clearly, there is a need for theoretical
underpinnings and this is something which needs to be strongly emphasised in undergraduate
training courses and throughout professional development: Howell and Dean (1994) have
suggested that speech and language therapists are in a unique position to synthesise
knowledge from a variety of fields including that of clinical practice to ‘create a viable
theoretical underpinning for rehabilitation.’ (p.2). Secondly, it should be noted that
evidencé-based practice guidelines do not necessarily define best practice since the evidence
may be weak or insufficient to make that determination. The evidence-base needs to be

critically judged and continually re-evaluated in the light of new evidence.
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3.3 Contributions of this work »

Chapter 10 concluded with a summary of theoretical contributions of this work. Building on
these, this chapter has outlined further contributions — more specifically from a clinical
perspective but with a strong awareness that theory and therapy can never be truly separated.
The review of relevant studies in chapter 1 revealed limited work investigating tailor-made
intervention for school-age children with persisting speech difficulties. Thus, the first
contribution of this work is that of five new cases to the evidence-base. Beyond this, other

contributions are as follows:

» Wide-ranging outcomes measures which can cover areas from ‘macro’ (i.e. intelligibility
measures and standardised tests) to ‘micro’ (i.e. stimuli specific to the child and their
intervention programme) in order to yield a comprehensive picture of any change
occurring. Figure 11.1 provides a snapshot of change that occurred for each child ata

range of levels.

» A procedure for evaluation of intelligibility pre- and post-intervention, and suggestions

for future work in this area.

»  Stimuli selection and generalisation as ways of informing both clinical practice and
theory. Developmental hierarchies and productive phonological knowledge have been
evaluated in terms of their importance for intervention planning. Consonant clusters
were specifically considered in this chapter as an example of targets employed in

different ways and for different reasons with two children.

= Connected speech has been emphasised as an aspect that may need to be specifically
addressed, at least for some children. Theoretical frameworks have been used to explain
why this may be the case. It may be the case that the traditional sequence of sound to

word to connected speech should be reversed.

* Consideration of dosage and cost-effectiveness issues. Although it may be difficult to
justify the great expenditure needed to carry out intensive, targeted interventions such as
these, it has been shown that cost evaluations should be considered as a final aspect of

evidence-building, and that evaluations of cost-utility may support such therapy.

»  Support for the use of psycholinguistically-oriented intervention as a means for driving
the intervention process in children with speech disorders, and used in combination with

linguistic knowledge, in this case phonological analyses and theory.
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= A written language profile to be used in conjunction with Stackhouse and Wells’ speech
processing profile and to encourage consideration of how these aspects ovérlap and

integrate.

» Evidence for the effectiveness of tailor-made and intensive intervention for children with

persisting speech problems.

® An emphasis on the links between theory and therapy which each case has attempted to
exemplify.

4. CRITICAL EVALUATION OF THE STUDY

It is commonly acknowledged that intervention studies are fraught with challenges (e.g.
Patterson, 2002). Whurr, Lorch and Nye (1992) observe that:

“Certain aspects of research and therapy will always be difficult to reconcile. In
practice, it is not always possible to control for all the variables one would wish. In
such circumstances, it is important to specify which variables are being controlled
and justify the choice of these controls.”

Furthermore, research with developing children is considered a particular challenge
(Enderby and Emerson, 1995). Many of the difficulties highlighted by these authors and
outlined in the introductory chapters have been encountered in this research, despite
awareness of such problems and attempts to include careful controls to overcome them.

One of the major and recurring difficulties has been in carrying out intervention tasks
in a circumscribed way: ideally intervention tasks need to be carefully delineated so that one
is able to state with preciseness how what one has targeted has affected the rest of the
system. Tools such as psycholinguistic profiles and psycholinguistic models make task
description easier and have greatly advanced the potential to do this, but it still remains a
challenge to pinpoint only specific modules without indirectly targeting other areas. Ben and
Rachel’s interventions targeted fairly wide-ranging areas that made it difficult to pinpoint the
effects of intervention in very specific ways. Because effective intervention, by definition
involves scaffolding from task to task, and treating the speech processing system as a whole,
(Rees, 2001b) there is a tension between the effectiveness aspects of treatment and the value

that can be derived theoretically.
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Some interesting findings were made regarding connected speech. However, only two
children had connected speech measures explicitly included as part of their intervention or as
controls. It is a limitation of the study that more connected speech controls. were not
included for other children, but at the same time a good example of how intervention can
drive hypothesis building: connected speech had not been considered so carefully until the
children’s generalisation responses to intervention were observed. Similarly, non-words
were not selected for Katie’s control measures (neither in speech nor for spelling) and this
limited interpretation of her progress. On the other hand, a fairly wide selection of control
measures was selected for each child and it is impossible to include all controls that might
reveal interesting findings. In terms of intelligibility, spontaneous speech remains a
challenge to measure in a pre-[post fashion. Some attempt was made in the work described
here, yet the results for spontaneous speech are not clear cut and necessarily reliable given
the small number of spontaneous items included. Considering the centrality of spontaneous
speech to intelligibility, it is an important limitation of the intelligibility study.

The small number of children included in the study has limited the conclusion which
can be drawn about issues such as specificity of treatment: using a larger number of children
might have allowed trends to emerge more clearly regarding the influence of factors such as
a child’s age or IQ on intervention outcome. However, these were not primary research
questions and it has been argued that using a small number of children has allowed for the
inclusion of a great deal of useful detail that would not ‘have been included in a large group
study. While this chapter has aimed to pull together findings from the children as a group,
any conclusions must be viewed in the context of the small number of children participating
in the project.

From an effectiveness point of view, intervention studies need to demonstrate that any
changes observed are due to the intervention and not to other factors. This was demonstrated
in this project by including case history data of the children to show that minimal progress
had been made in the past, evidence for stable baselines prior to intervention, as well as
results of other more general aspects of their school achievement to show that the
improvements made were specific to the areas addressed in intervention. These are difficult
issues and despite these attempts one might argue that minimal progress noted in the past
was due to the fact that measures of that progress were very gross (¢.g. mainly standardised
tests) and that children may have infact been making progress that was simply not measured.
Furthermore, it is difficult to separate out which aspects of the speech and language
intervention brought about the changes noted, e.g. what was the relative contribution of the
relationship with the therapist, and the opportunity to listen to an adult in a focused, quiet
environment? These questions are hard to answer and remain challenges of intervention

studies. It is suggested that the controls incorporated in the case studies go some, if not all
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the way toward ensuring that the conclusions drawn are reasonable ones. Maintenance of
change is also an important consideration. For each of the children, long-term follow-up
took place several months after intervention to ensure that recency effects had not been
responsible for any gains observed immediately post-intervention.

Intervention studies provide a longitudinal perspective. The children presented here
were evaluated and treated over the course of an 18-month period. For some of the children
with severe difficulties, it became clear that a great deal of further intervention was
warranted. Thus, the picture provided of the children’s speech, language and literacy
changes is only a snapshot of the story. However, given the complex and possibly lifelong
influence of these difficulties (Stothard, Snowling, Bishop, Chipchase and Kaplan, 1998),
this snapshot view is inevitable.

It is always important to consider the quality and level of evidence supplied (Reilly,
2004). According to Robey and Schultz’s (1998) phase model the evidence presented here is
Phase I and II evidence. This is a relatively early but essential stage of evidence building. It
is important to interpret the evidence as such, and to consider it as a contribution to the basis

of further outcomes work carried out at later phases of the hierarchy.

5. CONCLUSIONS AND FUTURE DIRECTIONS

This research has raised many questions about intervention, and opened many avenues for
further enquiry into children’s speech processing difficulties. Some of these are outlined in
this section, including: 7.1 development of Stackhouse and Wells’ (1997) speech processing
model, 7.2 development of a psycholinguistic database for the systematic collection of
intervention evidence, 7.3 further investigations of intelligibility, and 7.4 consideration of

dosage and delivery issues.

5.1 Model development

Stackhouse and Wells’ (1997) model has been shown to account for the speech and language
processing taking place in five children presented in this work. However, the model is
underspecified, at times giving only a gross estimation of the difficulties being faced at a
particular level. Indeed, if we consider that Stackhouse and Wells have accurately delineated
levels of processing, then the next logical step would be to attempt to further specify
subcomponents at each of these levels. Considering the model in a developmental context is
vital, and the subcomponents at each level might involve the inclusion of specified
developmental phases. For example, it could be stated that a child has a difficulty with
phonological representations, and more specifically this is because they are stuck at an
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earlier developmental phase than would be expected in terms of chronological age. An
attempt has been made to combine this developmental perspective into the motor
programming level (chapter 10, section 1.3.1.). Future work might expand other modules in
the same way, thus creating a cognitive neuropsychological model that is truly
developmental, and more highly specified than it stands at present. Harley (2001) notes that
there is an imbalance between the amounts of research that have been done on language
comprehension and input, and speech production. He suggests that this is because input
work can control for aspects of language rather carefully (e.g. the imageability, frequency of
visual or auditory signals) but that output is more challenging to control for — “our thoughts
are much harder to control experimentally.” (p.349). There is clearly a great need for more
research on output speech production and motor programming. There is also a need to bring
speech and literacy closer together within a psycholinguistic framework. Links between
spelling and speech are relatively unexplored, and certainly spelling should be routinely
included as an outcomes measure for phonological interventions where possible.

Much of the model building, assessment and intervention has focussed on single
words — it would be useful to carry out research investigating more specifically single word
and connected speech processing, so that the interface between the two areas can be
elucidated. Future intervention studies should include a wider range of connected speech
outcomes measures since this is an area about which relatively little is known. Wide ranging
outcomes measures ensure that a complete picture of generalisation effects is obtained, and
this seems like the best way of approaching the generalisation issue, a vital one of equal

importance from both theoretical and clinical perspectives.

5.2 A psycholinguistic database _

The importance of single case study interventions in informing our knowledge of speech ahd
language processing has been emphasised throughout this thesis. There remains a great need
for further work of this nature to build on the evidence-base for this type of work. It is
suggested that such studies should be added to a web-based database that could be used by
clinicians and researchers to build on knowledge in this area. Children with speech and
language difficulties form a heterogeneous group. Case studies such as the ones presented
here reveal wide variation Bctwccn children, but also show commonalities in their responses
to intervention. Profiling and subgrouping approaches such as those outlined by Stackhouse
and Wells (1997) and Dodd (1995) give useful frameworks for carrying out assessment and
planning intervention. It is suggested that a greater body of intervention studies be carried
out using these frameworks so that a database of children’s profiles and their responses to
intervention might be developed. From a theoretical point of view such a database would

allow one to look for generalisation trends across a range of children, which could be
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analysed in terms of variables such as age, profile of difficulties and amount of intervention

given.

5.3 Intelligibility
Intelligibility should be routinely used as an outcomes measure when working with children
with speech disorders. There is much work to be done in this area, including refining and
developing a way of reliably evaluating the intelligibility of spontaneous speech before and
after intervention. Furthermore, ongoing links should be made with outcomes to yield a
longitudinal picture of how changes in speech feed in to intelligibility.

Intelligibility norms are limited and ones available are not necessarily applicable to
British children (e.g. ASHA, 1987). Future work needs to be carried out to investigate the
development of intelligibility in children with normally-developing speech. Using speech
recognition software, computers may have some role in the clinical situation for a more
practical way of evaluating intelligibility. The development of such a tool may be some way
away, but it holds promise of being an important and potentially valuable clinical and

research tool.

5.4 Dosage and delivery

Discovering optimal intervention dosage remains a pressing need. One potential way of
addressing this problem and coping with cost-effectiveness issues may be through using
intensive computer-based interventions. Comparisons of, for example, computer-based
interventions v. learning support assistants for reliable delivery of speech and language
progrémmes in schools would be helpful. This would require:

* Development of a flexible, user-friendly software application to support assessment

and intervention for children with speech-disorders.

» Creation of computerised tasks and games to be used for children’s speech and

language assessments.

=  Creation of computerised forms for the storage of information arising from such

assessments.

»  Creation of computerised tasks and games to be used in intervention for children.
Stackhouse and Wells’ psycholinguistic framework has already been used as a theoretical
basis for a software application addressing input aspects of the model (Roulstone and Wren,
2001), but there is further scope for development of other aspects of the framework (e.g.

games for speech output work).
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5.5 Concluding comments _

Opening chapters of this thesis emphasised the challenges facing intervention researchers:
Patterson (2002 p.570) described the ‘daunting prospect’ of properly designed and executed
intervention research, and the fact that the potential to learn something of real theoretical
significance from the outcome of treatment may not always be apparent (or convincing).
Many of the challenges outlined by Patterson, and others (e.g. Enderby and Emerson, 1995)
have been experienced in the present study. However, these ‘investigations of intervention’
have offered contributions to both clinical and theoretical issues regarding children’s speech
processing, and attempted to show that the divide between theory and therapy is not as great
as authors such as Patterson (2002) have supposed. Intervention studies certainly pose
unique challenges, yet they can contribute to a meaningful evidence base, bring about
changes in clinical practice (Carding and Hillman, 2001) and offer glimpses into the
“complex, multilayered and dizzying” reality of children’s speech and language processing
(Chapman, 2000 p.45).

514



REFERENCES

Adams, C. (2001). Clinical diagnostic and intervention studies of children with semantic-
pragmatic language disorder. International Journal of Language and Communication
Disorders, 36(3), 289-305.

Allen, C., Nikolopoulos, T., Dyar, D. & O'Donoghue, G. (2001). Reliability of a rating scale
for measuring speech intelligibility after pediatric cochlear implantation. Otol Neurotol.,
22(5), 631-633.

Allerton, D. (1976). Early phonotactic development: some observations on a child's
acquisition of initial consonant clusters. Journal of Child Language, 3, 429-433.

Almost, D. & Rosenbaum, P. (1998). Effectiveness of speech intervention for phonological
disorders: a randomized controlled trial. Developmental Medicine and Child Neurology, 40,
319-352.

Andrews, N. & Fey, M. (1986). Analysis of the speech of phonologically impaired children
in two sampling conditions. Language, Speech and Hearing Services in Schools, 17, 187-
198. ‘

Anthony, A., Bogle, D., Ingram, T. & Mclsaac, M. (1971). Edinburgh Articulation Test.
Edinburgh: Churchill Livingstone.

Aram, D. & Horwitz, S. (1983). Sequential and non-speech praxic abilities in developmental
verbal dyspraxia. Developmental Medicine and Child Neurology, 25, 195-207.

Aram, D. & Nation, J. (1982). Child language disorders. St Louis: C.V. Mosby.

ASHA Special Emphasis Panel in Treatment Efficacy (2002). Notes from meeting held at
City University, Department of Language and Communication Science, London.

Aslin, R., Jusczyk, P. & Pisoni, D. (1998). Speech and auditory processing during infancy:
constraints on and precursors to language. In D. Kuhn & R. Siegler (Eds.), Handbook of .
child psychology: cognition, perception, and language (pp. 147-254). New York: Wiley.

Attanasio, J. (1994). Inferential statistics and treatment efficacy studies in communication
disorders. Journal of Speech and Hearing Research, 37, 755-759.

Baddeley, A.D. & Hitch, G. (1974). Working Memory. In G.A. Bower (Ed.), The
psychology of learning and motivation, Vol. 8, (pp.47-89). New York: Academic Press.

Baker, E., Croot, K., McLeod, S. & Paul, R. (2001). Psycholinguistic Models of Speech
Development and Their Application to Clinical Practice. Journal of Speech, Language and
Hearing Research, 44, 685-702.

Ballard, K. (2001). Response generalisation in apraxia of speech: taking another look.
Journal of Communication Disorders, 34, 3-20.

Barlow, J. (2001). The structure of /s/-sequences: evidence from a disordered system.
Journal of Child Language, 28, 291-324.

515



Barlow, J. & Gierut, J. (2002). Minimal Pair Approaches to Phonologlcal Remediation.
Seminars in Speech and Language, 23, 57-68.

Barlow, D. & Hersen, M. (1984). Single-case experimental designs: strategies for studying
behaviour change. Elmsford, NY: Pergamon.

Basso, A. & Caporali, A. (2001). Aphasia Therapy or The importance of being earnest.
Aphasiology, 15(4), 307-332.

Bates, E. (1994). Modularity, Domain Specificity and the Development of Language.
http://www.cogsci.soton.ac.uk/~harnad/Papers/Py104/bates-1994.html, 1-15.

Bates, E. & MacWhinney, B. (1987). Competition, variation and language learning. In B.
MacWhinney (Ed.), Mechanisms of language acquisition (pp. 157-193). Hillsdale, NJ:
Lawrence Erlbaum.

Beckman, M. & Edwards, J. (2000). The ontogeny of phonological categories and the primacy
of lexical learning in linguistic development. Child Development 71, 240-249.

