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Abstract 
This report describes an ongoing investigation of 4-6 year-old children’s 
perception of synthetically modified versions of their own recorded speech. 
Recordings of the children’s speech production are automatically modified so that 
the initial consonant is replaced by a different consonant. The task for the children 
is to judge the phonological accuracy (correct vs. incorrect) and the speaker 
identity (me vs. someone else) of each stimulus. Preliminariy results indicate that 
children with typical speech generally judge phonological accuracy correctly, of 
both original recordings and synthetically modified recordings. As a first 
evaluation of the re-synthesis technique with child users, the results are promising, 
as the children generally accept the intended phonological form, seemingly without 
detecting the modification. 
 

Background 
In children with speech sound disorders, the 
relation between speech perception and speech 
production is still not fully understood. Some 
children who produce a sound in error also have 
problems with the perception of the distinction 
between this sound and the sound that they 
substitute it for (Locke, 1980). Other children 
with the same speech deviance do perceive this 
error when others produce it, but still fail to 
perceive the same error in their own speech 
production (Aungst & Frick, 1964). This 
discrepancy between external perception (i.e. 
perception of other people’s speech) and internal 
perception (i.e. perception of one’s own speech) 
is common in children with speech sound 
disorders, but also in typical speech 
development (Kuczaj, 1983). 

Presenting children with recordings of their 
own deviant speech has been suggested as a way 
of increasing the children’s awareness that their 
speech is deviant and to stimulate self-
monitoring (Hoffman & Norris, 2005). Shuster 
(1998) presented children and adolescents not 
only with recordings of their own deviant /r/ 
productions, but also with corrected versions of 
the same recordings. The author hypothesized 
that the children would perceive the corrected 
versions as incorrect, and that this could explain 
why they persisted in producing /r/ in error. 
However, the results showed that the children 
judged both the deviant (original) /r/-recordings 

and the corrected (edited) /r/-recordings as 
correct, a finding that suggests that the 
children’s internal /r/ representations are too 
allowing. 

Although the data in Shuster (1998) did not 
support her hypothesis, the study is an example 
of how corrected recordings of deviant speech 
can be used to gain insight to children’s  speech 
perception in relation to their speech production. 
However, in Shuster’s experiment, the 
recordings were edited by hand, by LPC 
manipulation and subjective auditory analysis. 
Assumably, it would be even more valuable if 
the correction was generated automatically, as it 
would not only be time-saving, but it would also 
allow the speaker to receive immediate feedback 
to his/her speech production. Immediate and 
automatic modification of recorded deviant 
speech would also allow examination of the 
commonly held suggestion that when children 
with deviant speech monitor their own speech 
production, they perceive what they intended to 
produce, rather than the phonetic product of 
their intent (e.g. Locke & Kutz, 1975). 

A method for automatic re-synthesis of 
recorded child speech has recently been deve-
loped at KTH (Strömbergsson, 2011). Here, a 
unit selection approach is used to replace an 
initial voiceless plosive in a recorded speech 
sample by another voiceless plosive, retrieved 
from a recording of another child. However, 
although previous results from an evaluation of 
this re-synthesis method with adult listeners are 
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promising, a naturalistic setting with children as 
users puts higher demands on the technique, and 
would be more revealing of its potential use. 

Purpose 
The purpose of the present study is to evaluate 
the modified re-synthesis technique, by letting 
4-6 year-old children with typical speech judge 
phonological accuracy and speaker identity of 
their own modified speech. Later, the collected 
data will serve as control data in a planned study 
of how children with deviant speech perceive 
synthetically corrected versions of their own 
recorded deviant speech. 

 

Method 
At the time of writing, 9 children with normal 
hearing and typical speech and language 
development had participated in the study. The 
children were between 4 and 6 years old 
(ranging from 4;0 to 6;0, M = 61 months, SD = 
9.0 months). All children were recruited through 
pre-schools in Stockholm, and all had at least 
one native Swedish parent.  

