
Introduction
A number of years ago, I performed a detailed analysis of the 500 most-frequently-used words in
Spoken American English1. Among other things, I was interested to see which consonants and
vowels occurred most frequently in this “core” set of English words. I was quite surprised to find that
six items -- /t, r, n, s, d, l/ -- accounted for more than 50% of all consonant occurrences. As a tea-
cher of speech, I knew that this group of consonants was among the most difficult to teach deaf
children, and yet here were data showing just how important they are in English.

I was particularly concerned to realize that the sibilant [s] occurred so frequently, because I had
always found this a particularly difficult consonant to teach. The biggest problem I had noticed with
[s] was that it tended to be omitted in the speech of many deaf children. For example, if I asked a
child to say a sentence such as; “I came to school on the bus,” even quite good speakers would pro-
duce something that sounded more like; “I came to *chool on the bu*.” I knew that these problems
related to the spectral content of [s]. Most of its energy is located in the higher frequencies, and that
meant that many children were not able to access this information. In very simple terms, the child-
ren could not hear the sound, so they found it difficult to produce. And, unfortunately, this meant that
children were leaving out one of the most important sounds in English.

Linguistic uses of /s/
Around 20 years ago, Rudmin2 published a very interesting paper in which he detailed over 20 lin-
guistic uses of /s/ and its voiced cognate /z/ in English. These included plurality (one cat, two cats),
possession (This is Pat’s coat), contractions (that is > that’s, what has > what’s, let us > let’s, etc.),
and signaling third person present tense (I eat, she eats). Either /s/ or /z/ is used to perform these
functions, and, if they are omitted, the speaker will obviously become much more difficult to under-
stand.

Gaining access to /s/
In this important paper, Rudmin pointed out that the hearing aids being worn by deaf children, at
that time, did not allow access to /s/ as its “spectrum ranges from about 3500 Hz to about 9000 Hz.3”
He made several suggestions as to how this situation could be improved. These included modifica-
tions to hearing aids and earmolds, but, in the intervening years, a far more significant change has
occurred – the advent of multi-channel cochlear implants. For the first time, many deaf children are
being provided with access to the frequency cues for /s/.

The spectral distribution of /s/
If you pick up any textbook on speech published between 1950 and 1990, and look up the sibilants,
you’ll find some variant of the following quote. “The [s] and [z] have most fricative energy at between
3,600 and 7,000 Hz and, due to antiresonances, relatively little immediately below the major peak,
which is usually located at the lower end of this range.4” There’s nothing wrong with this, provided
you are talking about an adult male speaker. Iif, however, the speaker is female, and/or a child, the
situation becomes a lot more complex.

Over time, you might want to consider contrasting /s/ with other consonants. In the lists below, I start
with some relatively easy contrasts, and then move into those which are potentially more difficult. I
know that some of the words I’ve given may be unfamiliar to many deaf children, but I like to “throw
in” some items like this, to increase vocabulary skills.

Another technique I often use with adults is to use stories which highlight a particular consonant or
vowel. I give the listener a copy of the story, in which each word containing the target sound is bol-
ded and underlined. I read the story aloud, and encourage the listener to read and listen, paying
special attention to the highlighted words. Here’s a simple example which illustrates the technique
using /s/.

Turning the tables
All of these exercises involve the cochlear implant user listening for the /s/, but they can also be
used for production practice. In therapy sessions, I often ask the child to act as the speaker, and
see if s/he can produce the important contrasts which enable correct identification. It’s a useful tech-
nique, and allows me to see whether additional work is required on a particular target. It also helps
the child to see whether s/he needs to pay special attention to her/his production of the target
sound.

Conclusion
This has been a very brief overview of the sibilant /s/, and we’ll return to this important topic in a
future issue of “Listen, Hear!” This will involve some more complex listening exercises, and will con-
sider approaches to improve the child’s production of /s/. If you have any questions about this issue,
or any other Aural Rehabilitation topic, please email me (hearf@aol.com), and I’ll get back to you
as soon as possible.

Listening for /s/
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1 see knee 1 sail tail 1 Sue zoo 1 see she
2 sail nail 2 see tea 2 sip zip 2 sip ship
3 sap nap 3 sent tent 3 see Zee 3 suit shoot
4 so no 4 sold told 4 sack Zack 4 sign shine
5 sock knock 5 said Ted 5 sipped zipped 5 sigh shy
6 moose moon 6 rice right 6 ice eyes 6 mass mash
7 bus bun 7 ace eight 7 bus buzz 7 lease leash
8 mass man 8 bus but 8 price prize 8 plus plush
9 horse horn 9 mice might 9 peace peas 9 puss push
10 case cane 10 peace Pete 10 place plays 10 Gus gush

