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Abstract

Int roduct ion: Many presbycusic patients have dificulty in understanding certain words. This 
could be justiied because certain sounds in Spanish are more dificult to perceive, particularly 
the sounds with energy in the high frequencies. We propose to use a sentence as a tool to check 
this theory.
Mat erials and met hod:  All the Spanish sounds were analyzed, measuring the degree of acoust ic 
energy in all the frequencies. The conclusions drawn from the comparison of the results allowed 
the design of the tool that  is proposed here.
Result s: We established a gradient of perception dificulty, occlusive consonants being the least 
perceptible, followed by fricative, and inally all those segments with harmony and a clear 
formant structure. The Spanish sentence “Ana vio ese coche rojizo ino” is proposed as the tool 
for this study. This sentence comprises certain peculiarities that make it particularly useful for 
this purpose. It  will allow us to check whether understanding deteriorates as we move from 
beginning to end, helping evaluate the importance of high frequencies for intelligibilit y.
Conclusions: A positive result could help in the design of ampliication systems to improve 
speech intelligibilit y. In addit ion, the exploratory tool could allow neuro-acoust ic explorat ion, 
useful in the cent ral auditory pathology studies.

©  2008 Elsevier España, S.L. All rights reserved.
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PALABRAS CLAVE

Audiometría verbal;
Espect rograma;
Análisis acúst ico

Diseño de una nueva herramienta para la exploración auditiva

Resumen

Int roducción: Muchos pacientes presbiacúsicos presentan diicultad para entender ciertas 
palabras, hecho que podría estar justiicado porque determinados sonidos en español presentan 
una diicultad mayor de perceptibilidad, en concreto los de energía en altas frecuencias. Se 
propone ut il izar una oración como herramienta para comprobar la hipótesis de part ida.
Mat erial  y mét odo:  Se analizaron todos los sonidos del español, midiendo el grado de energía 
acúst ica que presenta cada una de las frecuencias. Las conclusiones ext raídas de la comparación 
de sus resultados permit ieron el diseño de la herramienta que aquí se propone.
Result ados: Se establece una gradación de diicultad perceptiva, por lo que se puede decir 
que las oclusivas aparecen como los sonidos menos percept ibles, seguido de las fricat ivas 
y, inalmente, todos los segmentos que presentan armonicidad y una estructura formántica 
deinida. Como herramienta para la práctica clínica, se propone la frase española “Ana vio ese 
coche rojizo ino”, frase que cumple una serie de particularidades que la hacen especialmente 
útil para tal in. Esta oración permitirá comprobar si la comprensión se va deteriorando a 
medida que se avanza desde la primera a la últ ima de sus secciones, y así poder suponer 
que la capacidad para detectar audit ivamente la presencia de energía reforzada en las altas 
frecuencias es indispensable para la inteligibilidad.
Conclusiones:  Un resultado posit ivo podría tener como consecuencia el diseño de sistemas 
de ampliicación que mejoren la inteligibilidad de la palabra. Además, el hecho de tener una 
herramienta exploratoria podría permit ir la exploración neuroacúst ica, de ut il idad en el estudio 
de la enfermedad audit iva.

© 2008 Elsevier España, S.L. Todos los derechos reservados.

Introduction

Most presbycusic patients have dificulty in perceiving and 
understanding certain words consisting of speciic sounds. 
This inding makes it advisable to design an applied research 
tool valid to verify the assumpt ions made, namely that  not  
all the sounds in the Spanish language have a similar degree 
of intelligibilit y, and that  this dif ference in percept ibilit y 
between them is based on the locat ion of their components 
in the available acoustic space. More speciically, it is 
desired to prove that  the existence of very high frequency 
energy in certain phonatory elements, with the hearing 
range const raints entailed by this, may be a decisive factor 
in their level of audibilit y.

These observations in daily clinical practice have given 
rise to this research proposing the use of a short  sentence, 
supported by its segmental and suprasegmental composit ion, 
in order to meet  the demand of resources for the suggested 
research.

