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INTRODUCTION

It is well documented that children require a higher signal-to-noise ratio (SNR) than
adults to understand speech in the presence of background noise (Fallon et al. 2002;
Picard & Bradley 2001). This difference in speech perception abilities in noise be-
tween children and adults has been attributed to developmental factors including, but
not limited to, immature auditory system (Fallon et al 2000, 2002; Talarico et al.
2007), language skills (Elliott et al. 1979) and other cognitive functions, such as short
term memory (Choi et al. 2008). Because of these developmental factors, variability
on speech in noise tests can be expected both within and across age groups. Indeed,
according to Leibold & Neff (2007), many studies on speech perception in noise with
normal hearing children report large variability. Adult-like performance on perception
in noise tasks is generally not reached until 13-15 years of age (Crandell & Smaldino
2000).

The ability to benefit from the linguistic and contextual information counts among the
factors that have been studied to explain the difference between children and adult
performance while listening to speech in acoustically challenging conditions (Fallon
et al. 2002: Elliott et al. 1979). There are indications that the ability to use semantic
contextual cues emerges from as young as 19 months (Friedrich & Friederici 2004).
However, the contribution of linguistic contextual cues to word recognition in noise is
not clear. Fallon et al. (2002) reported that groups of young listeners of 5 and 9 years
of age, as well as adults, show comparable gains from linguistic context when listen-
ing to speech in noise. On the other hand, Elliott et al. (1979) found that the perfor-
mance of children of 9 years of age was significantly poorer than that of children of
11 years of age on the highly predictable sentences of the Speech Perception in
Noise Test (SPIN) (Kalikow et al. 1977) at a SNR of 0 dB. Further clarification on the
developmental changes regarding the ability to benefit from linguistic context is an
important issue to resolve since children are often expected to understand and learn
from speech presented in relatively noisy classrooms (Picard & Bradley 2001).

There are indications that normal hearing children show individual variability in their
ability to benefit from linguistic context when listening to speech in noise. One under-
lying factor may be the acquisition of linguistic skills, which is not completed until
adolescence and show inter individual differences (Bloom & Lahey 1978). Personal
factors, such as living in a bilingual family environment, may also affect the acquisi-
tion of linguistic skills or vocabulary and induce differences in the ability to benefit
from contextual cues for understanding speech in noisy backgrounds (e.g. Mayo et
al. 1997). Few studies have explored individual variability in the amount of benefit
derived from the linguistic context (e.g., Rénnberg et al. 1998; Grant & Seitz 2000)
and, to the knowledge of the authors, none of these studies have explored this varia-
bility among children groups.

Because of the expected variability in children performance, group analysis may not
always be the best strategy to explore the benefit from linguistic context since avera-
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ges can be affected by very high and low scores. An alternative is to conduct cluster
analysis to determine the presence of specific profiles within a group. Cluster analy-
sis is a statistical tool used to classify data into subgroups, and does not require any
prior knowledge of which element will affect the grouping or which groups will be for-
med (Kacprzyk & Wesam Ashour Wu 2009). In a cluster analysis, every interdepen-
dent relationship is considered and no distinction is made between dependent and
independent variables.

The objective of the present study is to explore normal hearing children’s variability in
benefiting from linguistic context when listening to speech in background noise. For
this, the Test de Phrases dans le Bruit (TPB) (Lagacé et al. 2011) will be used. The
TPB is a Canadian French speech-in-noise test that was recently developed follow-
ing an approach similar to the one used for the development of the original English
version of the SPIN test. The TPB includes five recorded lists of forty Canadian
French sentences. Like in the SPIN test, in each list, half of the sentences are highly
predictable (HP), which means that identification of the key word can be facilitated by
contextual information from the sentence (e.g. The candle flame melted the wax; Ka-
likow et al. 1977). The other half comprises 20 sentences with low predictability (LP),
conveying little contextual information (e.g. Paul can’t discuss the wax; Kalikow et al.
1977). The listener is required to repeat the final word (key word) of each sentence.
Performance is measured as the percent correct score on HP and LP sentences
separately in each list. The difference in key word recognition between the HP and
LP sentences gives information about the listener’s ability to benefit from contextual
cues. The TPB is intended to be used with both school-aged children and adults. The
data presented in this study were gathered during the normative data collection for
the TPB.

