
Q1. Do omissions increase as a function of the
number of attempts to reproduce the tutor’s
target suggesting increasing tiredness?

Yes. However, there is a statistically relevant
tendency for C (p<0.0006) to produce less
additions as a function of the number of
attempts to reproduce the tutor’s target
(Figure 11). There is a tendency, though not
statistically relevant, for A (p<0.5256) to
produce more omissions as a function of the
number of attempts to reproduce the tutor’s
target (Figure 12).

Q2: Do omissions correlate with increase on
number of task shifts?

Yes. There was a tendency for both subjects
to produce more omissions the more task
shifts (transitions) the target had. However
this correlation was only significant (p<.0003)
for A (Figure 13), not for C (p<0.4886) (Figure
14).

Subjects (n=2). Age at the time of the test
(A:10;4/C:10). Utterances (n=255 (A))
(n=252(C)). Subjects were sitting 2m in front of
tutor unable to see the tutor’s face in order to
preclude lip reading interference with
auditory stimulus. Subjects were asked to
repeat one utterance at a time. Six types of
nonsensical sequences were produced by the
tutor whereby the utterance could not have
more than a sub-sequence of two C or V
(FIGURE 7 ). Temporal Production Time
from Tutor: Max: 2s. Min 110ms

The percentage of clock II overestimation was
significant p<.001 compared with the control
(Figure 4), but the overestimation in the longer
time interval (Clock I) was not significantly
different in the two subjects (Figure 5). The
experiment also showed that the affected subject
differed significantly p<.0001 in the number of
omissions, additions and conservations compared
with the control(Figure 6).

The neural mechanisms of interval timing are not
well understood but several lines of research
suggest a role of midbrain dopamine. It has been
proposed that the perception and production of
durations in the seconds-to-minutes range can
produce overestimation or underestimation when
dopamine concentration levels fall or increase in
the cortico-basal ganglia circuits (Malapani et al.
2002, Drew et al. 2003). It has also been proved
that a humanized version of affects
dopamine concentration levels in these circuits
(Enard et al. 2009). Consequently, since 7q31 is
the for , a gene involved in speech
and language disorders (Fisher et al. 2009)
(Figure 1,2), and this gene could have been
disrupted by the translocation and the

pericentromeric inversion in chromosome 7 in
our subject with language disorders (García-
Bellido et al. 2009) (Figure 3), we asked
whether the estimation of time intervals in
the 110 milliseconds-to-2 seconds range has
been affected. We measured the subject’s (A)
deviation in the temporal reproduction time
of two types of time intervals of the utterance:
a longer utterance time interval clock (I) and a
shorter articulatory time interval clock (II) of
the sequence. The performance of the
affected drug-free subject was compared
with that of a non affected subject (C)
matched for age and sex as well as languages,
education and socioeconomic background.

Praat Sound Analyser and a camcorder were
used. The 1014 utterances were transcribed by
three experimenters. Temporal production
and reproduction time was measured by two
experimenters.

Nine types of two-clock integration were
obtained (Figure 8). A correction of 110ms was
allowed for each addition or omission (Figure
8 & 9) to isolate relevant speed deviations
(Figure 10 shows the types without
correction).

Since A produced more omissions than C we
asked

These results indicate that A has more
difficulties in estimating the temporal
reproduction time of short intervals compared
with C when attempting to imitate speech.

This may suggest that more dopamine
depletion states in A than in C may be
correlated with more overestimation and this
may cause a general slowdown in speech and
language perception and production. This
would be in agreement with both Malapani

et al. (2002) and Drew et al. (2003) where it is
found that a state of depletion of dopamine
may affect the estimation of interval timing
with the consequent effect of slowing it
down. However, Malapani et al. (2002) suggest
that “When time intervals are stored in
memory while the subjects are dopamine
depleted, the process is slowed leading to
overestimation of two different time intervals.
Conversely when retrieval occurs in a
dopamine depleted state, interference or
coupling occurs between two remembered
time intervals producing overestimation of the

shorter and underestimation of the longer
one”. This retrieval effect, termed
“migration”, is not found in mice when D2
receptors are blockaded with the antogonist
haloperidol (Drew et al.2003). However while
the migration retrieval effect is found in type 5
(Figure 8) producing more omissions in A
than in C, the storage effect is found in types
8, 7, and 4 producing additions, omissions and
conservations (Figure 8). Therefore, our
findings that A produces omissions more
frequently than C cannot follow from
overestimating shorter intervals alone.

However, while Malapani et al. (2002) and
Drew et al. (2003) used each type of interval as
a separate stimulus, this experiment analyses
time intervals as the result of an integration of
both. Therefore a different underlying
mechanism may be responsible for the high
percentage of omissions in A compared with
C (Figure 6).
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