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Abstract

The speech and language processing abilities of a 10 year old with a severe
hearing impairment and additional word retrieval difficulties are examined
at a single word level using Stackhouse and Wells’ psycholinguistic framework.
Performance on a variety of output tasks is compared and input processing
is investigated in detail. Evidence is found for a breakdown in processing at
several levels. The specific point of breakdown for individual contrasts is
identified. It is shown to be possible and informative to use a psycholinguis-
tic framework with a child with a hearing impairment to produce a detailed
profile which could inform therapy decisions.

Introduction

Psycholinguistic, or cognitive neuropsychological, models of language
processing have only recently begun to be widely used with children and
are still in a process of development. One of the most recent models is
that proposed by Stackhouse and Wells (1997) which, unlike some
previous models (e.g. Hewlett, 1990), specifies various levels of input
processing, thus allowing a fuller analysis of a child’s processing abilities
for single words. This is particularly important for a child who has known
difficulties with input, including hearing impairment.

Many hearing-impaired children exhibit speech and language levels
below that which would be predicted from their hearing loss and ‘addi-
tional language difficulties’ are often hypothesized. This paper presents a
case study of just such a child, who had already been diagnosed as both
hearing and language impaired using a variety of traditional assessments.
These diagnoses, although important, do not reveal her precise difficul-
ties. Assessment using a psycholinguistic model can be used to establish
the precise level(s) of breakdown in speech and language processing.
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Stackhouse and Wells’ (1997) model is used here to assess and provide a
detailed profile of the child’s processing at a single-word level. A partic-
ular emphasis is placed on input processing to establish the
present role of her hearing impairment in her overall profile.

Since a child’s phonological processing system is still developing and
hearing impairment affects the perception of some phonemes more than
others, there may be different levels of breakdown for individual phone-
mic contrasts. This study therefore aims to establish the level of break-
down for each individual contrast in addition to overall areas of difficulty.
Thus therapy can be precisely targeted. This information could also be
used to evaluate the effectiveness of therapy as it has the potential to
reveal changes in the child’s phonological processing system that are not
readily revealed by standard tests of phonology. These often measure
changes in output phonology only. Improved output may be the end result
of many changes within the speech processing system, for example,
improved discrimination, updated lexical representations and motor pro-
grammes. These changes all represent progress and are only measured by
standard tests if the changes have filtered right through to speech output.
If the process is only partially complete, such progress could go unnoticed.

Case report

Case history

At the time of testing for this study, TG was 10;4 years old. At 1;6 years
she was found to have a moderate to severe hearing impairment. This later
proved to be a bilateral sensorineural hearing loss (see Table 1) and she
was fitted with bilateral hearing aids. From the time of diagnosis she was
supported by a teacher of the deaf who referred her for speech and
language therapy at age 4;0. At initial assessment she showed minimal
comprehension of single words and used jargon and gesture to
communicate. It has been unclear throughout whether her hearing

Table 1 Results of hearing tests

Threshold (dB SPL)

Frequency (kHz) Unaided right Unaided left Aided soundfield
0.25 60 70

0.5 65 75 30

1 85 80 40

2 90 80 35

4 90 80 40
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impairment or an additional language impairment has been the main
cause of her speech and language difficulties. This has been reflected by
her educational placements. She has attended units for both hearing-
impaired and language-impaired children and at the time of testing was
in a hearing-impaired unit where she integrated into a mainstream class
for approximately one-third of the time.

Background
When tested at 9;9 years of age on the clinical evaluation of language
fundamentals (CELF-R) (Semel et al, 1994), TG presented with low
average comprehension (standard score: 87; normal average range
85-115) with significantly more difficulties of expressive language
(standard score 59). Many of her errors were typical of hearing-impaired
children: omission of the auxiliary in the present progressive tense, past
tense -ed and plural -s (see Bench and Bamford, 1979). Others, such as
difficulty repeating sentences, naming pictures accurately and
formulating sentences from given key words, could also be due to her
hearing impairment or may be due to an underlying language disorder.
TG has severe word finding difficulties and obtained an age equivalent of
5;4 years (chronological age 9;9 years) on the Renfrew word-finding vocab-
ulary scales (Renfrew, 1980). She has particular difficulties with multisyllable
words. She struggles to name the whole word, backtracks and attempts pro-
duction of the word several times with variable realizations. She also makes
some segmental errors consisting of substitutions (which could be due to
word finding difficulties, phonological difficulties or her hearing impairment)
and phonetic errors which are most likely to be due to her hearing impair-
ment. There is no evidence of any specific difficulties with output. She has
no structural abnormalities and there is no evidence of articulatory groping
or under/over-shoot such as may be seen with dyspraxic-type difficulties.
Three stages of investigation were carried out. The first stage was a nam-
ing test; the second compared this and other single word output tasks while
the third stage looked specifically at input difficulties.

