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Abstract

The presentation of an auditory stimulus immediately before a visual target stimulus shortens reaction time. This
effect has been attributed to the facilitation of decisional and/or motor processes by automatic temporal
expectation. The present study examined the possibility that automatic temporal expectation also facilitates
sensory processing. Eighteen young adults performed a simple task, which required detecting a threshold
luminance small ring presented at fixation. In half of the trials, a low intensity tone preceded this target stimulus by
200 ms. Accuracy was evaluated for the cue absent and the cue present trials. Detectability (d-prime) was higher
and criterion (C) lower for the cue present condition than for the cue absent trials. These results indicate that
automatic temporal expectation facilitates visual processing and confirm its facilitatory influence on decisional
processes.
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1. Introduction

The repeated occurrence of an auditory stimulus immediately before a visual target stimulus shortens reaction time
by tens of milliseconds (Fernandez-Duque & Posner, 1997; see Niemi & Néitinen, 1981). This effect can be
observed for a cue-target asynchrony as short as 50 ms and as long as 1600 ms; it is usually maximum for
cue-target asynchronies in the range of 200 to 800 ms (Miiller-Gethmann, Ulrich, & Rinkenauer, 2003; Bueno &
Ribeiro-do-Valle, 2010).

The facilitatory effect produced by the auditory stimulus was attributed by some authors to arousal (Bertelson &
Tisseyre, 1969; Hackley & Valle-Inclan, 1998; Hackley et al., 2009; Keuss, 1972; Posner, Nissen, & Klein, 1976;
Scheirs & Brunia, 1982; Ulrich & Mattes, 1996; Van der Lubbe, Keuss, & Stoffels, 1996; Weis et al., 2000). Del
Fava and Ribeiro-do-Valle (2004) specifically tested this hypothesis and could not confirm it. Instead, their results
indicated that temporal expectancy, defined as the attentional process generated by widespread networks of frontal,
parietal and limbic areas (see Coull et al., 2000, and Engel et al., 2001) which produces a time dependent increase
in the excitability of a specific sensorimotor circuit (Jennings, Van der Molen, & Steinhauer, 1998; Miller & Anbar,
1981; see, for a review, Sanders, 1966, Van der Heijden, 1992, and Nobre, Correa, & Coull, 2007), is most likely
responsible for the effect. This process was named automatic (unintentional) temporal expectation by Nobre et al.
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(2007), because it is automatically mobilized by the auditory prime stimulus. These authors distinguished it from
the controlled (intentional) temporal expectation mobilized by symbolic temporal cues, which has been
extensively investigated by Correa et al. (2005, 2006). They suggested that temporal expectation produces
oscillatory activity and synchronisation of neuronal activity of specific cell assemblies in its target areas. This
would amplify the signals processed by these cell assemblies and filter out competing signals (see Engel et al.,
2001, for a detailed discussion of this hypothesis).

There has been some controversy regarding the way that automatic temporal expectation mobilized by the cue
facilitates reaction time. According to Mattes and Ulrich (1997), Sanders (1998) and Fecteau and Munoz (2007),
automatic temporal expectation basically influences the late components of the sensory motor circuit. More
specifically, it improves motor preparation. Another view, defended by Hackley and Valle-Inclan (1998, 2003),
Leuthold (2003) and Muller-Gethmann et al. (2003) and, more recently, by Bausenhart, Rolke, Hackley, and
Ulrich (2006), is that temporal expectation acts mainly at a premotor level to reduce response latency. Hackley and
Valle-Inclan (1998, 2003), Leuthold (2003) and Muller-Gethmann et al. (2003) based their conclusions on the
evidence that the interval between the onset of the stimulus and the onset of the lateralized readiness potential
(LRP), which indexes response selection, is reduced by the cue, while the interval between the onset of the LRP
and the onset of the corresponding digital response is not affected. Bausenhart et al. (2006) investigated the
influence of the cue on the psychological refractory period effect, which is attributed to a competition between
processes occurring before response selection. They demonstrated that a visual temporal cue reduced the
interference produced by a visual discrimination on an auditory discrimination performed 50 or 200 ms later. Of
importance, the magnitude of this reduction was similar to the shortening of reaction time to the visual stimuli
produced by the cue. This finding led the authors to conclude that premotor processes involved in the visual task
were accelerated by the cue. More recently, some evidence suggestive that automatic temporal expectation
specifically modulates sensory processing has been obtained. Rolke and Hofmann (2007) showed that a visual
temporal cue shortened reaction time and improved accuracy in a discrimination task in which the visual targets
were backward masked. Since this procedure selectively influences early sensory processing (Smith & Wolfgang,
2004), the results are compatible with the idea that the temporal cue increased visual processing efficiency. More
direct evidence of such an action of automatic temporal expectation is deemed necessary.

