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ABSTRACT 
Purpose: to record the “List of Words to Evaluate the Speech Perception of Children 
with Hearing Loss” which is standardized for live speech presentation and verify its 
clinical applicability. 
Methods: recording: acoustic standards were used, three recordings of each word 
and analysis by judges. The list was recorded in silence at 60 decibels (dB) and signal 
noise relation of +10 dB. Participants: 30 children in the age range from five years to 
10 years and 11 months, with no auditory and language disorders. The procedure was 
performed in live and recorded speech. Wilcoxon’s,  paired t and Spearman’s correla-
tion coefficient tests (p-value significantly less or equal to 0.05), were applied. 
Results: the comparison of performance for recognition of words and phonemes 
between live and recorded speech resulted in a statistically significant difference  
(p ≤ 0.05), in all conditions analyzed. The results were higher in the silence condition. 
There was no statistically significant difference between the time of application in the 
recorded speech when compared in silence and noise (p=0.064). 
Conclusion: the recording and application of the procedure that analyzes recognition 
of phonemes and words proved to be viable in recorded speech in silence and noise.
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INTRODUCTION
Complete access to environmental and speech 

sounds is of fundamental importance to the acquisition 
and development of language and communicative 
skills, learning and social interaction. In this regard, 
hearing loss can significantly compromise the biopsy-
chosocial development of a child. Thus, early diagnosis 
and rehabilitation are important1. 

In order for the child with hearing loss to develop 
satisfactorily, the evaluation and monitoring of hearing 
and speech results, with the hearing aid (HA) and 
cochlear implant (CI), provide the identification of 
specific needs of the child, guiding the therapeutic 
planning, assisting in the identification of factors that 
may interfere in the child’s development, establishing 
realistic expectations, and contributing to family orien-
tation and counseling.

The recognition of speech sounds is an important 
aspect to be measured in auditory function, consid-
ering that it allows the evaluation of the receptive 
communicative function. Since it is a challenging task, 
its evaluation provides important information about the 
individual’s ability to deal with hearing, especially in 
noisy environments2.

The use of standardized procedures that assess the 
perception of speech sounds in the infant population 
allows the validation of the intervention and the reliability 
of the results obtained. These procedures make it 
possible to measure the amount of speech sounds the 
child with hearing impairment is able to extract from the 
acoustic information that reaches their dynamic field 
of hearing, considering that having greater retention of 
acoustic information increases the chances of devel-
oping oral language3.

In the literature there are validated evaluation 
protocols for the Portuguese language in order 
to evaluate the level of speech perception of the 
individual. These evaluations contribute significantly to 
the verification of the auditory development of children 
with hearing impairment, however, with technological 
advances and the possibility of early access to speech 
sounds, there is a need for higher specifications by age 
group, form of stimulus presentation (live or recorded 
voice), intensity of stimulus presentation and degree of 
difficulty.

Delgado and Bevilacqua (1999) developed a tool 
referred to as the “List of Words to Evaluate the Speech 
Perception of Children with Hearing Loss,” with the 
purpose of providing a procedure to evaluate speech 
perception. This tool was designed for children between 

five and ten years of age. The speech stimulus consists 
of a list of 20 disyllabic words, phonetically balanced, 
with a consonant-vowel-consonant-vowel structure 
(CVCV), presented in live speech mode, in an acousti-
cally isolated booth with an audiometer. Performance is 
evaluated by the score in the recognition of phonemes 
and words. The evidence of auditory ability is advanced 
hearing recognition or identification4.

The clinical applicability of the “List of Words to 
Evaluate the Speech Perception of Children with 
Hearing Loss” has been highlighted by several studies. 
This procedure  was used in studies with the aim 
of evaluating auditory performance in children with 
cochlear implants (CI), which allowed to demonstrate 
the beneficial results of CI in relation to the devel-
opment of auditory abilities5,6. Other studies applied 
this procedure to evaluate advanced auditory recog-
nition, demonstrating the correlation with the aspects 
related to voice and speech production of children and 
teenagers with hearing loss7.

When the test is applied in live speech mode some 
vocal characteristics of the examiner, such as: sex, 
pronunciation, fluency, and regional accent directly 
influence test conditions. Intonation, accent or any 
alteration in vocal quality may interfere in the results 
of the evaluation. The vocal characteristics of the 
examiner may vary the way in which the information 
is perceived and processed by the listener, since the 
vocal spectrum of the examiner reflects directly in the 
quality of the material presented8.