Stage 1 - naming

Method

Initially the pictures from the South Tyneside assessment of phonology
(Arnstrong and Ainley, 1988) were used as stimuli for naming a variety
of one- and two-syllable words. Further picture stimuli were then collected



6 Child Language Teaching and Therapy

to investigate in greater depth those sounds or clusters of sounds where
she made more errors. These included particularly initial and final /s/, final
consonants and consonant clusters. As longer words seemed to be of
particular difficulty, she was also tested on the naming of extra pictures
with two, three and four syllables. Testing was carried out in a quiet room
and recorded on audiotape. A simultaneous phonetic transcription was
also taken.

Results
Overall TG produced 83 out of 125 target words correctly, an average of
66% (see Appendix 1 for error responses — transcriptions throughout are
phonetic unless indicated with slashed brackets). If the extra probes, which
focused particularly on the sounds she had difficulty producing, are
discounted, she scored 65 out of 94 correct, or 69%. However, this
percentage was not consistent across word length as can be seen in Figure
1. When naming multisyllabic words, she often produced searching-type
behaviours, e.g., ‘television’ - [telif ... telif ... telifs ... telofino ... teloin].
On one- and two-syllable words the errors were mostly segmental, some
errors were merely phonetic distortions of the target sound and some were
substitutions of other (correctly articulated) phonemes.

To establish whether the scores for any two word lengths were statisti-
cally different from each other, a binomial test was used. The results

0.9 -

0.8 1

0.7 1

0.6 1

0.5 A
0.4 A
0.3 A
0.2
0.1 1

ONE TWO THREE+
NUMBER OF SYLLABLES

Figure 1 Proportion of words correctly produced in naming test for data excluding extra probes
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of this test showed that the score for words with three or more syllables
is different from one- and two-syllable words (at a significance level of
p < 0.05) but that the scores for one- and two-syllable words are not
statistically different (p > 0.1).

Discussion

TG produced two types of errors on this task. The first were segmental.
These may be due to difficulties at a variety of levels: discrimination, faulty
phonological representations, ‘frozen’ motor programmes which have not
been updated to match her phonological representations or output
difficulties. The second were less consistent and appeared to be caused by
word retrieval difficulties and were particularly common on multisyllable
words. These were characterized by searching and backtracking behaviours.

Stage 2 - comparison of tasks

The above naming test is not sufficient to establish precisely the source
of difficulty underlying TG’s errors. Therefore it was decided to test her
on a variety of other output tasks and compare her performance on these
and on the naming task. The tasks were repetition of words and non-
words, both with and without lip cues, and reading. Comparison of these
allows inferences to be made about phonological processing strengths and
weaknesses as each task uses different processing routes. The following
descriptions of the processing involved in the naming and repetition tasks
is based on the current hypotheses of Stackhouse, Wells and colleagues
(see Constable et al., 1997; Stackhouse and Wells, 1997). The description
of reading is based on adult models of processing (see Ellis, 1993).

During a picture-naming task, a semantic representation is triggered by
the picture, and this in turn triggers the corresponding motor programme.
The motor programme is the blueprint for the articulatory gestures nec-
essary for production of the word (Constable et al., 1997). Output follows
from here in the same manner on all tasks.

Real word repetition in contrast does not rely purely on accessing the
motor programme from the semantic representation. Auditory input is
recognized as matching an internal phonological representation (which is
used for recognition of a particular string of phonemes as a lexical item)
and this triggers the corresponding semantic representation and motor
programme. In this case, therefore, there are two routes to the motor pro-
gramme. Non-word repetition investigates speech processing without
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involving stored lexical representations. Auditory input is analysed and
then a new temporary motor programme for output is constructed.
Reading can proceed via two routes. The first is the whole-word visual
route where the semantic representation is accessed from a visual repre-
sentation of the written word and hence a stored motor programme is
accessed as for naming. The second uses phoneme-to-grapheme conver-
sion to construct a motor programme. These two routes may be used either
individually or in parallel. If both are used in parallel then the motor pro-
gramme accessed via the semantic system could be checked for accuracy
by comparison with the information available from the graphemes. TG’s
results on a reading task and an analysis of any errors may give further
information about her word retrieval difficulties and also indicate whether
reading can be used as an aid in therapy if this proves to be a strength.

