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ABSTRACT

This thesis explored the controversial issue of whether children process words via holistic
representations, or via segmental representations like adults. The Lexical Restructuring
Hypothesis (LRH) states children have whole-word or -syllable representations, whereas the
Segmental Hypothesis (SH) claims children have segment-sized representations like adults.
Another question this thesis asked was whether children with speech sound disorders have
similar representations as their typically-developing peers. The thesis used data from typically-
developing children, children with speech sound disorders, and adults. The study used a
Mispronunciation Detection task, in which participants indicated whether a word was
pronounced correctly or incorrectly. There were five conditions: initial-segment, final-segment,
two-segment, foil, and correct. Adults and typically-developing children made more errors in the
initial-segment condition than in any other condition. Children also showed more errors in the
final-segment condition than in the two-segment condition. The results support the SH because if
children were only sensitive to featural differences, they would have made more errors in the
two-segment condition, in which there were fewer features on one segment making differences
more difficult to detect. Children with speech sound disorders demonstrated similar phonological

representations in comparison to their typically-developing peers.



INTRODUCTION

The process of speech production involves the coordination of multiple complex processes.
Speaking only a single word implements processes such as lexical retrieval (finding the word),
phonological planning (finding the sounds of the word) and speech motor planning (finding the
movements to produce those sounds) (e.g., Shiller, 2006). While much research has been
conducted in regards to adult speech production, relatively little is known about how children
plan their speech. This thesis asks the question of whether children represent words in a holistic
manner (the whole word) or if they represent words through individual sounds like adults. It
focuses on answering this question using a Mispronunciation Detection (MPD) task, in which
children have to indicate whether a spoken word is pronounced correctly or not. Another
question this thesis asks is whether children with speech disorders have different representations

than typically-developing children.

Phonological encoding in adults

Speech production in a simple naming task begins with visual processing and access to the
depicted concept. The speaker then retrieves the word with its semantic and syntactic
information, for example, the word “ball” is represented by ideas like “round,” “bounces,”
“rubbery,” etc, and the fact that it is a singular noun. From the semantic planning, the word is
encoded in the phonological planning stage, that is, the sounds (phonemes) and the stress pattern
are retrieved. The process continues to the speech motor planning stage, where appropriate
articulatory movements are specified to produce the sounds. Finally, articulators are set into

motion and speech is produced.



In adults, phonological encoding is thought to involve phonemes, rather than syllables (e.g.,
Schiller, 2006). This idea is based on both speech error evidence and evidence from various
priming tasks, including auditory picture-word inference (e.g., Seiger-Gardner & Schwartz,

2008) and implicit priming (e.g., Meyer, 1990; Roelofs, 1999).

Phonological representations in children

This thesis project seeks to answer the question of how children represent the sound
structure of their words, either holistically or through segments like adults. The Lexical
Restructuring Hypothesis (LRH) and the Segmental Hypothesis (SH) both attempt to answer this
question. According to the LRH, children begin with holistic representations, consisting of whole
words or syllables, and then reformulate those representations into smaller parts corresponding to
the phonemes of the language (Walley, 1987). The SH suggests that children already have
segments based on phonological representations and do not develop them from larger holistic
units, initially (Gerken et al., 1995).

A common experimental task used to assess phonological representations without needing
to tap into the articulation aspect is the MPD task (e.g., Bowey & Hirakis, 2006; Sutherland &
Gillon, 2005). In such a task, children typically see a picture and hear a spoken word or
nonword. The children then need to decide whether the word for the picture representation was
correctly pronounced. A study done by Sutherland and Gillon (2005) looked at phonological
representations in children with and without speech impairment using an MPD task. The MPD
task required children in the study to determine the correctness in production of words in
comparison to their individual phonological representation systems. The children were shown

single-referent images on a computer screen (e.g., helicopter, caterpillar, watermelon, etc). The



child then heard auditory output to match each word. The child had to select a “happy face” if
the word he/she heard was a good production and a “large black cross” if the word he/she heard
was a poor production. Children with speech impairment made more inaccurate judgments of
mispronounced speech sounds, which suggested difficulties in recalling phonological
representations or incorrectly specified representations. The results of the study indicate that
phonological judgment tasks are appropriate to show phonological representations in children
with and without speech impairments.

