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INTRODUCTION

Earlier studies have shown that children with normal hearing function perform more
poorly than adults on different tasks that involve the perception of speech in noise
(Fallon et al. 2000; Hall et al. 2002; Johnson 2000; Picard & Bradley 2001). Some
authors have suggested that children’s immature cognitive capacity and less devel-
oped coping strategies explain this difference between children and adults (Stansfeld
& Matheson 2003). Others have proposed that children’s poorer speech perception
performances while they are in presence of background noise can be attributed to
their immature central auditory processing system abilities (Blandy & Lutman 2005;
Fallon et al. 2000). And, some have suggested that children’s speech perception in
noise difficulties can be accounted for by the fact that they have immature linguistic
competencies (Elliott 1979). At the present time, there is no agreement about the
causes that may explain why children perform more poorly on speech perception in
noise tasks compared to adults. However, there is a consensus that, with children,
the ability to perceive speech in noise improves as a function of age until they reach
adolescence. As the hearing abilities and the brain are developing, it is conceivable
that there is an increased specialization and fine tuning of the different perceptual
and cognitive processes such as the ones involved for speech recognition in pres-
ence of background noise.

Children with auditory processing disorders (APD) have more difficulty perceiving
speech in background noise compared to children presenting normal auditory func-
tions. In general, APD are described as difficulties to interpret acoustic message
without any peripheral evidence of hearing loss or lesions and this, particularly while
in presence of background noise (Bellis 2003; Musiek & Geurkink 1980; Vanniase-
garam et al. 2004). The American Speech-Language-Hearing Association (ASHA
2005) Working Group on Auditory Processing Disorders describes APD as a deficit in
the neural processing of auditory stimuli that is not due to higher order language,
cognitive, or related factors. Listeners with APD exhibit little or no difficulty under-
standing speech in ideal listening environments, but they do have difficulties in noisy
backgrounds (Bellis 2003; Musiek & Geurkink 1980). However, some have proposed
that these difficulties may be more related to attention problems (Cacace &
MacFarland 2005; Keller & Tillery 2002) or to language comprehension problems
(Rees 1981) than to central auditory dysfunction.

Children with APD are often referred for audiological evaluation because of academic
problems (Smoski et al. 1992). But, the underlying cause of the problems to under-
stand speech while in noisy conditions in the case of APD is still not clearly identified.
Children with different types of learning difficulties have problems on some language
measures and tests of central auditory functions (Sloan 1998). No one test is a per-
fect indicator of a specific disorder. Hence, we need different kinds of information in
order to determine the nature of the difficulties, the possible methods for intervention,

o and the most effective coping strategies (Sloan 1998). Most of the time, the assess-
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ment team approach is favored, thus making it possible to proceed by elimination.
Defining the problem can take months and in many cases, it is not possible. Interven-
tion strategies could be more specific and effective if the audiologist could predict the
underlying cause of the speech in noise difficulties. For instance, if the difficulties are
language-based, the intervention should probably be more geared to the develop-
ment of linguistic skills or strategies. On the other hand, if the difficulties have audi-
tory causes, then the intervention should be more helpful if focused around the de-
velopment of auditory skills or strategies.

The Speech In Noise (SPIN) test has been used in many studies to explore the un-
derlying cause of the speech perception in noise problems, but never in cases of
APD. The objective of the present article is to describe the various steps undertaken
to develop of a French Canadian adaptation of the SPIN test as it seems to provide
interesting information about the linguistic and auditory competencies of the listener.

The SPIN test was originally developed to assess how well individuals with acquired
peripheral hearing loss utilize contextual information to facilitate speech-recognition
(Kalikow et al. 1977; Elliott 1995). The Revised SPIN test material consists of eight
tape-recorded lists of 50 sentences aligned with a multitalker speech babble (Bilger
et al. 1984). Half of the sentences are highly predictable (HP) as they contain contex-
tual information that facilitates the identification of the last word (ex.: She made the
bed with clean sheets), while the other half of the list is composed of low predictable
(LP) sentences (ex.: | should have considered the map). The listener has to report
the sentence-final word after each sentence is presented.

