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ABSTRACT

This paper aims to contribute to the debate about autonomous vs
interactive theories of spoken speech recognition supporting the
latter.

We will present the results of three recognition
experiments based on two monologues produced by Italian
talkers.
In the first experiment shadowing technique was used in order
to investigate the amount of intelligibility of the speech chain:
the listener was asked to repeat with the shortest delay what
he/she heard.

In the second experiment the continuity of the monologues
was interrupted by inserting a pause after each word.
In the third experiment only lexical words in a randomised order
were presented, a silence was inserted between words.
In the last two experiments listeners were asked to rapidly
repeat heard words, missed recognition were counted.
Results show that the higher level of intelligibility derives from
natural listening condition realised in exp. 1, recognition
percentages decrease from the first to the last experiment.

1. INTRODUCTION
This work aims to contribute to the discussion concerning
speech recognition models. In particular we wish to contribute to
debate about autonomous vs interactive theories [for a review
see 11, 13] with some experimental support for the latter. It is
our opinion that speech is primarily recognised in a top-down
process that makes use of large signal portion and includes other
sources of information beside the speech signal. However
bottom-up pathways provides the listener with the material
substrate of the communicative information to which, in any
case, the recognition processes cannot renounce. As speech
material for our experiments we choose spontaneously spoken
Italian. As usually expected in this speech style, provided that
the speech chain results clearly intelligible during the normal
communication process, some portions of the discourse appear
affected by a fairly high degree of hypoarticulation. Our results
move toward the direction proposed in the literature (among
others [5, 6, 7]) and represent a more analytical development
than our previous works [1]. We will observe existing relations
between linguistic context and word recognition on the base of
the results of three experiments. In the first experiment,
according to the shadowing technique [9, 10], listeners were
asked to repeat as fast as they could what they heard, speech
material consisted of  two natural monologues. In the second
experiment listeners shadowed the same speech sequence but a
1 sec pause was inserted after each word; finally in the third

experiment speech sequences consisted of a list of words
isolated from the original discourses and reproduced in a
random order. A general trend of these experiments shows that a
word is usually not recognised only on the basis of its acoustic
properties (which remains unvaried in the three experiments),
but also because of the relations that link words with the general
context into which that word is posed.

Moreover we wish to emphasise that this is the first time
that such kind of experiments are performed in Italian. This is
relevant for two main reasons: 1) the application of classical
psycholinguistic techniques to this language, 2) the emerging
contrast between classical phonetic literature that tends to
describe Italian as a language that generally does not present
significant segmental reduction [2, 3, 12] and the results of our
experiments.

2. METHODS
Speech material used in our experiments consists of two
monologues naturally pronounced by two different male voices.
The first monologue (A - duration: 51.1 sec., 179 words 70 of
which were nouns, verbs, adjectives - NVAd ) has been
extracted from a radio interview with an Italian politician. The
second monologue (B – duration 48.2 sec, 125 words 70 of
which were NVAd ) has been extracted from a recording made
during a sociolinguistic study conducted in a small town just
outside Naples. A third monologue (C – duration 50.9 sec, 127
words) has been used only in the first experiment for the
subjects’ training. A and B materials consisted of a sequence of
spontaneous connected speech. The speech style represented by
this material is clearly characterised by hesitation, sudden
variations in the speech rate, segmental reduction and deletion.

A has the highest speech rate (210 word/min compared to
the 155 word/min of B and 149 word/min of C). B presents
some environmental noise due to recording conditions. Provided
that all the speech materials are produced without any use of
dialects, speech materials in A are not significantly marked in
terms of regional accent, while speakers in B and C reveal quite
clearly their  provenience from Campania. The basic unit for the
evaluation of all our results is the word, here intended as the
sequence of speech sounds that directly corresponds to a
sequence of equivalent written characters preceded and followed
by a blank. In the first experiment we measured delay times in
key points of each subject response compared to absolute time of
the target stimulus; furthermore we also counted three different
kind of errors: -S- lexical errors with substitution (corresponding
to constructive errors as defined in [10]), -D- (dis)fluency errors
(named delivery errors in [10]) and -O- omission errors (idem in
[10]). In this first stage errors were counted both on function and
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lexical words. In the second experiment we again evaluated
global errors but this time we also selected errors for NVAd
words only. In experiment 3 we evaluated errors only on a
selection of NVAd  words.

Monologues coming from analog recordings have been
digitised into .wav files (sampling rate 22050 Hz) and delivered
to the listeners directly from the output of the sound card of a
PC. In all three experiments subjects were asked to repeat each
word immediately as they heard it. Both the original stimulus
and the subjects' responses were synchronically recorded on a
two channel (stereo) tape. In exp 1 we measured time
differences in various key points of the two channels
corresponding to the clear production of the same acoustic
feature, in the same word, between  original stimulus and its
replica produced by subjects. Average delay values were
estimated for each subject and for each monologue on the whole
set of subjects.

Subjects participating into the three experiments were
selected from students of the Linguistics class at the University
of Naples, their mean age was 22 and a prevalence of women
characterised the experimental group. Subjects were totally
different in each experiment, none of them was aware of the real
aim of the test, each group did not know anything about the
experiments to which he/she was not involved in.