Method

Testing in this stage was carried out only on those words where the correct
phonological form was not produced in the picture naming condition. In
the repetition tasks the target word or non-word was produced with careful
and slow articulation but without altering the stress pattern. In order to
allow direct comparison of real words and non-words they need to be of
comparable articulatory difficulty. Hence the non-words were created by
changing the vowels in the corresponding real words, replacing them with
vowels of the same length and state (i.e. diphthongs were replaced by
diphthongs and monophthongs by monophthongs, for example: ‘snake’
and /snauk/; ‘vest’ and /vist/; ‘selotape’ and /splitoup/; see also Appendix
1). The stress pattern of the original word was maintained in the non-word.
In the non-word repetition tasks, TG was asked to ‘say exactly what I say’
as recommended by Wells (1995). She was not told that the stimulus was
a ‘new word’ as this may encourage her to search for a word in her lexicon
and hence produce a similar sounding real word. For the reading task she
was shown the written word in isolation and asked to read it aloud.

The conditions of no lip-reading were achieved by asking TG to hold a
piece of paper so that she could not see the tester’s lips, but the tester
could see hers and therefore would be able to note silent articulatory
movements. This was done in preference to covering the tester’s lips as
this may distort the speech signal.

Testing was split into five conditions covering the different combinations
of real words versus non-words, reading versus repetition and lip-reading
versus no lip-reading:

1) real word repetition with the aid of lip-reading;
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2) real word repetition without the aid of lip-reading;
3) reading the real word aloud;

4) non-word repetition with the aid of lip-reading;

5) non-word repetition without the aid of lip-reading.

Each word was used only once in each session. Where TG gave more than
one response, the best response was used in all quantitative analyses
(although other responses were also recorded). The responses on these tasks
and the corresponding responses in the naming task were then analysed
according to Bryan and Howard’s (1992) strict method for calculating the
total percentage of consonantal features correct per stimulus item. Each con-
sonant realization is compared with its target according to the three features
of voicing, manner and place. A score out of three is then given according
to the number of features correct. The proportion of consonantal features
correct for the whole word is then calculated by dividing the total number
of consonantal features correct in the word by the maximum possible score
(see Bryan and Howard, 1992 for more details). To analyse TG’s realizations
some additional criteria were added to account for her phonetic errors (see
Appendix 2). A score based on proportion of features correct provides more
information than a simple correct/incorrect score as it gives a numerical value
indicating the degree to which a response differs from the target, and also
allows much more sensitive comparisons across tasks. Errors which did not
fit this method (e.g. vowel errors) were omitted from any analyses.

Results

TG’s responses in the six conditions are listed in Appendix 1. The mean
proportions of features correct obtained for each of the six conditions are
shown in Figure 2. The means ranged from 0.66 to 0.89. It should be noted
that many of the one- and two-syllable words were specifically chosen to
include phonemes TG finds difficult, whereas the multisyllable words were
only chosen by length and would contain many easier phonemes — hence
the higher scores for the multisyllable words. To address this bias, word
length was controlled in the analyses; thus words of a similar length were
compared across conditions. The proportions of consonants correct in
each condition were compared using the sign test taking all the data as a
whole and also for each individual word length.

To summarize the salient results, taking first real words, real word rep-
etition with lip cues was better than naming (p < 0.05); real word repeti-
tion without lip cues was also better than naming for all word lengths but
this only reached significance for multisyllable words (p < 0.02).
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Figure 2 Mean proportion of features correct in six conditions

Taking non-words, naming was significantly better than non-word
repetition (p <0.05) for one-syllable words only; real word repetition was
better than non-word repetition whether lip cues were allowed or not
(p <0.1). Interestingly, for both real word and non-word repetition, lip
cues did not produce any significant effect.

Finally, there was no significant difference between reading and
naming.

Discussion

Naming versus real word repetition. The results show TG’s repetition of
words is better than naming. This indicates a difficulty on the naming task
which is being bypassed in repetition. The most obvious explanation for
this is that there is a deficit in the link between the semantic
representation and the motor programme as this is the only route available
for naming. Difficulty accessing the motor programme could lead to the
searching-type behaviours described above, as she rejects her own
inaccurate realizations, which do not match her phonological
representations, and repeatedly attempts to produce a form which is closer
to these. Repetition would be superior as the motor programme can be
accessed directly from the phonological representation.

