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Abstract

Two experiments were performed to investigate differential effects of practice and signal
intensity on auditory duration discrimination. In Experiment 1, an adaptive forced choice
procedure was used to elucidate the effects of practice. Two base durations of either 50 ms
and 1,000 ms were employed. As a measure of performance, the difference limen (DL) was
computed. Twenty naive volunteers performed on the same task on 5 consecutive days.
Results indicate a significant decrease in DL as a function of testing session for the 1,000-ms
but not for the 50-ms base duration. In Experiment 2, 48 volunteers were tested with a
duration discrimination task similar to the one of Experiment 1, except that the intervals were
presented at different levels of intensity. There were three experimental conditions: In the
control condition both intervals to be compared within one trial were presented at the same
level of intensity (50 dB). In two conditions intervals within one trial were presented at
different intensity, i.e. 50 dB and 75 dB. Either the long interval or the short interval was
presented at the higher level of intensity. A significant effect of intensity was demonstrated
only for duration discrimination in the range of milliseconds, where performance was less
accurate for trials in which the short interval was presented at a higher intensity than the
long interval. Results of both experiments provide converging evidence for the existence of
dissociable timing mechanisms underlying duration discrimination of intervalsin the range of
milliseconds and seconds.

To date, there is a growing bodyof evidence supporting the nation o distinct timing
mechanisms underlying duation dscrimination in the range of secnds and milliseconds,
respedively (e.g., Rammsayer, 1997 Rammsayer & Lima, 1991). While the processing o
longer durations is cogritively mediated, temporal processng d very brief durations appeas
to be beyond cogritive antrol and kesed on tasic sensory mechanisms. In the present study,
two dfferent experimental paradigms were employed to provide alditional experimental
evidencefor the nation d distinct timing mechanisms.

Experiment 1

In Experiment 1, the nation d distinct timing mecdhanisms was tested by employing a
pradice paradigm. We proceaded from the assumption that effects of practice shoud be much
more pronource for higher-order cogritive tasks than for very basic, sensory ones. Thus,
acording to the view of distinct timing mechanisms, we hypothesized that performance on
duration dscrimination should be differentially affected depending onthe base duration d the
stimuli applied. Let us assume that a very basic, sensory mechanism underlies processing
intervals in the range of milliseconds (e.g., Michon 1985 Rammsayer, 1997 Rammsayer &
Lima, 1991, whereas temporal procesing d longer intervals involves cogritive processes
such as working memory (e.g., Fortin & Breton, 1995 Rammsayer & Lima, 1991). Then the



observed effeds of extended pradice can be expected to be much smaller for intervalsin the
range of milliseaonds than for longer intervals in the range of secnds. Earlier reseach on
pradice dfectsin duation dscrimination yielded highly inconsistent results (cf., Brandler &
Rammsayer, 1999 Kristofferson, e.g., 1980 Rammsayer, 1994. Therefore, the primary goal
of the present experiment was to drectly compare the effects of practice in duation
discrimination of very brief and longer intervals with a between-subjects design. This
procedure was chosen to prevent possible base-duration related carry-over effeds.

M ethod
Participants

Participants were 9 male and 11female voluntee's (mean age: 22.3 + 3.9 yeas), who
were rewarded for participation by course aedits. All of them had namal hearing and were
experimentally naive. Participants were randomly asdgned to perform a duration
discrimination task in either the range of milliseconds or seconds.
Apparatus and stimuli

The presentation d the stimuli and recording d responses was controlled by an IBM-
compatible omputer. Auditory stimuli were filled intervals consisting d white noise. Stimuli
were presented binaurally via headphores at an intensity of 56 dB.
Procedure

An adaptive psychophysical procedure, the weighted up davn-procedure (Kaernbach,
1997), was used for quantification o individual performance on duation discrimination. An
experimental session consisted of the presentation o 128 trials. Each trial consisted of the
presentation of a standard interval S, with afixed duation, and a variable mmparison interval
C. Duration d the standard interval was either 50 ms (reflecting the range of milliseconds) or
1,000 ms (reflecting the range of seconds). The difference x between S and C was varied
acording to the weigthed up-down method depending onthe participant's resporse to the
previoustrial. Triasin which Swaslonger than C (i.e., S— x = C), yielding estimates of the
25th percentil (x.25) of the psychophysicd function, and trials in which C was longer than S
(i.e.,, S+ x=C), yielding estimates of the 75th percentil (x.75) of the psychophysical function,
were employed. The order of presentation d S and C was randamized and kalanced within
subjects. Participant's task was to dedde which of the two intervals presented within one tria
was longer and to indicate his or her decision wsing two designated keys on the computer
keyboard (“first interval longer"/"second interval longer"). Visual feedback for correct ("+"
and incorred ("-") answers was provided after ead resporse. As a measure of performance,
individual DLs were omputed. Each participant completed five testing sessions held at
approximately the same time of the day onfive cnsecutive days within ore week.