Behrens, S. & Blumstein, S. (1988). Acoustic characteristics of English voiceless fricatives: a
descriptive analysis. Journal of Phonetics, 16, 295-298.

Bernhardt, B. (1992). The application of non-linear phonological theory to intervention with one
phonologically disordered child. Clinical Linguistics and Phonetics, 6, 283-316.

Best, W. & Nickels, L. (2000). From theory to therapy in aphasia: where are we now and where
to next? Neuropsychological Rehabilitation, 10(3), 231-247.

Beukelman, D. & Yorkston, K. (1979). The relationship between information transfer and
speech intelligibility of dysarthric speakers. Journal of CommunicationDisorders, 13, 33-41.

Bird, J. & Bishop, D. (1992). Perception and awareness of phonemes in phonologically impaired
children. European Journal of Disorders of Communication, 27, 289-311.

Bird, J., Bishop, D. & Freeman, N. (1995). Phonological awareness and literacy development in
chlldren with expressive phonological impairments. Journal of Speech and Hearing Research
38(2), 446-462.

Bishop, D. (1989). Test for Reception of Grammar (2nd edition). University of Manchester: Age
and Cognitive Performance Research Centre.

Bishop, D. (1997). Cognitive neuropsychology and developmental disorders: uncomfortable
bedfellows. Quarterly Journal of Experimental Psychology, 50(4), 899-923.

Bishop, D. (1998a). Development of the Children's Communication Checklist (CCC): A Method
for Assessing Qualitative Aspects of Communicative Impalrment in Children. Journal of Child
Psychology and Psychiatry, 39(6), 879-891.

Bishop, D. (1998b). Uncommon Understanding. London: Psychology Press.

Bishop, D. (Website). CHILDREN'S COMMUNICATION CHECKLIST (CCC). (accessed
2004): http://www.psych.ox.ac.uk/oscci//dbhtml/CCC/cccinstruct.htm.

516



Bishop, D. & Adams, C. (1990). A prospective study of the relationship between specific
language impairment, phonological disorders and reading retardation. Journal of Child
Psychology and Psychiatry, 31, 1027-1050.

Bishop, D., Bishop, S., Bright, P., James, C., Delaney, T. & Tallal, P. (1999a). Different origin
of auditory and phonological processing problems in children with language impairment:
Evidence from a twin study. Journal of Speech, Language and Hearing Research, 42, 155-168.

Bishop, D., Brown, B. & Robson, J. (1990). The relationship between phoneme discrimination,
speech production, and language comprehension in cerebral-palsied individuals. Journal of
Speech and Hearing Research, 33(2), 210-219.

Bishop, D., Carlyon, R., Deeks, J. & Bishop, S. (1999b). Auditory temporal processing
impairment: Neither necessary or sufficient for causing language impairment in children.
Journal of Speech, Language and Hearing Research, 42, 1295-1310.

Bishop, D. & Clarkson, B. (2003). Written language as a window into residual language deficits:
A study of children with persistent and residual speech and language impairments. Cortex, 39,
215-237.

Bishop, D. & Mogford, K. (1993). Language Development in Exceptional Circumstances. Hove:
Psychology Press.

Bishop, D. & Robson, J. (1989). Accurate non-word spelling despite congenital inability to
speak: phoneme-grapheme conversion does not require subvocal artlculatlon British Journal of
Psychology, 80(1), 1-13.

Blache, S., Parsons, C. & Humphreys, J. (1981). A minimal-word-pair model for teaching the
linguistic significance of distinctive feature properties. Journal of Speech and Hearing
Disorders, 46, 291-296.

Blischak, D. (1994). Phonologic Awareness: Implications for individuals with little or no
functional speech. Augmentative and Alternative Communication, 10, 245-253.

Bock, J. (1982). Toward a cognitive psychology of syntax: Information contributions to
sentence formulation. Psychological Review, 89, 1-47.

Bornman, J., Alant, E. & Meiring, E. (2001). The use of a digital voice output device to
facilitate language development in a child with developmental apraxia of speech: a case study.
Disabil Rehabil., 20(14), 623-634.

Botting, N. & Conti-Ramsden, G. (2001). Non-word repetition and language development in
children with specific language impairment (SLI). International Journal of Language and
Communication Disorders, 36(4), 421-433.

Bowen, C. & Cupples, L. (1998). A tested phonological therapy in practice. Child language
teaching and therapy, 14 (1), 29-50.

Bowen, C. & Cupples, L. (1999). Parents and Children Together (PACT): a collaborative
approach to phonological therapy. International Journal of Language and Communication
Disorders, 34, 35-55.

Bradford-Heit, A. (1996). Subgroups of children with developmental speech disorder:
identification and remediation. Unpublished thesis, University of Queensland.

517



Bradley, L. & Bryant, P. (1983). Categorising sounds and learmng to read: a causal connection.
Nature, 301, 419-421.

Bridgeman, E. & Snowling, M. (1988). The Perception of Phoneme Sequence: A Comparison of
Dyspraxic and Normal Children. The British Journal of Disorders of Communication, 23(3),
245-252.

Bridges, A. (1991). Acceptability Ratings and Intelligibility Scores of alaryngeal speakers by
three listener groups. The British Journal of Disorders of Communication, 26(3), 325-336.

Briscoe, J., Bishop, D. & Norbury, C. (2001). Phonological Processing, Language and Literacy:
A Comparison of Children with Mild-to-moderate Sensorineural Hearing Loss and those with
specific language impairment. Journal of Child Psychology and Psychiatry, 42(3), 329-340.

Broom, Y. & Doctor, E. (1995a). Developmental Phonological Dyslexia: A case study of the
efficacy of a remediation programme. Cognitive Neuropsychology, 12(7), 725-766.

Broom, Y. & Doctor, E. (1995b). Developmental Surface Dyslexia: A Case Study of the
Efficacy of a Remediation Programme. Cognitive Neuropsychology, 12(1), 69-110.

Bryan, A. & Howard, D. (1992). Frozen phonology thawed: the analysis and remediation of a
developmental disorder of real word phonology. European Journal of Disorders of
Communication, 27, 343-65.

Bryan A. & North C. (1994). Developmental cognitive neuropsychology : a comparison of
two case studies. Child Language Teaching & Therapy 10, 313-327.

Buckley, S. (1995). Improving the expressive language skills of teenagers with Down's
syndrome. Down Syndrome Research and Practice, 3(3), 110-115.

Bunning, K. (2004). Speech and Language Therapy Intervention: Frameworks and Processes.
London: Whurr Publishers.

Butterworth, B. (1992). Disorders of phonological encoding. Cognition, 42, 261-286.

Byng, S. (1995). What is Aphasia Therapy? In C. Code & D. Muller (Eds.), Treatment of
Aphasia: from theory to practice. London: Whurr Publishers.

Byng, S. & Black, M. (1995). What makes a therapy? Some parameters of therapeutic
intervention in aphasia. European Journal of Disorders of Communication, 30, 303-316.

Byng, S., Van der Gaag, A. & Parr, S. (1998). International Initiatives in Outcomes
Measurement: A perspective from the United Kingdom. In C. Frattali (Ed.), Measuring
Outcomes in Speech-language Pathology. New York: Thieme.

Camarata, S. (1998). Connecting Speech and Language: Clinical Applications. In R. Paul (Ed.),
Exploring the Speech-Language Connection (Vol. 8). Baltimore: Brookes Publishing.

Camarata, S. & Leonard, L. (1986). Young children produce object words more accurately than
action words. Journal of Child Language, 13, 51-65.

Campbell, R. & Butterworth, B. (1985). Phonological dyslexia and dysgraphia in'a highly

literate subject: A developmental case with associated deficits of phonemic processing and
awareness. Quarterly Journal of Experimental Psychology, 37, 435-475.

518



Campbell, T. (2002). Child Apraxia of Speech: Clinical symptoms and speech characteristics.
Paper presented at the Proceedings of the 2002 Childhood Apraxia of Speech Research
Symposium, California, USA.

Carlomagno, S. & Parlato, V. (1989). Writing rehabilitation in brain-damaged adult patients: a

cognitive approach. In X. Seron & S. Deloche (Eds.), Cognitive approaches in
neuropsychological rehabilitation. Hillsdale, N.J: Lawrence Erlbaum Associates.

Chapman, R. (2000). Children's Language Learning: An Interactionist Perspective. Journal of
Child Psychology and Psychiatry, 41(1), 33-54.

Charles-Luce, J. & Luce, P. A. (1990). Similarity neighborhoods of words in young children’s
lexicons. Journal of Child Language, 17, 205-215.

Chiat, S. (1983). 'Why Mikey's right and my key's wrong': the significance of stress and word
boundaries in a child's output system. Cognition, 14, 275-300.

Chiat, S. (2000). Understanding Children with Language Problems. Cambridge: Cambridge
University Press.

Chiat, S. (2001). Mapping theories of developmental language impairment: Premises,
predictions and evidence. Language and Cognitive Processes, 16(2/3), 113-142.

Chiat, S. & Hirson, A. (1987). From conceptual intention to utterance: a study of impaired
language output in a child with developmental dysphasia. British Journal of Disorders of
Communication 22: 37-64.

Chiat, S. & Hunt, J. (1993). Connections between phonology and semantics: an exploration of
lexical processing in a language impaired child. Child Language Teaching and Therapy, 9, 200-
13.

Chin, S. & Dinnsen, D. (1992). Consonant clusters in disordered speech: constraints and
correspondence patterns. J Child Lang, 19, 259-285.

Chin, S., Finnegan, K. & Chung, B. (2001). Relationships among types of speech intelligibility
in pediatric users of cochlear implants. Journal of Communication Disorders, 34, 187-205.

Chin, S., Tsai, P. & Gao, S. (2003). Connected speech intelligibility of children with cochlear
implants and children with normal hearing. Am J Speech Lang Pathol, 12, 440-451.

Chomsky, N. (1980). Rules and Representations. Oxford: Blackwell.

Christensen, J. & Dwyer, P. (1990). Improving alaryngeal speech intelligibility. J Commun
Disord, 23(6), 445-451.

Cienkowski, K. & Speaks, C. (2000). Subjective vs. objective intelligibility of sentences in
listeners with hearing loss. J Speech Lang Hear Res, 43(5), 1205-1210.

Clarke-Klein, S. & Hodson, B. (1995). A phonologically-based analysis of misspellings by third
graders with disordered-phonology histories. Journal of Speech and Hearing Research, 38, 839-
849.

Clements, G. & Hume, E. (1995). The internal organisation of speech sounds. In J. Goldsmith
(Ed.), TheHandbook of Phonological Theory (pp. 245-306).

519



Coady, J. & Aslin, R. (2003). Phonological neighbourhoods in the developmg lexicon. Journal
of Child Language, 30, 444-469.

Cohen, J. (1988). Statistical power analysis for the behavioural sciences. Hillsdale, NJ.:
Erlbaum.

Cone, J. & Foster, S. (1993). Dissertations and theses from start to finish. Washington:
American Psychological Association.

Coltheart, M. & Byng, S. (1989). A treatment for surface dyslexia. In X. Seron & G. Deloche
(Eds.), Cognitive approaches in neuropsychological rehabilitation . Hillsdale, N.J: Lawrence
Erlbaum.

Connery, V. (1992). Nuffield Dyspraxia Programme. London: The Nuffield Hearing and
Speech Centre.

Constable, A. (1993). Investigating word-finding difficulties in children. Unpublished MSc
thesis, University College London.

Constable, A. (2001). A psycholinguistic approach to word-finding difficulties. In J. Stackhouse
& B. Wells (Eds.), Children's Speech and Literacy Difficulties II: Identification and
Intervention. London: Whurr Publishers.

Constable, A., Stackhouse, J. & Wells, B. (1994). The case of the missing handcuffs:
Phonological processing and word-finding difficulties in a boy with specific language
impairment. Work in Progress, National Hospitals College of Speech Sciences, 4, 1-27.

Constable, A., Stackhouse, J. & Wells, B. (1997). Developmental word-finding difficulties and
phonological processing: the case of the missing handcuffs. Applied Psycholinguistics, 18, 507-
536.

Corkett, R. (1997). Auditory processing skills in children with severe developmental dysarthria:
Two case studies. BSc (Hons) project. Department of Human Communication Science,
University College London.

Corrin, J. (2001a). From Profile to Programme: Steps 1-2. In J. Stackhouse & B. Wells (Eds.),
Children's Speech and Literacy Difficulties: Identification and intervention. London: Whurr
Publishers.

Corrin, J. (2001b). From Profile to Programme: Steps 3-6. In J. Stackhouse & B. Wells (Eds.),
Children's Speech and Literacy Difficulties: Identification and intervention. London: Whurr
Publishers.

Costello, J. & Onstine, J. (1976). The modification of multiple articulation errors based on
distinctive feature theory. Journal of Speech and Hearing Disorders, 41, 199-215.

Crary, M. & Hunt, T. (1982). Sounds vs Patterns: A case comparison of approaches for
articulation therapy. Australian Journal of Human Communication Disorders, 10(2), 15-22.

Crosbie, S. & Dodd, B. (2001), Training Auditory Discrimination: A single case study. Child
Language Teaching and Therapy, 17(3), 173-194,

Crosbie, S., Dodd, B. & Howard, D. (2002). Spoken word comprehension in children with SLI:
A comparison of three case studies. Child Language Teaching and Therapy, October, 191-212.

520



Crowe Hall, B. (1991). Attitudes of fourth and sixth graders toward peers with mild articulation
disorders. Language, Speech and Hearing Services in Schools, 22,334-340.

Crystal, D. (1987). Towards a 'bucket' theory of language disability: taking account of
interaction between linguistic levels. Clinical Linguistics and Phonetics 1, 7-22.

Dagenais, P. (1995). Electropalatography in the treatment of articulation / phonological
disorders. Journal of Communication Disorders, 28, 302-329.

Damico, J. (1988). The lack of efficacy in language therapy: a case study. Language,Speech and
Hearing Services in Schools, 19, 51-66.

De Bodt, M., Hernandez-Diaz, H. & Van De Heyning, P. (2002). Intelligibility as a linear
combination of dimensions in dysarthric speech. Journal of Communication Disorders, 35, 283-
292,

De Cara, B. & Goswami, U. (2003). Phonological neighbourhood density: effects in a rhyme
awareness task in five-year-old children. J Child Lang, 30(3), 695-710.

de Montfort Supple, M. (1983). Auditory perceptual function in relation to phonological
development. British Journal of Audiology, 17(1), 59-68.

Dean, E., Howell, J., Grieve, R., Donaldson, M. & Reid, J. (1995). Harnessing language
awareness in a communicative context: a group study of the efficacy of metaphon. Proceedings
of the RCSLT Golden Jubilee Conference, York.

Dean, E., Howell, J., Waters, D. & Reid, J. (1995). Metaphon: A metalinguistic approach to the
treatment of phonological disorders in children. Clinical Linguistics and Phonetics, 9, 9-19.

Dent, H. (2001). Electropalatography: A tool for psycholinguistic therapy. In J. Stackhouse & B.
Wells (Eds.), Children's Speech and Literacy Difficulties: Identification and Intervention.
London: Whurr Publishers.

Dinnsen, D., O'Connor, K. & Gierut, J. (2001). The puzzle-puddle-pickle problem and the
Duke-of-York gambit in acquisition. Journal of Linguistics, 37, 503-525.

Dodd, B. (1994). Helping Individuals Become Intelligible, Literate, and Articulate: The Role of
Phonology. Topics in Language Disorders, 14(2), 1-16.

Dodd, B. (Ed.). (1995). Differential diagnosis and treatment of children with speech disorder.
London: Whurr Publishers.

Dodd, B. (1995). A problem-solving approach to clinical managment. In B. Dodd (Ed.),
Differential diagnosis and treatment of children with speech disorder. London: Whurr
Publishers.

Dodd, B. & Bradford, A. (2000). A comparison of three therapy methods for children with
different types of developmental phonological disorder. International Journal of Language and
Communication Disorder, 35, 189-209.

Dodd, B. & Gillon, G. (2001). Re: Phonological awareness therapy and articulatory training
approaches. International Journal of Language and Communication Disorders, 36(2), 265-269.

521



Dodd, B., Gillon, G., Oerlemans, M., Russell, T., Syrmis, M. & Wilson, H. (1995). Phonological
disorder and the acquisition of literacy. In B. Dodd (Ed.), Differential diagnosis and treatment of
children with speech disorder . London: Whurr Pubslishers.

Dodd, B., Hua, Z., Crosbie, S., Holm, A. & Ozanne, A. (2002). Diagnostic Evaluation of
Articulation and Phonology (DEAP): Psychological Corporation.

Dodd, B. & Iacano, T. (1989). Phonological Disorders in Children: changes in phonological
process use during treatment. British Journal of Disorders of Communication, 24,333-351.

