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Spatial-based attention is shown to vary in strength over short intervals of 

time. Whether object-based selection also has similar temporal variability is not 

known. Egly, Driver and Rafal (1994) demonstrated using 2-rectangle displays 

how both spatial and object-based selection engages in processing of a visual 

scene. In Experiment-1 using the 2-rectangle paradigm we measured temporal 

variability of target detection by presenting targets at a variable SOA. In 

Experiment-2, we used 4-squares to preclude any object-based selection and 

measured temporal variability in target detection at similar locations as in 

Experiment-1. We found target detection to be periodic in delta and theta hertz 

rhythm in both Experiment-1 and Experiment-2 upon comparing corresponding 

cue-valid and same-object locations. Similar spectral profiles across experiments 
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indicate a split-spotlight of spatial attention that rhythmically monitors cue-valid 

and other invalid locations. Future experiments are needed to determine whether 

object-based selection is periodic in nature. 
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Introduction: 

The human visual system has limited processing capacity, and 

mechanisms of selective attention are required to prioritize the processing of the 

visual information relevant to current behavioral goals. Early conceptualization of 

visual attention focused on how attention is allocated to locations. For example, 

Posner et.al. (1980) asked participants to report the presence of a visual target 

as quickly as possible following a precue and reported that response times were 

fastest when the cue accurately predicted the target location and slowest when it 

did not. Based on these results, Posner and colleagues conceptualized visual 

attention as a “mental spotlight” that can be allocated to different portions of the 

visual field to facilitate stimulus processing. In related work, Eriksen and James 

(1986) cued participants to direct attention across narrow vs. distributed regions 

of space and found that target detection performance was faster when attention 

was focused on a smaller area. Thus, they likened visual attention to a “zoom 

lens”, where the speed of visual processing is inversely related with the size of 

the attended region. The spotlight and zoom lens metaphors emphasize the 

spatial aspects of visual attention. 

 However, research has also shown that attention can be directed to visual 

features (e.g., colors) regardless of their location. In one example, Treue and 

Martinez-Trujillo (1999) trained monkeys to attend and report the direction of a 
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motion patch. Neurons in motion-selective area MT whose spatial 

receptive fields matched the target’s location responded more strongly when it 

was attended. However, similar effects were found in MT neurons with spatial 

receptive fields elsewhere in the visual field. Thus, directing attention to a specific 

direction of motion enhanced the processing of that direction across the entire 

visual field. This form of attentional prioritization is particularly useful because we 

often know the defining feature of a target (e.g., my coffee mug is blue) without 

knowing its location (e.g., my coffee mug is on the desk).   

Attention can also be spread to encompass entire objects. In a classic 

study, Duncan (1984) presented participants with images of spatially overlapping 

stimuli and asked participants to make two judgements about one stimulus or 

one judgement about each of the two overlapping stimuli. Participants were as 

fast in making two judgements about the features belonging to an object, as they 

were making one judgement about a single feature of an object. However, they 

were significantly slower at making two judgements about the features of two 

different objects suggesting that attention was allocated to just one object at a 

time. Later work by Roelfsema et. al. (1980) showed the neural basis of attention 

spreading across an attended object. In this study, the monkeys performed a 

curve tracing task while their V1 neurons were being recorded. The monkey’s 

goal was to make a saccadic response to the end of the target curve that 

overlapped with a second task irrelevant curve. V1 neurons with receptive fields 

along the relevant curve responded more strongly than those with receptive fields 
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along the irrelevant curve, consistent with object-based prioritization of the task-

relevant curve. 

In real life scenarios, mechanisms of spatial, feature and object-based 

attention work in concert to facilitate the processing of stimuli relevant to the 

behavioral goals. A classic study by Egly, Driver and Rafal (1994) provides 

important insights into this process. Human participants were shown visual 

displays of two horizontally or vertically oriented rectangles.  On each trial, 

participants were cued to attend one corner of one rectangle and report the 

presence of a target that appeared shortly thereafter (Figure 1). Importantly, the 

cue accurately predicted the location of the target on 75% of trials. During the 

remaining 25% of trials, the cue appeared at the wrong end of the rectangle 

containing the target (the “same-object” condition), or at the same end of the 

rectangle that did not contain the target (the “different-object” condition). 

Unsurprisingly, participants were fastest at reporting the target during valid trials 

where the cue accurately predicted the target location and were slower during 

invalid trials. However, the magnitude of the performance cost during invalid trials 

was contingent on cue location: a modest performance cost was observed for the 

same object condition, but a much larger cost was observed for the different 

object condition. The results of this study suggest an interaction between spatial 

and object-based attention: target processing is highest during the valid condition 

due to the effects of spatial attention. However, target processing is also 

facilitated during the same-object condition (relative to the different object 

condition) due to object-based attention. Performance is worst i different object 
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condition as targets appearing at this location benefit from neither spatial nor 

object-based attention.  

 

Figure 1. Schematic of the experimental paradigm used by Egly, Driver, and 
Rafal (1994). Participants were required to report the presence of a target as 
quickly as possible. Prior to target onset, participants were cued to (a) the 
target’s location, (b) a location on the same rectangle opposite the target 
location, or (c) a location on a different rectangle. The same-object and different-
object conditions are spatially equadistant from the target’s location. 

