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Abstract 

 
The present study is a part of longitudinal investigation of 
children speech development in Russian language. The aim of 
this part of the study is the investigation of words and phrases 
recognition by auditors in 4-5-years-old children. It was 
shown that Russian-speaking adults recognized 60-100% of 
children’s words and phrases. If Russian speakers recognized 
75% of children’s speech than words and phrases were 
recognized with the same probability. If the rate of recognition 
was lower, native speakers recognized words and phrases with 
a different probability. The probability of children’s speech 
recognition depends on development of features that are 
typical for adults’ speech. The problems of speech recognition 
by adults are due to articulation “mistakes” that are mainly a 
result of pronunciation of consonants and at a less rate that of 
vowels pronunciation. A combination of these articulation 
mistakes in one word makes it impossible to be recognized by 
native speakers. 
 

1. Introduction 

The formation of speech message features system in children 
that are typical for adult and provide for understanding of the 
children’s phrases meaning by adults is considered. In our 
earlier research we showed [1] that the important condition of 
the recognition of meaning of 2-years-old children’s words 
and phrases by adults was knowledge of situational context.  
Only the adults who knew the individual ways of the child’s 
expression understood this child’s speech. Russian-speaking 
adults when recognizing a child’s word determined exactly 
the number of syllables and vowels in the word. Consonants 
in words of 2-years-old children were recognized badly [1].  
By the end of the third year of life normally developing 
children pronounced complicated sentences. The speech of 3-
years-old children is well recognized by adults in conditions 
of situational context absence and incomplete formation of 
features typical for adult speech. During the third year of life 
the palatalized versus non-palatalized consonants opposition 
is developed, the stressed vowel’s duration tends to be longer 
than that of the unstressed one. However, the meaning of 
pitch (332±73 Hz) and formant frequencies remain higher 
than in adult speech [2].   By the age of four years word stress 
is formed, and stressed vowel determined both on a base of 
duration and on a base of pitch meanings [3]. It was shown 
that the context had a great influence on acoustic features of 
unstressed vowel. Phrase stress was not formed by five years.  
Each word was designed by phrasal stress, just as a separate 
phrase, and as a result pitch was increased on the stressed 
vowel in the limits of word. [2]. No model of articulation was 
formed by the age of five years. The arrangement of the first 
two formants on a two-formant space remained 

uninformative. Thus the data of acoustical analysis of child 
speech at the age of 4-5 years showed that features typical for 
adult speech were not formed completely. As a result the 
question of understanding of 4-5- years-old children speech 
appeared. 

The study is aimed at the research of recognition of 
words and phrases meaning in 4-5 -years-old children by 
adults. 

The following suggestion served as a hypothesis.  
At a high level of recognition of 4-5-years-old children’s 
words and phrases it will be hard for auditors to recognize the 
words which are hard to articulate (the articulation patterns 
are not formed for a number of consonants).  

2. Method 

Five children (3 girls and 2 boys) were tape recorded. The 
recordings were made by the “Marantz PMD222” recorder 
with a “SENNHEIZER e835S” external microphone. The 
sounds were instrumentally analyzed in the Cool Edit 2.1 
(Syntrillium Soft.Corp.USA) sound editor. 100 words were 
selected from each child’s speech for analysis. The 
fundamental frequency and the first two formants were 
measured in the words, as well as the intensity of these 
harmonics, and the vowel and its stationary part duration [3]. 
Phonetical analysis was conducted using symbols of IFA and 
SAMPA (expanded version). 

In order to determine the meaning of the children 
words and phrases a perceptive analysis was conducted. The 
test sequences were presented to Russian-speaking adults 
(auditors). 

Tests sequences of each child included words and 
phrases. Their quantity in each test is represented in table 1. 
Each word was presented three times in the tests including 
words, the pause between presentations being 5 seconds, and 
the pause between diverse words was 15 seconds. Each 
phrase was presented one time in the test containing phrases. 
The sequence of signals was given to the auditors to listen to 
using a computer or a tape recorder. 