Dodd, B., Leahy, J. & Hambley, G. (1989). Phonological disorders in children: underlying
cognitive deficits, British Journal of Developmental Psychology, 7, 55-71.

Dodd, B. & McCormack, P. (1995). A model of speech processing for differential diagnosis of
phonological disorder. In B. Dodd (Ed.), Differential diagnosis and treatment of children with
speech disorder . London: Whurr Publishers.

Dollaghan, C. (1994). Children's phonological neighborhoods: Half empty or half full? Journal
of Child Language, 21, 257-271.

Duggirala, V. & Dodd, B. (1991). 4 psycholinguistic assessment model for disordered
phonology. Paper presented at the Congress of Phonetic Sciences, Aix-en-Provence.

Dunn, L., Dunn, L., Whetton, C. & Burley, J. (1997). British Picture Vocabulary Scale (2nd ed).
Windsor, Berks.: NFER-Nelson.

Easton, C., Sheach, S. & Easton, S. (1997). Teaching vocabulary to children with wordfinding
difficulties using a combined semantic and phonological approach: an efficacy study. Child
Language Teaching and Therapy, 13(2), 125-142.

Ebbels, S. (2000). Psycholinguistic profiling of a hearing-impaired child. Child Language
Teaching and Therapy, 16(1), 3-22.

Edwards, S., Fletcher, P., Garman, M., Hughes, A., Letts, C. & Sinka, I. (1997). The Reynell
Developmental Language Scales III. Windsor: NFER-Nelson.

Edwards, J., Fourakis, M., Beckman, M. & Fox, R. (1999). Characterizing Knowledge Deficits
in Phonological Disorders. Journal of Speech, Language and Hearing Research, 42, 169-186.

Edwards, M. (1983). Selection criteria for developing therapy goals. Journal of Childhood
Communication Disorders, 7, 36-45.

Edwards, M. (1984). Disorders of articulation. New York: Springer-verlag.

Eksteen, E., Rieger, J., Nesbitt, M. & Seikaly, H. (2003). Comparison of voice characteristics
following three different methods of treatment for laryngeal cancer. J Otolaryngol, 32, 250-253.

Elbert, M. (1992). Consideration of error types: A response to Fey's "Articulation and
Phonology: Inextricable constructs in speech pathology." Language Speech and Hearing
Services in Schools, 23, 241-246,

Elbert, M., Dinnsen , D., Swartzlander, P. & Chin, S. (1990). Generalization to conversational
speech. J Speech Hear Disord, 55, 694-699.

522



Elbert, M. & McReynolds, L. (1975). Transfer of /r/ across contexts. Journal of Speech and
Hearing Research, 40, 380-387.

Elbert, M., Powell, T. & Swartzlander, P. (1991). Toward a technology of generalisation: How
many exemplars are sufficient? Journal of Speech and Hearing Research, 34, 81-87.

Ellis, A. & Young, A. (1988). Human Cognitive Neuropsychology. Hove, UK: Erlbaum.
Ellis, A. & Young, A. (2002). Human Cognitive Neuropsychology. Hove: Psychology Press.

Ellis, L. & Fucci, D. (1992). Effects of listeners' experience on two measures of intelligibility.
Percept Mot Skills 74, 1099-1104.

Enderby, P. (1983). Frenchay Dysarthria Assessment. San Diego: College Hill Press.

Enderby, P. & Emerson, J. (1995). Does speech and language therapy work? London: Whurr
Publishers.

Evans, J. (2001). An emergent account of language impairments in children with SLI:
implications for assessment and intervention. Journal of Communication Disorders, 34, 39-54.

Evershed Martin, S. (1991). Input training in phonological disorder: A case discussion. In M.
Yavas (Ed.), Phonological Disorders in Children. London: Routledge.

Farber, J. & Klein, E. (1999). Classroom-based assessment of a collaborative intervention
program with kindergarten and first grade. Language, Speech and Hearing Services in the
Schools, 30, 84-92.

Fazio, B. (1997). Learning a new poem: memory for connected speech and phonological
awareness in low-income children with and without specific language impairment. J Speech
Lang Hear Res., 40, 1285-97.

Ferguson, A. & Elliot, N. (2001). Analysing aphasia treatment sessions. Clinical Linguistics and
Phonetics, 15(3), 229-243.

Ferguson, C. (1978). Learning to pronounce: the earliest stages of phonological development in
the child. In F. Minifie & L. Lloyd (Eds.), Communicative and cognitive abilities - early
behavioural assessment (pp. 273-297). Baltimore, MD: University Park Press.

Ferguson, C. & Farwell, C. (1975). Words and sounds in early language acquisition. Language,
51,419-439,

Fey, M. (1988). Generalisation issues facing language interventionists: an introduction.
Language Speech and Hearing Services in Schools, 19, 272-281.

Fey, M., Cleave, P., Long, S. & Hughes, D. (1993). Two approaches to the facilitation of
grammar in children with language impairment: an experimental evaluation. Journal of Speech
and Hearing Research, 36, 141-157.

Fey, M., Cleave, P., Ravida, A., Long, S., Dejmal, A. & Easton, D. (1994). Effects of Grammar

Facilitation on the Phonological Performance of Children with Speech and Language
Impairments. Journal of Speech and Hearing Research, 37, 594-607.

523



Fletcher, J., Foorman, B., Francis, D.J. & Schatschneider, C. (1997). Prevention of reading
failure. Insight, 22-23. '

Flipsen, P. (1995). Speaker-Listener Familiarity: Parents as judges of delayed speech
intelligibility. Journal of Communication Disorders, 28, 3-19.

Flipsen, P. (2002). Chapter 9: Phonemic Therapy, http://web.utk.edu/~pflipsen/435.html.
Flipsen, P. (2003). Generalisation. : web.utk.edu/~pflipsen/555-Generalization-1.pdf.
Fodor, J. (1982). The Modularity of Mind. Cambridge, Massachusetts: MIT Press.

Foorman, B., Francis, D., Novy, D. & Liberman, D. (1991). How letter-sound instruction
mediates progress in first grade reading and spelling. Journal of Educational Psychology, 84(4),
456-469.

Forrest, K. (2002). Treatment of Phonological / Articulatory Disorders. Seminars in Speech and
Language, 23(1), 15-25.

Forrest, K., Elbert, M. & Dinnsen, D. (2000). The Effect of substitution patterns on phonological
treatment outcomes. Clinical Linguistics and Phonetics, 14(7), 519-531.

Fox, A., Dodd, B. & Howard, D. (2002). Risk factors for speech disorders in children.
International Journal of Language and Communication Disorders, 37(2), 117-133.

Frattali, C. (1998). Outcomes Measurement: Definitions, Dimensions and Perspectives. In C.
Frattali (Ed.), Measuring Outcomes in Speech-Language Pathology. New York: Thieme.

Frederikson, N., Frith, U. & Reason, R. (1997). Phonological Assessment Battery. Windsor:
NFER-Nelson.,

Freed, D., Marshall, R. & Frazier, K. (1997). Long-Term effectiveness of PROMPT treatment in
a severely apractic-aphasic speaker. Aphasiology, 11(4/5), 365-372.

Frith, U. (1985). Beneath the surface of developmental dyslexia. In K. Patterson, J. Marshall &
M. Coltheart (Eds.), Surface Dyslexia. London: Routledge and Keagan Paul.

Fujimoto, P., Madison, C. & Larrigan, L. (1991). The effects of a tracheostoma valve on the
intelligibility and quality of tracheoesophageal speech. Journal of Speech, Language and
Hearing Research, 34(1), 33-36.

Furia, C., Kowalski, L., Latorre, M., Angelis, E., Martins, N., Barros, A. & Ribeiro, K. (2001).
Speech intelligibility after glossectomy and speech rehabilitation. Arch Otolaryngol Head Neck
Surg, 127(7), 877-883.

Gallagher, A. (1998). Treatment research in speech, language and swallowing: lessons from
child language disorders. Folia Phoniatrica et Logopaedica, 50, 165-182.

Garcia, J. & Dagenais, P. (1998). Dysarthric sentence intelligibility: contribution of iconic
gestures and message predictiveness, 4/(6), 1282-1293.

Garrett, M. (1980). Levels of speech processing in sentence production. In B. Butterworth (Ed.),
Language Production Vol. 1: Speech and Talk. London: Academic press.

524



Garrett, M. (1988). Processes in language production. In F. Newmeyer (Ed.), Linguistics: The
Cambridge Survey, Vol. 3. Cambridge: Cambridge University Press.

Gathercole, S. (1995). Is non-word repetition a test of phonological working memory or long-
term knowledge? It all depends on the nonwords. Memory and Cognition, 23, 83-94.

Gathercole, S. & Baddeley, A. (1990). Phonological memory deficits in language disordered
children: Is there a causal connection? Journal of Memory and Language, 29, 336-360.

Gibbon, F., McNeill, A., Wood, S. & Watson, J. (2003). Changes in linguapalatal contact
patterns during therapy for velar fronting in a 10-year-old with Down's syndrome. International
Journal of Language and Communication Disorders, 38(1), 47-64.

Gierut, J. (1989). Maximal opposition approach to phonological treatment. Journal of Speech
and Hearing Disorders, 54, 9-19.

Gierut, J. (1990). Differential learning of phonological oppositions. Journal of Speech and
Hearing Research, 33, 540-549.

Gierut, J. (1991). Homonymy in phonological change. Clinical Linguistics and Phonetics, 5,
119-137.

Gierut, J. (1992). The conditions and course of clinically' induced phonological change. J Speech
Hear Res., Oct;35(5), 1049-63.

Gierut, J. (1998a). Production, conceptualisation and change in distinctive featural categories.
Journal of Child Language, 25, 321-341, :

Gierut, J. (1998b). Treatment Efficacy: functional phonological disorders in children. Journal of
Speech and Hearing Research, 41, S85-100.

Gierut, J. (1999). Syllable onsets: clusters and adjuncts in acquisition. Journal of Speech,
Language and Hearing Research, 42(3), 708-726.

Gierut, J. & Champion, A. (1999). Interacting error patterns and their resistance to treatment.
Clinical Linguistics and Phonetics, 13(6), 421-431.

Gierut, J. & Dinnsen, D. (1987). On Predicting Ease of Phonological Learning. Applied
Linguistics, 8(3), 241-263.

Gierut, J., Elbert, M. & Dinnsen, D. (1987). A functional analysis of phonological knowledge
and generalisation learning in misarticulating children. Journal of Speech and Hearing
Research, 30, 462-479.

Gierut, J., Morrisette, M., Hughes, M. & Rowland, S. (1996). Phonological treatment efficacy
and developmental norms. Language, Speech and Hearing Services in Schools, 27(3), 215-230.

Gierut, J. & Neumann, H. (1992). Teaching and learning /th/: a nonconfound. Clinical
Linguistics and Phonetics, 6, 191-200.

Gierut, J. & O'Connor, K. (2002). Precursors to onset clusters in acquisition. Journal of Child
Language, 29, 495-517.

Gillberg, C. (2003). Deficits in attention, motor control, and perception: a brief review. Archives
of Disease in Childhood, 88, 904-910.

525



Gillon, G. (2000). The Efficacy of Phonological Awareness Intervention for Children with
Spoken Language Impairment. Language, Speech, and Hearing Services in Schools, 31, 126-41.

Gillon, G. (2002). Follow-up study investigating the benefits of phonological awareness
intervention for children with spoken language impairment. International Journal of Language
& Communication Disorders, 37(4), 381-400.

Gillon, G. & Dodd, B. (1995). The effects of training phonological, semantic, and syntactic
processing skills in spoken language on reading ability. Language, Speech and Hearing Services
in Schools, 26, 58-68.

Gillon, G. & Dodd, B. (1997). Enhancing the phonological processing skills of children with
specific reading disability. European Journal of Disorders of Communication,32, 67-90.

Gleitman, L. & Wanner, E. (1982). Language acquisition: The state of the state of the art. In E.
Wanner & L. Gleitman (Eds.), Language Acquisition: The state of the art (pp. 3-48).
Cambridge: Cambridge University Press.

Glogowska, M. (2001). RCTs: Myths, misconceptions and mastery. RCSLT Bulletin, March, 6-
7.

Glogowska, M., Campbell, R., Peters, T., Roulstone, S. & Enderby, P. (2002). A multimethod
approach to the evaluation of community preschool speech and language therapy provision.
Child: Care, Health and Development, 28(6), 513-521.

Glogowska, M., Roulstone, S., Enderby, P. & Peters, T. (2000). Randomised controlled trial of
community based speech and language therapy in preschool children. British Medical Journal,
321(7266), 923.

Goldman, Fristoe & Woodcock (1972). Goldman Fristoe Woodcock Tests of Articulation:
American Guidance Service.

Goldstein, H. & Gierut, J. (1998). Outcomes Measurement in Child Language and Phonological
Disorders. In M. Frattali (Ed.), Measuring Outcomes in Speech-Language Pathology. New
York: Thieme.

Golper, L. (2001). Evidence-Based Practice Guidelines for the Management of Communication
Disorders in Neurologically Impaired Individuals: Project Introduction. The Academy of
Neurologic Communication Disorders and Sciences’ ad hoc Practice Guidelines Coordinating
Committee.

Gordon, P. & Luper, H. (1989). The effects of syntactic complexity on the occurrence of
dysfluencies in five-year-old nonstutterers. Journal of Fluency Disorders, 14, 429-445.

Gordon-Brannan, M. & Hodson, B. (2000). Intelligibility/Severity Measurements of
Prekindergarten Children’s Speech. American Journal of Speech-Language Pathology, 9, 141-
150.

Gray, B. & Fygetakis, L. (1968). Mediated language acquisition for dysphasic children.
Behavioral Research and Therapy, 6, 263-280.

Gray, C. (1994). The New Social Story Book: Arlington: Future Horizons.

526



Griffiths, M. (2002). Unpublished Cluster Spelling Test. Unlver51ty of Sheffield.: Department of
Human Communication Sciences.

Grigorenko, E., Klin, A., Pauls, D., Senft, R., Hooper, C. & Volkmar, F. (2002). A Descriptive
Study of Hyperlexia in a Clinically Referred Sample of Children with Developmental Delays.
Journal of Autism and Developmental Disorders, 32(1), 3-12.

Gruber, F. (1999). Probability estimates and paths to consonant normalization in children with
speech delay. J Speech Lang Hear Res, 42, 448-459.

Grundy, K. (1989). Linguistics in Clinical Practice. London: Taylor & Francis Ltd.

Grundy, K. (1995). Clinical Forum: Metaphon - Unique and Effective? Clinical Linguistics and
Phonetics, 9, 20-24.

Grunwell, P. (1981). The Nature of Phonological Disability in Children. London: Academic
Press.

Grunwell, P. (1985). PACS - Phonological Assessment of Child Speech. Windsor: NFER-
Nelson.

Grunwell, P. (1987). Clinical Phonology (second edition). London: Croom Helm.
Grunwell, P. (1990). Developmental Speech Disorders. London: Churchill Livingstone.

Grunwell, P. (1992). Principled decision making in the remediation of children with
developmental phonological disorders. In P. Fletcher & D. Hall (Eds.), Specific speech and
language disorders in children. London: Whurr.

Guenther, F., Hampson, M. & Johnson, D. (1998). A theoretical investigation of reference
frames for the planning of speech movements. Psychological Review, 105, 611-633.

Gupta, P. & MacWhinney, B. (1997). Vocabulary Acquisition and Verbal Short-term Memory:
Computational and Neural Bases. Brain and Language, 59, 267-333.

Hagstrom, F. (2001). Using and building theory in clinical action. Journal of Commumcatton
Disorders, 34, 371-384.

Hall, P., Jordan, L. & Robin, D. (1993). Developmental Apraxia of Speech: Theory and Clinical
Practice. Austin, TX: Pro-Ed.

Hammen, V., Yorkston, K. & Minifie, F. (1994). Effects of temporal alterations on speech
intelligibility in parkinsonian dysarthria. J Speech Hear Res, 37(2), 244-253.

Hargus, S. & Gordon-Salant, S. (1995). Accuracy of speech intelligibility index predictions for
noise-masked young listeners with normal hearing and for elderly listeners with hearing
impairment. J Speech Hear Res, 38(1), 234-243.

Harley, T. (2001). The Psychology of Language. Hove: Psychology Press.

Hatcher, P. (1994). Sound Linkage: An Integrated Programme for Overcoming Reading
Difficulties. London: Whurr Publishers.

527



Hatcher, P., Hulme, C. & Ellis, A. (1994). Ameliorating early reading failure by integrating the
teaching of reading and phonological skills: The phonological linkage hypothesis. Child
Development, 65, 41-57.