This study tested the hypotheses that automatic temporal expectation modulates visual and decisional processing,
as indicated respectively by target stimulus detectability and criterion to judge that the target stimulus had occurred
(see Macmillan & Creelman, 2005). Automatic temporal expectation was mobilized by a prime auditory stimulus.
It was predicted that detectability of the target stimulus would be higher and criterion to judge that the target
stimulus had occurred, lower after this auditory stimulus than in its absence.

2. Method
2.1 Participants

Eighteen male and female 18 to 30 year-old undergraduate students were selected to participate in the study. All
had normal or corrected-to-normal vision and normal audition, as determined by a visual acuity test and an
auditory sensitivity test. None of them were aware of the purpose of the study. They gave their informed consent
before being tested.

The experiment was carried out according to the ethical guidelines laid down by the Research Ethics Committee of
the Biomedical Sciences Institute of the University of Sdo Paulo.

2.2 Apparatus

The participants were tested in a dimly illuminated (< 0.1 cd/m?) and sound-attenuated room. They sat down at a
table with their head positioned in a chin-and-front rest. There was a 17-inch video monitor with a loudspeaker on
each side (60 cm center to center) on a framework over this table. The center of the screen of the monitor was at eye
level and 57 cm away. The front of each loudspeaker was 100 cm from the same side ear. The background color of
the screen was dark gray and its luminance was less than 0.01 cd/m’. Visual stimuli were presented at the center of
this screen. The participants indicated the detection or not of these stimuli by pressing a left side or a right side key
located over the table. The target stimulus could be preceded by an auditory stimulus presented through both
loudspeakers. An IBM-compatible computer controlled by a program developed with the MEL2 software
(Psychology Software Tools Inc.) generated the stimuli and recorded the responses.

2.3 Procedure

Each participant performed two testing sessions on the same day. Before each session he/she received a brief
explanation about the same. A more detailed explanation was given in the testing room while he/she was
performing some trial examples.
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The purpose of the first testing session was to determine the target stimuli luminance for which correct detection
occurred in 50% of the trials. This threshold luminance was obtained by means of the psychophysical method
called PEST (Parameter Estimation by Sequential Testing), developed by Taylor and Creelman (1967). This
method is a variation of the staircase adaptive method. It basically consists of adjusting the luminance of the target
stimulus in each trial of the testing session according to its detection or non-detection by the observer in the
immediately preceding trial, so as to obtain the luminance which permits a certain percentage of correct detections.

Each trial of the first testing session started with the appearance of a fixation point at the center of the screen.
Two-thousand to 3,000 ms later, the target stimulus appeared at this same location. It was represented by a variable
luminance gray ring (0.6 deg in diameter and a 0.05-deg wide margin) which lasted 100 ms. The participant
indicated the detection of the target stimulus by pressing the right side key and its non-detection by pressing the left
side key. When the target stimulus was detected in a trial, its luminance decreased in the next trial. When the target
stimulus was not detected in a trial, its luminance increased in the next trial. The testing session was terminated
after ten successive luminance reversions. The target stimulus luminance threshold was obtained by averaging the
two luminances used in these last ten trials.

The second testing session consisted of two blocks of 32 trials each. As in the first testing session, each trial started
with the appearance of the fixation point. In 50% of the trials the threshold luminance target stimulus appeared
2,000 to 3,000 ms later; in the other 50% of the trials no target stimulus appeared. In half of the target stimulus
present trials and half of the target stimulus absent trials, a 52 dB 1,000 Hz tone, which lasted 50 ms, was presented
200 ms before the appearance of the target stimulus or the moment it would appear had it been present.
One-thousand ms after the offset of the target stimulus or the moment it would offset had it been present, the
question “Response?” appeared at the center of the screen. As in the first testing session, the participant indicated
the detection of the target stimulus by pressing the right side key and its non-detection by pressing the left side key.

2.4 Data Analysis

The total number of correct detection trials (hits) and the total number of incorrect detection trials (false alarm) in
the tone present and tone absent conditions were calculated for each participant. Target stimulus detectability was
obtained for each participant using the formula d’=Z(H)-Z(FA), where d’ or d-prime represents detectability, Z(H)
represents the proportion of hits and Z(FA) represents the proportion of false alarms (see Macmillan and Creelman,
2005). In addition, the criterion adopted by each participant to accept the occurrence of the target stimulus was
calculated by using the formula C=-0.5[Z(H)+Z(FA)], where C represents criterion (see Macmillan & Creelman,
2005).