History of the problem

Intelligibilit y decreases progressively throughout  life, 
to the extent  that  the presbycusis shows a decrease 
in dif ferent iat ion, which increases over t ime. Various 
amplifying solut ions have been designed to solve this 
problem. However, a certain number of pat ients st il l 
complain of poor intelligibilit y in adverse situat ions (noisy 
environments, several people talking at  the same t ime, etc). 
Since most  prostheses cover a frequency range which does 
not  exceed 4000-6000 Hz,1 the frequencies most  affected 
by presbyacusis would not  be covered.

Proposed tool

The Spanish language, in particular its Castilian variant, 
is a language that  favours the intelligibilit y of statements 
since its phonological system comprises a small number 
of phonemes present ing relat ively few allophones and 
its vocalic subsystem is also limited.2 Furthermore, the 
proport ion of monosyllabic words is relat ively small.  All this 
favours the understanding of messages by the hearer, as 
evidenced by the bet ter performance of Spanish-speaking 
adults and children after cochlear implant , compared 
with the performance of speakers of other languages. 
Nevertheless, the intelligibilit y of emissions depends not  
only on the language in which they are delivered, but  
also on a number of factors, which include the quality of 
dict ion of the t ransmit ter, the characterist ics of the voice, 
the funct ional capacity of the receptor’s hearing, and the 
environment  in which the act  of communicat ion takes 
place. These variables may positively or negatively affect 
the t ransmission of informat ion.

In order to at tempt  to verify the hypothesis, which deals 
in particular with the inluence of the acoustic constitution 
of sounds on their audibilit y, it  was decided to design a 
sentence in which each of its parts concentrated one speciic 
t ype of sound, with regard to frequency dist ribut ion.

As is well known, tests have already been created to 
distinguish disorders affecting the luent perception of oral 
sentences.3-5 Thus, lists of disyllabic and trisyllabic Spanish 
words are used in verbal audiomet ry to assess the various 
grades and types of hearing loss. Their advantage is that 
the subj ect  has to ident ify the components of the words 
emit ted and repeat  them in an environment  in which the 
relat ionships between each word and the next  are lost , 
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so it  is impossible to deduce them by their meaning or 
context . In this sense, it  is worth not ing that  the decision 
to work with a statement  larger than single words is due to 
the desire to create a st imulus as close as possible to real 
communicat ion, in other words, more complex.

Material and method

First ly, we proceeded to record all the sounds of the Spanish 
language pronounced by a male and a female speaker, both 
consonants and vowels, isolated in the case of vowels or in 
a phonet ically normal posit ion in the case of consonants, 
that  is, in the a_a context , in order to consider it s inherent  
characteristics without the inluence of co-articulation with 
other elements. It  was also necessary to do it  this way so 
that  the sounds had approximately the same durat ion, tone 
and st ress, thus making their intensity or acoust ic energy 
comparable. The recordings were made at the Phonetics 
Laboratory of the Superior Science Research Council using 
a Kay Elemet rics Co. CSL 4500 device with a sampling 
frequency of 44 100 Hz using an AKG C444L headworn 
microphone 10 cm from the speaker’s labial commissure 
and with a lateral displacement  of 45°, as st ipulated in the 
procedural guidelines for acoust ic analysis.6-8

Next , the recordings were edited, and the registered 
sounds delimited so that  none of them, part icularly in the 
unvoiced occlusives and fricat ives, contained fragments 
corresponding to the t ransit ions with adj acent  vowel 
sounds. Once this task was completed, the edited sounds 
were analyzed using the freely-available PRAAT software, 
the Spectrum/Spectrum Tier analysis tool of which shows 
the degree of acoust ic energy, measured in dB, presented 
by each of the frequency components in each segment . 
Table 1, by way of example, reproduces the data obtained 
in connect ion with the unvoiced fricat ives.

Finally, the comparison of these data, that  is, the 
comparison of the frequencies for each element  and its 
corresponding intensity, or sone, both in the male and the 
female voices, allowed us to draw certain conclusions that  
were helpful in carrying out  the design of the tool proposed 
in this paper.