Some evidence from this task for the LRH was provided by Walley (1987). Walley (1987),
used picture and non-picture mispronunciation tasks that also looked at the receptive input for
measuring children’s phonological representations as explained in Sutherland and Gillon (2005).
The children ranged in age from 4-5 years old and were tested with words in both isolation and
in story-form. In a constrained (story) context, a position effect was detected by both the older
and younger children, meaning that word-initial errors were detected more accurately than errors
in word-final position. For example, a word such as “tire” with a mispronunciation of /t/ as /k/
(“kire”) was detected more often than a mispronunciation with the word “toast” with /k/
replacing the /t/ final sound (“toask™). Another experiment with isolated words, using picture and
no-picture conditions, replicated this position effect for the only children only. The younger
children (4-year olds) showed no position effect with or without the picture, meaning the
accompanying picture did not affect the child’s awareness to mispronunciations in word-initial or
-final positions. For the older children (5-year olds) the effect was only obtained when a picture
accompanied the stimuli. They were more sensitive to word-initial mispronunciations, and in
both experiments they had a greater position effect than the younger children. It is this

emergence of the position effect and the greater magnitude of the position effect for older



children that were taken as support for the LRH. Both studies further suggest that children have a
greater position effect in constrained contexts, either amidst a story or an isolated word with a
picture referent. The position effect is not present in unconstrained contexts, such as a word in
isolation with no picture referent.

Although the emergence of the position effect has been used as evidence in favor of the
LRH, an alternative explanation for this finding has recently been proposed. In particular, Bowey
and Hirakis (2006) suggested that the position effect could be an effect of acoustic clarity rather
than restructuring. They mention that sounds in initial position tend to be in stressed syllables,
have greater importance in retrieving lexical cues, and are therefore more reliable cues. For
example, the sound /t/ in initial position (as in “tea”) will always be aspirated, whereas the /t/ in
final position (as in “eat”) is never aspirated and may even be unreleased. Therefore, greater
accuracy at detecting initial mispronunciations may be due to the greater salience rather than
restructuring.

Bowey and Hirakis (2006) compared these two alternatives by examining the effects of both
position and clarity of acoustic-phonetic information on MPD of singleton onsets in children and
adults. The study provided evidence for the clarity hypothesis. Children were more sensitive to
the mispronounced stressed word-initial /s/ sound in “circle” than the mispronounced unstressed
second syllable onset, /s/, in “whistle.” They were also more sensitive to the mispronounced /s/
in the onsets of second syllables with a clearer acoustic-phonetic position, such as in the word
“caSSette,” than in onsets of unstressed second syllable onsets. Therefore, decreased sensitivity
in mispronounced onsets of second syllables based on position is not a valid argument for lexical
restructuring because the position effect in children and adults can be explained as effects of

clarity rather than position.



Some positive evidence for segmental representations comes from an experiment by Gerken
Murphy, and Aslin (1995). In this study, 3-4 year old children were asked to signal their
recognition of a pre-specified target word, “lick,” by pressing a button. This task is similar to the
MPD, except it maintains the same phonological form in memory to match the incoming sounds
instead of retrieving unprepared sounds from a picture. The study by Gerken et al. (1995),
examined whether or not the children detected a foil that differed from the target word (“lick™)
by two features on one segment (e.g. “gik”) more often than a foil that differed by one feature on
two segments (e.g. “zig”). The study found that children made more errors when the foil differed
by one segment than when it differed by two segments (even though the number of differing
features was the same). The findings suggest that children can and do use information about
segments to evaluate mispronunciations and not just through representation of phonetic features.
The research shows outcomes contrary to the LRH and in favor of the SH, in that children may
represent their words in terms of segments (as well as features).

Limitations in the procedure of this study are that Gerken et al. (1995) used only one target
word as a fixed target. The use of a fixed target reduces the need to retrieve phonological
representations because the child does not need to plan a different word for each trial. Thus,
although these findings are promising, they should be replicated using a larger set of items in a
task that requires children to retrieve output phonological representations (e.g., from a picture).