Hayden, D. & Square, P. (1994). Motor Speech Treatment Hlerarchy a systems approach.
Clinics in Communication Disorders, 4(3), 162-174,

Hechtman, L. & Weiss, G. (1986), Controlled prospective fifteen year follow-up of hyperactive
children as adults: non-medical drug and alcohol use and anti-social behaviour. Canadian
Journal of Psychiatry, 31(6):557-567.

Hedge, M. (1985). Treatment procedures in communicative disorders. London: Taylor and
Francis.

Helfrich-Miller, K. (1994). A clinical perspective: melodic intonation therapy for developmental
apraxia. Clin Commun Disord., 4(3), 175-182.

Herrero, M. & Hechtman, L. (1994). Antisocial disorders in hyperactive subjects from
childhood to adulthood: Predictive factors and characterization of subgroups. American Journal
of Orthopsychiatry, 65(4), 510-521.

Hesketh, A., Adams, C. & Hall, R. (2000). Phonological awareness therapy and articulatory
training approaches for children with phonological disorders: a comparative outcome study.
International Journal of Language and Communication Disorders, 35(3), 337-354.

Hewlett, N. (1990). Processes of development and production. In P. Grunwell (Ed.),
Developmental Speech Disorders. Edinburgh: Churchill Livingstone.

Hillis, A., Rapp, B., Romani, C. & Caramazza, A. (1990). Selective impairments of semantics
lexical processing. Cognitive Neuropsychology, 7(3), 191-243.

Hirsch-Pasek, K. & Golinkoff, R. (1996). The origins of grammar: Evidence from early
language comprehension. Cambridge, MA: MIT Press.

Hodson, B. & Paden, E. (1991). Targeting Intelligible Speech: A phonological approach to
remediation. San Diego, CA: College-Hill Press.

Hoffman, P., Norris, J. & Monjure, J. (1990). Comparison of process targeting and whole
language treatments for phonologically delayed pre-school children. Language, Speech and
Hearing Services in Schools, 21, 102-109.

Holm, A. & Dodd, B. (1999). An intervention case study of a bilingual child with phonological
disorder. Child Language Teaching and Therapy, 15(2), 139-158.

Horton, S. & Byng, S. (2000). Examining interaction in language therapy. International Journal
of Language and Communication Disorders, 35(3), 355-375.

Howard, D. (1986). Beyond randomised controlled trials: the case for effective case studies of
the effects of treatment in aphasia. British Journal of Disorders of Communication, 21, 89-102.

Howard, D. & Hatfield, F. (1987). Aphasia Therapy: Historical and contemporary issues.
London: Erlbaum.

528



Howell, J. & Dean, E. (1994). Treating phonological disorders in chzldren Metaphon - Theory
to Practise. London: Whurr Publishers.

Hughes, S. & Ramsay, N. (1999). Bigmouth - Phonology Pack. Northumberland: STASS
Publications.

Hulme, C. & Snowling, M. (1992). Phonological deficits in dyslexia: A 'sound' reappraisal of
the verbal deficit hypothesis. In N. Singh & 1. Beale (Eds.), Current perspectives in learning
disabilities (pp. 270-301). New York: Springer-Verlag.

Hunter, L., Pring, T. & Martin, S. (1991). The use of strategies to increase speech intelligibility
in cerebral palsy: an experimental evaluation. British Journal of Disorders of Communication,
26(2), 163-174.

Hustad, K. & Beukelman, D. (2001). Effects of linguistic cues and stimulus cohesion on
intelligibility of severely dysarthric speech. Journal of Speech,Language and Hearing Research,
44(3), 497-510.

Hustad, K., Jones, T. & Dailey, S. (2003). Implementing speech supplementation strategies:
effects on intelligibility and speech rate of individuals with chronic severe dysarthria. J Speech
Lang Hear Res, 9, 462-474.

Ingham, R., Kilgo, M., Ingham, J., Moglia, R., Belknap, H. & Sanchez, T. (2001). Evaluation of
a stuttering treatment based on reduction of short phonation intervals. J Speech Lang Hear Res,
44, 1229-44.

Ingram, D. (1974). Phonological rules in young children. Journal of Child Language, 1,49-64.
Ingram, D. (1976). Phonological disability in children. New York: Elsevier.

Ingram, D. & Ingram, K. (2001). A whole-word approach to phonological analysis and
intervention. Language, Speech and Hearing Services in Schools, 32, 271-283.

Jacoby, G., Lee, L., Kummer, A., Levin, L. & Creaghead, N. (2002). The number of individual
treatment units necessary to facilitate functional communication improvements in the speech
and language of young children. American Journal of Speech-Language Pathology, 11, 370-
380.

Jamieson, D. & Rvachew, S. (1992). Remediation of speech production errors with sound
identification training. Journal of Speech-language Pathology and Audiology, 16, 519-521.

Joffe, B., Penn, C. & Doyle, J. (1996). The persisting communication difficulties of ‘remediated'
language-impaired children. European Journal of Disorders of Communication, 31(4), 369-386.

Joffe, B. & Serry, T. (2004). The evidence base for the treatment of articulation and
phonological disorders in children. In S. Reilly, J. Douglas & J. Oates (Eds.), Evidence-based
practice in speech pathology (pp. 259-287). London: Whurr Publishers.

Joffe, B. & Reilly, S. (2004). The evidence base for the treatment of motor-speech disorders in
children. In S. Reilly, J. Douglas & J. Oates (Eds.), Evidence-based practice in speech
pathology (pp. 259-287). London: Whurr Publishers

Johnson, H. & Hood, S. (1988). Teaching chaining to unintelligible children: How to deal with
open syllables. Language, Speech and Hearing Services in Schools, 19, 211-220.

529



Jusczyk, P. (1986). Toward a model of speech perception. In J. Perkell (Ed.), Invariance and
variability in speech processes . New lersey: Lawrence Erlbaum.

Karmiloff-Smith, A. (1998). Development itself is the key to understanding developmental
disorders. Trends in Cognitive Sciences, 2(10), 389-398.

Keatley, A. & Wirz, S. (1994). Is 20 years too long?: improving intelligibility in long-standing
dysarthria--a single case treatment study. European Journal of Disorders of Communication,,
29(2), 183-201.

Kempler, D. & Van Lancker, D. (2002). Effect of speech task on intelligibility in dysarthria: a
case study of Parkinson's disease. Brain Lang, 80(3), 449-464.

Kent, R. (1982). Contextual facilitation of correct sound production. Language Speech and
Hearing Services in Schools, 13, 66-76.

Kent, R.(Ed.). (1992). Intelligibility in Speech Disorders: Theory, measurement and
management. Amsterdam: John Benjamins.

Kent, J., Kent, R., Rosenbek, J., Weismer, G., Martin, R., Sufit, R. & Brooks, B. Quantitative
description of the dysarthria in women with amyotrophic lateral sclerosis, Journal of Speech and
Hearing Research, 35, 723-733.

Kent, R., Kent, J., Duffy, J., Thomas, J., Weismer, G. & Stuntebeck, S. (2000). Ataxic
Dysarthria. Speech, Language and Hearing Research, 43, 1275-1289.

- Kent, R., Miolo, G. & Bloedel, S. (1994). The intelligibility of children's spéech: A review of
evaluation procedures. American Journal of Speech-Language Pathology, 3(2), 81-95.

Kent, R., Weismer, G., Kent, J. & Rosenbek, J. (1989). Toward explanatory intelligibility testing
in dysarthria. Journal of Speech and Hearing Disorders, 54, 482-499.

Kiparsky, P. & Menn, L. (1977). On the acquisition of phonology. In J. Macnamara (Ed.),
Language Learning and Thought. New York: Academic Press.

Koegel, R., Camarata, S., Koegel, L., Ben-Tall, A. & Smith, A. (1998). Increasing speech
1nte111g1b111ty in children with autism. J Autism Dev Disord., 28(3), 241-251.

Konst, E., Weersink-Braks, H., Rietveld, T. & Peters, H. (2000). An intelligibility assessment of
toddlers with cleft lip and palate who received and did not receive presurgical infant orthopedic
treatment. J Commun Disord., 33(6), 483-499.

Kumin, L. (1994). Intelligibility of speech in children with Down syndrome in natural settings:
parents' perspective. Percept Mot Skills, 78(1), 307-313.

Kvam, M. & Bredal, U. (2000). Do we understand the speech of deaf adolescents? An
evaluation and comparison of intelligibility in two similar research projects from 1979 and 1995.
Logoped Phoniatr Vocol., 25(2), 87-92.

Kwiatkowski, J. & Shriberg, L. (1992). Intelligibility assessment in developmental phonological
disorders: accuracy of caregiver gloss. Journal of Speech and Hearing Research, 35(5), 1095-
1104.

Lahey, M. (1988). Language disorders and language development. New York: Macmillan.

530



Lance, D., Swanson, L. & Peterson, H. (1997). A validity study of an implicit phonological
awareness paradigm. Journal of Speech, Language and Hearing Research, 40, 1002-1010.

Law, J. (1995). Efficacy of speech and language therapy with children. Proceedings of the
RCSLT Golden Jubilee Conference, York.

Law, J., Boyle, J., Harris, F., Harkness, A. & Nye, C. (1998). Screening for speech and language
delay: a systematic review of the literature. Int J Lang Commun Disord., 33 Suppl., 21-3.

Law, J. & Conti-Ramsden, G. (2000). Treating children with speech and language impairments.
British Medical Journal, 321, 908-909.

Law, J. & Garret, Z. (2003). Does Speech and Language Intervention for Children with Speech
and Language Delay / Disorder work? (Briefing Paper). Nuffield Foundation.

Law, J., Lindsay, G., Peacey, N., Gascoigne, M., Soloff, N., Radford, J. & Band, S. (2002).
Consultation as a model for providing speech and language therapy in schools: a panacea or one
step too far? Child Language Teaching and Therapy, 18(2), 145-163.

Le May, M. & Green, C. (1998). What is the outcome of the outcomes? Evaluation of the
therapy outcome measures. International Journal of Language and Communication Disorders,
33(Supplement), 75-77.

Le Normand, M., Vaivre-Douret, L., Payan, C. & Cohen, H. (2000). Neuromotor Development
and Language Processing in Developmental Dyspraxia: A Follow-Up Case Study. Journal of
Clinical and Experimental Neuropsychology, 22(3), 408-417,

Leahy, M. (1995). Philosophy in Intefvention. In M. Leahy (Ed.), Disorders of Communication -
The Science of Intervention. London: Whurr Publishers.

Lees, J. & Urwin, S. (1997). Children with Language Disorders. (2™ edition). London: Whurr
Publishers.

Leonard, L., Schwartz, R., Terrell, B., Prelock, P., Rowan, L., Chapman, K., Weis, A. &
Messick, C. (1982). Early lexical acquisition in chlldren with specific language lmpalrment
Journal of Speech and Hearing Research, 25, 554-559.

Letts, C. (1995). Speech and language therapy in a community clinic: report of an efficacy
study. Proceedings of the RCSLT Golden Jubilee Conference, York.

Levelt, W. (1989). Speaking: From Intention to Articulation. Cambridge, MA: MIT Press.
Levelt, W. (1999). Models of Word Production. Trends in Cognitive Sciences, 3(6), 223-232.

Lewis, B. (1992). Pedigree analysis of children with phonology dlsorders Journal of Learning
Disabilities, 25, 586-597.

Lewis, B., Freebairn, L. & Taylor, G. (2002). Correlates of spelling abilities in children with
early speech sound disorders. Reading and Writing, 15, 389-407.

Lightbown, P. & Spada, N. (1999). How languages are learned. Oxford: Oxford University
Press.

531



Lindblom, B. (1992). Phonological units as adaptive emergents of lexical development. In C.
Ferguson, L. Menn & C. Stoel-Gammon (Eds.), Phonological development: Models, Research,
Implications (pp. 131-164). Timonium: York Press.

Liss, J., Spitzer, S., Caviness, J. & Adler, C. (2002). The effects of familiarization on
intelligibility and lexical segmentation in hypokinetic and ataxic dysarthria. Journal of the
Acoustical Society of America, 112(6), 3022-3030.

Locke, J. (1980a). The inference of speech perception in the phonologically disordered child.
Part I: A Rationale, some criteria, the conventional tests. Journal of Speech and Hearing
Disorders, 45, 445-468.

Locke, J. (1980b). The inference of speech perception in the phonologically disordered child.
Part II: Some clinically novel procedures, their use, some findings. Journal of Speech and
Hearing Disorders, 45, 445-468.

Locke, J. (1989). Babbling and early speech: Continuity and individual differences. First
Language, 9, 191-206.

Locke, J. & Goldstein, J. (1971). Children's identification and discrimination of phonemes.
British Journal of Disorders of Communication, 6, 107-112.

Loucas, T. & Marslen-Wilson, W. (2000). An experimenfal and computational exploration of
developmental patterns in lexical access and representation. In M. Perkins & S. Howard (Eds.),
New directions in language development and disorders. New York: Kluwer/Plenum.

Luce, P. & Pisoni, D. (1998). Recognizing spoken words: The Nelghborhood Activation Model.
Ear and Hearing 19,1-38.

Lundberg, 1. (2002). The child's route into reading and what can go wrong. Dyslexia, 8, 1-13.

Lundberg, 1., Frost, J. & Peterson, O. (1988). Effects of an extensive program for stimulating
phonological awareness. Reading Research Quarterly, 23(1), 263-284.

Maassen, B. (2002a). Cognitive neuropsychological approaches in speech motor disorders in
children. Paper presented at the Childhood Apraxia of Speech Research Symposium, California.

Maassen, B. (2002b). Issues contrasting adult acquired versus developmental apraxia of speech.
Seminars in speech and language, 23, 257-266.

Macken, M. (1979). Developmental reorganization of phonology: a hierarchy of base units of
acquisition. Lingua, 49, 11-49,

Macken, M. & Ferguson, C. (1983). Cognitive aspects of phonological development: model,
evidence and issues. In K. Nelson (Ed.), Children's Language (4) . NJ: Lawrence Erlbaum.

Mackenzie, C. (1991). An aphasia group intensive efficacy study: British Journal of Disorders
of Communication, 26(3), 275-291.

MacWhinney, B. (1985). Hungarian language acquisition as an exemplification of a general

model of grammatical development. In D. Slobin (Ed.), The crosslinguistic study of language
acquisition (Vol. 2, ). Hillsdale, N.J.: Erlbaum.

532



Major, E. & Bernhardt, M. (1998). Metaphonological skills of children with phonological
disorders before and after phonological and metaphonological intervention. International
Journal of Language & Communication Disorders, 33(4), 413-444.

Marslen-Wilson, W. & Tyler, L. (1987). Against modularity. In J. Garfield (Ed.), Modularity in
Knowledge Representations and Natural Language Understanding : MIT Press.

Max, L., De Bruyn., W. & Steurs, W. (1997). Intelligibility of oesophageal and tracheo-
oesophageal speech: preliminary observations. European Journal of Disorders of
Communication, 29(2), 183-201.

Maxwell, E. (1984). On determining underlying phonological representations of children: A
Critique of the current theories. In M. Elbert, D. Dinnsen & G. Weismer (Eds.), Phonological
theory and the misarticulating child . Rockville, MD: ASHA.

Maye, J., Werker, J. & Gerken, L. (2002). Infant sensitivity to distributional information can
affect phonetic discrimination. Cognition, 82, 101-111.

McColl, D., Fucci, D., Petrosino, L., Martin, D. & McCaffrey, P. (1998). Listener ratings of the
intelligibility of tracheoesophageal speech in noise. J Commun Disord., 31(4), 279-288.

McCormick, M. (1995). The relationship between the phonological processes in early speech
development and later spelling strategies. In B. Dodd (Ed.), Differential Diagnosis and
Treatment of Children with Speech Disorder. London: Whurr Publishers.

McGregor, K. & Leonard, L. (1989). Facilitating word-finding skills of language-impaired
children. Journal of Speech and Hearing Disorders, 54, 141-147.

McHenry, M. (2003). The effect of pacing strategies on the variability of speech movement
sequences in dysarthria. J Speech Lang Hear Res, 46, 702-710.

McLeod, S., van Doorn, J. & Reed, V. (1997). Realizations of consonant clusters by children
with phonological impairment. Clinical Linguistics and Phonetics, 11(2), 85-113.

McLeod, S., van Doorn, J. & Reed, V. (2001). Normal acquisition of consonant clusters.
American Journal of Speech LanguagePathology, 10, 99-110.

McReynolds, L. & Kearns, K. (1983). Single subject designs in communicative disorders.
Baltimore: University Park Press.

Menn, L. (1976). Evidence for an interactionist discovery theory of child phonology. Papers
and Reports on Language Development, 12, 169-177.

Menn, L. (1983). Development of articulatory, phonetic and phonological capabilities. In B.
Butterworth (Ed.). Language production. London: Academic Press.