Brazil has a vast territorial extension and one of the 
largest and most complex public health systems in in 
the world. The Cochlear Implant Centers authorized 
by the Unified Health System are distributed among 
several regions in the country, currently totaling 37 
institutions9. Due to territorial distance, the attention 
to procedure regulations and the establishment of 
standardizations are the difficulties being faced.

In accordance, the importance of homogeneity in 
procedures is noted, especially the speech perception 
tests, because eventual methodological differences 
that occur, either in the follow-up of the patient with 
CI or even in the tests used for their evaluation, imply 
possible difficulties in evaluating the performance and 
benefits that CI surgery can provide the patient10.

The breakdown of the recording process and results 
may help the licensed services in different regions to 
perform the recording procedures, thus considering the 
characteristics of regional accent.

Ciscare GKSS, Zabeu JS, Santos DR, Morettin-Zupelari M, Delgado-Pinheiro EMC, 
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The standardization of the tools used in speech 
perception tests is a fundamental condition to ensure 
their reliability; therefore, the use of recorded speech 
ensures that the same procedures and stimuli are 
applied and that the test  and retest data can be 
compared between different examiners and different 
institutions, thus reducing extrinsic redundancies and 
the influence of the evaluator on the final result11,12.

In view of the above, this study aimed to record 
the “List of Words to Evaluate Speech Perception of 
Children with Hearing Loss”, which is standardized for 
the application of live speech, and to verify the applica-
bility of the recording.

METHODS

This is a clinical, cross-sectional study conducted 
with the approval of the Ethical and Research 
Committee of the Hospital de Reabilitação de 
Anomalias Craniofaciais da Universidade de São 
Paulo, SP, Brazil, CAAE 64680017.7.0000.5441, under 
process number 2.060.349, and developed in specific 
stages described below.

1. Recording the “List of Words to Evaluate the 
Speech Perception of Children with Hearing Loss” 
in silent and noisy conditions

The test was recorded in an acoustically treated 
studio by a speaker with clear and precise articu-
lation so that the ideal pronunciation of the stimuli 
was respected, without distortion of the sounds. The 
recording was prepared and digitized by a profes-
sional audio editing software - Sound Forge 10.0. 
Each word on the list was recorded three times. The 
selection of the words for the recorded list was decided 
by the auditory-perceptual judgment of three audiolo-
gists independently using the Windows Media Player 
Program (Microsoft). The audiologists were instructed 
to judge each word aurally and, subsequently mark one 
of the alternatives for each speech sample evaluated 
in a pre-elaborated spreadsheet for this purpose. The 
inter-stimulus time interval was 4 seconds, because 
this is an interval that presupposes the time required 
for the child’s response in the test situation. The list 
was recorded under two conditions: silence (fixed 
intensity - 60 decibels Sound Pressure Level – dB SPL) 
and noise (composed of classroom noises found in 
regular schools) in order to make it possible to evaluate 
speech perception with consistent noise. This was 
obtained from the study of Santos (2015)13, and from 

the manipulation of the the noise material developed 
by Fidêncio (2013)14. The noise was recorded at a 
fixed intensity enabling the signal/noise ratio of +10 dB 
(speech stimulus at 60 dB SPL and the noise stimulus 
at 50 dB SPL), according to the protocol of the insti-
tution involved.

2. Participants

The participants were selected according to the 
following criteria: ages between five years and ten 
years and eleven months; normal hearing; absence 
of cerumen impaction or other associated alterations 
of the external and middle ear; absence of academic 
and language complainments. Normal hearing was 
confirmed by inspection of the external auditory 
canal, otoscopy with Heine otoscope; tympanometry 
with Titan-Interacoustics Tympanometer with type A 
curve responses; hearing screening, by verifying the 
airway thresholds for 500 Hz, 1000 Hz, 2000 Hz, and 
4000 Hz considering responses with values below 15 
dB for each frequency evaluated for both ears15,16 with 
Pediatric Audiometer (PA5) - Interacoustics, TDH 39 
headphone. The typical language development was 
confirmed through the application of the phonology 
tests of the Child Language Test - ABFW in the areas of 
phonology, vocabulary, fluency, and pragmatics17. The 
normality values adopted were those recommended 
in the literature for each instrument and test. In accor-
dance with the standards, the sample consisted of 30 
children, 20 females and 10 males, from ages five years 
to ten years and 11 months. The sample was divided 
into six groups, and the chosen age group was the 
same as the one recommended for the original test; 
G1: five years to five years and eleven months; G2: six 
years to six years and eleven months; G3: seven years 
to seven years and eleven months; G4: eight years 
to eight years and eleven months; G5: nine years to 
nine years and  eleven months; G6: ten years to ten 
years and eleven months. All parents or guardians and 
children agreed to participate in this study and signed 
an informed consent form.