Perceptive analysis was made in two stages. At the 
first stage auditors (students of the first course of Applied 
Psychology Department) listened to the tests of children E. 
and S. The number of words, phrases and auditors having 
listened to the test of the children E. and S. were different 
from these parameters of other tests.  Then on a basis of the 
data obtained during the experiment the clarity was introduced 
into the tests: the same number of the words and phrases was 
presented the first 15 words and phrases of 4-years-old 
children and the following 15 words of 5-years-old children 
were presented in the test. At the second stage the same 
auditors listened to the word’s and phrase’s tests of the one 
child.  When listening to the test the auditors had to determine 
the meaning of the word pronounced by the child and had to 
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spell the word. When listening to the test that included phrases 
they had to write down the phrase that they had heard and if it 
was impossible for them they had to determine the meaning of 
the phrase. Auditors wrote their answers next to the number of 
the word and phrase. The number of the words not recognized 
by the auditors was counted. In case of a wrong spelling the 
correspondence of the word written by the auditors to the 
word pronounced by the child was determined using the 
following criteria: the number of the syllables, words not 
corresponding by the number of syllables; missed words for 
which auditors didn’t match any variants. The meaning of the 
word was correct if 75% or more of the auditors determined its 
meaning correctly. The criterion of correct recognition of the 
word’s meaning was the knowledge of situational context and 
its confirmation by the adult who had interacted with the child 
during the recording session. When analyzing forms that were 
filled in by auditors listening to phrases the number of the 
phrases that were fully correspond to children phrases, the 
number of the phrases that corresponded by meaning but 
weren’t repeated fully, the phrases that didn’t correspond by 
meaning (number of gaps) were determined.  When analyzing 
the phonetic transcription of the children’s words the 
parameters on the basis of which the word that was 
pronounced by the child differed from its right spelling were 
described. The number of syllables, accuracy of consonants 
and vowels were taken into account. The following parameters 
were determined for consonants: substitution, addition, gaps in 
the words. For the syllables the parameters were as follows: 
syllable’s addition at the beginning, in the middle or at the end 
of the word, absence of the syllable in the middle or in the end 
of the word. When analyzing vowels their absence, addition or 
substitution for another vowel or consonant was taken into 
account. 

 
3. Results and discussion 

 
The absence of reliable differences in recognition of speech 
depending on auditor’s age and experience of interaction with 
children was shown. The auditors completely recognize the 
meaning of more then a half of the speech presented in test 
sequences (table2). There were no significant differences 
established between words and phrases recognition by 
auditors. The speech of the child F. was an exception. While 
words are well recognized (68±10%), the phrases are hard for 
recognition and the auditors exactly repeated less then a half 
of the phrases (48 ±14) presented in the tests. Auditors 
recognize speech material of child S. (fig.1 A, B) more 

successfully. Most of the auditors (56%) determine the 
meaning of 81-90% words correctly, 16% of auditors 
determine the meaning of all words included in the test. These 
auditors also recognize successfully the meaning of the 
phrases (46% of auditors – 71-80% of phrases), 10% of 
auditors recognized all the phrases.  

 
Table 2. Mean number of words and phrases recognized by 
auditors, % 
 

Test  Words Phrases 
Average±dev 77±9 80±14 
Мin-max 63-90 60-100 

E. 

Median 77 70 
 Average±dev 85±8 80±13 
Мin-max 72-98 60-100 

S. 

Median 85 70 
Average±dev 68±14 73±14 
Мin-max 44-87 50-90 

Z. 

Median 67 75 
average±dev 78±7 71±16 
Мin-max 44-87 43-90 

D. 

Median 67 73 
average±dev 68±10 48±14 
Мin-max 54-86 30-67 

F. 

Median 70 47 
 
Auditors recognize all words of the child E as well. 

52% of auditors determined correctly the meaning of 71-80 % 
of the words, 37% of auditors - 81-90 % of the words.  There 
were no auditors who recognized less then a half of the words 
presented in the test.  The auditors recognize no less than 61% 
of phrases, most of the auditors (38% and 30%) having 
completely repeated 71-80% and 81-90% of children’s 
phrases, correspondingly. 26% of the auditors recognized all 
the phrases.  

The speech of the child D. is well recognizable by 
the auditors. Thus, from 70% to 90% of words and phrases are 
recognizable by 80% and 76% of auditors correspondingly.  