This test was developed on the premise that essentially two processing operations
are involved in speech perception 1) auditory processing of the signal and, 2) lan-
guage-based processing of that information (Kalikow et al. 1977). Hence the recogni-
tion of the last word of HP sentences can be accomplished through one or both of
these operations, while the recognition of the last word of the LP sentence depends
essentially on the auditory processing of the signal (Kalikow et al. 1977). By compar-
ing the performance that an individual obtained for the two types of sentences pre-
sented in background noise, the SPIN test sentences can be used to determine the
extent to which listeners benefit from context (language-based function). The level of
the speech babble can be varied while presenting the different lists of the SPIN sen-
tences, which is relevant for determining the extent to which the listeners are affected
by the signal-to-noise ratio (auditory function).

METHODS

The approach used is similar to the one reported by Kalikow et al. (1977) and in-
cludes: a) the development of a large set of sentences; b) the recording of the
speech material; c) the determination of the key-word familiarity; d) the test of intelli-
gibility in noise; e) the test of key-word predictability; and f) the establishment of
equivalent test lists.

Participants

A total of 75 French Canadian participants took part at the various steps of the study
but participated in only one individual step. Participants met the following inclusion
criteria, they: 1) were native French-Canadian speakers who used primarily French
for most of their daily activities; 2) were completing or had completed their education
in French; 3) had hearing responses at 15 dBHL (20 dBHL for the children) from 0,25
to 4 kHz and 4) had a negative otological history.
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Development of the speech material

As suggested by Kalikow et al. (1977), one of the first questions that must be ad-
dressed in formulating a sentence test concerns the type of response to be elicited
from the participant. In order to simplify the task for the listener and to reduce the de-
pendence on linguistic and memory skills, single-word responses are used in the
SPIN test. The response word is the last word of the sentence, the key word. This
allows a reasonable degree of flexibility in the design of the sentences. It is also con-
venient for the examiner as the task is simply to check for only one word response. In
order to further control the types of sentences, an additional restriction is that the key
word must be a monosyllabic word. By this limit, it is easy to formulate test sentences
in which the key word receives main stress and in this way, a certain degree of
acoustic control over the prosodic aspects of the sentences can be achieved (Kali-
kow et al. 1977). Another aspect of the original version of the SPIN test is the homo-
geneity of the sentence length. All sentences are constrained to contain five to eight
words, and six to eight syllables. No equivalent French corpus was available. As a
result, French sentences had to be developed, taking into account the previously dis-
cussed requirements as well as the familiarity of the key words. The word’s familiarity
influences their intelligibility when they are presented in noise (Kalikow et al. 1977).
Hence, all the key words in the test materials were selected from the Manulex data-
base (Lété et al. 2004). This database indicates the frequency at which each word is
used in school manuals and books for children. Two hundred monosyllabic words
with word frequency use within the range of 0,02 to 1106,32 per million words were
taken as the initial pool of key words. It is assumed that words that are frequently
used in children books are also the ones that are well known by children.

From this pool of frequently used monosyllabic words, and given the constraints pre-
viously noted with regard to sentence length, position of final stress, and familiarity, a
set of 200 high-predictability (HP) sentences was developed. In addition, a set of 200
low-predictability (LP) sentences was produced by using the same key words with
various combinations of constructions like ‘Marie a un tres gros ___’, ‘J'aime jouer

’

avec mon ,- etc.

The corpus of 400 sentences resulting from this procedure underwent a paper-and-
pencil test, to determine the predictability of the key words. Nine female participants,
aged from 9 to 11 years old, took part to this test. The sentences were listed on an-
swer sheets with the final word deleted. Participants were instructed to fill in the word
that they thought would more likely occur at the end. No further instruction was given.
HP sentences that obtained a score lower than 10 % were deleted from the corpus
as well as LP sentences that obtained a score of more than 10 %. The remaining
corpus consisted of 160 HP sentences and 160 sentences

Recording of the speech material

The remaining corpus was recorded using a female voice as this is known to be more
recognizable by children than male voices (Fallon et al. 2000). A Quebec native
French speaker who already participated in various recordings was chosen. The sen-
tences were recorded by using the IMOVIE software (.mov file). The Cool Edit Pro
software was used to modify the intensity of some sentences (59 sentences) that had
a mean average intensity value of + 2 dB compared to the total average of the cor-
pus. This modification was to ensure that all the sentences of the corpus presented
an average intensity value within the same range. The key words were then edited
into individual files in order to obtain four lists of 40 key words.
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Determination of key word familiarity

Forty (40) children from 5,42 and 7,33 years old (average = 6,5 years old) partici-
pated in that part of the study. Only the children who had signed the assent form,
following the consent of their parents, were allowed to take part in this study.