All children participated in two 20-minute 
test sessions, in which they performed the 
following tasks:  

 
1. External discrimination (ED) 
2. Internal discrimination, modified speech 

(IDMod-direct) 
3. Test of Phonological Working Memory 

(PWM; Radeborg et al, 2006) 
4. Internal discrimination, modified speech 

– delayed (IDMod-delayed) 
5. Test of Reception of Grammar (TROG; 

Bishop, 2003) 
6. Assessment of phonological production 

(Fonemtestet; Hellquist, 1995) 
7. Internal discrimination, modified speech 

– speaker identity (IDMod-identity) 
 
Tasks 1-4 were performed in the first test 

session, and tasks 5-7 in the second session. 
Tasks 3, 5 and 7 are standard Swedish tests for 
assessment of speech and language abilities, that 
were used to ascertain that all participating 
children had age adequate speech and language. 
The experiment took place in a separate room 
with limited noise at the different preschools. 
The children were fitted with a headset and the 
experimenter with headphones to supervise the 
recordings and listening tasks. 

In the ED task, the children were presented 
with 2 original and 10 synthetically modified 
recordings of other children. These stimuli were 
used in a previous study (Strömbergsson, 2011), 
where adult listeners were in high agreement of 
their phonological accuracy. (Per item kappa 
was 0.85 or more for all selected items.) The 
task for the children was to judge the accuracy 
of each stimulus, by pointing either to a picture 
illustrating the word on the screen  when they 
heard the depicted word being said, or to a 
picture of a large X when they perceived the 
word as “wrong”. An example screen shot is 
presented in Figure 1. 

In the three IDMod tasks, a recording script 
of 8 words was used (see Appendix). In each 
IDMod task, the words in the script were 
repeated twice, resulting in 16 stimuli per task. 

 

 

Figure 1. The task setup for judging 
phonological accuracy. The children pointed to 
the rooster if they perceived the audio stimulus 
as “tupp” (rooster), and to the X-symbol when 
the perceived the stimulus as “wrong” or “not 
rooster”. 

In the IDMod-direct task, the children were 
recorded when producing the words in the 
script. Immediately after having recorded a 
word, the recording was either a) re-synthesized 
with a different initial consonant (6 stimuli), b) 
re-synthesized with a phonologically equivalent 
initial consonant produced by another child (6 
stimuli), or c) left unchanged (4 stimuli). (The 
number of stimuli beginning with /t/ and stimuli 
beginning with /k/ was equal in all three 
conditions.) The children were told that The 
Parrot would imitate what they had just said, but 
that The Parrot would not always get it right. 
The task for the children was to, for each word 
in the script, judge if The Parrot could say it 
“right” or “wrong”, in the same way as 
illustrated in Figure 1.  
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In the IDMod-delayed task, the children were 
again presented with the 16 stimuli that were 
recorded/generated in the IDMod-direct task. 
Again, their task was to judge if The Parrot’s 
production was “right” or “wrong”. 

The IDMod-identity task was designed to test 
whether the children could detect the synthetic 
modification of their recordings. In the same 
way as in the IDMod-direct task, the children 
were first recorded when producing a word, 
which then immediately was either a) re-
synthesized with a different initial consonant, b) 
re-synthesized with a phonologically equivalent 
initial consonant produced by another child, or 
c) left unchanged. This time, the children were 
told that The Imitation Monkey (“Härmapan”) 
would imitate what they had just said, but that 
he would only do it occasionally. The task for 
the children was to point to a picture of a child if 
they believed that the recording sounded exactly 
as they had produced it, or to a picture of The 
Imitation Monkey if they perceived the stimulus 
as being different from how they produced it. 

For the re-synthesis, a unit selection 
approach was used, with a speech database of 
1444 child recordings. Details are described in 
Strömbergsson (2011). 

 

Results 
The children’s performance on judging the 

phonological accuracy of original and re-
synthesized recordings of other children, the ED 
task, was high; the mean score was 94% correct 
(range 83% to 100% correct). Of the 108 
responses, only 6 were misjudged; all of these 
were responses to re-synthesized stimuli. 
Agreement among the children, as measured by 
Fleiss’ kappa, was 0.79.  

Overall, the children’s performance on 
judging phonological accuracy of original and 
re-synthesized recordings of their own speech 
was also high; the mean score on the IDMod-
direct task was 95% correct (range 88% to 100% 
correct), and on the IDMod-delayed task 93% 
correct (range 75% to 100% correct).  

Cohen’s kappa was computed to examine the 
test-retest reliability in the IDMod-direct and 
IDMod-delayed tasks, i.e. the extent to which 
the children gave the same response to the same 
items in the two different test conditions (direct 
vs. delayed). The resulting kappa of .83 
indicates high agreement. 