METHODS
Participants

Prior to the commencement of the study, ethics approval was obtained from all the
institutions where the research was conducted. A sample of 69 participants (46 fema-
les and 23 males) aged between 9 years and 2 months and 12 years and 5 months,
all native Canadian French speakers, was recruited from French schools in the Otta-
wa region (Ontario, Canada). One parent of each participant signed the consent form
and completed a questionnaire to rule out the presence of any exclusion criteria.

Procedure

Each participant was tested individually in a quiet room in the school with ambient
noise levels not exceeding specifications for hearing screening in schools (ASHA
1997). A hearing screening at a hearing level of 20 dB HL was performed with a
portable audiometer (Madsen Midimate 622) and TDH-39 headphones prior to the
experimental phase. All the participants had normal hearing sensitivity at 500, 1,000,
2,000 and 4,000 Hz, bilaterally. Participants were told that they would hear sentences
presented first with babble noise and then without noise. They were asked to repeat
the last word of each sentence and encouraged to guess if necessary. Sentences
from the TPB were used as well as eight-talker (4 males and 4 females) European
French babble (Perrin & Grimault 2005). This pre-recorded European French babble
was chosen over recordings of English babble because it better approximated the
type of masking experienced by the listeners in daily life (no standardized recording
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of speech babble by Canadian French speakers was available at the time of the
study). The TPB sentences and the babble noise were presented diotically via
headphones.

Participants first listened to a practice list of 10 sentences presented at a SNR of
+4 dB. The experimental phase then consisted of 3 other lists presented at different
SNRs. Total experimentation time was approximately 20 minutes. Children were then
invited to choose an item (hockey cards, stickers, notepad, pencils, etc.) as a small
thank you gift for their participation.

RESULTS
Effect of age

A subgroup (n=10) of children (6 females and 4 males) aged from 9 years 8 months
to 10 years 11 months (the 9-10 years old group) and another subgroup (n=11) of
children (9 females and 2 males) aged from 11 years 2 months to 12 years 5 months
(the 11-12 years old group) were administered the TPB to explore the effects of age
on performance in interaction with the amount of contextual information and the de-
gree of difficulty. The TPB was administered at three SNRs: -2, 0 and +2 dB. The
order of presentation of the SNR was different for each participant.

Performance scores for the two age groups (9-10 and 11-12 years old) are given in
Table 1. The average performance for each type of sentence and the difference
score were slightly higher for the 11-12 age group than the 9-10 age group. A mixed
ANOVA was conducted with the factors SNR (3 levels: SNR -2, 0 and +2), Sentence
type (3 levels: HP, LP, and difference score) and Age (2 levels: 9-10 and 11-12 years
of age). SNR and Sentence type were repeated measures variables while Age was
an inter-subject variable. Results from the ANOVA revealed a significant effect of the
main factors Sentence type [F2,38) = 192.63, p=0.000, n 2=, 91)] and SNR [Fo38 =
182.60, p=0.000, n*=0.91)], but not Age [F1,19 = 1.90, p=0. 184 nN?=0.09]. The double
interactions Senfence type X Age [F3s = .20, p=0.842, n 2=0.01] and SNR X Age
[Fie19 = 0.32, p=0.72, n 2=0.02)] were not significant, but the interaction Sentence
type X SNR was significant [F 76 = 13.29, p=0.000, N?=0.41)]. The trlple interaction
Sentence type X SNR X Age was not 3|gn|f|cant [F476) = 0.04, p=0.998, n 220.00)].

The second level of analysis investigated the degree of conformity of individual pat-
terns with the trends described in the group analysis. For this purpose, the proportion
of participants who had score within the total group average *+ 1 standard deviation
was computed, as shown in Table 1. In general, individual patterns show a certain
level of congruence with the total group results, close to the expected proportion of
68 % for a normal distribution of scores. At a SNR of 0 dB, however, the proportion of
participants who obtained a correct score within + 1 standard deviation of the total
group average on HP and LP sentences is lower than 60 %, reflecting a greater het-
erogeneity of the sample. In this case, interpretation of group results may not accu-
rately reflect performance of each individual in the group because of either very low
or very high scores.
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Table 1: Average percentage correct key word recognition for each age group with standard deviation
(in parentheses) and difference score at SNRs of -2, 0 and +2 dB, and total group average. For each
measure, the proportion of participants with scores within total group average + 1 standard deviation is
indicated.