Results

With the values obtained in the analysis, it  is inferred 
that :

a)  Among the fricat ive consonants, those known as sibi lant s 
(art iculated with a horizontal opening narrower than 
the vertical opening, sometimes called “bulging”), 
which in Spanish are [s] and the second phase of       (the 
“ch” in hacha),  present  a considerable level of energy 
(46-55 dB) in the frequency range around 6500-7000 Hz. 
In cont rast , low frequencies are not  boosted.

b)  Non-sibilant fricatives, [f] [x] (the “j” in “baj a”) and 
[θ] (the “z” in “baza” and the “c” in “cena”), do show 
boost ing at  low frequencies, in part icular the [θ]  (eg, 
54 dB at  40 Hz) and [f ]  (eg, 51 dB at  53 Hz). In the lat ter 
case, the reinforcement  of the sound energy is barely 
percept ible between 80 Hz and the range between 

Tabla 1  Values in dB for each of the 10 most  enhanced 
frequencies in the fricat ive consonants [ t ] ,  [s],  [x],  
[θ], and [f]. The most enhanced frequencies in [ t ]  and 
[s] are around 6500-7000 Hz, whereas in [x], [θ], and 
[f] they are in the lowest part of the spectrum. The 
fundamental difference between [θ] and [f] originates 
from the last 3 frequencies shown here: whereas in [θ], 
the seventh frequency showing enhancement  is 3006 
Hz, in [ f ]  it  is 11 534 Hz

 t  Freq, Hz SD, dB/ Hz

 7034.7184 49.5939867

 6721.24918 47.4102637

 6121.66661 46.7913527

 6014.04025 46.4455567
 6793.98022 46.1998035
 7129.76212 46.1967457
 7100.41158 46.1375997
 6591.87264 44.7069017
 7846.0364 44.4583153

 s Freq, Hz SD, dB/ Hz

 6704.75938 55.5915904

 6623.17329 52.7830834

 7005.89096 52.4822078

 7134.17278 52.2950957
 6547.17732 51.0174019
 7022.50095 50.574668
 6990.30341 50.4960023
 7100.02369 50.4922775
 6783.13793 50.2037553

     x Freq, Hz SD, dB/ Hz

 70.8179343 66.5173011

 137.942909 55.5470978

 113.134542 54.9647791

 1755.31159 51.2579729
 1627.88981 50.6611579
 211.476575 49.3627643
 1655.72318 49.1738561
 33.0424905 48.390016
 1690.64422 48.1926085

     θ Freq, Hz SD, dB/Hz

 53.3065217 57.9471076

 40.2614916 54.1348469

 4.66598407 51.5578407

 14.2150504 50.9677095
 86.8198371 49.4484912
 113.831054 48.4791122
 3006.74241 48.2413807
 2952.19691 47.5413852
 5116.96267 46.6211333

     f  Freq, Hz SD, dB/ Hz

 21.8909035 59.9376243

 12.0531868 54.5582861

 53.4217708 51.2787228

 68.7385728 50.6013289
 39.3248854 50.2418703
 82.3634332 47.8169694
 11 534.6935 47.6140699
 14 392.2909 47.1712648
 11 621.3386 46.79903

Freq indicates frequency; SD, sound density.

[ t ]
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11 500 and 14 800, whereas in [θ]  the energy appears 
more evenly dist ributed from 2800 Hz up to the highest  
frequency area: 41 dB at  11 300 Hz.
Therefore, as far as the fricatives are concerned, 
and start ing from the init ial assumpt ion that  higher 
frequency sounds require a greater hearing range, or 
if preferred, entail greater dificulty for patients with 
presbyacusis, a scale could be established from highest  
to lowest  degree of percept ibilit y, as follows:

[x] [θ]       [s] [ f ]
+ _________________ −

c)  With regard to the vowels, in the irst place, it should be 
noted that it is their irst 2 formants (F1 and F2) which 
determine their t imbre, ie, their ident ity as a sound: 
an [a] as a dif ferent  sound from an [e], from an [ i] ,  
etc, while the remaining higher formants (F3, F4, and 
F5) relect the individual characteristics of each voice. 
The data obtained support the idea that all of them are 
easily percept ible sounds, since all their formants are 
between 190 and 6000 Hz, with the most  crit ical zone 
for their identiication located around the values listed 
in Table 2.

d)  The analysis of the occlusives ([p], [t], [k]) shows, 
irst of all, that they do not present high frequencies 
carrying a signiicant noise density, and, secondly, that, 
as has been pointed out  repeatedly in the literature, 
they are inherent ly less percept ible sounds, since 
they have less sone in general:  they are produced by 
a closure or occlusion in an area of the vocal t ract , 
which is broken by a characterist ic noise known as the 
explosion, which is not  always present . Moreover, the 
maximum level of intensity that  they reach will never 
be as marked as that  of other sounds. From all this, it  
follows that their dificult perception by listeners, even 
those without  a disease, is not  given by the existence 
of high frequencies that  may be outside the hearing 
range, but  by their very own nature.