Results

Data were aalyzed by one-way anayses of variance (ANOVA) for repeated
measurements. To control for the dpha error, within-subjects effeds were subjected to a
Greenhowse-Geisser corredion. A significant deaease in DL for duration dscrimination
performance in the range of sewnds [F(4,36) = 7.40, p < .01 indicaed improved
performance & a function d session number (see Figure 1). Post-hoc t test reveded a
significant performance increment from the first and second session [p < .01] and from the
third to the fourth session [p < .05]. No statisticdly significant practice dfeds could be
shown for duration dscrimination performance with intervals in the range of milliseconds
[F(4,36) = 1.46, p = .25, see Figure 1]. To dredly contrast performance on duration
discrimination with intervals in the range of seconds and milliseconds, computed Weber
fradions were subjeded to a two-way ANOVA with number of testing sessions as five levels
of a repeated-measurement factor and base durations as a between-subjects factor. Weber
fradions were significantly lower for the significantly lower for the 1,000-ms than for the 50-
ms base duration [F(1,18) = 16.62, p < .01]. Furthermore, there was a significant main eff ect



of sessbn numbe [F(4,72) = 552, p < .0]] reflecting an overk practice dfect The
interactbn between bothattors however failed to read statistcd significarce [F(4,36) < 1,
n.sl.
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Figure 1. Mean peformarce ¢ S.E.M) on duration discriminion in the rang@ o
milliseconds(left pane) ard second (right pane) as a fundion d sessbn number.

Discussion

The finding d significart effecs o practice on durdion discimination peformarce
with intervak in the ran@ o seconds was the expected outcone given the asumpton tha
processing d tempord information in this ime domahn is highly cognitive in nature The
practice dfecs wee mos pronourced from the first to the seond testing sessigrbut
significart improvemen was dill observe for subsequentestirg sessias Similarly, the
hypothested ladk of practice dfect on duraton discimination with very brid intervalk weas
confirmed This outcone mg suppot the notion d a vely basi¢ sensoy timing mechanim
beyond cogitive ontrd and, therefore, les sendive o extendd practice. Thus a first
sight this differentid patten o resuts gpeas © be mnsisteh with the assumpton o
distinct timing mechanisrs underlying duraton discimination d brief and long intervals A
cautionay note however is tha when directly contrasing both duratin discimination tasks
the twoway ANOVA failed to reed a spnificart interaction between session nuntend
ba® duraton - a finding thda amgues againsthe existence fotwo qualtatively differert
timing mechanisms The staisticd interactbn migh had failed to becore siginifican sine
with boh ba® durations discrimination peformane tended to improe from the first and the
seoond tesing seson. This improvemen due © shoriterm practice in boh experimenta
conditiors ma be explained in terms d unspecifc efects not relata to the underlyng timing
mechanisms Sud unspecift €fed may refled participantsadjugmert to the expeiimenta
seting and moe generhaspecs o the expeimental task such & comprehensn d the
instructions While afte the seond session duratn discrimingion peformarce n the range
of milliseconds remaind virtually pradice-invariant furthe improvemern was observe with
intervak in the range o semnds. An explansion could e tha during the late testng
sessionsadditiond strategis ould sucessfulyy be gplied for durdion discrimingion with
longe but not with brief intervals Thes strategie muld be directy relatel to cognitive
processing of temporainformation a include explicit courting (cf, Grondin, Meilleur-Wells,
& Lachance1999) Given the assumpon tha processng d very brief intervak is not
cognitivey mediated no such strategtewould be availabé for duratiors in the range of
milliseconds.



Experiment 2

In Experiment 2, the influence of signal energy onauditory duration dscrimination was
investigated . If duration dscrimination performance were solely based on temporal
information, as implied by most internal clock conceptions (e.g., Allan, 1979 Credman,
1962 Rammsayer, 1994, performance on duation dscrimination shodd be the same for
trials with filled intervals presented at equal intensity as well as for trials in which the
intervals differ in intensity. However, because duration hesto be marked by energy signals, it
is concevable that subjects discrimination between two dfferent durations may be based on
some charaderistics of the stimuli other than their duration. To be more specific, with filled
auditory intervals such as tones, total stimulus energy is propational to duation and,
espedally for brief stimuli, loudness is a strong function of duration (e.g., Small, Brandt, &
Cox, 1962. Therefore, discrimination between two auditory intervals in the range of
milliseconds may be one of stimulus energy rather than duation dscrimination. Therefore, if
nontemporal, energy-dependent cues, also available in the stimuli, were used as additional
information for tempora discriminations, duration dscrimination performance would be
expeded to improve when temporal and nar-temporal stimulus information is conguent as
compared to a cntrol condtion with al intervals presented at the same level of intensity.
Whereas, on the other hand, duration dscrimination performance shoud deaease, compared
to a control condtion, when temporal and nonrtemporal stimulus information, within ore
trial, is incongruent (Rammsayer, 1994. "Conguent" refers to the condtion that the longer
interval within agiven trial is presented at a higher level of intensity than the shorter interval.
If duration discrimination kenefits from energy-dependent cues, that is, intervals are judged to
be longer because they sounced louder, higher performance, should be expeded for trialsin
which the longer interval was presented at a higher level of intensity than the shorter interval.
Similarly, tempora and nontemporal stimulus information is called "inconguent", if the
longer interval within a given tria is presented at a lower level of intensity than the shorter
interval. In this case, poaest performance shoud be observed since tempora and non
temporal information are incompatible with ead ather. If duration dscrimination o intervals
in the range of seconds and millisesoonds is differentialy affected by experimentally induced
changes in intensity within a trial, this would provide further evidence for the notion o
distinct timing medhanisms underlying temporal processing o longand trief intervals.