3. The application of the speech perception test in 
children with typical development of hearing and 
language

A pure tone (1000 Hz) was employed to establish 
the calibration parameters of the audiometer (Astera-
Madsen) for the presentation of speech (words) and 
sound stimulus. Calibration was performed because 
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was selected to compare the responses  regarding 
the recognition of phonemes and words in silent and 
noise conditions, followed by the performance in the 
condition of silence and noise in the recorded speech 
situation. The median, the first and third quartiles were 
calculated and a p-value of less than or equal to 0.05 
was considered statistically significant.

The total time (in seconds) of the application of the 
test followed a normal distribution, and the paired t-test 
was selected to verify if there was a difference in the 
results between the live voice and the recorded voice in 
the two different conditions. 

The Spearman’s correlation coefficient was adopted 
to investigate the correlation between the variables: 
age, performance in different conditions and situations 
and the total time of the application of the test. 

The classification of correlation coefficient adopted 
for interpretation of the correlation magnitude was: 
correlation coefficient < 0.4 (correlation of weak 
magnitude), r > 0.4 and r < 0.5 (moderate magnitude), 
and r > 0.5 (strong magnitude)19.

RESULTS
The medians in both situations (live and recorded 

voice) were equal or nearly equal for the conditions of 
silence and noise, because most of the 30 children in 
the sample reached 100% of the phonemes and word 
recognition (Figure 1).

speech stimulus is complex, having variability between 
the most and the least intense sounds18. With this 
procedure, it is possible to guarantee that the presen-
tation of the speech stimulus is constant. The output of 
each channel was calibrated using the audio volume 
meter (V.U.) of the audiometer set at zero. 

The “List of Words to Evaluate the Speech Perception 
of Children with Hearing Loss” in the selected sample 
was used in a free field, using an acoustic booth of 2m 
x 2m. The children were positioned at a distance of 1 
meter from the speaker at 0° azimuth, and they were 
not familiar with the words before starting the test. The 
children had to repeat each word that was being said 
by the professional who was outside the booth with 
a microphone connected to the Headset, who then 
recorded the answers of each child evaluated. The 
conditions of the evaluation were as follows: test of the 
list recorded in silence and with noise; test of the list 
with live voice in silence and with noise. The noise was 
presented in the same speaker as the speech stimulus, 
positioned at 0° azimuth. The presentation of the words 
in the list was random and the time for each situation 
was timed and scored in seconds. 

Results analysis 

The Kolmogorov-Smirnov test was used to verify 
the distribution of data from different situations and 
conditions. The speech perception test results did not 
follow a normal distribution, thus, the Wilcoxon’s test 

Situation Number of children with 100% Number of children below 100%
Phoneme Live Speech 22 8
Silence 22 8
Phoneme Recorded, Silence 29 1
Phoneme Live Speech, Noise 7 23
Phoneme Recorded, Noise 21 9
Word Recognition Live Speech, Silence 22 8
Word Recognition  Recorded, Silence 29 1
Word Recognition Live Speech, Noise 7 23
Word Recognition Recorded, Noise 21 9

Figure 1. Number of children with maximum performance obtained in the different conditions and situations of the evaluation (N=30) 
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the live voice and the recorded voice situations resulted 
in statistically significant differences (p ≤ 0,05) in all 
situations (Table 1). 

All children (n=30) completed the tasks in both 
conditions (silence and noise) and both situations (live 
and recorded voice). The comparison of performance 
in recognition ability for phonemes and words between 

Table 1. Comparison of performance in live speech and recorded situations for the different conditions of the evaluation (N=30) 

Situation Median 25th Percentile 75th Percentile Mean Standard 
Deviation p-value

PRLSS 100.0% 97.5% 100.0% 98.7% 2.5%
0.012*

PRRS 100.0% 100.0% 100.0% 99.9% 0.5%
WRLSS 100.0% 95.0% 100.0% 98.5% 2.7%

0.027*
WRRS 100.0% 100.0% 100.0% 99.8% 0.9%
PRLSN 95.0% 92.5% 99.1% 94.8% 4.5%

< 0.001*
PRRN 100.0% 98.8% 100.0% 98.9% 2.4%
WRLSN 95.0% 90.0% 96.3% 92.7% 5.7%

< 0.001*
WRRN 100.0% 95.0% 100.0% 98.2% 3.3%

PRLSS: Phoneme recognition in live speech and silence; PRRS: Phoneme recognition recording in silence; WRLSS: Word recognition in live speech and silence; WRRS: 
Word recognition in recording and silence; PRLSN: Phoneme recognition in live speech and noise; PRRN–Phoneme recognition in recording and noise; WRLSN–Word 
recognition in live speech and noise; WRRN–Word recognition in recording and noise. Statistical test used: Wilcoxon.
* Significant at p ≤ 0.05.