Each child was seen individually in a quiet room of the school. First, a hearing
screening at 20 dBHL was performed in both ears. The children were asked to put a
little stone in a basket every time they heard a sound, no matter how loud it was.
Screening audiometers (Beltone A2 and Maico MA41) were used, with TDH 39
headphones. If a child presented responses at higher level than 20 dBHL, he or she
was given a letter that was addressed to the parents, suggesting that a complete
audiological evaluation be performed. Ten participants could not participate for that
reason, or because they refused to continue or, presented obvious language prob-
lems. When the hearing responses were obtained at 20 dBHL for all the frequencies
tested bilaterally, the child was invited to take part to the experimentation. The four
lists of 40 words were presented monaurally at 60 dBHL. The order of the lists was
counterbalanced between the participants who were instructed to report each word
that they heard, and to guess if necessary. After each list, the child was rewarded
with a sticker. This was also the moment to take a short break. At the end of the test-
ing session, a letter was given to the child to inform the parents about the hearing
screening and to thank them also for their consent to let their child participate.

The majority (80 %) of the words were identified by 81 % or more of the participants.
Results are presented on Figure 1. The key words that obtained a percentage of
identification of 65 % or less were removed from the corpus, to ensure the familiarity
of the key words. Hence, 20 keywords were removed from the corpus, which corre-
sponds to 40 sentences as each key word appears in a HP and a LP sentence.
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Figure 1: Distribution of the 200 monosyllabic words presented according to the percentage of times
they were correctly identified by the 40 participants

Based on the results obtained from the key word familiarity testing, the remaining
corpus of 280 sentences was divided into 7 lists of 40 sentences, ensuring that the
familiarity value of the key words was evenly distributed across the lists. Each list
contained 20 HP and 20 LP sentences. Each key word appeared only once in a
given list.
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Intelligibility in noise testing

Ten adults (4 female and 6 male participants) between 18 and 40 years of age (aver-
age= 22,70 years old) participated in the intelligibility in noise testing. Each partici-
pant was tested in the audiology laboratory at the University of Montreal during the
summer of 2007. Once the consent form was signed, each participant had a general
interview to rule out any conditions that would indicate any exclusion criteria (history
of middle ear problems, language or academic problems, general development prob-
lems, etc.). If no exclusion criteria were identified, the participants were ask to under-
take a bilateral 15 dBHL hearing screening at 500, 1000, 2000 and 4000 Hz.

The seven lists of 40 sentences were presented at 65 dBHL monaurally along with a
speech babble at a signal to noise (S/N) of 0 dB, in ipsilateral condition. The sen-
tences were presented with a compact disc player (Panasonic RXD 27) connected to
the audiometer (Midimate 622). A French talkers speech babble (4 female and 4
male, by Perrin & Grimault (2005) was used as it is more representative of the noisy
conditions of the target population (ie.: Canadian French children). The speech bab-
ble was on a separate CD and presented with a CD player (TASCAM) also con-
nected to the audiometer. The order in which the lists were presented was counter-
balanced across the participants, who were instructed to report the last word of each
sentence they heard, and to guess if necessary.