Sue decided that it was time for another visit to the
zoo. She asked her sister, but she didn’t want to go. She
asked her best friend Samantha, but she didn’t want to
go either. She didn’t want to ask her brother, so Sue
decided that she would go by herself. It was a beautiful
sunny day and Sue saw all of her favorite animals. “It’s
hard to say which one is best,” she thought. “I like so
many different animals. But I suppose that I like the
kangaroos, elephants, and monkeys best of all.” Sue also
saw some that she didn’t like, such as some slimy snakes
and some savage crocodiles. They reminded her of her
brother, and she realized that it was time to go home.
She caught the bus, and got home just before six o’clock.
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Boothroyd and Medwetsky5 looked at productions of /s/ in nonsense syllable strings with the vowels
/i/, /u/, and /a/ with five adult male and female speakers. They located the “lowest-frequency promi-
nent spectral peak” for each of the speakers, and found that these varied greatly for males and
females. The mean values for these speakers are presented in Figure 1, and show differences of 2
– 3 kHz between many of the male and female speakers. Although the authors did not perform simi-
lar measures with children, they noted that there is evidence which suggested “that children’s /s/
spectra have a frequency content somewhere between that of men and women6.”

These data show that children using cochlear implants need to have access to higher frequency
speech cues if they are to perceive /s/. The MED-EL TEMPO+ speech processor can provide the
user with access to speech frequencies up to around 8.5 kHz, and this should allow her/him to per-
ceive /s/ produced by a wide range of adult and child speakers.

Listening for /s/
When I am working on the development of /s/ production with children fitted with cochlear implants
or hearing aids, I need to determine whether s/he is able to perceive the consonant with her/his
implant or aid. There are several techniques which can be used to determine this.

Many teachers and therapists use a simple task such as the Five Sound Test 7 to check a child’s
ability to detect a range of speech frequencies. The items used are the vowels /a/, /u/, /i/, and the
sibilant consonants /sh/ and /s/. The items are produced in isolation, and the child is asked to indi-
cate, by raising a finger, clapping, etc., every time s/he hears a speech sound.

I like this procedure, because it gives information about the child’s ability to detect a wide range of
speech sounds, from the low frequency components of /u/ and /i/ through to the higher frequency
cues for /sh/ and /s/. However, some care needs to taken with the test. I’ve seen therapists cover
their mouths with their hand or a sheet of cardboard when they present this test to children, and I
have many misgivings about such an approach. The presence of the hand or sheet of card will lead
to the high frequencies being “blocked” to some degree and, as a result, will make the task of detec-
tion so much more difficult. I prefer to stretch a doubled piece of black loudspeaker cloth in an
embroidery frame, and use this instead of my hand, or a piece of cardboard.

I’ve included another simple test below. The Plurals Test contrasts five word pairs – book/books,
shark/sharks, teapot/teapots, cat/cats, and ant/ants. I introduce the items to the child, and practice

the task by asking him/her to “Show me the book,” or “Show me the books.” Once I’m sure that s/he
understands what is required, I cover my face and work through each pair in turn. I present each
item in a pair, five times in a random order. If the child is able to score 8/10 or better for each pair,
I can be fairly confident that s/he is able to pick up the /s/, at least in this fairly constrained situati-
on.

Another task you might like to try is presented below. In this test, which contrasts the words “pot,”
“pots,” “spot,” and “spots,” the listener has to determine whether /s/ is present in the stimulus words,
and, if so, its position – at the end of the word, the beginning, or both. Again, I present each of the
words five times in a random order, and, this time, use 15/20 as my pass criterion.

When I’m working with older children, I use word lists that ask the listener to determine whether /s/
is present or absent using more complex word pairs. I’ve given some examples in the lists below.

There are numerous ways in which these materials can be presented. If the child is unfamiliar with
the task and/or some of the words, I use an ABX procedure to ensure that s/he knows how the con-
trasted items sound. This involves saying each of the words, and then repeating one as the stimu-
lus item. For example, SLIP LIP LIP. The listener hears the two words, and has to determine which
one was repeated. With other listeners, I use a simple carrier phrase to present the stimulus word.
For example, “Number one is LIP,” or “Say the word LOW,” etc. I prefer using a
carrier phrase, as it seems to be a more “natural” format than presenting words
in isolation.

Figure 1. Means for the lowest frequency prominent peak for /s/ produced by 5 male and 5 female adult spea-
kers in the study conducted by Boothroyd and Medwetsky (1992).
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1 slip lip 1 spy pie 1 scar car 1 steam team
2 slow low 2 spin pin 2 scan can 2 steak take
3 sly lie 3 sport port 3 skill kill 3 store tore
4 slay lay 4 spill pill 4 scare care 4 still till
5 slight light 5 speak peak 5 skate Kate 5 stool tool
6 slam lamb 6 spool pool 6 ski key 6 stalk talk
7 slime lime 7 speech peach 7 score core 7 star tar
8 sleeve leave 8 spade paid 8 school cool 8 stuff tough
9 slid lid 9 Spain pain 9 skis keys 9 stow toe
10 slump lump 10 spare pair 10 scuff cuff 10 stair tear
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