TG’s repetition of real words, although better than naming, also shows
many errors. However, these errors are only of the segmental type and do
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not display the searching-type behaviours indicative of word retrieval dif-
ficulties which were also present in the naming task. Segmental errors
could be due to the following:

1) An accurate phonological representation, but inaccurate stored motor
programme. Often young children can recognize as incorrect their
own realizations when produced by an adult, can produce all the sounds
required in the positions required and copy related non-words, but
persist in producing incorrect realizations in repetition and naming,
particularly with more automatic tasks (see Hewlett et al., 1998). This
occurs when the motor programme has not been updated in the
light of new phonological knowledge (see also Bryan and Howard,
1992).

2) An inaccurate phonological representation and thus also an inaccurate
motor programme.

3) Specific articulatory output difficulties beyond the motor programme.
As mentioned, TG showed no obvious signs of specific difficulties in this
area.

To test which of the first two possible levels of breakdown apply to
TG, the accuracy of her phonological representations needs to be further
investigated (see stage 3).

Non-word repetition versus real word repetition and naming. When we
compare real word with non-word repetition we see that there is a signif-
icant real word advantage. This is as expected as semantic and stored
phonological information can assist in real word repetition, thus reducing
the load on short-term memory. We would expect a similar result for
naming but this is only true for one-syllable words. No significant differ-
ence was obtained for longer words because of her difficulties naming
these.

Lip-reading. The results showed there was no significant advantage of
lip-reading in the repetition of either real words or non-words. In the real
word repetition task it is less surprising that lip-reading had no effect if
TG is primarily using the lexical route. In this case she only needs suffi-
cient information to distinguish the correct phonological representation
from other similar sounding representations and then her output could
follow directly from this, taking little account of the precise information
available from the tester’s production. In non-word repetition, the only
source of information as to the correct production of the stimulus is the
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input given by the tester and it was expected that extra visual information
would aid TG in her performance on this task. This unexpected result was
not due to order of presentation as repetition without lip cues was tested
prior to repetition with lip cues. If there were a practice effect one would
expect superior performance on the second task. The finding of no sig-
nificant difference is therefore strong evidence that TG made no use of
lip cues in the repetition tasks.

Reading. A significantly higher score for reading over naming would
indicate that additional information concerning the pronunciation of the
target is being gained from the graphemes. This is not the case for TG;
she showed no significant difference in performance between reading and
naming. This indicates that either: (a) she is failing to use the grapheme-
to-phoneme route and is merely accessing semantic representations direct-
ly via a whole word visual lexicon and is using the same output route as
for the naming task, or (b) the grapheme-to-phoneme route is being used
and is improving her pronunciation of some words but this effect is being
cancelled out by her failure to recognize some of the other words, result-
ing either in failure to produce any output in response to these or pro-
duction of a pure ‘guess’, and thus a drastic reduction in her score.

There were some words that she clearly failed to recognize, but she did
not appear to be using graphemic information to inform her attempts at
guessing the word, some of her guesses bearing little resemblance to the
target (certificate — ‘selotape’). On other occasions she showed no attempt
to ‘sound out’ the word (radiator — ‘like the heater’). In this case she has
accessed the semantic representation as she clearly knows the meaning of
the word but has failed to access the corresponding motor programme. If
she made even limited use of the graphemic information present, this
together with the semantic information already accessed could be suffi-
cient to trigger the motor programme. She does not do this, despite some
knowledge of grapheme-to-phoneme rules evidenced by her ability to pro-
vide the sounds for individual graphemes.

Further indications of failure to use the graphemic information is given
by her production of a couple of semantic errors such as may be found in
the adult syndrome of deep dyslexia (crocodile — ‘alligator’ and, on a
different task, South America — ‘North Africa’). Such errors suggest that
the stimulus is accessing a vague semantic representation, which can
trigger more than one motor programme. Parallel use of the grapheme-
to-phoneme route would inhibit output of these alternative motor
programmes.



Psycholinguistic profiling of a hearing-impaired child 13

If TG is not using the non-lexical grapheme-to-phoneme conversion
route, then her output route when reading would be identical to that used
when naming, and we would expect identical errors. For one example, this
is certainly the case: crocodile — [kotondoun] on both the reading and
naming tasks, the same faulty motor programme being accessed from the
semantic representation in both cases.