Menn, L. & Matthei, E. (1992). The 'two lexicon' account of child phonology: looking back,
looking ahead. In C. Ferguson, L. Menn & C. Stoel-Gammon (Eds.), Phonological
development. models, research, implications. Timonium, MD: York Press.

Merzenich, M., Jenkins, W., Johnston, P., Schreiner, C., Miller, S. & Tallal, P. (1996). Temporal
Processing Deficits of Language-Learning Impaired Children Ameliorated by Training. Science,
271, 77-80.

533



Metsala, J.L. & Walley, A.C. (1998). Spoken vocabulary growth and the segmental restructuring
of lexical representations: Precursors to phonemic awareness and early reading ability. In J.L.
Metsala & L.C. Ehri (Eds.), Word Recognition in Beginning Literacy, (pp. 89-120). Hillsdale,
NJ:Erlbaum.

Millard, S. (1998). The value of single-case research. International Journal of Language and
Communication Disorders, 33(Supplement), 370-373.

Miller, G. & Nicely, P. (1955). An analysis of perceptual confusions among some English
consonants. Journal of the Acoustical Society of America,27, 338-352.

Milloy, N. (1991). Breakdown of speech: causes and remediation. London: Chapman and Hall.

Milloy, N. & Morgan-Barry, R. (1990). Developmental Neurological Disorders. In P. Grunwell
(Ed.), Developmental Speech Disorders (pp. 109-132). Edinburgh: Churchill Livingstone.

Miralles, J. & Cervera, T. (1995). Voice intelligibility in patients who have undergone
laryngectomies. Journal of Speech and Hearing Research, 38(3), 564-571.

Monahan, D. (1986). Remediation of common phonological processes: four case studies.
Language Speech and Hearing Services in Schools, 17, 199-206.

Monsen, R. (1981). A usable test of speech intelligibility of deaf talkers. American Annals of the
deaf, 126, 845-852.

Monsen, R. (1983). The oral-speech intelligibility of hearing impaired talkers. Journal of
Speech and Hearing Disorders, 48, 286-296.

Morgan, R. (1984). Auditory discrimination in speech impaired children and normal children as
related to age. British Journal of Disorders of Communication, 18, 89-96.

Morrison, J. & Shriberg, L. (1992). Articulation testing versus conversational speech sampling.
Journal of Speech and Hearing Research, 35, 259-273.

Muter, V., Hulme, C. & Snowling, M. (1997). Phonological Abilities Test (PAT). London: The
Psychological Corporation.

Nash, P., Stengelhofen, J., Toombs, L., Brown, J. & Kellow, B. (2001). An alternative
management of older children with persisting communication problems. International Journal
of Language and Communication Disorders, 36, 179-184,

Nathan, L. (2001). The development of speech processing skills in children with and without
speech difficulties. Unpublished doctoral thesis, University College London.

Nathan, L. (2002). Functional communication skills of children with speech difficulties:
Performance on Bishop's Children's Communication Checklist. Child Language Teaching and
Therapy, 3, 213-231. ‘

Nathan, L. & Simpson, S. (2001). Designing a Literacy Programme for a Child with a History of
Speech Difficulties. In J. Stackhouse & B. Wells (Eds.), Children's Speech and Literacy
Difficulties: Identification and Intervention, pp.249-298. London: Whurr Publishers.

Nathan, L., Stackhouse, J. & Goulandris, N. (1998). Speech processing abilities in children with

speech vs speech and language difficulties. International Journal of Language and
Communication Disorders, 33, 457-462.

534



Nathan, P., Stuart, S. & Dolan, S. (2000). Research on psychotherapy efficacy and effectiveness:
between Scylla and Charibdis? Psychological Bulletin, 126, 964-981.

Nation, K. (2001). Reading and language in children: Exposing hidden deficits. The
Psychologist, 14(5), 238-242.

Neville, A. (1984). Phonological Therapy: from Ear to Mouth. Bulletin of the College of Speech
Therapists, October.

Newton, C. (1999). Connected speech processes in phonological development: Word Glue and
other Sticky Situations. Doctoral Dissertation, University College London.

Newton, C. & Wells, B. (1999). The development of between-word processes in the connected
speech of children aged between three and seven. In B. Maassen & P. Groenen (Eds.),
Pathologies of Speech and Language. Advances in Clinical Phonetics and Linguistics (pp. 67-
75). London: Whurr Publishers.

Newton, M. & Thompson, M. (1982). Schonell Spelling Test — Subtest of the Revised Aston
Index.. Cambridge: Learning Development Aids.

Nippold, M. (1990). Concomitant speech and language disorders in stuttering children: a
critique of the literature. J Speech Hear Disord. 55(1), 51-60.

Nittrouer, S. & Studdert-Kennedy, M. (1987). The role of co-articulatory effects in the
perception of fricatives by children and adults. Journal of Speech and Hearing Research, 30,
319-329.

Nittrouer, S., Studdert-Kennedy, M. & McGowan, R. (1989). The emergence of phonetic
segments - evidence from the spectral structure of fricative-vowel syllables spoken by children
and adults. Journal of Speech and Hearing Research, 32(1), 120-132.

Norbury, C. F. & Chiat, S. (2000). Semantic intervention to support word recognition: a single-
case study. Child Language Teaching and Therapy, 16, 141-163.

Norris, J. & Hoffman, P. (1993). Whole language intervention for the school-age child. San
Diego: Singular. '

Nye, C., Foster, S. & Seaman, D. (1987). Effectiveness of language intervention with the
language / learning disabled. Journal of Speech and Hearing Disorders, 52, 348-357.

O'Connor, L. & Schery, T. (1986). A comparison of microcomputer-aided and traditional
language therapy for developing communication skills in non-oral toddlers. Journal of Speech
and Hearing Disorders, 51, 356-361.

Ohala, D. (1999). The influence of sonority on children's cluster reductions. Journal of
Communication Disorders, 32, 397-422,

Onslow, M., Packman, A. & Harrison, E. (Eds.), The Lidcombe Program of early stuttering
interventions: A clinicians guide. Austin, TX: Pro-ed.

Osberger, M. (1992). Speech Intelligibility in the hearing impaired: Research and Clinical

Implications. In R. D. Kent (Ed.), Intelligibility in Speech Disorders: Theory, measurement and
management. Amsterdam: John Benjamins.

535



Osberger, M., Robbins, A., Todd, S. & Riley, A. (1994). Speech Intelhglblhty of children with
cochlear 1mplants Volta Review, 96, 169-180.

Ozanne, A. (1995). The search for developmental verbal dyspraxia. In B. Dodd (Ed.),
Differential diagnosis and treatment of children with speech disorders. London: Whurr
Publishers.

Pallant, J. (2001). SPSS Survival Manual: A Step by Step Guide to Data Analysis Using SPSS
for Windows. Open University Press, UK.

Panagos, J. & Bobkoff, K. (1984). Beliefs about developmental apraxia of speech. Australian
Journal of Human Communication Disorders, 12, 93-108.

Panagos, J. & Prelock, P. (1982). Phonological constraints on the sentence productions of
language disordered children. Journal of Speech and Hearing Research, 25, 171-176.

Pascoe, M. & Tuomi, S. (2001). Segmental Phonology and Black South African English
Speakers:Communicative Success with Standard Dialect Listeners. The South African Journal of
Communication Disorders, 47, 99-110.

Pater, J. & Barlow, J. (2003). Constraint conﬂlct in cluster reduction. Journal of Child
Language, 30(3), 487-526.

Patterson, K. (1994). Reading, writing and rehabilitation: a reckoning. In M. Riddoch & G.
Humphreys (Eds.), Cognitive Neuropsychology and Cognitive Rehabzlttatton Hove, UK:
Lawrence Erlbaum. v

Patterson, K. (2002). Reading, writing and rehabilitation: a reckoning. In A. Ellis & A. Young
(Eds.), Human Cognitive Neuropsychology: A textbook with readings. Hove, UK: Psychology
Press.

Patterson, K. E. & Shewell, C. (1987). Speak and spell: dissociations and word-class effects. In
M. Coltheart, R. Job & G. Sartori (Eds.), The Cognitive Neuropsychology of Language .
Hillsdale, N.J.: Erlbaum.

Paul, R. (1998). Communicative development in augmented modalities: Language without
speech. In R. Paul (Ed.), Exploring the Speech-Language Connection (Vol. 8, ). Baltimore:
Brookes Publishing.

Paul, R. & Elwood, T. (1991). Maternal linguistic input to toddlers with slow expressive
language development. Journal of Speech and Hearing Research, 34, 982-988.

Paul, R. & Shriberg, L. (1982). Associations between phonology and syntax in speech delayed
childen. Journal of Speech and Hearing Research, 25, 536-546.

Pebly, M. & Koppenhaver, D. (2001). Emergent and Early Literacy Interventions for Students
with Severe Communication Impairments. Seminars in Speech and Language, 22(3), 221-231.

Pennington, L. & McConachie, H. (200 1\). Interaction between children with cerebral palsy and
their mothers: the effects of speech intelligibility. Int J Lang Commun Disord., 36(3), 371-393.

Persson, C., Lohmander, A., Jonsson, R., Oskarsdottir, S. & Soderpalm, E. (2003). A

prospective cross-sectional study of speech in patients with the 22q11 deletion syndrome.
Journal of Communication Disorders, 36(1), 13-47.

536



Pilon, M., McIntosh, K. & Thaut, M. (1998). Auditory vs visual speech timing cues as external
rate control to enhance verbal intelligibility in mixed spastic-ataxic dysarthric speakers: a pilot
study. Brain Injury, 12(9), 793-803.

Plaut, D. (1996). Relearning after damage in connectionist networks: Toward a theory of
rehabilitation. Brain and Language, 52, 25-82.

Powell, T. & Elbert, M. (1984). Generalisation following the remediation of early- and later-
developing consonant clusters. Journal of Speech and Hearing Disorders, 49(2), 211-218.

Powell, T., Elbert, M. & Dinnsen, D. (1991). Stimulability as a factor in the phonological
generalisation of misarticulating pre-school children. Journal of Speech and Hearing Research,
34,1318-1328.

Powell, T. & Miccio, A. (1996). Stimulability: A useful clinical tool. Journal of Communication
Disorders, 29, 237-253.

Pratt, S., Heintzelman, A. & Deming, S. (1993). The efficacy of using the IBM Speech Viewer
Vowel Accuracy Module to treat young children with hearing impairment. Journal of Speech
and Hearing Research, 36, 1063-1074.

Prosek, R. & Vreeland, L. (2001). The intelligibility of time-domain-edited esophageal speech.
J Speech Lang Hear Res, 44(3), 525-534.

Rapp, B. C. & Caramazza, A. (1991). Lexical deficits. In M. T. Samo (Ed.), Acquzred aphasias
(2nd ed., pp. 181-222). San Diego, CA: Academic Press.

Redford, M.A., MacNeilage, P.F., Davis, B.L. (1997). Production constraints on utterance-final
consonant characteristics in babbling. Phonetica, 54, 172-186.

Rees, R. (2001a). Principles of Psycholinguistic Intervention. In J. Stackhouse & B. Wells
(Eds.), Children's Speech and Literacy Difficulties: Identification and intervention. London:
Whurr Publishers.

Rees, R. (2001b). What do tasks really tap? In J. Stackhouse & B. Wells (Eds.), Children's
Speech and Literacy Difficulties: ldentification and intervention. London: Whurr Publishers.

Rieger, J., Wolfaardt, J., Jha, N. & Seikaly, H. (2003). Maxillary obturators: the relationship
between patient satisfaction and speech outcome. Head Neck, 25(11), 895-903.

Reilly, S. (2004). The move to evidence-based practice in speech pathology. In S. Reilly, J.
Douglas & J. Oates (Eds.), Evidence-based practice in speech pathology (pp. 3-17). London:
Whurr Publishers.

Renfrew, C. (1969). The Bus Story. Bicester, Oxon: Winslow Press.

Renfrew, C. (1989). The Action Picture Test. Oxon: Winslow Press.

Renfrew, C. (1995). Word Finding Vocabulary Test. (4th ed.). Oxon: Winslow Press.

Richardson, K. & Klecan-Aker, J. (2000). Teaching pragmatics to language-learning disabled
children: a treatment outcome study. Child Language Teaching and Therapy,, 16(1), 23-42.

537



Riddell, J., McCauley, R., Mulligan, M. & Tandan, R. (1995). Intelligibility and phonetic
contrast errors in highly intelligible speakers with amyotrophic lateral sclerosis. J Speech Hear
Res, 38(2), 304-314.

Robey, R. & Schultz, M. (1998). A model for conducting clinical-outcome research: An
adaptation of the standard protocol for use in aphasiology. Aphasiology, 12, 787-810.

Rosenthal, J. (1994). Rate control therapy for developmental apraxia of speech. Clin Commun
Disord., 4(3), 190-200.

Rossetti, L. (1993). Enhancing early intervention services to infants/toddlers and their families.
Journal of Children's Communication Development, 15(1).

Roulstone, S. (2001). Consensus and variation between speech and language therapists in the
assessment and selection of preschool children for intervention: a body of knowledge or
idiosyncratic decisions? International Journal of Language and Communication Disorders,
36(3), 329-348.

Rousseau, I., Onslow, M., Packman, A. & Robinson, R. (2001). The Lidcombe program in
Australia. In M. Onslow, A. Packman & E. Harrison (Eds.), The Lidcombe Program of early
Stuttering interventions. A clinicians’ guide. Austin, TX: Pro-ed.

Rowe, C. (1999). Do social stories benefit children with autism in mainstream schools? British
Journal of Special Education, 26(1), 12-14.

Ruscello, D. (1995). Visual feedback in treatment of residual phonological disorders. Journal of
Communication Disorders, 28, 279-302.

Ruscello, D., Cartwright, L., Haines, K. & Shuster, L. (1993). The use of different service
delivery models for children with phonological disorders. Journal of Communication Disorders,
26, 193-203.

Rvachew, S. (1994). Speech perception training can facilitate sound production learning.
Journal of Speech and Hearing Research, 37, 347-357.

Rvachew, S. & Nowak, M. (2001). The effect of target-selection strategy on phonological
learning. Journal of Speech, Language and Hearing Research, 44, 610-623.

Rvachew, S., Rafaat, S. & Martin, M. (1999). Stimulability, speech perception skills and the
treatment of phonological disorders. American Journal of Speech-Language Pathology, 8, 33-
43,

‘Saben, C. & Ingham, J. (1991). The effects of minimal pairs treatment on the speech-sound
production of two children with phonologic disorders. J Speech Hear Res, 34, 1023-1040.

Sackett, D., Richardson, W., Rosenberg, W. & Haynes, R. (1997), Evidence-based Medicine:
How to Practice & Teach EBM. Edinburgh: Churchill Livingstone.

Samar, V. & Metz, D. (1988). Criterion validity of speech intelligibility rating scale procedures
for the hearing impaired population. Journal of Speech and Hearing Research, 31, 307-316.

Sapir, S., Spielman, J., Ramig, L., Hinds, S., Countryman, S., Fox, C. & Story, B. (2003).

Effects of intensive voice treatment (the Lee Silverman Voice Treatment [LSVT]) on ataxic
dysarthria: a case study. Am J Speech Lang Pathol, 12, 387-399.

538



Schery, T. (1985). Correlates of language development in language disordered children. Journal
of Speech and Hearing Disorders, 50, 43-83.

Schery, T. & O'Connor, L. (1997). Language intervention: Computer training for young children
with special needs. British Journal of Educational Technology, 28 (4), 271-279.

Schiavetti, N. (1992). Scaling Procedures for the Measurement of Speech Intelligibility. In R.
Kent (Ed.), Intelligibility in Speech Disorders: Theory, measurement and management.
Amsterdam: John Benjamins.

Scott, C. & Byng, S. (1989). Computer assisted remediation of a homophone comprehension
disorder in surface dyslexia. Aphasiology, 3, 301-320.

Searl, J., Carpenter, M. & Banta, C. (2001). Intelligibility of stops and fricatives in
tracheoesophageal speech. J Commun Disord., 34(4), 305-321.

Seidenberg, M. S. and McClelland, J. L. (1989). A Distributed, Developmental Model of Word
Recognition and Naming. Psychological Review, 96, 523-568

Semel, D., Wiig, E. & Secord, W. (1995). Clinical Evaluation of Language Fundamentals 3
(CELF-3): The Psychological Corporation: UK.

Seron, X. (1997). Effectiveness and specificity in neuropsychological therapies: A cogniﬁve
point of view. Aphasiology, 11, 105-123.

Shallice, T. (1987). Impairments of semantic processing: multiple dissociations. In M. Coltheart,
R. Job & G. Sartori (Eds.), The cognitive neuropsychology of language. London: Lawrence
Erlbaum. ’

Shriberg, L., Aram, D. & Kwiatkowski, J. (1997a). Developmental apraxia of speech: 1.
Descriptive and theoretical perspectives. J Speech Lang Hear Res, 40(2), 273-285.