The overall average percentage of correct answers was calculated for each list, as
well as the average of the HP sentences and the LP sentences separately, as pre-
sented on Figure 2.
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Figure 2: Percentage of correct answers obtained at the intelligibility in noise testing for each list

Based on the results obtained from the intelligibility in noise testing, the sentences
were re-distributed in 7 lists of 40 sentences, ensuring an even distribution of the
keywords across the lists according to their familiarity and intelligibility in noise value.
The seven lists respected the previously discussed constraints, i.e.: 20 HP and 20 P
sentences per list, each key word appearing only once in a given list, etc.).
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Key word predictability testing

Although the corpus of sentences was developed by taking into account the results
obtained at the paper-and-pencil testing to determine the predictability of the sen-
tences, it was considered desirable to conduct further testing to ensure that the de-
gree of predictability of the sentences was equivalent across the lists. This part of the
study was carried out with 14 participants (11 female, 3 male) between 21 to 27
years age (average =23,43 years old). The participants were tested in the audiology
laboratory of the University of Montreal during the fall of 2007. Prior to the testing,
participants were also screened for normal hearing (responses at 15 dBHL, from 500
to 4000 Hz). The inclusion and exclusion criteria were the same as for the intelligibil-
ity in noise testing.

The seven lists of 40 sentences were presented at S/N ratio of -2 dB (sentences at
65 dBHL and speech babble at 67 dBHL) with monaural earphone presentation. The
S/N ratio of -2 dB was selected following pilot data obtained with 3 participants that
indicated that the maximum difference between HP and LP sentences was within that
S/N ratio range. The equipment was the same as the one used for the intelligibility in
noise testing.
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Figure 3: Percentage of correct answers obtained at the predictability testing for each list

The results obtained are illustrated on Figure 3 which shows the percentage of cor-
rect answers for the HP and LP sentences across the lists. The average percentage
obtained for the LP sentences is 39,48 % (SD=5,3) and the average percentage ob-
tained for the HP sentences is 59,67 % (SD=2,69). A difference of 20,25 % between
HP and LP sentences is concordant with the literature about contextual benefit for
speech recognition in noise.

The percentage of correct answers across the lists did not differ significantly, as con-
firmed by the results of the ANOVA for repeated measures (F1,6= 0,508, p= 0,802).
The percentage of correct answers obtained for the HP sentences was also analyzed
separately from the one obtained for the LP sentences. The difference of the per-
formance obtained for the HP sentences across the lists was not significantly differ-
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ent according to the results of the ANOVA (Fu.4= 0,689, p= 0,595), but was signifi-
cant across the lists for the LP sentences (F1,4= 3,62, p= 0,009)).

The difference of percentage obtained for each key word from the two types of sen-
tences was also analyzed (difference of percentage between HP and FP). The key-
words that obtained a higher percentage with the LP sentence compared to the per-
centage obtained with the corresponding HP sentence had to be removed from the
corpus, as the contextual difference was the contrary to the one obtained from the
pencil-and-paper predictability testing. From that analysis, 40 key words had to be
removed the corpus (80 sentences).

Next steps

The remaining corpus consists of 100 HP sentences and 100 LP sentences, that was
merged into five equivalent lists of 40 sentences, presenting the same previously
mentioned constraints (i.e.: equal number of HP and LP sentences per list, a key
word is appearing only once in each list, etc.).

The five lists are presently being tested at various signal to noise ratios, with three
groups of participants presenting a normal hearing: 1) one group between 9 and 11
years of age, 2) one group between 11 and 13 years of age, and 3) one group of
adults between 18 to 45 years of age), to investigate the effect of age on perform-
ance for normal hearing participants.

DISCUSSION

According to the results of earlier studies with different hearing impaired populations
(Elliott 1979, 1995; Pichora-Fuller et al. 1995; Dubno et al. 2000), the SPIN test pro-
vides interesting information about the auditory and language-bases underlying com-
petencies of the listener for speech perception in noise. As this test is not available in
French, the adaptation of the SPIN test has been attempted and this article described
the different issues that have to be taken into account when developing a speech
perception in noise test for the children population.

This French Canadian adaptation of the SPIN test has not yet received adequate
calibration and validation for its clinical use with the population of children diagnosed
as having an auditory processing disorder. However, the performance of normally
hearing children is currently being evaluated. Eventually, we expect to use the test
with children who have APD diagnoses. It is believed that a better understanding of
the cause of the hearing difficulties underlying speech perception in noise problems
in the case of APD would lead to the development and use of more specific and ef-
fective intervention programs.
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