Proportion of score within

9-10 11-12 Total + 1 sd from the total group
years old years old mean

SNR =-2 dB

HP 33 % (13) 40 % (£16) 37 % (£15) 13/21 (61 %)

LP 21 % (£ 8) 25% (x17) 23 % (£14) 18/21 (86 %)

DS 12 % (£13) 16 % (£13) 14 % (£13) 13/21 (61 %)
SNR=0dB

HP 63 % (x11) 68 % (+11) 65 % (£11) 12/21 (57 %)

LP 40 % (£12) 41 % (£13) 40 % (£12) 11/21 (52 %)

DS 23 % (x12) 27 % (£ 8) 25 % (x10) 13/21 (61 %)
SNR =+2 dB

HP 86 % (£10) 90 % (£ 5) 88 % (= 8) 15/21(71 %)

LP 56 % (+ 8) 59 % (x15) 58 % (£12) 13/21 (61 %)

DS 30% (£ 9) 32 % (x13) 31 % (£11) 13/21 (61 %)

Effect of SNR and the linguistic contextual information

Because there was no indication of developmental effects on speech perception in
noise between the two age groups (9-10 and 11-12 years), the data were pooled with
the 48 remaining participants, for a total sample of 69 children. These 48 additional
participants were exposed to three different SNRs (between -6, -4, -2, 0, +2 and +4
dB) to obtain data on a wider range of noise conditions. Results are summarized in
Figure 1. A consistent finding is that the mean average of the correct scores for the
HP sentences is higher than for the LP sentences at all the SNRs tested, by at least
7 % (at SNR=-3 dB) and up to 28 % (SNR=+2 dB), illustrating the contribution of the
linguistic contextual information to auditory speech perception.

Psychometric functions of the group average score (in percentage) for HP and LP
sentences as a function of SNR were fitted using a cumulative normal distribution
metric with two free parameters (midpoint, slope). The functions illustrated in Figure 2
represent the fitted average score data as a function of SNR for both sentence types
as well as the fitted average difference score. The average SNR at which 50 % of the
key words were recognized was +0.8 dB for LP sentences and -1 dB for HP sen-
tences. This 1.8 dB difference in SNR to achieve 50 % correct key word recognition
in LP and HP sentences represents the contribution of the linguistic contextual infor-
mation to auditory speech perception for children 9-12 years in age with the TPB.

Another way to look at the contribution of linguistic context in the TPB is by means of
the difference score between performance on the HP and LP sentences. The differ-
ence in score between the psychometric functions for HP and LP sentences is plot-
ted as a function of SNR in Figure 2. The SNR for which a maximum is reached on
this function represents the noise condition where listeners benefit the most from the
use of the linguistic contextual cues. In Figure 2, a maximum fitted difference of
scores of 20 % is observed at a SNR of 0.8 dB. This group analysis is useful to ob-
serve general trends, but it does not necessarily reflect typical performance of indi-
viduals in the group. As seen on Figure 1, standard deviations were quite large at
some SNRs, probably due to either very low or very high scores.
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Figure 1: Average percentage correct score for LP sentences (white columns)
and HP sentences (black columns) at the different SNRs tested,
with the sample of 69 children from 9 to 12 years of age.
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Figure 2: Psychometric function of the percentage of key word recognition for
HP sentences (triangle symbol), LP sentences (square symbol) and difference
score (round symbol) as a function of signal-to-noise ratio (SNR) (N=69).

Cluster analysis

Cluster analysis on the individual psychometric functions was conducted to capture
specific profiles within the children group. To insure uniformity in the computation of
the psychometric functions, the analysis was conducted on participants who were
exposed to the same number of experimental conditions. As such, the data of 13 par-
ticipants were removed as they were tested at only two SNR conditions (as opposed
to three conditions) because of a lack of time during the experimental phase. Also, to
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prevent outliers forming clusters with small number of cases, the data from two other
participants were taken out prior to the cluster analysis.