Shriberg, L., Aram, D. & Kwiatkowski, J. (1997b). Developmental apraxia of speech: II.
Toward a diagnostic marker. J Speech Lang Hear Res, 40(2), 286-312.

Shriberg, L., Austin, D., Lewis, B., McSweeny, J. & Wilson, D. (1997). The Percentage of
Consonants Correct (PCC) Metric: Extensions and Reliability Data. Journal of Speech,
Language and Hearing Research, 40, 708-722.

Shriberg, L., Gruber, F. & Kwiatkowski, J. (1994). Developmental phonological disorders III:
Long-term speech sound normalisation. Journal of Speech and Hearing Research, 37, 1151-
1177.

Shriberg, L. & Kwiatkowski, J. (1980). Natural Process Analysis. New York: Academic Press.

Shriberg, L. & Kwiatkowski, J. (1982). Phonological disorders III: A procedure for assessing
severity of involvement. Journal of Speech and Hearing Disorders, 47, 256-270.

Shriberg, L. & Kwiatkowski, J. (1994). Developmental phonological disorders I: A clinical
profile. Journal of Speech and Hearing Research, 37, 1100-1126.

Shuster, L., Ruscello, D. & Haines, K. (1992). Acoustic patterns of an adolescent with multiple
articulation errors. Journal of Communication Disorders, 25, 162-174.

539



Sinha, U., Young, P., Hurvitz, K. & Crockett, D. (2004). Functional outcomes following palatal
reconstruction with a folded radial forearm free flap. Ear Nose Throat J, 83, 45-8.

Sloane, H. & MacAulay, B. (1968). Operant procedures in remedial speech and language
training. Boston, MA: Houghton Mifflin.

Smit, A. (1993). Phonologic error distributions in the [owa-Nebraska articulation norms project:
word initial consonant clusters. Journal of Speech and Hearing Research, 36, 931-947.

Smit, A., Hand, L., Frelinger, J., Bernthal, J. & Bird, A. (1990). The Iowa articulation norms
project and its Nebraska replication. Journal of Speech and Hearing Disorders, 553, 779-798.

Smith, J., Downs, M. & Mogford-Bevan, K. (1998). Can phonological awareness training
facilitate minimal pair therapy? Int J Lang Commun Disord,, 33 Suppl., 463-8.

Smith, L.E. & Nelson, C.L. (1985). International intelligibility of English. World Englishes 4,
333-342.

Smith, N. (1978). Lexical representation and the acquisition of phonology. Studies in the
linguistic sciences, 8, 259-273.

Snowling, M. (2000). Language and Literacy Skills: Who is at risk and why? In D. V. M.
Bishop & L. Leonard (Eds.), Speech and Language Impairments in Children: Causes,
Characteristics, Intervention and Outcome. Hove: Psychology Press.

Snowling, M., Bishop, D. & Stothard, S. (2000). Is Preschool Language Impairment a Risk
Factor for Dyslexia in Adolescence? Journal of Child Psychology and Psychiatry, 41(5), 587-
600.

Snowling, M. & Stackhouse, J. (Eds.). (1996). Dyslexia Speech and Language - A Practitioner's
Handbook. London: Whurr Publishers.

Snowling, M., Stackhouse, J. & Rack, J. (1986). Phonological dyslexia and dysgraphia: A
developmental analysis. Cognitive Neuropsychology, 3, 309-339.

Sommers, R., Logsdon, B. & Wright, J. (1992). A review and critical analysis of treatment.
research related to articulation and phonological disorders. Journal of Communication
Disorders, 25, 3-22.

Sommers, R., Cockerille, C., Paul, C., Bowser, D., Fichter, G., Fenton, A. & Copetas, F. (1961).
Effects of speech therapy and speech improvement on articulation and reading. Journal of
Speech and Hearing Disorders, 26, 27-37.

Sparks, R. (2001). Phonemic awareness and reading skill in hyperlexic children: A longitudinal
study. Reading and Writing: An Interdisciplinary Journal, 14, 333-360.

Spencer, A. (1988). A phonological theory of phonological development. In M. Ball (Ed.),
Theoretical linguistics and disordered language. London: Croom-Helm.

Spooner, L. (2002). Addressing expressive language disorder in children who also have severe

receptive language disorder: A psycholinguistic approach. Child Language Teaching and
Therapy, October, 289-313.

540



St Louis, K., Ruscello, D. & Lundeen, C. (1992). Coexistence of communication disorders in
school children. ASHA monographs No. 27. Maryland: American Speech Language Hearing
Association,

Stackhouse, J. (1982). An Investigation of Reading and Spelling Performance in Speech
Disordered Children. British Journal of Disorders of Communication, 17(2), 53-60.

Stackhouse, J. (1992). Developmental Verbal Dyspraxia I: A review and critique. European
Journal of Disorders of Communication, 27(1), 19-34.

Stackhouse, J. (1996). Speech, Spelling and Reading: Who is at Risk and Why? In M. Snowling
& J. Stackhouse (Eds.), Dyslexia Speech and Language - A Practitioner's Handbook. London:
Whurr.

Stackhouse, J. (2001). Identifying Children at Risk for Literacy Problems. In J. Stackhouse & B.
Wells (Eds.), Children's Speech and Literacy Difficulties: Identification and Intervention.
London: Whurr Publishers.

Stackhouse, J., Nathan, L., Goulandris, N. & Snowling, M. (2002). The relationship between
speech disorders and literacy problems: Identification of the at risk child. Report on a 4 year
longitudinal study. . The Department of Human Communication Sciences, University of
Sheffield.

Stackhouse, J. & Snowling, M. (1992). Developmental Verbal Dyspraxia II: A developmental
perspective on two case studies. European Journal of Disorders of Commumcatzon 27(1), 35-
54,

Stackhouse, J. & Wells, B. (1991). Dyslexia: the obvious and hidden speech and language
disorder. In M. Snowling & M. Thomson (Eds.), Dyslexia: Integrating theory and practice .
London: Whurr Publishers.

Stackhouse, J. & Wells, B. (1993). Psycholinguistic assessment of developmental speech
disorders. European Journal of Disorders of Communication, 28, 331-348.

Stackhouse, J. & Wells, B. (1997). Children's Speech and Literacy Difficulties I: A
Psycholinguistic Framework . London: Whurr Publishers.

Stackhouse, J. & Wells, B. (2001). Children's Speech and Literacy DifficultieslI: Identification
and Intervention. London: Whurr Publishers.

Stackhouse, J., Wells, B., Pascoe, M. & Rees, R. (2002). From Phonological Therapy to
Phonological Awareness. Seminars in Speech and Language, 23(1), 27-42.

Stahl, S. (1999). Different strokes for different folks? A critique of learning styles. American
Educator, 23(3), 27-31.

Stanovich, K. (1986). Cognitive processes and the reading problems of learning disabled
children: Evaluating the assumption of specificity. In J. Torgeson & B. Wong (Eds.),
Psychological and educational perspectives on learning disabilities (pp. 87-131). San Diego:
Academic Press.

Stiegler, L. & Hoffman, P. (2001). Discourse-based intervention for word-finding in children.
Journal of Communication Disorders, 34(4), 277-304.

541



Stoel-Gammon, C. (2001). Down syndrome phonology: developmental patterns and intervention
strategies. Downs Syndr Res Pract, 7, 93-100.

Stojanovik, V., Perkins, M. & Howard, S. (2001). Language and conversational abilities in
Williams Syndrome. How good is good? International Journal of Language and
Communication Disorders, 36, 234-239.

Storkel, H. (2002). Restructuring of similarity neighbourhoods in the developing mental lexicon.
Journal of Child Language, 29, 251-274.

Stothard, S., Snowling, M., Bishop, D., Chipchase, B. & Kaplan, C. (1998). Language-impaired
preschoolers: A follow-up into adolescence. Journal of Speech, Language, and Hearing
Research, 41, 407-418.

Stothard, S., Snowling, M. & Hulme, C. (1996). Deficits in phonology but not dyslexic?
Cognitive Neuropsychology, 13, 641-672.

Tallal, P. (2000). Experimental studies of language learning impairments: From research to
remediation. In D. Bishop & L. Leonard (Eds.), Speech and language impairments in children:
Causes, characteristics, intervention and outcome. Hove: Psychology Press.

Tallal, P., Miller, S., Bedi, G., Byma, G., Wang., Srikantan, S., Schreiner, C., Jenkins, W. &
Merzenich, M. (1996). Language comprehension in language impaired children improved with
acoustically modified speech. Science, 271, 81-84.

Tallal, P., Miller, S. & Fitch, R. (1993). Neurobiological basis of speech: A case for the pre-
eminence of temporal processing. In P. Tallal, A. Galaburda, R. Llinas & C. v Euler (Eds.),
Annals of the New York Academy of Sciences: Temporal information processing in the nervous
system. New York: New York Academy of Sciences.

Tan, A. & Nicholson, T. (1997). Flashcards Revisited: Training Poor Readers to Read Words
Faster Improves their Comprehension of Text, 89(2), 276-288.

Tannock, R. & Girolametto, L. (1992). Reassessing parent-focused language intervention
programmes. In S. Warren & J. Reichle (Eds.), Causes and effects in communication and in
normal and language impaired children. Baltimore: Paul Brookes. :

Temple, C. (1997). Developmental Cognitive Neuropsychology. Hove: Psychology Press.

Temple, C., Jeeves, M. & Vilarroya, O. (1990). Reading in callosal agenesis. Brain and
Language, 39, 235-253.

Temple, E., Poldrack, R., Salidis, J., Deutsch, G., Tallal, P. & Merzenich, G. (2001). Disrupted
neural responses to phonological and orthographic processing in dyslexic children: an fMRI
study. Neuroreport, 12(2), 299-307.

Thelen, E. & Smith, L. (1994). A Dynamic systems approach to the development of cognition
and action. Cambridge, MA: MIT Press.

Thompson, C., Ballard, K. & Shapiro, L. (1998). The role of syntactic complexity in training
Wh-movement structures in agrammatic aphasia: optimal order for promoting generalization.
Journal of the International Neuropsychological Society, 4, 661-674. :

Tikofsky, R. (1970). A revised list for the estimation of dysarthric single word intelligibility.
Journal of Speech and Hearing Research, 13, 59-71.

542



Tomblin, J., Records, N., Buckwalter, P., Zhang, X., Smith, E. & O’Brian, M. (1997). The
prevalence of specific language impairment in kindergarten children. Journal of Speech
Language Hearing Research, 40, 1245-1260.

Townend, J. (2002). Principles of assessment. Dyslexia Review, 13 (2), 8-10.

Treiman, R. (1985). Onsets and rimes as units of spoken syllables: Evidence from children.
Journal of Experimental Child Psychology, 39, 161-181.

Treiman, R. & Baron, J. (1981). Segmental analysis ability: development and relation to reading
ability. In G. MacKinnon & T. Walker (Eds.), Reading research: Advances in theory and
practice (Vol. 3, pp. 159-197). New York: Academic Press.

Treiman, R., Zukowski, A. & Richmond-Welty, E. (1995). What happened to the "n" of sink?
Children's spellings of final consonant clusters. Cognition, 55, 1-38.

Turner, G., Tjaden, K. & Weismer, G. (1995). The influence of speaking rate on vowel space
and speech intelligibility for individuals with amyotrophic lateral sclerosis. J Speech Hear Res,
38(5), 1001-1013.

Tyler, A., Lewis, K. & Welch, C. (2003). Predictors of phonological change following
intervention. American Journal of Speech Language Pathology, 12(3), 289-298.

Tyler, A. & Watterson, K. (1991). Effects of phonological versus language intervention in pre-
schoolers with both phonological and language impairment. Child Language Teaching and
Therapy, 7, 141-160. .

Van der Gaag, A. (1993). Outcome Research in Speech and Language Therapy. Audit: a
manual for speech and language therapists. London: RCSLT.

Van der Lely, H. (1998). SLI in children: Movement, economy and deficits in the
computational-syntactic system. Language Acquisition, 7, 161-192.

van Dulm, O. (2002). A psycholinguistic approach to the classification, evaluation and
remediation of language disorder. Stellenbosch Papers in Linguistics, 34, 111-131.

Van Lierde, K., De Bodt, M., Van Borsel, J., Wuyts, F. & Van Cauwenberge, P. (2002). Effect
of cleft type on overall speech intelligibility and resonance. Folia Phoniatr Logop., 54(3), 158-
168.

Van Riper, C. & Emerick, L. (1984). Speech Correction: An introduction to speech pathology
and audiology: Prentice Hall: NJ.

Vance, M. (1997). Christopher Lumpship: developing phonological representations in a child
with an auditory processing deficit. In S. Chiat, J. Law & J. Marshall (Eds.), Language disorders
in children and adults - Psycholinguistic approaches to therapy. . London: Whurr Publishers.

Vance, M., Donlan, C. & Stackhouse, J. (1999). Speech processing limitations on non-word
repetition in children. In M. Garman, C. Letts, B. Richards, C. Schelleter & S. Edwards (Eds.),
Issues in normal and disordered child language: From phonology to narrative. Reading: The
New Bulmershe Papers.

Vance, M., Dry, S. & Rosen, S. (1999). Auditory Processing Deficits in a Teenager with
Landau-Kleffner Syndrome. Neurocase, 5, 545-554.

543



Vance, M., Stackhouse, J. & Wells, B. (1994). "Sock the Wock the Pit-Pat-Pock" - children's
responses to measures of rhyming ability. Work in Progress, National Hopsitals College of
Speech Sciences, 4, 171-185.

Velleman, S. (1994). The interaction of phonetics and phonology in developmental verbal
dyspraxia: two case studies. Clin Commun Disord, 4, 66-77.

Velleman, S. (2002). Phonotactic Therapy. Seminars in Speech and Language, 23, 1-18.

Velleman, S. & Strand, K. (1994). Developmental verbal dyspraxia. In J. Bernthal & N.
Bankson (Eds.), Child phonology: Characteristics, assessment, and intervention with special
populations (pp. 110-139). New York: Thieme.

Velleman, S. & Vihman, M. (2002). Whole-word Phonology and Templates: Trap, Bootstrap or
some of each? Language Speech and Hearing Services in Schools, 33, 9-23.

Vihman, M. (1996). Phonological Development: The origins of language in the child.
Cambridge, MA: Blackwell.

Vihman, M., Macken, M., Miller, R., Simmons, H. & Miller, J. (1985). From babbling to
speech: A reassessment of the continuity issue. Language, 61, 395-443.

Wagner, R. & Torgeson, J. (1987). The nature of phonological processing and its causal role in
the acquisition of reading skills. Psychological Bulletin, 101, 192-212.

Walley, A., Smith, L. & Jusczyk, P. (1986). The role of phonemes and syllables in the perceived
similarity of speech sounds for children. Memory and Cognition, 14, 220-229.

Waters, D. (2001). Using input processing strengths to overcome speech output difficulties. In J.
Stackhouse & B. Wells (Eds.), Children's Speech and Literacy Difficulties: Identification and
intervention. London: Whurr Publishers.

Waters, D., Hawkes, C. & Burnett, E. (1998). Targeting speech processing strengths to facilitate
pronunciation change. International Journal of Language and Communication Disorders, 33,
469-474. '

Waterson, N. (1987). Prosodic Phonology: The theory and its application to language
acquisition and speech processing. Newcastle-upon-Tyne: Grevatt and Grevatt.

Watson, J. & Hewlett, N. (1998). Perceptual strategies in phonological disorder: assessment,
remediation and evaluation. International Journal of Language and Communication Disorders,
33(Supplement), 475-480.

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence (WASI). Psychological
Corporation: UK.

Weiner, F. (1981). Treatment of phonological disability using the method of meaningful
contrast: two case studies. Journal of Speech and Hearing Disorders, 46, 97-103.

Weismer, G., Jeng, J., Laures, J., Kent, R. & Kent, J. (2001). Acoustic and intelligibility
characteristics of sentence production in neurogenic speech disorders. Folia Phoniatr Logop.,
53(1), 1-18.

544



Weismer, G. & Laures, J. (2002). Direct magnitude estimates of speech intelligibility in
dysarthria: effects of a chosen standard. Journal of Speech, Language and Hearing Research,
45(3), 421-433.

Weismer, G. & Martin, R. (1992). Acoustic and Perceptual approaches to the study of
intelligibility. In R. Kent (Ed.), Intelligibility in Speech Disorders: Theory, measurement and
management. Amsterdam: John Benjamins.

Weiss, C. (1980). Weiss Comprehensive Articulation Test. USA: Pro-ed.