3. RESULTS
3.1. Experiment 1
It consists of a replica of the shadowing experiment as
illustrated in [10]. According to the general method described in
the previous section, eight subjects repeated the A, B and C
monologues. All subjects first listened to C that was considered
also a reference as far average delay times were concerned,
while the order of presentation between A and B was randomly
varied within the group. For each subject we measured mean
shadowing delays in all texts and counted S, O and D errors in
A and B. Table 1 shows results.

Monologues delay
(ms)

O-err
(%)

D-err
(%)

S-err
(%)

O+S-err
(%)

C 798

A 1099 8.6 0.6 1.5 10.1

B 969 6.4 2.3 1.2 7.6

Table 1: Main results of exp.1. d = average shadowing delay,
0= omission errors, D= fluency errors, S= substitution errors.

Aim of this experiment was to verify that both A and B can
be considered as clearly intelligible oral texts for normal
listeners. Table 1 shows that, as expected, the maximum
incidence of errors (O+S column = 10%) comes from A, due to
the higher speaking rate of this monologue, which yields a larger
amount of Omissions.

In our view, in this experiment Substitutions are the main
direct measure of the intelligibility of the two texts: their values
remains quite low in both sections of the test confirming in this
way the initial hypothesis. C text, that has been chosen a priori

because of its clarity, shows the shortest value of shadowing
delay time (798 ms) although it was the first monologue that
subjects listened to.

In conclusion, we consider that the error rate in this
experiment is only the reflection of the unusual and stressing
test condition, and that also under this particular situation these
two spoken sequences can be considered as well recognised by
our subjects.

3.2 Experiment 2
In this second experiment monologues are modified by the
insertion of a 1 sec pause after each word. Silence insertion
produces the interruption of the speech chain, with the
introduction of anomalies that affect mainly word onset and
offset which conserve the effects of a sandhi also if natural
conditions determining it have been suppressed. At the same
time these modifications alter intonation and rhythm as well, as
they both loose their natural continuity. None of this factor
should solely determine a lost of intelligibility at least in lexical
words (usually polysyllabic in Italian), while function words
could present in this way a lower recognition rate. For this
reason we decided to evaluate errors rate both on the whole set
of words available in the two monologues and on the subset
constituted by NVAd  words.

Ten subjects (different from the ones participating in the
previous experiment) shadowed this new materials. Five of them
listened to the unmodified text before performing the test, while
the remaining five started the test without any idea on what they
were going to listen to.

For each repetition we evaluated O and S errors, we did
not measure delay times, D errors were never encountered.
Table 2 shows results.

Monol
ogues

O%
NLB

O%
LB

S%
NLB

S%
LB

O+S%
NLB

O+S%
LB

A 20,7 18.3 9.5 6.4 30.2 24.7

B 24.3 13.2 10.5 8.6 34.7 21.2

Table2: Main results of exp. 2. NLB = subjects that did not
listen to the monologues before the test; LB = subjects that did;

O and S same as Table1.

Aim of this experiment has been to investigate the
consequences of the contextual links weakening due to pause
insertion. As our results show, pauses introduce negative effects
on the word recognition both in the performances of the LB-
group and in the NLB-group (see values in NLB and LB O+S
columns).

In this experiment temporal constraints were slightly
reduced, subjects had enough time to recognise and repeat each
word. For this reason we argue that the role and the significance
of O and S errors is now quite different from the one that they
had in the previous experiment.

Error rates increase until 14,6% for LB A and 13% for LB
B if compared to results of exp.1, while a further increase can
be observed in NLB A (6%) and NLB B (13%). More than 50%
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of the unrecognised words belonged to the function word
category. In Italian this kind of word is mostly clitic (very short
and usually unstressed) and then it is not surprising that their
recognition in the test conditions could be difficult. For this
reason we decided to extract error rates on the selection of the
NVAd  words (70 words in both monologues). Table 3 shows
O+S error percentages for this selection.
The comparison of the last two column of table 2 and 3 gives a
direct view of the problem:

Monol. O+S%
NLB

O+S%
LB

A 25.7 19.7

B 22.3 13.7

Table3: Error rates in the recognition of NVAd words in exp 2.

As table 3 shows, although errors generally decrease if
compared to similar data reported in table 2: We performed an
ANOVA test on the errors of exp 1 compared to the errors
counted in this second version of exp 2: the latter remain
significantly higher than the ones reported in table 1 (
F(1,43)=35.05, p<0.0001, α=0.05). In this paper we will not
comment this aspect in detail; but we would simply like to stress
two main considerations: 1) the status of function words and the
role that they play within the speech chain in Italian should be
better examined; 2) studies on the interactions between prosodic
(mainly rhythmical) role of function words  and speech
recognition processes in Italian are needed.