The hierarchical cluster analysis was run on the remaining 54 cases using four varia-
bles extracted from the psychometric functions for each participant: the value of the
SNR threshold to reach 50 % correct score on the LP and HP functions, and the
slope of the LP and HP functions. The analysis, conducted using Ward’s method,
produced two clusters of participants for which some variables were significantly dif-
ferent, as described in Table 2.

The first cluster (n= 25) is characterized by a lower SNR threshold than the second
cluster (n= 29) for a 50 % correct score on the LP sentences (-0.6 dB versus 1.9 dB
respectively) a difference of 2.5 dB between groups. The first cluster has also a lower
SNR threshold for a 50 % correct score on the HP sentences (-1.8 dB) compare to
the second cluster (-0.3 dB), a difference of 1.5 dB. The slope of the psychometric
functions for the HP and LP sentences were similar.

Table 2: Descriptive table of the two clusters that emerged from the data

Cluster N Mean Standard F Sig.*
deviation
Age 1 25 133 months 11 2.981 .090
2 29 128 months 9
Total 54
SNR LP 1 25 -0.6dB 2.00 36.84 .000*
2 29 1.9dB 0.91
Total 54
SNR HP 1 25 -1.8dB 1.01 28.275 .000*
2 29 -0.3dB 0.96
Total 54
Slope 1 25 .26 dB/SNR 0.10 0.576 451
LP 2 29 .28 dB/SNR 0.13
Total 54
Slope 1 25 .37 dB/SNR 0.12 0.098 .756
HP 2 29 .38 dB/SNR 0.11
Total 54

A one-way ANOVA was conducted to confirm which classifying variables were statis-
tically different between the groups. There was a significant difference between the
group means of the SNR for the LP sentences [F( 53 = 36.839, p=0.000)] and the
SNR for HP sentences [F(153 = 28.275, p=0.000)]. The group mean was not signifi-
cantly different between the two clusters for the variables age and slope value for the
LP sentences and for the HP sentences.

A set of statistical analysis was done to explore the benefit of linguistic context be-
tween the two clusters. A one-way ANOVA was conducted on the maximum HP-LP
difference score and the SNR value at which the maximum difference score was ob-
served for each case in the two clusters. The results for the maximum difference
score did not reach significance level [F = 3.484, p = .068] between the first cluster
(mean: 25 %) and the second cluster (mean: 30 %), suggesting that both groups
showed comparable gains from linguistic context when listening to speech in
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background noise. However, a significant difference [F = 7.812, p = .007] was ob-
served for the value of the SNR at which the maximum difference score was mea-
sured between the two groups (first cluster: SNR of 0.4 dB, second cluster: SNR of
1.6 dB), indicating that participants in the second cluster required a more favourable
SNR than those in the first cluster to get comparable benefit from linguistic context.

CONCLUSION

The results of the present study should be interpreted with caution since only children
with normal hearing function without developmental condition participated in the ex-
periment. However, there is an indication that a dynamic approach is needed when
analysing the performance of children on speech perception in noise tests. Two
subgroups of children, not related to age, emerged from the sample. Both groups
showed comparable benefits from use of linguistic context when listening to speech
in background noise, but the first cluster required a less favourable SNR than Group
2 to achieve comparable performance.

The SPIN-alike tests, such as the TPB, mimics real life listening conditions. Just as
there are some situations in children’s life where linguistic and contextual information
are available and redundant, there are some situations where there is not as much
redundancy, for example, when listening to a new topic in the classroom. As reported
by Picard & Bradley (2001), many studies have reported noise levels in excess opti-
mal conditions for understanding speech in the classroom, bringing less than ideal
levels of SNRs. For example, Blair (1977) reported SNR values in the classroom
ranging from -7 to 0 dB and Finitzo-Hieber (1988) reported SNR values ranging from
+1 to + 4 dB. Listening at such SNRs would be very challenging for the group of par-
ticipants of the present study, especially for the children in the second cluster who
would not greatly benefit from the linguistic context because of too low SNR. The sit-
uation could be even worse for children with learning difficulties who require higher
SNR to understand speech when in presence of noisy background (Bradlow et al.
2003) or bilingual children (Bovo & Callegari 2009) who may not benefit as much
from linguistic contextual information.
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