Wells, B. (1994). Junction in developmental speech disorder: a case study. Clinical Linguistics
and Phonetics, 8(1), 1-25.

Wepman, J. (1958). Auditory Discrimination Test. Chicago: Language Research Associates.

Wepman, J. & Reynolds, W. (1987). Wepman's Auditory Discrimination Test (2nd edition). Los
Angeles: Western Psychological Services.

Werner, E. & Smith, R. (1982). Vulnerable but invincible: A longitudinal study of resilient
children and youth. New York: McGraw-Hill.

Wertz, R. & Irwin, W, (2001). Darley and the efficacy of language rehabilitation in aphasia.
Aphasiology, 15(3), 231-247.

Weston, A. & Shriberg, L. (1992). Contextual and linguistic correlates of intelligibility in
children with developmental phonological disorders. J Speech Hear Res, 35(6), 1316-1332.

Whitehill, T. (2002). Assessing intelligibility in speakers with cleft palate: a critical review of
the literature. Cleft Palate and Craniofacial Journal, 39(1), 50-58.

Whitehill, T. & Ciocca, V. (2000). Effects of linguistic cues and stimulus cohesion on
intelligibility of severely dysarthric speech. J Speech Lang Hear Res, 44(3), 497-510.

Whitehurst, G., Fischel, J., Lonigan, C., Valdez-Menchaca, M., DeBaryshe, B. & Caulfield, M.
(1988). Verbal Interaction in families of normal and expressive-language delayed chlldren
Developmental Psychology, 24, 690-699.

Whiteside, S. & Varley, R. (1998). Coarticulation in apraxia of speech: An acoustic study of
non-words. Log Phon Vocol, 23, 155-163.

Whurr, R., Lorch, M. & Nye, C. (1992). A meta-analysis of studies carried out between 1946-
1988 concerned with the efficacy of speech and language therapy treatment for aphasic patients.
European Journal of Disorders of Communication, 27, 1-17.

Wiig, E., Secord, W. & Semel, E. (2001). Clinical Evaluation of Language Fundamentals -
Preschool (CELF-Preschool): UK Edition: Psychological Corporation.

Wilcox, K. & Morris, S. (1999). Children's Speech Intelligibility Measure (CSIM). USA:
Psychological Corporation.

Williams, A. (1991). Generalization patterns associated with training least phonological
knowledge. Journal of Speech and Hearing Research, 34(4), 722-733.

Williams, A. (2000a). Multiple oppositions: Case studies of variables in phonological
intervention. American Journal of Speech-Language Pathology, 9, 289-299.

545



Williams, A. (2000b). Multiple oppositions: Theoretical foundations for an alternative
contrastive intervention approach. American Journal of Speech-Language Pathology, 9, 282-
288.

Williams, A. & Kalbfleisch, J. (2002). Phonological Intervention Using a Multiple Opposition
Approach. Paper presented at SRCLD / IASCL, Madison, USA.

Williams, G. & McReynolds, L. (1975). The relationship between discrimination and
articulation training in children with misarticulations. Journal of Speech and Hearing Research,
18,401-412.

Williams, N. & Chiat, S. (1993). Processing deficits in children with phonological disorder and
delay: A comparison of responses to a series of output tasks. Clinical Linguistics and Phonetics,
7, 145-160.

Williams, P. & Stackhouse, J. (2000). Rate, Accuracy and consistency: diadochokinetic
performance of young, normally developing children. Clinical Linguistics and Phonetics, 14(4),
267-293.

Wilson, B. & Patterson, K. (1990). Rehabilitation for cognitive impairment: does cognitive
psychology apply? Applied Cognitive Psychology, 4, 247-260. '

Winitz, H. (1969). Articulatory Acquisition and Behaviour. New York: Appleton Century
Crofts.

Wood, S. & Hardcastle, B. (2000). Instrumentation in the assessment and therapy of motor
speech disorders: A survey of techniques and case studies with EPG. In Papathanasiou (Ed.),
Acquired Neurogenic Communication Disorders (pp. 203-248). London: Whurr Publishers.

World Health Organisation (2002). International Classification of Impairments, Disabilities
and Handicaps. Geneva: World Health Organisation.

Wright, V., Shelton, R. & Arndt, W. (1969). A task for evaluation of articulation change III:
Imitative task scores compared with scores for more spontaneous tasks. Jourrnal of Speech and
Hearing Research, 12, 875-884.

Yoder, P. & Warren, S. (1993). Can prelinguistic intervention enhance the language
development of children with developmental delays? In A.P. Kaiser and D.E. Gray (Eds.)
Communication and language issues. Volume 2. Enhancing children’s communication:
Research foundations for intervention. (pp 139-154).Baltimore: Brookes.

Yorkston, K. & Beukelman, D. (1981). Assessment of intelligibility of dysarthric speech. Tigard
OR: CC Publications.

Yorkston, K., Beukelman, D. & Tice, R. (1996). Sentence Intelligibility Test. Lincoln: Tice
Technology.

Yorkston, K., Beukelman, D. & Traynor, C. (1984). Computerized Assessment of Intelligibility
of Dysarthric Speech. Tigard OR: CC Publications.

Yorkston, K., Dowden, P. & Beukelman, D. (1992). Intelligibility measurement as a tool in the

clinical management of dyarthric speakers. In R. Kent (Ed.), Intelligibility in Speech Disorders:
Theory, measurement and management. Amsterdam: John Benjamins.

546



Yorkston, K., Hammen., V., Beukelman, D. & Traynor, C. (1990). The effect of rate control on
the intelligibility and naturalness of dysarthric speech. Journal of Speech and Hearing

Disorders, 55(3), 550-560.

Zeit, K. & Johnson, P. (2002). Insurance Advocacy: The Growth of a Grassroots Initiative. The
ASHA Leader, 7(18).

547



APPENDICES

—

Parental consent and information sheet for participants
2. Non-standardised or unpublished tests
a. Input assessments:
'b. Output assessments:
Child Interview questions
Katie: Connected speech stimuli
Joshua: Example of a social story used as context for introducing new words.
Stimuli used for the intelligibility procedure

Instructions given to listeners in the intelligibility procedure

o N W

Bryan and Howard’s (1992) scoring guidelines used for the intelligibility procedure

548



Appendix 1.
Parental consent and information sheet for participants

CLIENT INFORMATION SHEET AND CONSENT FORM

Study Title
Intervention for children with speech and language difficulties

Introduction

You and your child are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will involve.
Please take time to read the following information carefully and discuss it with others if you
wish. Ask us if there is anything that is not clear or if you would like more information.
Take time to decide whether your child will take part. Thank you for reading this.

What is the purpose of the study?
This project is concerned with intervention for school-aged children who have difficulties

with their speech, language and literacy.

It is important that we understand how the intervention process brings about change in
individual children’s speech and language and why intervention is more successful for some
children than others.

For this project, a registered speech and language therapist will provide assessment and
therapy using standard task widely used by therapists throughout the United Kingdom.

The study is in two parts. First, children’s speech and language skills (including literacy) will
be assessed. The assessment part of the study will enable us-to decide if your child will be a
suitable participant for the intervention phase, and will give you the opportunity to decide
whether you would consider your child’s further involvement. Second, an intervention
programme will be carried out with a small number of children.

Children who participate in the second phase of the study will receive a programme of
speech and language intervention that is designed to meet their individual needs, and will be
delivered in a predominantly but not exclusively one-to-one setting. The therapy programme
will take place at your child’s school or the university clinic over a clearly defined tlmescale
on days and times that are arranged through mutual agreement.

The project aims to increase our understanding of the nature of children’s speech and
language difficulties, and how best to help them.

Why has my child been chosen?

Children with persisting speech and language difficulties are the focus of this research, and
your child may fall within this broadly defined group. Children are recruited to this study
via speech and language therapy services, charitable organisations, schools or through direct
contact with the investigators. The assessment will give us an opportunity to decide whether
your child will be suitable for the intervention part of the study, and if you wish to pursue
this.

Does my child have to take part?

No. It is up to you to decide whether or not you wish your child to take part. If you do
decide to take part, you will be given this information sheet to keep and be asked to sign a
consent form. If you decide to take part you are still free to withdraw at any time and
without giving a reason. A decision to withdraw at any time, or a decision not to take part,
will not affect the standard of care your child receives.
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What will happen to my child if s/he takes part?

The first step will involve a speech and language assessment. If you are able to be present at
this first meeting, the speech and language therapist will chat to you about your child,
explain the assessment process in further detail, listen to your concerns or questions about
your child and encourage you and your child to ask any questions that you might have about
speech and language or the project. If you are not able to be present (e.g. because your child
is seen at school) alternative opportunities for discussion will be made. In the assessment
your child will be asked to say words and sentences, look at pictures, tell stories, make
rhymes and other various tasks related to listening, talking and remembering.

After the assessment we will give you a report outlining our findings. We will discuss these
with you and answer any questions you have. If you child is recruited to the second
(intervention) phase of the study, we would arrange suitable days, times and venues in which
the intervention would take place.

Intervention may be offered in a clinic or in your child’s school. In most cases intervention
would be offered on a twice-weekly basis for 30 minutes. A finite course of intervention
would be agreed on.

Intervention will be designed for your child and most typically carried out on an individual
basis, although small group sessions may also be appropriate. Each session would involve
games and activities designed to promote relevant aspects of your child’s speech or
language.

What are the possible disadvantages and risks of taking part?

There are no known risks associated with speech and language therapy. Normally children
enjoy the games and activities carried out. Children’ speech and language skills typically
improve at varying rates in speech and language therapy. Some children may make slow
progress. Your child’s progress will be discussed with you.

What are the possible benefits of taking part?

We hope that the intervention helps your child. However, this cannot be guaranteed. The
information we get from this study may help us to assist children with speech and language
difficulties better in the future.

What happens when the research study stops?

Intervention is offered on a clearly defined timescale. We will be unable to offer further
blocks of intervention once this study has been completed even if further intervention may
be needed. Your child’s involvement in this study will not affect their access to the NHS
speech and language therapy service offered in your area. Throughout we will liase with the
appropriate people in the NHS/Education services involved with your child.

What if something goes wrong?

If you have any cause to complain about any aspect of the way in which you have been
approached or treated during the course of this study, you should contact your local speech
and language therapist who is involved with this study. Normal NHS complaints
mechanisms are available to you and are not compromised in any way because you have
taken part in a research study.

Will my child’s taking part in this study be kept confidential?

All information that is collected about your child during the course of the research will be
kept stnctly confidential. With your consent, video and audio recordings may be taken in
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order for us to carry out a more detailed analysis of your child’s session. With you further
consent these could be used together with other data for clinical teaching as well as research
purposes. Your name and address will be removed from any of the data.

What will happen to the results of the research study?

A qualified and registered speech and language therapist is undertaking this research as part
of the requirements for a postgraduate (PhD) degree through the Human Communication
Sciences Department at the University of Sheffield. The data will be presented and
discussed anonymously in the final report submitted to the university for examination at the
completion of the research. With your consent, the data may also be presented in articles
submitted to academic journals or books for publication in order to disseminate the findings
to practitioners and researchers, and for the purpose of teaching student speech and language
therapists. Your child will not be identified in any report or publication. You will have
access to any of these reports or papers.

Who has reviewed the study?

The South Sheffield Local Research Ethics Committee and the Research Committee of the
Department of Human Communication Sciences, University of Sheffield have reviewed this
research.

Tear off here

O Ihave read the attached information sheet and I DO / DO NOT (delete as applicable)
give permission for my child
(child’s name) to take part in the research study.

0 IDO/DO NOT (delete as applicable) agree that data arising from any session(s) can
be used for research and teaching purposes, and consent to video / audio recordings
being used for this same purpose.

Name of parent/legal guardian Date Signature
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Appendix 2.
2a. INPUT TASKS

Level B: Non-word discriminatfon test (Bridgeman and Snowling, 1988)

Aims: To determine a child’s ability to discriminate between closely-related non-
words
Procedure: Examiner reads paired words, and child is required to state if they are the

same or different

Practice items:

/vps — vot/

/fest - fets/

/vost — vots/

ftet — tet/

Test items:

/kest — kets/ /blerst — blerts/
/blers - blert/ /fots — fost/
/zet — zet/ /vits — vist/
/fot — fos/ /b1s — bis/
/kes — ket/ /jerts — jerst/
/dits — dist/ /dit — dis/
/vit — vis/ /paut — paut/
/pauts — pauts/ fjers — jert/
/zets — zets/ /bist — bist/

Normative data: Cited in Bridgeman and Snowling (1988), Constable et al. (1997) and
Vance (2001).

Level D: Real-word discrimination test (Bridgeman and Snowling, 1988)

Aims: To determine a child’s ability to discriminate between closely-related real
words
Procedure: Examiner reads paired words, and child is required to state if they are the

same or different

Test items:

kit - kit rates — raced
hits — hissed tots - tossed
messed — messed tot - toss
guess — get miss - mitt
race — rate hit - hiss

mitts — missed goats - goats
plate — place met - met
guessed — gets placed - plates
kissed — kissed goat — goat

Normative data: Cited in Bridgeman and Snowling (1988); Constable et al. (1997) and
Vance (2001).
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Level E: Own error discrimination test (Locke, 1980a, b)?’

Instructions for the Speech Perception / Production Task from

For any sound being produced in error, it is possible that the error is due to an inability to
hear the difference between what they produce and the target. This procedure is intended to
allow one to determine if this is the case. Each form can accommodate testing for 2 different
speech errors.

1. Under "production task", list the target word and the substitution. For example if the child
said ‘fumb’ for "THUMB": thumb —> fumb

2. Indicate the target sound in the space marked Target ("th" in the above example), the
substituted sound in the space marked Error ("f" in the above example), and a related
sound as a control in the space marked Control ("s" might be a good one for the above
example).

3. In each of the 18 spots under "Stimulus - Class" fill in the appropriate sounds from #2
above depending on which item is listed. For example if the item says Target, write "th", if
it says Error write "f", and if it says Control write "s". This creates the stimuli for the test.

4. Using the target picture as the visual cue, ask the speaker to judge whether or not you said
the right word. For example:
1. Is this "some"?
2. Is this "fumb"?
3. Is this "thumb"?
4, Is this "thumb"?
5. Is this "fumb"? Etc. : .
If the child answers "yes", circle yes next to the item. If they answer "no" circle no.

5. Anytime the word "yes" or "no" appears in upper case letters, that indicates the correct
response. If it is in lower case letters that indicates it would be a mistake in perception.

6. Count the mistakes (the number of lower case responses) in each category (Target,
Error, Control).

7. The child is said to have a problem with perception if 3 or more mistakes in perception are
noted in response to the Error stimuli. Since there are 6 possible Error stimuli the child has
then produced at least 50% incorrect responses and thus appears to be having trouble
distinguishing what they usually say from what they should be saying.

8. Repeat the process for each sound the child makes errors on.

# Instructions from Flipsen (2002)
http://health.groups.yahoo.com/group/phonologicaltherapy/files' DECISION%20TREE/
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Level E cont.: Own error discrimination test (Locke, 1980a, b) test form®

Date: Date:
Production Task Production Task
/ /> / / /o= / /
Target/ / Error / / Control/  / Target/ / Eeror /' / Control / /

Stimulus - Class Response 2 Stimulus - Class Response ?

1. / /-Control yes - NO 1. /7 / -Target YES - no

2. / /-Error yes - NO 2. / / -Control yes - NO

3. /7 -Target YES - no 3. / / -Target YES - no

4. / [/ -Target YES - no 4. / / -Control yes - NO

5. / [/ -Error yes - NO S. i [/ <Eror yes - NO

6. / [/ -Control yes - NO 6. / [/ -Error yes - NO

7. [/ / -Control yes - NO 7. / [/ -Target YES - no

8 / [/ -Target YES - no 8 / [/ -Emor yes - NO

9. / [/ «Error yes « NO 9. / ! «Target YES - no

10. / /- Target YES - no 10. / / - Control yes - NO

11. /7 - Error yes - NO 1. / / - Control yes - NO

12. /' / - Control yes - NO 12. / / -Error yes - NO

13. / / - Error yes - NO 13. / / - Target YES - no

14. / / -Target YES - no 14. / / - Control yes - NO

15./ / - Control yes - NO 15. / / - Emor yes - NO

16./ / - Error yos - NO 16. / / - Target YES - no

17./ 7 - Target YES - no 17. / / - Error yes - NO

18./ / - Control yes - NO 18. / / - Control yes - NO

Mistakes: Error ____  Control ___  Target_____ ] Mistakes: Error___  Control ___  Target___

Level E: Auditory lexical decision test (Constable et al., 1997)

Aims: To test the precision of a child’s phonological representations

Procedure: Examiner reads paired words: one a familiar word and the other a similar
sounding non-word. The child is required to state if they are the same or

~ different.