The present study was specifically designed to accomplish this task.

The Present Study
This study was designed to assess the segmental versus holistic nature of phonological

representations in children with and without speech disorders and in adults. Based on the



findings from the study by Gerken et al. (1995), we developed an MPD task, in which children
have to retrieve a new phonological representation on each trial. We constructed a task that
requires matching the incoming signal (spoken word) to an existing representation (retrieved
from memory and represented by a picture) in order to judge correctness (Sutherland & Gillon,
2005). This allowed us to obtain data related to the child’s encoding processes. Our study aims to
produce more evidence related to these hypotheses (LRH and SH) using a wider range of items.
In particular, this thesis used the same logic developed by Gerken et al. (1995) and compared
two-feature mismatches on either a single segment (initial or final consonant) or distributed

across two segments (initial and final consonant).

METHODS
Participants

The experiment was conducted with four typically-developing children ages 5-7 (mean age
6;8), three typically-developing children ages 8-10 (mean age 9;1), and 24 adult participants
(mean age 21;4). The study also included three children with speech sound disorders all in the
younger age group (mean age 5;6). Clinical diagnosis of speech sound disorder was made by a
certified and experienced Speech-Language Pathologist. All participants were monolingual
native English speakers.

The typically-developing children were categorized based on their a) articulatory skills no
more than one standard deviation below the mean on the Goldman-Fristoe Test of Articulation-2
(GFTA-2; Goldman & Fristoe, 2000) and clinical judgment of typical speech development based
on nonstandardized tasks, including elicitation of a conversational speech sample; b) adequate

oral structure and function, based on clinical judgment from an oral mechanism exam; c) normal



nonverbal intelligence based on subtest T-scores between 40 and 60 on the nonverbal portion of
the Reynolds Intellectual Assessment Scales (Reynolds & Kamphaus, 2003); d) expressive and
receptive language abilities within normal limits as determined by a standard score of 85 or
greater on the Expressive Vocabulary Test — Second Edition (EVT-2; Williams, 1997) and the
Peabody Picture Vocabulary Test — Fourth Edition (PPVT-4; Dunn & Dunn, 2007), respectively;
and e) normal hearing indicated by passing a hearing screening at 500, 1000, 2000, and 4000 Hz
at 20 dB (ASHA, 1997). Participant test scores are presented in Table 1.

Children with speech sound disorders met all the criteria above, except that they received a
primary diagnosis of a speech sound disorder not due to structural abnormalities, indicated by a
score below the 16™ percentile on the GFTA-2 (Goldman & Fristoe, 2000), or clinical judgment
of vowel errors and prosodic abnormalities, which are not captured by the GFTA-2 (relevant in
the case of participant 300). Participants were recruited from the University of Arizona and
Tucson communities, respectively. Children with speech sound disorders were recruited from the
University clinic, the University-affiliated Child Language Center, local schools and Speech-
Language Pathology practices.

TABLE 1. Participant Information

Group  Part# Sex Age EVT PPVT GFTA
SSD 300 M 5:6 120 (91%) 117 (87™) 96 (29™)
303 F 5:5 93 (32" 96 (39™) 91 (14™)
304 M 5,7 91 27™) 105 (63™) 44 (<1*

TD5 100 F 7:8 107 (68™) 116 (86™) 105 (56™)

101 M 5:11 111 (77™)  109(73™) 100 (25™)

102 F 7:2 99 (47™) 100 (50™) 107 (>60™)

305 F 6:7 116 (86™)  142(99.7™) 108 (>65™)

TDS 200 M 10;10 104 (61%)  112(79™) 102 (24™)
201 M 8:1 112 (79"™) 150 (98™) 86 (6™)

202 F 8:4 112 (79™) 127 (96™) 104 (>48™)

Adults N=24 2IF;3M  21:8(3;7)  113(14) 110 (14) N/A



Materials

The task included (1) a picture of an alien (Ohala, 1999; see Figure 1), (2) pictures of 19
objects and animals familiar to children, and (3) recordings of mispronounced and correctly
pronounced names of the pictures. Pictures were scaled to fit in the same size and location on the
computer screen (see Figure 1 for example). These pictures were also used in a separate naming
experiment (not discussed in this thesis) conducted with these same participants prior to the
MPD task. Thus, participants were familiar with these pictures and their names.