M ethod
Participants

Participants were 19 male and 29female volunteers (mean age: 24.7 + 4.6 yeas), who
were rewarded for participation by course aedit. All of them had had nama heaing and
were experimentally naive. Participants were randamly assgned to ore of the two
experimental tasks, i.e. duration dscrimination o intervals in the range of seconds and
milliseconds, respectively.
Apparatus and stimuli

The experimental set-up was the same & in Experiment 1. The auditory stimuli were
filled intervals consisting d sine waves with a frequency of 775 Hz. Two levels of stimulus
intensity ("low" =50 dB and"high" = 75 dB) were employed in the present experiment.
Procedure

As in Experiment 1, the alaptive weighted up-down method was used. Durations of S
were 50 ms and 1,000 ms, respedively. Again, participants' task was to dedde which of two
consealtively presented auditory intervals was longer in duation. The experimental task
consisted of five pradice trials followed by 180experimental trials. In the cntrol condition,
al standard and comparison intervals were presented at the low level of intensity. Within a
given trial of the conguent condtion, the long interval was presented at the high level of
intensity and the short interva was presented at low level intensity, whereas in the



incongruent condition, the short interval was presented at the high and the long interval at the
low level of intensity. There were 60 trias of each of three experimental conditions. Trias
from al three conditions were presented in random order. As in Experiment 1, visual
feedback was provided after each response.

Results

Data were analyzed separately for each experimental task by one-way ANOVAS with
experimental conditions as three levels of a repeated-measurements factor. To control for the
apha error, within-subjects effects were subjected to a Greenhouse-Geisser correction.
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Figure 2. Mean DLs as a measure of performance on duration discrimination in the range of
milliseconds (left panel) and seconds (right panel) as a function of experimental condition
(CON: congruent, INCON: incongruent).

There was a significant effect of experimental condition on duration discrimination of
intervals in the range of milliseconds (F(2,46) = 8.28, p < 01.). Post-hoc t tests indicated a
significant performance decrement for the incongruent condition compared to the control and
congruent conditions [p < .01 for both comparisons] while the latter two conditions did not
differ significantly (see Figure 2). No effect of experimental condition on duration
discrimination performance could be shown for longer intervals in the range of seconds
[F(2,46) = 1.23, n.s]. To directly contrast performance on duration discrimination with
intervals in the range of seconds and milliseconds, computed Weber fractions were subjected
to a two-way ANOVA with experimental conditions as three levels of a repeated-
measurement factor and base durations as a between-subjects factor. A statistically
significant main effect of experimental condition [F(2,92) = 6.87, p < .01] reveaed lower
Weber fractions for duration discrimination of intervals in the second than in the millisecond
range. Also the main effect of experimental condition reached statistical significance [F(1,46)
= 56.02, p < .001]. Finaly there was a highly significant interaction between both factors
[F(2,92) = 7.34, p < .001]. Post-hoc analyses showed that DL_INCON was significantly
exceeding DL_CONTROL as well as DL_CON in the milliseconds condition, whereas no
such effect occured in the seconds condition.

Discussion

The lack of intensity effects on duration discrimination in the range of seconds suggests
that temporal processing of longer durationsis more likely based on cognitive than on sensory
mechanisms. Although the mechanisms that have caused the deteriorating effect observed
with incongruent stimulus information in the range of milliseconds are till unclear, they seem
to be highly specific for sensory-based temporal information processing. At first sight, the
impaired performance for the incongruent intensity condition appears to be consistent with the



nation d sensory intergration, i.e. the wntribution o nontemporal, energy-dependent cues to
duration dscrimination. However, no facilitating effect was observed in the @nguent
condtion. This latter finding strongy argues against the general notion o energy-dependent
cues to be effective in duration dscrimination. If energy-dependent cues were involved in
tempora information processing d brief intervals, as suggested by the sensory integration
hypahesis, performance under the nguent condtion shoud have been superior to
performance under the control condtion. Nevertheless, the differential pattern of the intensity
effeds on duation discrimination performance in the range of seconds and milliseconds,
provided some cnverging evidence for dissociable timing mecanisms.

General Discussion

Although ou findings were partly ambiguots, results of both experiments provide some
indired evidence for the nation d two dssociable timing mecdhanisms invaved in temporal
discrimination d intervalsin the range of seconds and milli seconds.
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