In terms of developmental models of reading (Frith, 1985), TG’s
lack of use of the grapheme-to-phoneme route would suggest that she
has not yet progressed to the alphabetic phase of reading and is still in the
logographic phase using a visual whole word recognition strategy of
reading.

Conclusions

1) There is as yet no conclusive evidence that any routes of processing
assessed are intact.

2) There is evidence of possible deficits in the link between the semantic
representations and the motor programme which particularly affect
multisyllable words in naming tasks.

3) More evidence is needed to identify whether phonological represen-
tations and motor programmes are accurate.

4) TG does not make use of lip-cues to improve her performance in
repetition tasks.

5) TG does not use graphemic information when reading real words
although she is able to provide the sound represented by particular
graphemes in isolation.

Stage 3 - input processing

This stage aims to answer the questions raised by stages 1 and 2:

* Are TG’s phonological representations accurate?
* Are her motor programmes accurate?
* Does she have further input difficulties?

The first test looks at the accuracy of TG’s internal phonological
representations. Where these are faulty the possible reasons for this are
investigated; does she fail to detect differences between sounds (due to
her hearing impairment) or does she detect the differences but does not
give them phonological status (i.e. is treating them as allophones of the
same phoneme). The tests start with the phonological representations and
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then work progressively ‘backwards’ through the input system, at each
point using the results of the previous stage so that the level of breakdown
for each word and phonological contrast can be precisely located.

Method
To test the integrity of TG’s phonological representations, her own
incorrect responses on the naming and repetition tasks and combinations
of features of these were spoken by the tester, along with the correct form,
and TG was asked to indicate whether the tester said the target words
correctly. She was shown a picture of the target word and asked ‘Is this
a ...7” to which she replied ‘yes’ or ‘no’ (as recommended by Locke, 1980).
Approximately eight forms were given for each word. Where she had
produced many varying realizations in the previous tests, more than eight
forms were given in order to test her internal representations of all of her
own forms. Following the example of Locke (1980) the yes and no
responses were presented in a quasi-random sequence with never more
than two consecutive yes responses or three consecutive no responses.
To discover which inaccurate representations may be due to auditory dis-
crimination difficulties a further test was conducted. Where she
produced false positive responses to this test (i.e. where an incorrect
realization was identified as correct) a further test was carried out to see
whether she could detect the difference between this and the target form.
The tester read pairs of words and then asked TG if they were both ‘the
same’. TG merely answered ‘yes’ or ‘no’ (again as recommended by Locke,
1980). The pairs consisted either of two identical readings of the target word
in its correct form, or the correct form of the target paired with one of her
previous false positive responses. Each word was paired once with itself and
once with each of her previous false positive responses. These were then
presented in a random order. Where the words were different, the order of
presentation of the correct or incorrect word was varied at random. The
same rising intonation pattern was used on both words of each pair.

Results

Identification of the correctness of different realizations of target words.
Overall TG scored 250 correct answers out of 363 stimuli. Using a
binomial test (with p = g = 0.5) we can see that the likelihood of TG
obtaining this score by random guessing alone is low (n = 363,z = 7.19,
p <0.01). Considering each word separately, only in three cases out of 42
did she correctly identify all realizations of a word as either right or wrong.
The average percentage of her responses that were false negatives was only
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4.6%, whereas the average percentage of responses that were false
positives was 26.5%.

A qualitative analysis of the false positives provides us with more infor-
mation which may help us identify more precisely the level of breakdown
for individual contrasts. The varying realizations of consonants that she
accepted in the tester’s speech are listed in Table 2.

In four cases (all multisyllable words) it was not possible to fit TG’s
errors into such a table as the forms accepted did not differ from the tar-
get form merely in terms of the realization of individual consonants (‘dic-
tionary’ — [difareri], ‘vegetable’ — [venfabl], ‘crocodile’ - [krotadavn],
[kpkadaun] and ‘calculator’ — [kaountjulerta]).

A qualitative analysis of those errors which TG produced in the nam-
ing task but correctly rejected on this task is also of interest. These were:
(a) additions of consonants, e.g. ‘spade’ — [speind]; (b) a change of vowel,
e.g. ‘web’ - [wab]; (c) replacement of /s/ and /z/ by [d] and /u/ by [f] (these
substitutions were also accepted in some words).