High quality audio recordings were made by a female native speaker of American English.
Recordings were verified for accuracy by an independent listener and edited to remove any silent
periods before or after the utterance (using Adobe Audition v 1.5). Mispronunciations involved
two-feature errors, with the two phonetic feature mismatches either on a single segment or
distributed over two segments. For example, mispronunciations of the target “fish” included
“bish” (initial segment differs in place and manner of articulation), “fip” (final segment differs in
place and manner of articulation), and “shitch” (two segments: initial differs in place, final
differs in manner of articulation).

The explanation for this thesis was that if children have segmental representations, then a
mispronunciation involving two different segments should be easier to detect than a
mispronunciation in which only one segment is incorrect. If children do not have segmental
representations, then they will detect mispronunciations based on featural differences. If that is
the case, there should be no differences between the one-segment and two-segment conditions
because the number of incorrect features is the same (Gerken et al., 1995). There were two
reasons for including both initial-segment mispronunciations and final-segment

mispronunciations. One reason was to potentially replicate previous studies that have observed a



position effect, which supports the LRH (e.g., Walley, 1987; but see Bowey & Hirakis, 2006).
The second reason was to encourage participants to listen to the entire word before making a
decision of correctness.

In addition to these conditions, there was also a “foil” condition in which all segments,
including the vowel, were different from the target (e.g., “boz” for “fish”). The foil conditions
were used to ensure participants were following task instructions. The final condition included
correct pronunciations to ensure “yes” responses within the task. Thus, in all, there were five
conditions: initial-segment, final-segment, two-segment, foil and correct.

All mispronunciations were nonwords to avoid any influence from existing lexical
representations, and were matched across conditions for several variables known to affect speech
perception and speech production. These included length in syllables and phonemes (all were
monosyllabic with CVC forms), spoken word duration (in milliseconds), phonotactic probability
and neighborhood density (e.g., Storkel & Hoover, 2010; Vitevitch & Luce, 2004). Two
phonotactic probability variables and two neighborhood density variables were controlled. The
first controlled phonotactic probability variable included a summed phonotactic segment
probability, which refers to the probability that a given segment occurs in a given word position,

and includes the three segments of each nonword (e.g. /z/, /€/, and /g/ for /z€g/). The second

consisted of the summed phonotactic sequence probability, which refers to the probability that

two segments occur together, and include the two sequences of two segments of each nonword
(e.g. /z&/ and /€g/ for /z€g/). The first neighborhood density variable controlled included the

neighborhood density, which refers to the number of real words that differ by only one segment

from the nonword. The second included the mean logarithmic frequency of all the neighbors.



The information from phonotactic probability and neighborhood density was matched, or in
other words, had no significant differences between conditions (p > 0.05) when using both adult
and child norms. This is an important factor because the size of the lexicon is critical in
determining these variables and is expected to be different between children and adults. We used
existing databases with web-based resources to obtain this information (Storkel & Hoover, 2010;
Vitevitch & Luce, 2004). All targets and nonword mispronunciations are presented in Table 2;

the condition matching information is presented in Table 3.

TABLE 2. Items and Conditions

Targets Correct 1 (?ﬁ%tlir:l:;l t 1 (Slgignlggnt 2 Segments Foil
bed bed oed bed meb kids
mouse maos dzaus maotf waof boz
comb kouom Joom kous3 toub ZEZ
wall wal zal wam jad te
tail texl fexl te1] kexz vaep
knife narf dzazf naIp dzazb zout
pear pEr gel pEM kel hin
moon mun zun mug nul aaff
doll dal val dao taz nerg
road roud zoud roud joub mi0
witch w1t oxlf WI3 vif taz
net net tet nen lek bIm
bowl bool lool boUs poud weIm
hat haet zeet hab Jed oid
goal goul zool goom kovz peds
can kan ten bed p&ez dzoud



TABLE 3. Condition Matching

Means (SDs) of mispronunciation conditions for phonotactic probability, neighborhood density, and spoken word duration. There
were no significant differences for any of the variables between any of the mismatch conditions for either the adult values or the

child values (all p>0.05).

