
Table 1. Estimated mean values of t0 and v for each of the five experimental conditions 
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Condition SOA (ms) Cue type t0  (ms) v  (elements/s) 

ValidShort 500 Short (valid)  11.3 55.2 

InvalidShort 500 Long (invalid) 13.4 57.8 

Neutral Variable Neutral 13.9 66.9 

ValidLong 1500 Long (valid) 12.5 65.8 
InvalidLong 1500 Short (invalid) 13.8 72.6 
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Figure 2.  Mean values of t0 and v as a function of stimulus onset asynchrony (SOA) and cue validity 

INTRODUCTION 

Orienting of selective attention in space has been investigated 
intensely over the past three decades (e.g. Posner, Nissen, & Og-
den, 1978). Analogously, researchers have begun to consider the 
possibility that attention can be oriented to specific moments in 
time. Temporal information can induce expectations about when 
a given event will occur; expectations that facilitate perception 
and behaviour by selectively directing attentional resources to  
discrete moments in time. However, the exact nature of the at-
tentional processes affected by temporal expectations is still de-
bated. 
    Previous studies have mainly used reaction time based cueing 
paradigms to elucidate aspects of temporal orienting of attenti-
on. The main finding in these studies is a temporal orienting ef-
fect, where reaction times are shorter when a target appears at 
expected compared to unexpected points in time. Generally, this 
effect has been ascribed to changes in motoric processes. Howe-
ver, recent studies (e.g. Correa, Lupiáñez, & Tudela, 2005) have 
suggested that attentional preparation based on temporal expec-
tancy also modulates processing at a perceptual level.  
   The present study aims to investigate temporal orienting of vi-
sual attention at the perceptual level by use of an accuracy-based  
temporal cueing paradigm unconfounded by motor components. 
Using Bundesen´s (1990) theory of visual attention (TVA), the 
effects of temporal cueing on: 1) the threshold of conscious per-
ception and 2) the visual processing speed, are investigated. 

 

 

 

 

 
 
 
 
 
 
 

 

 

METHOD 

In the present study we used a computer based temporal cueing 
paradigm combined with a single letter recognition task. Sub-
jects were instructed to make unspeeded accurate reports of a 
red target letter from a set of 20 letters [ABDEFGHJKLMNOP-
RSTVXZ] presented for varied durations (10/20/50/80ms) and 
terminated by pattern masks.  
    Subjects should fixate centrally at all times, and the target was 
shown at parafoveal locations (right or left). At the beginning of 
each trial a central, symbolic cue (brightening of a horizontal or 
a vertical line of a cross) was shown predicting the likely cue-
target-interval (short SOA=500ms/long SOA=1500ms). A third 
condition, with a neutral cue without temporal information 
(SOA=500/850/1200/1500ms), was also used.  
    The valid/invalid-ratio for the temporal cues was 80:20, and 
the use of the two different cues (horizontal vs. vertical lines) 
was counterbalanced between subjects.  
    A between-block-design was used so the temporal condition 
was kept constant in a single block, and the subjects only had to 
use the cues as reminders of the temporal condition. An experi-
mental session contained 12 blocks (4 short, 4 long, 4 neutral) 
and was introduced with a practice block. 

 
SUBJECTS 

24 healthy students (5 males) with a mean age of 23.8 (range 20-
30) took part in the experiment. All subjects were non-smokers 
and had normal or corrected to normal visual acuity. All subjects 
completed 4 sessions with a total of 2176 trials each.  
 
ANALYSIS 

The number of correctly reported letters in each trial constitutes 
the main variable in the test, and the parameters t0 (ms) and v 
(elements/second) were estimated by the use of a TVA-based fit-
ting procedure (Bundesen, 1990). The probability (p) of correct 
report could be approximated as an exponential function of the 
stimulus duration (t):  

 

Where t0 measures the threshold of conscious perception, and v 
measures the processing speed at times t > t0. 

 

The parameters v and t0 were estimated for each of the 24 sub-
jects and analysed using repeated-measures ANOVAs with cue 
validity (valid/invalid) and SOA (short/long) as within-subject 
variables. 

RESULTS 

The mean values for t0 and v for each of the experimental condi-
tions are shown in Table 1.  
 
 
 
 
 
 
 
 
In general the lowest perceptual thresholds are seen for the va-
lidly cued conditions with the smallest t0 for the validly cued 
short SOA. Moreover the highest average processing speed is 
found for the long SOAs with the highest v-value for the invalid-
ly cued long SOA. 
    The average values from the ANOVAs are plotted in Figure 2. 
A significant main effect of cue validity for t0 was found [F
(1,23) = 8.91, p =.007, ηp

2=.28], indicating that mean t0 was lo-
wer for validly than for invalidly cued targets, whereas v was in-
dependent of cue validity (p =.25).  
    Similarly a significant main effect of SOA for v was found [F
(1,23)= 4.37, p =.048, ηp

2=.16], so that long SOAs produce in-
crements in v compared to short SOAs. t0 was independent of 
the effect of SOA (p =.31). Finally the interaction between cue 
validity and SOA was far from significant for both t0 and v (all 
ps >.5).  

 

GENERAL DISCUSSION 

The results demonstrate that temporal expectancy induced by 
cueing influences attentional processes related to perceptual 
thresholds and perceptual speed of processing respectively, pro-
viding further evidence for the “perceptual hypothesis” (Correa 
et al., 2005). 
    Valid cue information, compared to both invalid and neutral 
information, lowers the threshold of conscious perception. This  

 
 
 
 
 
 
 
 
 
 
 
cueing effect indicates that valid temporal information influen-
ces early perceptual processes, presumably by making the allo-
cation of attentional resources to distinct moments in time more 
efficient, hereby lowering t0. In TVA this can be related to the al-
location of attentional weights (Bundesen, 1990).   
    The observed main effect of SOA implies faster processing 
for long SOA-conditions with the highest processing rate for tar-
gets presented unexpectedly at the long SOA. This mimics pre-
vious findings where a significant decrease in reaction time was 
shown for invalidly cued targets presented at long SOAs (e.g. 
Coull & Nobre, 1998). In these studies, the effect was assumed 
to reflect a “reorientation of attention” toward the long SOA 
mainly caused by the flow of time itself; Subjects refocus their 
attention to the long SOA when the target does not appear as ex-
pected at the short SOA. In relation to our study, the conditional 
probability of a target appearing increases as the SOA increases, 
and the enhanced processing speed seems related to the subjects´ 
increased certainty about target appearance at the long SOA. Ac-
cordingly, we think that the high v-value for ”InvalidLong” con-
dition could be related to the proposed ”reorienting hypothe-
sis” (e.g. Coull & Nobre, 1998; Correa, Lupiáñez, Milliken, & 
Tudela, 2004).  
 

The findings obtained with the accuracy-based approach of this 
study challenge the notion that temporal orienting affects motor 
processes exclusively. The present experiment demonstrates a 
differential modulation by cueing and the flow of time (SOA) of 
two basic components of visual attention and, thus, adds to our 
understanding of the perceptual processes involved in temporal 
orienting of visual attention.  

Figure 1. Trial outline and cue types for the experiment 
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