Identification of when tester’s production of two words are ‘the same’. TG
scored 64 correct out of 90 on identification of pairs as ‘the same’ or ‘dif-
ferent’. The probability of this being due to random guessing is very small
(binomial distribution p = g = 0.5, n = 90, z = 4.01, p <0.006). Of the
errors, 10 were false negatives (failed to identify a matching pair as being
the same) and 16 false positives (identified a non-matching pair as being
the same). Again, a qualitative analysis is of interest as it shows us which
of the realizations of phonemes that were accepted in the previous task
she cannot distinguish from each other. These are listed in Table 3.

Table 2 Realizations of phonemes in target words accepted as correct

Word initial Within word Word final
Target Realizations Target Realizations Target Realizations
phoneme accepted phoneme accepted phoneme accepted
0 0, ! t, k p p,?
s s, st, ts,d, dz  k k. t b b, d
z z,dz, d g g.d d d, n, g, dg,?
sm sm, m s s, ts, dz k k.t ts, s 2 ts
sn sn, n z z,d n n, m, gh, |
sl sl, | i} D, -
sp Sp. S s, ts, t
str str, tJr, st st, st
ts ts, st, tc, ?
sps sps, sts, s
nd nd, n
ne ne, n

nt nt, n
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Table 3 Realizations of phonemes in target words judged as ‘the same’

Word initial Within word Word final
Target Realizations Target Realizations Target Realizations
phoneme ‘the same’ phoneme ‘the same’ phoneme ‘the same’
s s, ts, st t t, k p p, ?
sn sn, sn g g.d k k, t ts, s, ?
sp sp, b s s, ts, dz n n,

z z, d nt nt, n

Discussion

Identification of correctness of different realizations of target words. We will
consider first those incorrect realizations TG correctly rejected which
involved addition of consonants and changes of vowel and occurred only
in response to the original naming test (e.g., [zesmauk] for ‘smoke’, [wab]
for ‘web’ and [spin9] for ‘spanner’). These realizations do not match her
phonological representation for the lexical item. Therefore, when she
produced these, the source of difficulty must have arisen at a later stage
of processing. As discussed in stage 2, the differing performance between
repetition and naming indicates the most likely source of these incorrect
realizations is difficulty accessing the motor programme from the
semantic representation when naming.

Some segmental errors were accepted in some cases and rejected in oth-
ers ([d] for /s/ and /z/ and [f] for /6/). The following realisations were
accepted: [daen] for ‘sand’, [dip] for ‘zip’ and [fam] for ‘thumb’ while [dan]
for ‘sun’ and [fri] for ‘three’ were not. This variable performance suggests
that TG is in the process of updating her phonological representations in
the light of a developing awareness of the phonological nature of these
distinctions (these are all distinguished in the same/different task, see
below). Hence such substitutions will be rejected only for those lexical
items where the phonological representations has been updated.

We now turn to those incorrect realizations which TG accepted as cor-
rect (false positives). These fell into two groups: the majority, which
involved substitutions at a single phoneme level, and the four multisylla-
ble words where more widely varying forms were accepted. We will dis-
cuss the latter first. In these cases, the forms accepted have the same
number of syllables and the same stress pattern as the target. We hypoth-
esize that TG’s phonological representations for these words are ‘fuzzy’,
1.e. she is unsure of their precise form, so realizations which have a simi-
lar broad form to the target are also accepted. ‘Fuzzy’ phonological rep-
resentations would lead to imprecisely defined motor programmes and
therefore output errors.
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The majority group of false positives (those involving a substitution at
a single phoneme level) could arise for two reasons: (a) TG simply can-
not hear the difference between the target sound and the substitution or,
(b) she can hear the difference but is failing to give it any significance,
treating the different realizations as allophonic variations of the same
phoneme. The following ‘same/different’ test was designed to distinguish
between these two possibilities.

Identification of when tester’s production of two words are ‘the same’. It is
likely that those differences TG failed to identify in this task are due
to her hearing impairment as this task uses processes that are very close to
the input periphery in psycholinguistic processing models. With the excep-
tion of one case (/p/ — [p,?]) none of the pairs of sounds she fails to distin-
guish can be distinguished using lip cues. Eight out of 11 errors involve
voiceless consonants which may be difficult even for a person with only a mild
hearing loss to distinguish and are thus likely to cause TG considerable dif-
ficulties. However, only 28% of her single phoneme errors on the preceding
identification task are also errors on this task, providing strong evidence that
her hearing impairment cannot be the only cause of her difficulties (she
scored 75.5% correct on this task which is well above a chance response).
This shows that she can hear many distinctions even though she regards the
two realizations as being the same in phonological terms.