Correct Initial- Final- Two Foil
Segment Segment Segments

Child S-Sum 0.179 (0.043) | 0.141 (0.035) | 0.140 (0.036) | 0.141 (0.040) | 0.136 (0.045)
Child B-Sum 0.011 (0.006) | 0.007 (0.004) | 0.007 (0.003) | 0.005 (0.003) | 0.005 (0.004)
Child Neighbors | 16.0(5.7) 9.1(5.7) 8.6 (2.5) 9.0 (5.0) 9.0 (4.7)
Child LF Mean [2.760 (0.312)] 2.711 (0.262) | 2.651 (0.440) | 2.631 (0.359) | 2.546 (0.298)
Adult S-Sum 0.167 (0.043) | 0.130 (0.034) | 0.133 (0.038) | 0.133 (0.046) | 0.123 (0.046)
Adult B-Sum 0.007 (0.006) | 0.005 (0.004) | 0.006 (0.004) | 0.005 (0.003) | 0.005 (0.004)
Adult Neighbors | 24.5(7.4) | 14.8(6.6) 12.6 (5.1) 15.3 (8.0) 13.9 (6.3)
Adult LF Mean |2.137(0.222) | 2.141 (0.219) | 2.071 (0.222) | 2.053 (0.268) | 1.970 (0.282)
Zvn‘;;d Duration | -0, (350 | g21(104) | $250140) | $38(152) | 817 (164)

Child: data based on child corpus (Storkel & Hoover, 2010); Adult: data based on adult corpus (Vitevitch & Luce, 2004); S-Sum:
sum of the frequency of occurrence of each segment; B-Sum: sum of the biphone probability; Neighbors: number of neighbors;
LF Mean: mean of log frequency of neighbors

Task and Procedures

The MPD task required participants to indicate whether a spoken utterance was the correct
pronunciation to match a target picture. This task was used because it requires speech perception
as well as access to phonological output representations from a picture input, without requiring
overt articulation of the picture name.

To create an interactive element for the task, especially for the children, participants were
introduced to an alien (Ohala, 1999), a “Pollywolly,” named Molly, who was from another planet
and was visiting earth to learn to speak English. Participants were told that the Pollywolly would
name things around her, and that sometimes she said the word wrong. They were asked to help
the Pollywolly learn English by pressing a “yes” button or a “no” button (labeled mouse buttons

of a laptop) to communicate with the Pollywolly.



The experiment used E-Prime software (v.2; Psychology Software Tools, Inc.) and
conducted on a Toshiba laptop. Sounds were presented over headphones (Sennheiser HD 280Pro
for adults; Caliphone 2810 animal headphones for children) at a comfortable listening level
determined by the participant during a sound check prior to the experiment. The computer was
connected to a button box (Psychology Software Tools, Inc.) that allowed the experimenter to
control the experiment. The experimenter pressed a button to present each next trial, but only
when the participant was paying attention. This was determined by whether or not the participant
looked at the screen when the picture appeared. If there was an external noise coinciding with the
presentation of the sound (e.g. planes flying overhead), the experimenter pressed a button that
signaled that particular trial to rerun at the end of the block. The experimental software
automatically collected responses from the participant.

Each trial involved the following events: First the Pollywolly and a target picture appeared
(see Figure 1), and the Pollywolly said the name (correctly or incorrectly). Sound file onset was
simultaneous with picture onset. Next, the participant pressed one of the two buttons (“yes” for
correct, “no” for incorrect), which removed the picture from the Pollywolly’s screen. Finally, the
experimenter pressed a button to advance to the next trial.

The five mispronunciation conditions (initial-segment, final-segment, two-segment, foil and
correct) were counterbalanced across five blocks of 19 trials each (16 experimental items and 3
filler items). While each block contained 3 or 4 items in each of the five conditions, no block
contained the same picture more than once, and trials were presented in random order in each
block. The five blocks were divided over three experimental sessions to minimize decreasing
responsiveness. Two sessions contained two blocks and one session contained one block. One

extra block was added at the end in which the Pollywolly pronounced all picture names correctly.