To explore whether the children performed 
differently on modified (impaired or un-

impaired) stimuli than on original stimuli, a 
Pearson’s  � 2-test was conducted. However, no 
such dependence was found, neither in the direct 
condition (p = .68, Fisher’s exact test, FET), nor 
in the delayed condition (p = .19, FET). (Since 
the number of misjudged original stimuli was 
smaller than 5 in both test conditions, Fisher’s 
exact test was used.) 

To explore the association between 
phonological accuracy of the stimuli and the 
children’s response accuracy, another Pearson’s  

� 2-test was conducted. This would reveal if the 
children performed differently on incorrect 
stimuli (i.e. modified impaired stimuli) than on 
correct stimuli (i.e. original recordings and 
modified un-impaired stimuli). However, this 
analysis showed no such dependence in the 
direct listening condition (p = .35, FET), 
whereas in the delayed listening condition, the 
dependence was significant (p = .02, FET). Of 
the 11 incorrect responses (of 144 responses in 
total), 8 were responses to impared stimuli. 

The children’s ability to detect whether a 
stimulus had been modified or not was targeted 
in the IDMod-identity task. However, at the time 
of writing, only 4 children had completed this 
task, which was considered insufficient for 
statistical analysis. An inspection of the present 
data, however, as displayed in Table 1, reveals 
that original recordings were always perceived 
correctly as un-modified, and that impaired 
stimuli were almost always detected as modified 
(21 of 24). Modified un-impaired stimuli, on the 
other hand, were almost always incorrectly 
percieved as un-modified (21 of 24). 

Table 1. The children’s accuracy in detecting 
stimulus modification. 

          Accuracy 

Stimulus type Wrong Correct Total 

Original   0 16 16 
Mod: correct 21   3 24 
Mod: impaired   3 21 24 
Total 24 40 64 

 

Discussion 
The study described here is still ongoing, and 
the results presented are preliminary.  However, 
as a first child evaluation of the re-synthesis 
technique, the results are promising, as they 
indicate that the children accept the intended 
phonological form of the  re-synthesized stimuli, 
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seemingly without detecting when re-synthesis 
has taken place. 

The children were able to judge phonological 
accuracy in original and re-synthesized speech 
with around 95% accuracy. As all participating 
children follow typical speech and language 
development, one might have expected 100% 
accuracy. However, there are some possible 
explanations to the children’s sub-optimal 
performance. One is, of course, that the re-
synthesis process might be disturbing. But 
although this might be a possible explanation 
when the children judge the phonological 
accuracy in recordings of other children (the ED 
task), it does not seem to be the case when they 
judge their own original and modified 
recordings (the IDMod-direct and IDMod-
delayed tasks). Here, the children’s performance 
is not dependent on whether the stimuli are 
original or modified recordings. Instead, there is 
a tendency in the children to misjudge impaired 
stimuli as correct. As a picture is shown when 
the children hear the stimulus, the children 
might be biased towards hearing what they 
expect to hear, i.e. the word that is depicted on 
the screen. Hopefully, more data will allow 
firmer conclusions. 

The children’s agreement on the external 
discrimation task is lower than the agreement 
among the adult listeners in Strömbergsson 
(2011). This might reflect a real difference 
between children and adults, but the difference 
might also level out as the number of 
participants increase. 

Although only few children had completed 
the modification detection task, the present data 
provides more support to the suggestion that the 
re-synthesis of recordings is too subtle for the 
children to perceive when the phonological 
identity of the initial consonant is unchanged. 
When the phonological identity is changed, 
however, the children almost always perceive 
the change. This is indeed promising for the 
intended use of the re-synthesis technique with 
children with deviant speech, as the idea is to 
generate convincing corrections of the child’s 
deviant speech; convincing in the sense that the 
speaker identity and naturalness of the utterance 
should not be affected, when the phonological 
form is altered. 

This ongoing experiment will continue with 
the inclusion of more children with typical 
speech and language development, and will also 
be extended to include children with deviant 
speech.  
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Appendix 
Orthography Transcription In English 

k /’ko:/ (the letter k) 

kaka /’k ��� ka/ cake 

kulle /’k � l � / hill 

kung /’k ��� / king 

tak /’t ��� � / roof 

tumme /’t � m� / thumb 

tupp /’t � p/ rooster 

tåg /’to:g/ train 
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