Conclusions

1) TG has ‘fuzzy’ phonological representations for some words so a variety
of heard realizations are accepted as correct. These lead to imprecise
motor programmes and therefore output errors.

2) Some naming errors are due to difficulty accessing the motor
programme. This can lead to vowel errors and addition of consonants.

3) The majority of the faulty phonological representations (consisting of
segmental errors) are not due directly to her hearing impairment as she
can hear the difference between the correct realization and her own
faulty realization when produced by an adult.

4) The difficulty in these cases probably lies with a lack of awareness of
the phonological significance of some sound contrasts that she can hear.

5) Some errors are due solely to faulty motor programmes as the
phonological representations are accurate. The hypothesis is that she
is in the process of updating her phonological representations in the
light of a new awareness of some phonological distinctions and has not
yet updated her motor programme so they correspond.
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General discussion

The extensive investigations carried out into TG’s speech processing
system clearly show that there is no single level of breakdown that is the
root cause of all her difficulties. Indeed there are multiple levels of
breakdown in which her hearing impairment now plays a relatively minor
part. This is in contrast to some studies of children with phonological
difficulties which have been published to date which tend to present a
relatively clear cut outcome (Bryan and Howard, 1992; Bryan and North,
1994). This study shows that we should not expect all cases to be so clear
and in the presence of multiple levels of breakdown a psycholinguistic
model can help identify which particular difficulties are originating at
which levels. We can then plan therapy to treat the root cause of each.
TG’s psycholinguistic profile follows.

Output

There is no evidence of any structural abnormalities, difficulty
articulating individual phonemes or in the motor planning of sequences
of phonemes. All TG’s errors can be accounted for by hypothesized
deficits in the earlier stages of processing.

Input
TG’s hearing impairment affects her ability to hear differences between
some pairs of sounds. These are listed in Table 3.

TG fails to give phonological significance to some contrasts which she
can hear (those listed in Table 2 but not appearing in Table 3).

Lexical representations

Some of TG’s phonological representations are imprecise. She accepts as
correct several realizations (and substitutions) of some phonemes when
spoken by the tester in the target words (listed in Table 2). She also appears
to have ‘fuzzy’ representations for some (multisyllable) words (those errors
on the identification of correctness task that could not be explained in
terms of single phonemes, e.g. ‘calculator’ and ‘crocodile’).

In some cases, TG has an accurate phonological representation but an
inaccurate motor programme (those realizations which were rejected on the
judgement of correctness task but still produced by her in the repetition task).

On the naming task we have hypothesized that TG has difficulty access-
ing a motor programme from its semantic representation.
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Conclusions

Discussions of the use of psycholinguistic frameworks found by the author
to date have always used subjects with normal hearing acuity. This study
has shown that it is possible to use such a framework with a hearing-
impaired child and to gain insights into the difficulties of such a child which
could inform therapy. If the same stimulus words are used throughout
testing then the precise level of breakdown for each word and thus each
phonological contrast can be identified. This procedure will also give
information about variation in levels of breakdown for different
phonological contrasts. A naming task can provide a base for tests with
matched items designed to tap the integrity of representations and input
processing skills. For hearing-impaired children, words and contrasts that
are not affected by lower level input processing skills may respond more
quickly to therapy as children can use the auditory discrimination skills
they do have to update phonological representations. Thus the
identification and treatment of these is invaluable in maximizing
intelligibility prior to working on those contrasts which the child cannot
distinguish and will therefore require more intervention. This should result
in more efficient and effective therapy that is specified exactly to suit the
child’s needs. The next stage of research needs to focus on the results of
such therapy with hearing-impaired children.

The child studied here had already been identified as having language
difficulties over and above that which would be expected from her
degree of hearing impairment. It would be interesting to see whether a
psycholinguistic approach would provide any additional insights into the
speech and language processing of hearing-impaired children who have
not been identified as having any difficulties over and above their
hearing impairment.
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Appendix 1: list of stimuli and responses in six
conditions

WRWL = word repetition with lip-reading; NWRWL = non-word
repetition no lip-reading; WRNL = word repetition no lip-reading;
NWRNL = non-word repetition no lip-reading.