This was inserted for the interactive purpose of showing the Pollywolly had learned from the
participant. Overall, there were two sessions with three blocks and one session with two blocks.
Rest blocks were provided between blocks as needed. Only the experimental blocks were used

for analysis.

Figure 1. Example Screen of Mispronunciation Detection Task

Design, Analysis and Predictions

The main dependent variable was percent correct. The independent variable was condition,
with five levels: initial-segment, final-segment, two segment, foil and correct. Data were
analyzed separately for adults and children because of the different sample sizes. Data from adult
participants were analyzed using a one-way Analysis of Variance (ANOVA), with post-hoc
Tukey tests to identify the source of any significant effects. Data from children was analyzed
using a 3 x 5 ANOVA, with one between-subjects factor with three levels (Group: 5-7 year olds,

8-10 year olds, children with SSD). It also used one within-subject factor with five levels



(Condition: initial-segment, final-segment, two-segment, foil and correct). Follow-up Tukey tests
were used to identify the source of any significant effects. All statistical tests were performed
with an alpha level of 0.05. The two hypotheses examined, the LRH and SH, will be explained in
the results. If the LRH is supported, it will determine young children do not have segmental
representations. Thus, they will show no difference between the one-segment conditions and
two-segment condition because both these conditions have a mismatch of two phonetic features.
In contrast, the SH will be supported if there is a one-segment vs. two-segment mismatch
difference for all children and adults.

With respect to children with SSD, the pattern is expected to depend on the nature of their
disorder. If the speech disorder is primarily structural and not phonological in nature (as in the
case of 303), then normal performance is expected. For children with Childhood Apraxia of
Speech (CAS) (as in the case of 300 and 304), phonological processing may also be intact, but
there may be subtle phonological deficits present that would be difficult to uncover based on a

speech production task.

RESULTS
Adults

In the adult subjects, there was a significant main effect of Condition, F(4, 115) =46.21,p <
.0001. Follow-up Tukey tests revealed that the initial-segment condition had significantly more
errors than any other condition (p <.0001), as seen in Figure 2. No other comparisons reached

statistical significance. As shown in Figure 2, the two-segment condition resulted in no errors.

Children



Results for children are presented in Figure 3. There was also a significant effect of
Condition, F(4,28) =4.79, p = .0045, in the children. The Group effect was not significant,
F(2,7)=2.06, p =.1984, nor was the Group x Condition interaction, F(8,28) = 1.60, p =.1708.
Follow-up Tukey tests showed that the initial-segment condition produced more errors than any
other condition (p =.0256); the final-segment condition produced numerically more errors than
the two-segment condition, but this difference did not reach significance (p = .1240).
Observation of the condition means for the different groups shows that that only the younger
children and the speech-disordered children made substantial errors on the final-segment
condition.

Further inspection of the results of the individual SSD children indicates child 300 and 303
reveal the Group pattern relative to that of the typically-developing children. That is, they
elicited fewer errors in the two-segment condition than the initial-segment conditions (see
Appendix). Child 304 shows an equal number of errors in these critical conditions.

Figure 2. Adult Results of MPD Task

14%
12% Correct
EnitSeg
10% BFinSeg
I TwoSeg
8% MFoil
6%
4%
2%
T
0% T T
Adults (N=24)




Figure 3. Child Results of MPD Task
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TDS refers to typically-developing 5-7 year old children; TDS refers to typically-developing 8-10 year old children;
SSD refers to children diagnosed with speech sound disorder

DISCUSSION

The purpose of this study was to determine whether children represent words holistically or
through individual phonological segments. The thesis examined two existing hypotheses, the
LRH and the SH. The LRH claims children are sensitive to featural differences but not segment
differences, while the SH claims children form words based on segmental representations of the
word. Walley (1987) determined that a position effect, greater sensitivity to word-initial
segments, was only present when referents were contextualized (i.e. when pictures accompanied
the stimuli or within a story). This finding is inconsistent with the results found in this study.

Based on the results from the adult data, more errors were present in the initial-segment



condition than in any other condition. Also, there were no errors in the two-segment condition.
Therefore, adults were more sensitive to the final-segment condition and two-segment condition
than one segment difference in the word-initial position. The same effects were present in the
child data.