Target stimulus detectability (d” or d-prime) in the auditory stimulus present condition was compared to that in the
auditory stimulus absent condition by means of a t test for dependent samples. In the same way, the criterion to
decide that the target stimulus had occurred (C) in the auditory stimulus present condition was compared to that in
the auditory stimulus absent condition by means of a t test for dependent samples. A significance level of 0.05 was
adopted in these analyses.

3. Results

D-prime was greater in the auditory stimulus present condition than in the auditory stimulus absent condition
(t;7=-2.86, p=0.011) (Figure 1). This indicates that the detectability of the target stimulus was increased by the
auditory stimulus. (Note 1)

C was lower in the auditory stimulus present condition than in the auditory stimulus absent condition (t;7=3.00,
p=0.008) (Figure 2). This indicates that the criterion to judge that the target stimulus had occurred was lowered by
the auditory stimulus. (Note 2)

4. Discussion

The present study demonstrated that automatic temporal expectation, in the case mobilized by a prime auditory
stimulus, increases the detectability of a visual target stimulus which occurs 200 ms later. It also reduces the
criterion to judge that this target had occurred. These seem to be the first more direct behavioral demonstrations
that automatic temporal expectation modulates both sensory and decisional processing.

As mentioned in the Introduction, previous studies have indicated that automatic temporal expectation facilitates
premotor processes. With the exception of the study of Rolke and Hofmann (2007), the exact level of action of this
facilitatory influence was not specified. It could be either a sensory level or a decisional level or both levels. Rolke
and Hofmann (2007) presented evidence suggesting an action at the sensory level. The present results confirm this
conclusion and extend it to the decisional level.
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Lippert, Logothetis, and Kayser (2007) demonstrated that both the detection and the discrimination rates of visual
targets are increased by an auditory stimulus that always occurs synchronously. Signal detection analyses of their
results revealed that detectability-discriminability, as indicated by the d-prime, was increased and criterion, as
indicated by C, was reduced by the auditory stimulus. Although their results are in agreement with those obtained
in this work, it is not clear to what extent they can be attributed to automatic temporal expectation due to the
simultaneity of the auditory stimulus. It is more parsimonious to suppose that they were due to a very different
process, namely an integration of the auditory prime stimulus signals and the visual target stimulus signals at an
early sensory level. The authors disconsidered this possibility on basis of the fact that when they reduced the
relevance of the auditory prime stimulus, its facilitatory effect disappeared. This evidence is, however, far from
conclusive. It might well be that the reduction of the relevance of the auditory prime stimulus led to its partial
habituation and, consequently, an appreciable reduction of any sensory integration and its behavioral effects.

The current findings that automatic temporal expectation facilitates sensory processing parallels the findings
reported for controlled temporal expectation. Thus, Correa et al. (2005, 2006) presented behavioral and
electrophysiological evidence that this kind of attention increases visual processing. They demonstrated that
d-primes were higher in a rapid serial visual presentation task when temporal expectation was validly oriented than
when it was invalidly oriented. They also demonstrated that the P1 component of the visual evoked potential in a
discrimination task was larger for the valid condition than for the invalid condition. Additional
electrophysiological evidence for an influence of temporal expectation on sensory processing was presented by
Sanders and Astheimer (2008) and Anderson and Sheinberg (2008). The former authors demonstrated that the N1
component of the auditory evoked potential in a discrimination task was larger for the expected time than for other
times. The latter authors demonstrated that targets that appeared at the expected time produced more robust
neuronal spiking and larger evoked local field potentials in the monkey inferior temporal cortex than targets which
appeared at another time.

It could be argued that, since the auditory prime stimulus was always succeeded by the visual target stimulus at a
fixed interval, controlled temporal expectation (characterized as intentional) was mobilized. We cannot exclude
some involvement of this kind of temporal expectation in our results; however, we consider it less important than
the contribution of automatic temporal expectation (characterize as unintentional). First of all, the very short
interval between the auditory prime stimulus and the visual target stimulus, namely 200 ms, should have made
very difficult to generate a controlled temporal expectation. Second, no explicit indication of a relationship
between the two stimuli was provided, clearly distinguishing the procedure used in this work from that commonly
used to mobilize controlled temporal expectation.

In conclusion, the current study results indicate that automatic temporal expectancy facilitates both sensory
processing and decisional processing.
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Figure 1. Target stimulus detectability, as evaluated by the d-prime measure (mean+s.e.m.), in the absence and in
the presence of the auditory prime stimulus
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Figure 2. Criterion to decide that the target stimulus had occurred, as evaluated by the C measure (mean+s.e.m.), in
the absence and in the presence of the auditory prime stimulus
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