The possibility of auditor’s age influence to 
recognition of child’s phrases and words wasn’t specially 
investigated in the present study. n that case the same auditors 
had to listen to the test sequences of all children.  And the 
question of training of auditors listening to the each test would 
be figured out when interpreting the results. 

 

 
Table1. Information on test sequences and auditors tested  

Auditor’s sex Experience of interacting with 
children 

Test The number of words 
and phrases in the test 

Auditor’s 
age  

w m yes no 
Words 35 18±0,8 30 5 22 13 E. 
Phrases 50 18±0,8 40 10 31 19 
Words 50 S. 
Phrases 30 

18,1±1 15 35 34 16 

Words 30 Z. 
Phrases 30 

37±15 7 3 5 5 

Words 30 D. 
Phrases 30 

29±13 6 4 5 5 

Words 30 F. 
Phrases 30 

30±12 5 5 4 6 

Indication: E., S., Z., D., F. – tests including words and phrases of children indicated by the first letter of their names.  
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Figure. 1. Histograms of recognition probability of 4-5 –
years-old children’s words (A) and phrases  (B) by auditors. 
On the horizontal axis the number of recognized words (A) 
and phrases (B) is presented; on the vertical axis the number 
of auditors is presented, %. Data are presented for each child.  
 

 
For example, it was   shown that prolonged training may lead 
to the improvement of recognition of stationary part of vowel 
[4].   Our data permitted to suppose that the worse recognition 
of speech of child F. as compared to that of other children 
might be due to   the higher degree of incomplete formation of 
articulation   patterns of this child.  

The high rate of recognized words might be due to a 
higher rate of development (as compared to the speech of 
other children) of features that are typical for adult speech. 

Thus, we showed that phrase stress was formed in 
the speech of child E. It was considered that the median of 
unstressed words pitch to that of the stressed word ratio 
differed from 1.0 significantly (p<0,05). At 5 years of age this 
difference was not revealed. In two children (D and S) a 
tendency to this difference with age was revealed.   

A stressed vowel differs from an unstressed one by a 
longer duration which is normal in Russian [5]. The analysis 
of formant structure of vowels [3] in the words of the children 
E. and D. showed that the stressed vowel /a/ in these two 
children coincided with the basic allophone from adult speech. 
By the fifth year of life /u/ tends to normal values of adult 
speech by decreasing the second formant.  At 5 years of age 
the F2 of /i/ corresponds to its value in the adult speech. The 
shape and orientation of the stressed vowels triangle where the 
vowels are chosen without regard to context and pitch 
correspond to the stressed vowels triangle where the vowels 
were chosen with regard to these factors, but the former is 

moved up and right, perhaps as a result of the higher pitch 
values.  

In the child S at 4 years of age all the triangles 
differ by shape and orientation from the adult speech triangle. 
At 5 years of age the triangle of the stressed vowels chosen by 
the criteria corresponds to adult speech vowels triangle by 
shape, but is oriented somewhat differently. The F1 values are 
higher than in adult speech, the F2 of /a/ and /i/ corresponds 
to that of their basic allophones. The shapes and orientation of 
stressed and unstressed vowels triangles built without regard 
to pitch and context correspond to each other, but F1 is higher 
in stressed vowels than in the unstressed ones. In this child a 
positive dynamics is seen by 5 years of age.  

Auditors recognize the speech of children Z. and F. 
worse than that of children S., E., and D. (fig.1). 60-70% of 
words are recognized by most of the auditors (40%), only 10% 
of auditors having recognized 80-90% of the words. Phrases 
are recognized by the auditors better (50% of the auditors 
recognized 70-80% of phrases, 20% of the auditors recognized 
80-90% of phrases).  

The auditors recognized from 40 to 80% of F’s 
words. Phrases were recognized worse than words. The 
auditors recognized 30-70% of phrases (fig.1). The phrase 
stress is not formed in the speech of the children F. and Z.  
This apparently is one of the factors because of which the 
auditors had problems recognizing these children speech. The 
shape and orientation of the formants triangle doesn’t 
correspond to that in adult speech. By 5 years the F2 decreases 
in /i/, all the other values remain higher than in the basic 
allophones.  