Some theories exist to explain why this reverse position effect occurred. One explanation
was that the simultaneous presentation of picture and auditory stimuli was a distraction to the
initial sound. However, if this were true, the data would reflect results from only the last two
phonemes of each word. According to the LRH, the two-segment condition should then elicit
more errors than the final-segment condition because there is only one feature difference in the
two-segment condition, but two feature differences in the final-segment condition. The SH is
supported, based on these results, in that there is a greater sensitivity to the two-segment
condition than the final-segment condition. These findings are consistent with previous studies
showing children are more sensitive to foils of a target word differing by two segments than one
segment, despite the same number of different features (Gerken et al., 1995). Another theory for
this effect is that if the last sounds of the word override the first sounds, the subject’s working
memory will only remember the last sounds. If the final sounds are correct, the subject may
indicate the whole word as correct, even with an incorrect word-initial sound.

There was a considerable amount of variability within the child data. Both the typical and
speech-disordered children had a greater number of errors in the final-segment condition than the
two-segment condition. These data support the SH in that the children were more sensitive to
differences in two segments than in one segment with a two-feature difference. While all three
groups of children showed significant errors in the initial-segment condition, the speech-

disordered children had a greater number of errors in the final-segment condition. However,



when viewing individual data from the three SSD children, child 303 carried the group’s final-
segment condition outcome with 18.75% errors, while the other two subjects only had 5.88%
errors and 6.25% errors. These percentage errors were the same or lower than percentage errors
of the typically-developing children. The overall error rate was higher in the children with
speech disorders, while the pattern of results across conditions was similar. This suggests these
children had similar phonological representations to their typically-developing peers (i.e.
segmental representations). These findings also support the use of a mispronunciation detection
task to investigate phonological representations in children with speech sound disorders
(Sutherland & Gillon, 2005).

Another noteworthy finding in the child data was the high percentage of errors on correct
words in both typically-developing groups. There are a few theories as to why this occurred. For
example, the sound files consisted of highly enunciated words to avoid speech inconsistencies in
the speaker. However, for developing children, these words may have sounded unfamiliar in
their enunciated form and been considered incorrect. Another theory may be inattention. If the
child was not focused on the task it may have caused inconsistencies in the data. A third theory is
that the children anticipated incorrect word forms due to the greater proportion of incorrect
pronunciations overall. Additional data is needed to support any of these theories.

It is also relevant to note that data from the eight-year-old group of typically-developing
children closely matched the adult data. These results are consistent with the growth in child
development. The transition in data from the typical five-year-old group to the eight-year-olds to
adults displays a developmental growth in segmental processing. Segments appear to be used in
eight year olds more frequently, but the effect is also seen in the five year olds. While this study

focused on whether or not segments are present in children’s speech processing, the question that



comes next is at what age do segments appear in a child’s processing. It may be beneficial for
future research to study children at a younger age.

Bowey and Hirakis (2006) also found evidence against the position effect but in favor of an
effect in clarity of acoustic-phonetic information. There was greater sensitivity to stressed
syllables with clearer acoustic-phonetic information than in unstressed syllables. For the
purposes of avoiding unrelated errors in multisyllabic words, this thesis only used one-syllable
words in its dataset. The outcome of fewer mispronunciation detections on the initial-segment
condition did not support the study by Bowey and Hirakis (2006). Had the outcomes been
consistent with this study, the data would have shown greater sensitivity to the onset sounds.
Bowey and Hirakis (2006) had discussed the idea that sounds in initial position are usually more
reliable in retrieving lexical cues because these cues are more consistent and clear. However, the
data from this thesis suggest that either such a clarity difference was not present in the stimuli or
that word-final sounds may be more critical than word-initial sounds.

In conclusion, the findings from the present thesis do not support the LRH but instead
support the SH. This conclusion is based on the finding that children were more sensitive to two-
feature mispronunciations when the two mismatching features were distributed across two
segments than when they were located on a single segment. As a final point, this thesis provides
further support for using the mispronunciation detection task in investigating phonological

representations in children with speech sound disorders.
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APPENDIX
Individual results of MPD tasks for SSD children
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