Table 2 shows that the differences between the 
answers obtained in the conditions of silence and noise 

in both situations were significantly different in all four 
cases.

Table 2. Comparison of performance in silence and noise conditions and recording situation (N=30) 

Situation Median 25th Percentile 75th Percentile Mean Standard 
Deviation p-value

PRRS 100.0% 100.0% 100.0% 99.9% 0.5%
0.008*

PRRN 100.0% 98.8% 100.0% 98.9% 2.4%
WRRS 100.0% 100.0% 100.0% 99.8% 0.9%

0.008*
WRRN 100.0% 95.0% 100.0% 98.2% 3.3%

PRLSS: Phoneme recognition in live speech and silence; PRRS: Phoneme recognition recording in silence; WRLSS: Word recognition in live speech and silence; WRRS: 
Word recognition in recording and silence; PRLSN: Phoneme recognition in live speech and noise; PRRN–Phoneme recognition in recording and noise; WRLSN–Word 
recognition in live speech and noise; WRRN–Word recognition in recording and noise. Statistical test used: Wilcoxon.
*Significant at p ≤ 0.05.

It was observed that the time of the application 
of the test was shorter for the live voice situation 
compared to that of the recorded voice, in both condi-
tions (silence and noise), and the difference was found 

statistically significant (Table 3). No  statistically signif-
icant difference was found in the comparison of time of 
application  for the recorded voice situation for either 
condition - silence or noise (Table 4). 
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Table 4. Comparison (paired t-test) between time of application (in seconds) between silence and noise situation in live speech and 
recording condition (N=30) 

Situation p-value
Silence time LS

0.000*
Noise time LS

Silence time recorded
0.064

Noise time recorded

LS–Live Speech. Statistical test used: t-test
*Significant at p ≤ 0.05.

Table 5. Correlation between the age of the child and results obtained in the evaluation, under the different conditions and situations 
(N=30) 

Situation Spearman’s Test p-value
PRLSS 0.37 0.046*
PRRS -0.05 0.773

WRLSS 0.38 0.040*
WRRS -0.05 0.773
PRLSN -0.22 0.234
PRRN 0.49 0.006*

WRLSN -0.12 0.540
WRRN 0.50 0.005*

PRLSS–Phoneme recognition live speech in silence; PRRS–Phoneme recognition recorded, in silence; WRLSS–Word recognition live speech in silence; WRRS–Word 
recognition recorded in silence; PRLSN–Phoneme recognition live speech in noise; PRRN–Phoneme recognition recorded in noise; WRLSN–Word recognition live 
speech in noise; WRRN–Word recognition recorded in noise. Statistical test used: Spearman correlation coefficient. The classification of correlation coefficient adopted 
for interpretation of the correlation magnitude was correlation coefficient < 0.4 (correlation of weak magnitude), r ≥ 0.4 and r < 0.5 (moderate magnitude), and  
r ≥ 0.5 (strong magnitude). 
*Significant at p ≤ 0.05.

The Spearman’s Correlation test was applied to 
determine whether performance under the different 
conditions and situations was correlated with the age of 

the child. A positive correlation of significant magnitude 
with the increase in the age of the child was observed 
(Table 5).

Table 3. Mean, minimum, maximum and standard deviation of time (in seconds) of evaluation and P-value (paired t-test) in the different 
conditions (live speech and recorded) (N=30)

Situation Mean Minimum Maximum Standard Deviation p-value
Time silence LS 46.08 35.00 58.00 4.34

0.000*
Time silence Recorded 93.77 87.00 100.00 3.65
Time noise LS 62.62 49.00 90.00 9.06

0.000*
Time noise Recorded 95.54 85.00 102.00 4.07

LS–Live Speech. Statistical test used: t-test.
 *Significant at p ≤ 0.05.
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DISCUSSION
This research produced a recording of the speech 

perception test “List of Words to Evaluate the Speech 
Perception of Children with Hearing Loss” developed by 
Delgado and Bevilacqua (1999)4 and verified its clinical 
applicability. The results showed statistically significant 
differences between the live speech and the recorded 
speech situations, in both conditions evaluated: silence 
and noise. That is, the children evaluated presented 
better performance for phonemes and word recognition 
in the conditions of silence and noise in the recorded 
speech situation compared to live speech. 