Along with the correctly determined words the 
auditors suggested the words corresponding to children’s 
words by the number of syllables, but not corresponding to 
them by their meaning. The number of this kind of answers 
was much bigger than of the other variants (for example: in 
the child Z. - 25±8% of the total number of words in the test; 
in the child S.- 12±6%). Other variants were, for example, 
suggestions of the words not corresponding to the child’s word 
by the number of syllables or omissions of the word when the 
auditors found it impossible to suggest any answers. The 
number of these words was small (fig.2,A). As the auditors 
correctly recognized the words with a high probability the 
number of wrongly determined (4,6±2%) and missed 
(7±5,7%) words was less than those in other children. The 
great number of wrong words was suggested by auditors when 
they were listening to the tests of children Z (10±7%) and D 
(10±4,7%).  

When listening to the phrases of child Z. (23±12%) 
the auditors suggested more of their variants that didn’t 
correspond by meaning to the child’s phrases; auditors 
couldn’t describe the utterances of child F. (16 ±10%). 

A phonetic analysis of unrecognized words showed 
that children’s “mistakes” were connected with pronunciation 
of consonants (65%), vowels (18%) and syllabic construction 
of the word (17%).  At the same time children made mistakes 
both in pronunciation of one parameter (45%) (for example, 
of consonants or the number of syllables) and in 
pronunciation of two (25%) and three (30%) parameters of 
the word. The main substitutions of consonants were /z-ts/, /r-
l/, /sh-s/, /zh-s/.  In case of vowels the mistakes were as 
follows: omission (14%), addition (14%) mainly in the 
beginning of the word, substitution (72%) of the vowel with 
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another one or with a consonant. The number of syllables in 
children’s words differed from the normative pronunciation. 
Most of mistakes were connected with “swallowing” of a 
syllable (75%) mainly in the middle (66%) or at the end 
(34%) of the word.  These articulation mistakes led to an 
indistinct word pronunciation by the child. 

We showed some worsening in recognition of 4-5-
years-old children’s speech as compared to the speech 
recognition of the 3-years-old children [3]. 

It might be due to complication of children’s speech 
[6]. Children were intended to pronounce words with a 
complicated articulation that didn’t correspond to their 
articulation skills. Also, children tried to use complicated 
phrases, and made grammatical mistakes when constructing 
these.  

 
Figure.2 Variants of word’s (A) and phrases (B) 

recognition by the auditors. 
 

Attempts of automatic recognition of child speech described 
in literature show that vowels acoustic characteristics become 
adult-like and are possible to recognize using adult speech 
recognition methods as late as at 12-13 years of age [7]. The 
recognition is generally bad in children of 7-9 years of age, 
although different children show different rates of success 
and, on the other hand, the improvement is evident from year 
to year. Even if the recognizer is trained on child speech as 
opposed to adult speech, recognition at these ages is still 
unsatisfactory [8]. 
 

4. Conclusion 
 
Adult Russian speakers recognize more than a half of 4-5-
years-old children’s words and phrases. In the case where the 

children’s speech (S., E., D.) is recognized by the auditors 
with a high possibility there are no differences in recognition 
of speech revealed.  In the case of a lower rate of recognition 
of children’s speech (Z., F.) the differences are revealed in 
recognition of words and phrases. Taking into account the 
data obtained earlier we can conclude that the development of 
features typical for adults (a marking of stressed vowel, the 
tendency to phrasal stress development, the tendency to form 
an articulation model of vowels due to decrease of the first 
two formant values, and the arrangement of the formant 
values on a two-formant plot in the areas corresponding to 
that parameters in adults speech) led to a more correct 
recognition of child speech by adults.   

The phonetic analysis of the words hard for 
recognition revealed the following mistakes in pronunciation 
of consonants: substitution, absence, addition of consonants. 
A smaller number of mistakes were connected with vowels. In 
this case the auditors recognizing children’s words suggested 
words coinciding to them by the number of syllables, and not 
by the meaning. There was a less number of mistakes due to 
addition or omission of a syllable mainly in the middle of the 
word. Auditors didn’t recognize that word. A combination of 
these articulation mistakes in one word led to impossibility of 
its recognition by Russian-speaking adults. 
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