Test items: Pair non-word A: Paired non-word B:  Real-word distractor

hospital [hospipal] [hostipal] eskimo

elephant [elilont] [efilont] president

crocodile [krokokail] [krodakail] porcupine

microphone  [markrakoun] [maifrakoun] telephone

% Test form from Flipsen (2002)
http://health.groups.yahoo.com/group/phonologicaltherapy/files/DECISION%20TREE/
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octopus [otatas] [opatas] octagon

escalator [eskoleika] [estalerka] alligator
binoculars [binpkjunaz] [bilokjunaz] rhinocerous
helicopter [helikopksa] [helitopks] radiator
television [telilizan] [tevilIzan] competition
caterpillar [kaetatilo] [kzepatila)] calculator

Normative data: cited in Constable et al. (1997)

Level E: Auditory-visual lexical decision test (Constable et al., 1997)
Aims: To test the precision of a child’s phonological representations

Procedure: Examiner presents child with a picture (e.g. CATERPILLAR). Words are
named (using the lists outlined above), and the child is required to determine

if the words are appropriate for the picture, e.g. is it a [katatils]?
is it a [keepatila]?

Level F: Rhyming test (Vance et al., 1994)

Aims: To determine a child’s ability to identify rhyming words using picture
stimuli only to access phonological representations

Procedure:  Examiner shows child three pictures; child is required to point to two items
which rhyme

Practice items:

P1 nail whale hammer
P2 bell ball shell

P3 heart dart star

P4 tap cap top

P5 log tree dog

P6 door deep four

Test items:

1. cat fish mat

2. peg leg pig

3. ball bell wall

_ 4. purse bag nurse

5. chair bear table

6. key cow tea

7. spoon moon knife
8. house mouse horse
9. goat gate boat
10. sock shoe clock

Normative data: Cited in Vance et al. (1994).

555



2b. OUTPUT TASKS

Level G: Single word naming test (Constable et al., 1997)

Aims: To determine a child’s ability to access appropriate word labels
Procedure: Examiner shows pictures and child required to name them

Items:
hospital
elephant
crocodile
microphone
octopus
escalator
binoculars
helicopter
television
caterpillar

Normative data: Cited in Constable et al. (1997).

Level I: Real word repetition subtests (Constable et al., 1997)
Aims: To determine a child’s ability to repeat familiar words

Procedure: Examiner reads words (listed above) and child required to repeat them

Level I: Reai word repetition (Snowling)
Aims: To determine a child’s ability to repeat familiar words
Procedure: Examiner reads words (listed above) and child required to repeat them

Items:
enemy
eskimo
melanie
anemone
buttercup
slippery
hazardous
spaghetti
ambulance
christopher
statistics
instructed

Level J: Non-word repetition subtest (Constable et al., 1997)
Aims: To determine a child’s ability to repeat unfamiliar words

Procedure: Examiner reads words and child required to repeat them verbatim
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Test-items:

[hospipal] [hostipal]
[elilont] [efilont]
[krokokail] [krodokail]
[markrokoun] [maifrakaun]
[otatas] [opatas]
[eskaleika] [estalerka]
[binpkjunoz]  [bilokjunaz]
[helikppka] [helitppka]
[telilizan] [tevilizan]
[keetotilo] [keepatilo]

Level J: Non-word repetition (Snowling)

Aims: To determine a child’s ability to repeat unfamiliar words
Procedure: Examiner reads words and child required to repeat them verbatim
Test-items: Derived from Snowling real-words listed above. The non-words should be

pronounced by analogy with the real words form which they were derived, retaining stress as
far as possible.

ineby
istibo
beladie
adebole
muddercup
swibbery
hassarpus
skappedi
andurant
gritother
spapistics
inspructid
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Appendix 3.
Child Interview questions

1. You’ve been coming to me for speech therapy for a while now — what do you think
about it?

Probes / prompts: - What do you think about the things we do together?
- What do you like best?

- What don’t you like?

- What do you think about the tape / video / being recorded?

2. You’ve had speech therapy with other ladies before — what did you think about that?
Probes / prompts: - What can you remember doing?
- What did you like?
- What didn’t you like?
- Was it the same as what we do or was it different?

3. Why do you come for speech therapy?
Probes / prompts: - do you think it has helped your speech?
How do you think it helps children talk better?
- Would you like to be a speech therapist one day?
- Do you like talking — what is nice about it?
- What is hard about talking?
- What would happen if we couldn’t talk?
- Do you like listening to other people talk?
- What happens when someone doesn’t understand you?
- What happens when you don’t understand someone?
- Why do you think talking is important?
- Why do you think listening is important?
- Do we all speak the same language?
- Even if we speak English, do we all sound the same?

4. Let’s talk about reading and writing — do you like to read and write?
Probes / prompts: - Why? (what do you like and what don’t you like?)
What do you think about the reading / writing things we have done together?
Why do you think reading and writing are important for children?
Do you think reading and writing have anything to do with speech?
Which is easier for you — reading or writing?

5. Let’s talk about school now — what do you think about school?
Probes / prompts: - What is the best thing about school?
What don’t you like about school?
Would you like to come for more / less speech therapy?.
Would you like to talk more / less in the classroom?
Would you like to do more / less reading and writing?
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Appendix 4.

Katie: Connected speech stimuli
| = Facilitatory sentences
2 = Neutral sentences

3i = Most challenging sentences (hetero-organie adjacent consonants without assimilation)

3ii = Sentences not direetly addressed (assimilation final consonants in stimulus words)

No. [Stimulus Word Sentences

1{note 1: This note teaches father Xmas
2: There’s a note under the table
(3ii: This note can’t be read)
2|plane 1: The plane knocked it

2: There’s a plane in the sky
(3ii: This plane must be loaded)
3jheart 1: This heart tastes nice

2: There’s a heart on my jumper
(3ii: This heart can break)

4|nail 1: This nail looks pretty

2: There’s a nail in the wood
3i: This nail got painted twice

S|cage 1: The cage joined my class

2: There’s a cage on the bed
3i: The cage got stolen

6jslide 1: This slide dumped me

2: The slide in the park is nice
(3i: The slide bounces him)
Tiwheel 1: The wheel looks broken

2: There’s a wheel on the bike
3i: This wheel got fixed

8|rake 1: This rake cost £10

2: There’s a rake on the ground
3i: This rake takes a bath
9jstork 1: The stork carries a baby

2: There’s a stork on the log
3i: This stork teaches swinging
10|leaf 1: The leaf feels wet

2: The leaf is in the air

3i: This leaf got torn

1ljsauce 1: The sauce seems nice

2: There’s sauce in the jar

(3ii: The sauce shouldn’t burn)
12]ice 1: This ice seems cold

2: The ice is in the bucket

(3ii: This ice should melt)
13[soap 1: This soap pulled my hair

2: There’s soap on the towel

3i: This soap got soft
14/pipe 1: The pipe pushes through the roof
2: There’s a pipe on the wall

3i: This pipe curls round the floor

15(barn 1: The barn needs painting

2: There’s a barn on the farm
(3ii: The barn must be cleaned)
16froad 1: The road divides the hill

2: There’s a road over the river

(3ii: This road brings us home)
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1 = Facilitatory sentences
2 = Neutral sentences

3i = Most challenging sentences (hetero-organie adjacent consonants without assimilation)

3ii = Sentences not directly addressed (assimilation final consonants in stimulus words)
No. |Stimulus Word  Sentences
l{boat 1: This boat tires them all
2: There’s a boat in the harbour
(3ii: This boat cost £50)
2Jrain 1: The rain knocks him
2: There’s rain outside
(3ii: The rain makes puddles)

3|cart 1: This cart tips over
2: There’s a cart in the road
(3ii: This cart can’t stop)
whale 1: This whale likes him

=

2: There’s a whale in the sea
3i: The whale got hungry

Slage 1: Your age joins mine
2: There’s his age on his shirt
3i: Your age goes up

6jhide 1: To hide does seem naughty
2: There’s a game of hide and seek
(3ii: Hide behind the bush)

7|seal 1: This seal loves sleeping

2: There’s a seal in the sea
3i: The seal got caught

8|cake 1: The cake cools down

2: There’s a cake on the table
3i: This cake tastes delicious
9|fork 1: This fork cost £1

2: There’s a fork on the table
3i: The fork fell on the floor
10fhalf 1: This half fell on the floor

2: There’s half in the glass

3i: This half got cold

11|fleece 1: His fleece seems clean

2: There’s fleece on the floor
(3ii: Their fleece should be washed)
12fslice 1: That slice seems small

2: There’s a slice on her plate
(3ii: The slice should be bigger)
13[rope 1: This rope pulls the car

2: There’s a rope on the metal

3i: This rope keeps them together

14ipeep 1: To peep pleases him

2: She likes to peep at me

3i: To peep can be naughty
15(dawn 1: This dawn nearly begins

2: It’s the dawn of a new day
(3ii: The dawn makes me happy)
16[sword 1: The sword dirtied me

2: There’s a sword over his head
(3ii: The sword burnt his hand)
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GROUP C 1 = Facilitatory sentences
2 = Neutral sentences

3i = Most challenging sentences (hetero-organic adjacent consonants without assimilation)

3ii = Sentences not directly addressed (assimilation final consonants in stimulus words)

[No. | Stimulus word  |Sentences

1|goat 1: This goat talks too much
2: There’s a goat on the grass

(3ii: The goat kicks his heels)
2|train 1: The train needs fixing

2: There’s a train under the tree
(3ii: This train must stop)

3part 1: This part tastes nice

2: There’s part of the present
(3ii: This part can’t break)
4}hail 1: This hail looks horrid

2: There’s hail outside

3i: The hail goes everywhere

S|page 1: This page jumps up

2: There’s a page under the bed
3i: The page got dirty

6|lied 1: He lied daily

2: He lied outside the front door
(3ii: He lied badly

7|kneel 1: To kneel looks nice

2: He likes to kneel on the branch
3i: To kneel gets sore

8|steak 1: This steak cost £2

2: There’s a steak in the fridge
3i: The steak tastes delicious

9|walk 1: This walk cools me

2: They like to walk outside

3i: The walk took all day
10(hoof 1: This hoof feels sore

2: He put his hoof on the wood
3i: His hoof got hurt

11|purse 1: This purse seems empty

2: There’s a purse on this page
(3ii: The purse shouldn’t get lost)

12(dice 1: The dice seems broken

2: There’s a dice on the floor
(3ii: This dice should be lucky)
13|grape 1: This grape pushes the pear

2: This grape on the board is old

3i: One grape got squashed

14{sheep 1: This sheep pushes his friend
3: There’s sheep under the table
3i: The sheep got in the picture

15|line 1: This line needs finishing

2: There’s a line under my name
(3ii: The line might be skew)
16{toad 1: The toad dances for him

2: There’s a toad on the leaf
(3ii: The toad burps loudly)
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Appendix 5.
Joshua: Example of a social story used as context for introducing new words

When I hear the bell, its time to line up.

All the children in my class stand in a line.

Sometimes we stand quietly.
Nobody touches me. Nobody annoys me.
My teacher praises me.

1.
A Story About
Lining Up
3.

Sometimes a sly person will touch me.

They scoff at me and call
me a rude name. They try
to hurt me or sneer at me.

4,

Then I get in an \ﬂ'e
angry state. ¥

o

u\ s\

I hurt them. I get into
trouble because somebody
else was sly.

Ty

Ay 57
/R =

I will try to stay in a calm state
when we line up.

If other sly children do bad things like scoff and

smirk at me, I will try to ignore them.

I am a good boy who deserves to be
praised by my teacher.

oerY

The end




Appendix 6.
Stimuli used for the intelligibility procedure

Single Words Repeated Sentences Spontaneous Sentences
Oliver cat Not Applicable dayle won the race
cage no he did not
sad here's the pencil / found my pencil
jet . where's that purse
toe what is it?
cap my mom got that
cup what is he(that) called?
jab don't know where his mummy
sack where is daddy
tight you do mine
make me do all
coach
age
coil
rock
key
clown
helicopter
snail
worm
Katie rake the hail goes everywhere they like to walk everyday outside
note the walk took all day can you count it now, then we put it all back there
sword there's a seal in the sea he's going to look after my fish
nail the purse shouldn't get lost | used to have a parrot and he ran away
leaf the train needs fixing
line that slice seems small
kneel the fork fell on the floor
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Katie

train

sugar
cup
snake
crocodile
hospital
monkey
wings
garage

the cart tips over
the bam needs painting
there's a steak in the fridge

Joshua

didn't the rabbit eat the carrot?

the boy was not chased by the girl

then he fell in the water

but the bus had to go on alone

the ball weren't / was not thrown by the girt or the boy
he saw a cow and the cow said moo

he jumped over a fence

the train went in the tunnel

there was a naughty bus

| went to the chip shop

can we play that piggy game

then she took them for their dinner
I'm not allowed to open it on Friday
And | got a tracksuit
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Joshua

moon
cont. finger
kite
Rachel | gasp was the car followed by the police? i o
jest the man won't buy it And this man is swimming with his clothes on
feast the girl did not like the boy who lived down the street we went on a real rollercoaster and it were scary (10)
dusk Did the boy kick the ball he gets me about 5 packets of crisps '
disc the train was followed by the car [they always call us names and | do not like it
spanner The cat didn't follow
spider The man who painted the railing was very kind
stool She changed the colour of her hair
skunk He amazed people with magic fricks
skirt He judged the competition
strawberry
spray
grass
soap
mouse
garage
duck
umbrella
microphone
flower
Ben stack the man who sits next to the/a tree is our mayor how much hair does he have on
gust the man next door promises to water our flowers on holiday I had a little one but it got broken
sh|p.. the boy sent a letter to the lady who moved away last year some are from (a) different word
chair s;m:te fc;w:rels the red ball | pass you a picture like ‘cat’, you got to find ‘cat'
peach L) 0g cha r
rake the girl lived down the street
edge

the mouse/dog chased the ball
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Ben
cont.

edge

jerk
bathe
faith
shoot

shirt

tooth
stamps
clouds
toothbrush

SCisSsors

the mouse/dog chased the ball

the dog chased the cat

the boy and the girl picked the flowers
wasn't the ice cream bought by the girl
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Appendix 7.
Instructions for the listeners in the intelligibility procedure

I'am going to play you some samples of children’s speech. Listen carefully and then write

down what you think each child is saying. I want you to guess what real, English word - or

words - they are saying.

Remember:

Don'’t use phonetic transcription!

All the children are saying proper English words you need to guess what they are.
They are all children from Sheffield

If you don’t know what the child is saying try fo make a guess, but put a line if you
really can’t guess.

There is no right or wrong answer. The important thing is to guess at what you hear.
I can only play each sample for you once.

If I’'m going too fast, please put your hand up or just shout STOP as I can stop the
tape at any time for you and help you with your questions.

If you do get left behind — just put a line and move on the next niumbered item you

hear.

Let’s do two practice examples now. Can you find P1 on your sheet. Now I'll play the tape
and remember to take a guess at what you hear.
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Appendix 8. ,
Bryan and Howard (1992) scoring guidelines used for the intelligibility procedure

Method of Calculating proportion of consonant features correct: adapted from Bryan and
Howard (1992, p.362-363)

The stimulus (as played on the CD) and response (as written by the listener) are compared.
Where the number of syllables in the response is the same as the number of syllables in the
stimulus, consonants in the response are compared with the consonants in the same position
in the stimulus. Where there are added consonant(s), creating a cluster in the response, the
consonant (s) with the lowest feature similarity with the stimulus consonant is discounted.
Where there are fewer syllables in the response than in the stimulus, syllables are deleted
from the stimulus to maximise the resulting similarity score. Consonants in the response do
not have to occur in the same syllabic position as in the stimulus to score for feature
similarity. Soin a CVC response to a CVCYV stimulus, the syllable final C in the response is

scored for it similarity to the syllable-initial second consonant in the stimulus.

The number of different features counted are:
(a) voicing: voiced (including partially devoiced) / voiceless
(b) manner of articulation: plosive / affricate / fricative / nasal / liquid
(c) place of articulation: labial (including bilabial and labiodental) / alveolar (including

dental, alveolar, palatoalveolar and palatal) / velar / glottal

The number of features that have identical values in the stimulus and the response are then
counted. Each consonant can have 0-3 identical features. The total number of identical
features in the response are divided by the total number of features in the stimulus (i.e. the
number of consonants in the stimulus X 3) to give the proportion of features correctly

reproduced for that stimulus item.

Examples: ,
(a) Listener writes <body> for child’s production of PONY. Score = 4/6

The first consonant scores 2/3 for place and manner, and the second 2/3 for place and voice
(b) Listener writes <an> for child’s production of HAMMER, Score = 2/6

The first consonant is not represented by the listener (0/3), and the second consonant scores

2/3 for shared voice and manner.
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