The results evidenced in Figure 1 show that the 
difference between the two situations was statistically 
significant. This was because in the recorded speech 
situation, most of the children had scores equal to 
100%, whereas, in the live speech situation, many of the 
children had scores of less than 100%. Table 1 shows 
that the values, especially for the first quartile, for the 
recorded speech were higher than for live speech for 
the phonemes and words in both conditions of silence 
and noise. 

It is important to emphasize that when the test 
is performed in the live speech situation, the perfor-
mance results presented by the child may be influ-
enced by inter- or intra-speaker variability, due to 
different characteristics, such as, accent, speaking 
rate, articulatory pattern, and intonation, among others. 
On the other hand, the recorded stimulus allows for 
the editing of the recording, so as to approach the 
recommended standards for the creation of this type of 
material, without experiencing the subtle interferences 
of speaker variability when speaking the same word at 
different moments20, allowing for test-retest reliability. 

This is the case with other standardized tests in 
Portuguese, for example, the Hearing in Noise Test 
Brazil (HINT)21, the “Recognition of Daily Routine 
Phrases Test”22, “Phrases in Noise Test” (PINT–trans-
lated and validated in Portuguese)23, and verbal tests 
related to the evaluation and rehabilitation of central 
auditory processing disorders, such as the “Staggered 
Spondaic Word” (SSW)24 and the “Dichotic Digit Test” 
(DDT)25, which have presentation consistency. 

The performance of phonemes and word recog-
nition in the recorded speech situation was statistically 
higher in the silence condition (Table 2). In the appli-
cation of the phoneme list in the silence condition, only 
one child obtained a performance score of less than 
100%, in comparison with nine children who obtained 
a performance score of less than 100% in the noise 

condition. For the word recognition list the same result 
was obtained. This result shows that the recording of 
the list was adequately performed and that the patterns 
used made the test more sensitive in detecting how the 
child is extracting the acoustic information from speech 
signals, in silence and noise. 

According to the literature, to achieve satisfactory 
speech comprehension, some auditory tasks are 
necessary, such as attention, analysis, synthesis, and 
memory, among others. These skills, when associated, 
promote auditory recognition, which means extracting 
meaning from what is heard26. In this way, speech 
comprehension is one of the most complex activities 
that depends directly on peripheral hearing, central 
auditory processing and cognition27. In other words, in 
optimal hearing situations and acoustically comfortable 
environments, individuals with normal hearing are 
able to recognize speech easily. However, when the 
environment is degraded because of competitive 
noise or reverberation, it is common for individuals to 
experience difficulty in comprehension28.   

Regarding the time of application of the lists, there 
was a significantly higher average in seconds for the 
recorded speech in both silence and noise condition 
(p- value <0.001). Due to its rapid applicability (a 
mean of 93.8 seconds in the silence condition and 
95.5 seconds in the noise condition) this increased 
time required for the recorded speech probably does 
not imply losses to clinical practice when considering 
the demand for care, especially in the Auditory Health 
services of the Unified Health System. Moreover, no 
statistically significant relationship was found between 
the time of application of the recorded speech for either 
the silence or the noise condition. The application of 
the list did not produce fatigue among the children in 
this condition, and subsequently, both facts facilitate 
the use of this list.

A positive correlation of significant magnitude was 
found for performance in the noise condition and the 
recorded speech with the increase in the age of the 
children (Table 5). The better performance observed 
in the older children may have resulted from the devel-
opment of  compensatory strategies of paying attention 
to tasks29. 

One study30 administered the hearing attention 
test to 280 children, aged 6-to-11-years. It showed 
that younger children made more mistakes than 
older children due to inattention and impulsivity and 
concluded that the scores were highly correlated with 
the age of the individuals, and that the ability to sustain 
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attention deteriorates with the time of the task for the 
entire sampled group. 

It is worth mentioning that few options exist for 
recorded speech perception tests in Portuguese or 
adapted into Portuguese, especially for the child 
population, emphasizing the importance of research in 
this field. 

It is essential that efforts be undertaken to ensure 
that the protocols for continuous evaluation and the 
follow-up of children with hearing loss included in the 
aurioral approach follow technological innovations 
and clinical and scientific evidence based on existing 
results. In this context, it is necessary to identify current 
needs and propose innovations and updates.   

CONCLUSION

The recording of the “List of Words for the Evaluation 
of Speech Perception for Children with Hearing Loss” 
proved to be a viable application for the population 
being studied. This procedure may contribute to the 
improvement of protocols for evaluating auditory skills 
in children presented with hearing loss who use hearing 
aids and/or cochlear implants. 
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