WORD NAMING WRWL WRNL READING _ |NON- NWRWL _ [NWRNL
1 syllable WORD

sun dan san san SAT saen/ daenk daey
smoke zesmauk smouk smauk sauk smark/ maik maik’

red ed beg’ hedg bed reed/ lrien e
three Ifxi lfai it lfaai Baa/ kia fia

sock snk? s:31nk so? s0°? sek/ dek lse?

moon  Imu mun mun mun ma:n/ mai Iman
snake neik snetk 1e1k neik snouk/ auk nauk
thumb fam Bam San bam Bim/ dim fim

web wab web’ wed’ wed wib/ wib Wij

vest ves: veth ves vesd vist/ Vit itb

zip dip diip dip ldp zep/ dep diep
spade spein speind spein spemn spausd/ [spoun: lspou:
crisps kaiso kiisp kiists kats Vkraesps/ ktae? lksae?
sand ideen staen en Jaen; sond/ don kipg

case kers kers ket keiso Vkais/ qai? kai?

cake keit ket kelts kers kaik/ kait kait?
spots SpDst spp? itot spo? spets/ bets spets
sponge SpAn bandzo bant[ span spinz/ spind3 bryn

2 syllables

spanner spina speens saonwa no response _|/spens/ lspena Kpens
sailor setlo seilo tseilo setlo soile/ tolo? soilo
sitting S1tsIn Is1tiz it it STsit satim/ istatim fatil
seaside stitsal isisar sisal [sisal sasaud/ stadzou  sabwau
sleeping ipin sliptn slipin slipm slupiy/ stupi thupt
spider haida spaids spaids barde spouda/ bousda bouda
present 1edan piedin 1edon 1edon preezant/ 1zedon sedant’
engine endzu endzm endzu lendzi3d ‘endzin/ endzi kendzit

3 syllables

motorbike jmoukebar?  jmavkebal? jmoutobai?  nisutebaik’  mitobauk/  [mrkibou?  |miktibauk’
cardigan  |kadodon kadadon  lkadiden kadidan kurdigen/  kudigm  fkudidon
cinema dimsma zInama  jtsmama tstnoma senamu/ senamu denimu
elephant  elsfon elofonit lelitan elivan: plifint/ plifan plifiz
dinosaur | damodzos  |damadzo  [damaso damozo daingssy/ dainods  |damadz3
selotape  ldeloterp seloreip selorerp’ Isersot solitaup/ dolitsau_ [folitou
vegetable jvendzoteibl |venfobal  ven[abol ven[ateib} vidstabal/  |vid3fabl  |vinfob]
dictionary  dik[a1e4i ik foni dik fonai ik [oueai dek fonauy/  daekfaiu  de?fonasu
lemonade  [lemonel lempnel lempnem lempnein lamonsud/  |lemonoun  llermonau
fingerprint _ [fmgopim fingopan__ [figgopain figgopint tangopraent/ fmgip’en  fangspien
marmalade mamslei mamoler  imamoler no response |fmimsloud/  [mimoleun  nimonau
strawberry |[vobeur dobnt staobri stiobear strusbrii/ kxubi tfrubx
crocodile  |kotandaun kiotondarl kintedavn  kotondaon_ Ykrikedaul/  fkatadsur  fkurtedoun
4 syllables

television Jelovin telovizn telovidin telivizon talovaezon/ lielovaezon  telovaezon
calculator  kzlkjuleiko [celealeits kaontoleits  kaotolerts kalkilouta/  [kawvtilouts  [kaltslouts
radiator leidioveits preidierts  pierdjuents eldisuer? raidiouts/  pardioute  hrardisuts
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Appendix 2: additions to scoring method to account
for phonetic errors

1) Half a point was deducted for phonetic distortions which did not result
in the loss of a phonological distinction.

2) Clusters where the features from both phonemes were combined
together were scored together as one combined target. For example,
for the cluster /sm/, the six features required in total are: voiceless,
alveolar, fricative, voiced, bilabial and nasal. Where TG realized this
with the voiceless bilabial nasal [m] she was given credit for the three
out of the six target features that she produced. By Bryan and Howard’s
method, she would only have scored 2/6 because the sound produced
was closer to /m/ so this would be taken as the target sound. Only two
features of this sound are present and she would score nothing by
comparison with the /s/ which would count as an omission.

3) Clusters involving /s/ — voiceless plosive: if she realized /sp/ as [b] she
was credited with 3/6 features because the voice onset time for /p/ in
the context of an /s/ cluster is closer to /b/ in isolation than /p/ and she
was not therefore penalized for retaining this phonetic feature.