It  is interest ing that , in the t radit ion of phonet ic studies 
of linguist ics, scales have been proposed t ime and again for 
many years for “loudness” or “sone”9,10 to rank the dif ferent  
types of sounds (Figure 1).

As can be seen, these scales coincide roughly with the 
gradient of dificulty of perceptibility inferable from 
what  has been presented here so far, in other words the 
occlusives appear as the least  percept ible sounds, as 
explained previously in point  d) above; next , the fricat ives 
are the least “sounded” (understanding “sounded” not 
as produced by the vibrat ion of the vocal cords, but  as 
having “sone”) and, inally, all the segments presenting a 
certain harmonicity and deined formant structure, such 
as the nasals, laterals, vibrants, and vowels, are the most  
percept ible.

In fact , it  has repeatedly been pointed out  that  sounds 
with a prominent  formant  st ructure and low at tenuat ion 
are the most “resounding.” Resonance in speech is always 
underscored by sonority, so that  the resonant  cavit ies 
making up the vocal tract respond in a more eficient manner 
when there is vibrat ion in the vocal cords, in which case 
the concentration of acoustic energy in speciic frequency 

Tabla 2  Values in dB for each of the 10 most  enhanced 
frequencies in the vowels [a], [e],  [ i] ,  [o],  [u]

 a Freq, Hz SD, dB/ Hz

  937.656286 64.2417931

  1125.55491 62.4495366

  749.586463 62.0523815

  186.967847 61.7017315
  1313.6144 60.6849474
  927.142618 60.4748342
  1114.85166 58.9390213
  739.977936 57.765972
  373.933471 57.6877286

 e Freq, Hz SD, dB/ Hz

  196.956074 66.3890339

  396.146016 66.3802251

  595.21857 65.946384

  188.012273 63.7817405
  383.928014 62.3257725
  581.736411 62.2029421
  573.176941 61.6391833
  566.180368 60.5731901
  376.776807 59.4434761

 i Freq, Hz SD, dB/ Hz

  205.609909 74.7025744

  196.712741 69.0871327

  191.456775 66.0266579

  411.995353 65.9668429
  186.325534 62.574912
  402.200341 62.078027
  395.208526 58.9933482
  180.797274 58.6331557
  387.992402 55.9892634

 o Freq, Hz SD, dB/ Hz

  573.248305 66.1074428

  381.501714 64.7810525

  188.791285 63.9183019

  561.237597 61.9475573
  552.720448 60.2597225
  371.109125 60.0962881
  546.849893 58.0828707
  957.093812 57.9745194
  765.287739 57.7010426

 u Freq, Hz SD, dB/ Hz

  200.14247 71.7034853

  401.777924 70.7596058

  190.751281 66.752235

  390.709272 66.6172194
  383.056985 63.8576324
  376.370384 63.3542002
  371.610492 62.6704557
  366.557911 61.4758289
  361.614772 59.260932

Freq indicates frequency; SD, sound density.

[ t ]
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bands is higher and more evident . In this sense, it  could 
be argued that  the level of percept ibilit y or sone does not  
depend solely on the intensity of the sound, ie, the amount  
of energy it  presents, but  how this energy is dist ributed 
over it s spect rum.11

Proposal of the model sentence and  
its rationale

Based on the indings reached following the analyses 
described above, it  was considered that  a sentence which 
is valid as a tool for clinical pract ice is the Spanish phrase 
“Ana vio ese coche rojizo ino” (“Ana saw that ine reddish 
car”), the spectrogram of which is shown in Figure 2. The 
explanat ion of why this conclusion has been reached is the 
following:

a)  The sentence proposed is a simple afirmative phrase, 
consist ing of subj ect , verb, and complement , which 
from a suprasegmental point  of view (ie, with respect  
to melody, accentuat ion, and rhythm with which it  is 
emit ted) does not  present  any special features that  
can help the listener in the process of perceiving 
sounds. For example, it  is known that  an interrogat ive 
sentence systemat ically favours the percept ion of high 
frequencies, which are reinforced in some posit ions; 
therefore a sentence was chosen with an assert ive or 
neut ral intonat ion curve.