3.3 Experiment 3
A selection of NVAd words (51 for A and 66 for B, obtained
moving some repetition and some auxiliary verbal form) have
been copied into a new sound file in a random order. Also in
this case a 1 sec pause was inserted after each word. Always
using the above described procedure 10 further subjects listened
these sequences, furthermore the same error evaluation has been
followed. Table 4 shows results.

monol. O+S%
NLB

O+S%
LB

A 23.9 22.7

B 35.3 30.6

Table 4: Error rates in the recognition of lexical words of exp 3

In this last experiment context is totally destroyed and word
recognition can be realised only on the base of the acoustic
properties of the speech signal. As confirmed by an ANOVA test
(both for A and B F(1,8)=0.22, p=n.s.), subjects that previously
listened to the original monologues do not perform better than
subjects that had not previous experience with the spoken text.

We did not perform a detailed lexico-statistical analysis of
the unrecognised words. We just checked that all of them (with
one exception in A and four exceptions in B) occurred in a

frequency list of spoken Italian [4] with a frequency not lower
than 3. So we do not consider the frequency factor as
fundamental in order to explain neither the unrecognised items,
nor the slight differences between NLB and LB group.

3.4 Statistical analysis of some results
Figure 1 resumes results of the presented experiments.

Figure 1: O+S errors in all presented experiments.

We performed an ANOVA test in order to evaluate if  in
any difference existed in the intelligibility of the two
monologues. Result of this analysis confirms  that differences
in the error rate are not significant (F(1,38)=2.89, p=n.s.). Due
to the high amount of errors on monosyllabic function words,
Exp 2 NLB, considering both monologues, results as the most
difficult.
The series starting from 2 LB NVA ending in 3 NLB shows a
general increasing trend (with the exception of A-3-NLB for
which we will attempt an explanation further on). Contrarily to
what we expected, this positive trend does not present dramatic
discontinuity.

3.4.1 Differences between LB and NLB conditions. We
performed a series of tests in various conditions in order to
investigate the significance of our results in experiments of the
NLB types compared to the LB one.

Exp2:
a significant difference between the two conditions exists only
for B (F(1,8)=11.96, p<0.0001, α=0.05).

Exp2 NVAd :
for both monologue a significant difference exists between the
groups that listened before and the other groups (A:
F(1,8)=6.82, p=0.03, α=0.05; B: F(1,8)=5.86, p=0.004, α=0.05)

Exp 3:
No difference exists between the two groups (F(1,8)=0.22
p=n.s.).

3.4.2 Comparison between experiments. We performed an
ANOVA test on the errors (grouping results of both
monologues) in experiment 2-NVAd  and 3:

NLB conditions: no difference exists between these two sub-
categories (F(1,18)=1.5, p=n.s.);
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LB condition: the difference between the two groups is
significant (F(1,18)=17.88, p<0.0001, α=0.05): exp3 is more
difficult for people that did not listen to monologues before.
These analyses give to us some main indication:
-the two monologues are equivalent for our purposes;
-in the passage from exp2 to exp2-NVAd, B monologue shows

finally a difference between NLB and LB conditions that
indicate the relevance of the informative role played by
lexical words.

-exp2-NVAd and exp3 constitute two different experience only
in the LB conditions: this shows that the lack of information
that characterises both tests in NLB condition is not furtherly
increased by the word order randomisation. This last
consideration can also explain why the general tendency of
error rate is not verified in 3-NLB, as this test is not
substantially different from 2-NVAd -NLB.

4. DISCUSSION
Our experiments confirm that spontaneously spoken words are
recognised according to a complex cognitive process. The
recognition procedure cannot be simply based on a bottom-up
operation starting from acoustic features (they remain unvaried
in the succession of our experiments) or, equivalently, from
articulatory competence.

Why a spoken text can be understood and repeated despite
of the presence of reductions, deletion, background noise (exp
1), while single words isolated from the same text can be
progressively perceptually obscured (exp 2, exp 3)?

What we would like to suggest as an answer to this basic
question is that speech recognition is not a linear process
regularly solved from left to right and at the same time from the
bottom to top. Context, here in our experiments intended as a
combination of semantic, syntactic, prosodic and fluency
continuity, is then a fundamental constituent of the message.
Message is then formed by the combination of signal in itself
and of the contextual information, the poorer this last becomes
the higher (in terms of articulatory accuracy) the former is
rendered.
If this balance is not achieved the communication process can
fail. Luckily, speech communication process is usually
successful and optimal, but in the conditions due to an artificial
alterations of this balance, i.e. the progressive corruption of the
context, can yield an increase in the difficulty to perform the
three tests.

This leads us to believe that in order to recognise speech
both bottom-up and top-down pathways must be active, listeners
cannot ignore the speech sounds succession but, at the same
time, cannot equally ignore the context and the pragmatic
analysis of the communicative situation. We think that, ranging
from articulatory gesture to rhythmic and intonational planning,
economy controls the surface form of the speech code, allowing
its noteworthy variability. As suggested by Lindblom [8] the
speaker and the listener share the competence needed to recover
the information contained in the two main channels.

We wish finally to observe that our results could never be
explained in the light of most of the current descriptions of

Italian phonetics and phonology [2, 3, 12], which do not assign
to Italian systematic manifestations of hypoarticulated speech
and describe it as it were a language whose spoken form appears
as a sequence of citation forms.
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