b)  The phrase is short and forms a single phonic group, 
ie, a statement  fragment  that  can be emit ted between 
pauses, for example breathing pauses, without  internal 
interruptions. The number of syllables corresponds to 
the average for the Spanish language.

c)  The meaning of the words in the sequence does not help 
to understand their meaning. The adjective “reddish” 
is not immediately associated with the noun “car,” 
while it  would be more predictable with, for example, 
“hair.”

d)  In the sentence const ructed it  is possible to dist inguish 
3 dist inct  parts in terms of the type of sounds associated 
with each. “Ana vio” (“Ana saw”) is the irst fragment, 
and in it  all the consecut ive elements (including the 

voiced labial fricative “v” [b]) are sounded, have a clear 
formant structure or, in other words, are “sounded” 
in the sense explained above; they contain energy 
in various parts of their spect rum and are therefore 
highly perceptible. The second segment is “ese coche” 
(“that car”) and the degree of dificulty for audition is 
increased because although there are middle vowels ([e] 
and [o]),  which in principle are quite percept ible, there 
are 2 sibilants, the [s] of “ese” (“that”) and the second 
phase of the    , “ch” in “coche” (“car”), which are, 
as ment ioned above, fricat ives with a large amount  of 
energy in high frequency areas. Finally, “rojizo y ino” 
(the adjectival phrase “reddish and ine”) is the most 
complicated from a hearing perspect ive as it  presents 
various acute vowels [ i] ,  and the 2 sounds which are 
most dificult to perceive, as shown above, the [θ], “z” 
and the [f] as well as the [x], “j”.

If  the clinical experimentat ion shows that  the hearing 
and subsequent  understanding of this sentence gradually 
deteriorates from the irst to the last of its sections, then 
there will be suficient grounds to assume that the ability to 
detect  aurally the presence of enhanced energy in the high 
or very high frequencies is essent ial for the intelligibilit y 

Figure 2  Narrow band spectrogram of the proposed sentence “Ana vio ese coche rojizo ino” (“Ana saw that ine reddish car”) 
recorded with a sampling frequency of 44 100 Hz, obtained with Praat at a maximum frequency of 22 050 Hz, drawn in a 2 ms 
Hanning window. Note how in the sound [θ] the distribution of sound energy is more homogeneous across all frequencies, while in [f] 
the zone of greatest  noise is concent rated in the highest  zone, and in [s] and in the fricat ive phase of [t  ]  it  is located in the middle 
of  t he spect rum. Harmonics are dist inguished in al l  vowels up t o f requencies around 12 kHz,  alt hough [ i]  also presents higher 
frequencies; nevertheless, the highest noise load in all of them is in the irst formants.

Open vowels ([a] type sounds)

Middle vowels ([e] type sounds)

Closed vowels ([u] type sounds)

Vibrant ([r] type sounds)

Lateral ([l] type sounds)

Nasal ([n] type sounds)

Fricative ([s] type sounds)

Occlusive ([p] type sounds)

More Sone

Less Sone

Figure 1  Scale of  sonori t y ordering t he dif ferent  t ypes of 
sounds.

[ t ]
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of certain messages, and it  will become more evident  why 
some pat ients who no longer have this abilit y display special 
dificulties to achieve understanding.

Conclusions

The possibility of associating the ability of an ear affected 
by sensorineural hearing loss to perceive a sentence 
designed with phonetic criteria (“Ana vio ese coche rojizo 
ino”) represents the development of a speciic tool that 
may result in the design of ampliication systems to improve 
speech intelligibility. The proposed sentence can be 
administered by the individual to the ear under examinat ion 
through elect ronic devices contemplat ing gender, age, 
ambient  noise, coincidence with other voices, so as to allow 
the evaluat ion of auditory percept ion in condit ions close 
to real life. Addit ionally, it s associat ion with techniques 
already in place, such as logoaudiomet ry, could enable 
the neuroacoust ic examinat ion of associat ive areas versus 
primary auditory areas, which would be potent ially useful 
in studying cent ral auditory disease.
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