 

Sustained vs. Cyclic Modulations in Attentional Deployment 

The effects of spatial, feature-based, and object-based attention on visual 

information processing was long assumed to be constant over time and sustains 

until attention is withdrawn. However, recent evidence suggests that the effects 

of attention wax and wane over short time scales – on the order of 4-12 Hz. This 

basic finding is illustrated in a study by Landau and Fries (2012). The authors 

asked participants to detect a small contrast change in one of two lateralized 

gratings. Before the contrast change, a 50% valid cue appeared at one of the two 

stimulus locations. Importantly, the authors varied the interstimulus interval (ISI) 

separating the cue and target onsets. This allowed the authors to quantify 

participants’ target detection accuracy over time. The fourier decomposition of 

the participants target performance at cue valid location showed a modulation in 

theta hertz rhythm. Analysis of target detection at cue-invalid location also 
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followed a modulation in theta rhythm, however, the periodicity was anti-phasic to 

detection performance at cue valid location. This suggests selective attention 

samples multiple stimuli rhythmically such that when target detection at one 

location is facilitated it is impaired at the other locations. 

The core findings reported by Landau and Fries (2012) have been 

replicated and extended by several different studies, and suggest that the 

allocation of spatial attention can be conceptualized as a form of exploratory 

behavior that allows the visual system to monitor multiple stimuli in sequence 

until a target is found. However, as noted above, in real-world situations spatial 

attention works in concert with feature- and object-based attention to facilitate the 

processing of information relevant to current goals. One can therefore ask 

whether feature- and object-based attention also sample stimuli rhythmically, and 

whether they sample information at the same rate as spatial attention. To 

address these questions, Fiebelkorn et al (2013) asked participants to perform a 

variant of the classic object-based attention task devised by Egly et al. (1994). 

However, the inter-stimulus interval (ISI) separating the onset of the cue and the 

target was varied across trials allowing the authors to quantify target detection 

performance as a function of time. The results showed that attention prioritizes 

information at spatially cued location over other invalid locations (Figure 2a). In 

addition, following engagement of attentional resources at the spatially cued 

location, attention further spreads and rhythmically prioritizes information 

selection at invalid locations such that during certain time intervals target 

detection performance is better at same-object invalid locations compared to the 
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different-object location and vice versa at other time intervals. Thus, prioritization 

of subsequent information sampling within the same object is not constant as 

indicated by discontinuous line of significance (dashed orange line) in Figure 2a. 

A Fourier spectral analysis of the detrended normalized detection performance at 

the cue-valid location reveals it to be more or less constant or aperiodic in nature. 

In addition, the periodic sampling at the same object cue invalid location was 

modulated at 4Hz (Figure 2b), which is taken as a marker for periodicity in object-

based selection. These results suggest that cyclic variability in the deployment of 

attention may depend on task goals, and that different modes of attentional 

selection (i.e., spatial vs. object-based) may operate on different sampling 

frequencies. 

 

Figure 2. Results summary from the study by Fiebelkorn et. al. (2013). (a) Shows 
the periodicity in target detection at the cue-valid (blue-black line) location and 
the same-object (orange-blue line) location after subtracting detection accuracy 
at the different-object location from the above detection performance at the 
above two location. The solid black line represents the time points at which the 
performance at cue-valid location was significantly better than that in different 
object-location. The orange dashed lines show the time points at which 
performance at the same-object location is significantly better than that from the 
different object location. The discontinuity on the orange line suggests that 
detection in the same-object location is not always better than the different object 
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location.  (b) Shows the Fourier transform of the detrended plot in the Figure 2a. 
The frequency amplitudes for the cue-valid location did not cross the lines of 
significance (black dashed line) suggesting, the spatial-based selection is 
aperiodic. The frequency amplitude at the same-object location is found 
significant at 4Hz suggesting object-based selection samples information 
periodically at 4Hz. 

 

 

While provocative, the conclusions drawn by Fiebelkorn et al. (2013) can 

be challenged on multiple fronts. First, it is unclear whether participants in this 

study actually enjoyed an object-based benefit similar to those reported in earlier 

studies. Fiebelkorn et al. (203) reported that target detection performance waxed 

and waned over short time scales, but did not report whether overall detection 

performance was greater in the valid vs. invalid-same object condition. This is an 

important consideration as many studies using a very similar paradigm of the 

Egly and Driver study, either failed to replicate object-based benefit (Pliz et. al., 

2012; Chen & Huang, 2015) or obtained object-based benefit in performance due 

to a mixture of different effects other than object-based selection (Zhe & Cave, 

2019; Drummond & Shomstien, 2013). Thus, the absence of a constant object-

based benefit in the results described by Fiebelkorn et. al. (2013) implicates an 

alternative explanation of two spatial focus attention rather than object-based 

selection– one focused on the cued location that provides a consistent 

performance benefit, and another that sequentially samples the same-object and 

different-object locations. For example, participants knew that on a given trial the 

to-be reported target was most likely to appear at the cued location with a 

moderate chance of the target appearing at the opposite end of the cued 
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rectangle or on the adjacent end of the uncued rectangle.  Given this knowledge 

participants could adopt a strategy of continuously monitoring the cued location 

with one attentional focus and transiently monitoring the same and different 

object locations with a second attentional focus. The experiments described here 

were designed to test the possibility by first trying to replicate the results reported 

by Fiebelkorn et. al. (2013) and see whether we find any significant detection 

performance at the same-object location compared to the different-object 

location. Second, is to validate whether the 4Hz periodicity in target detection 

performance at the same object location can be taken as a marker for object-

based sampling. To test this hypothesis in a second experiment a modified 

version of the Fiebelkorn et. al. (2013) study was used where participants were 

presented with 4 squares instead of 2-rectangles, thus removing any object-

based selection. If the pattern of findings reported by these authors no longer 

replicates under these conditions, then we can reasonably certain that they 

reflect the coordination of spatial and object-based attention across different 

timescales. 
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Methods: 

Participants: A total of 40 undergraduate students from Florida Atlantic University 

were recruited for this study. 20 participants completed Experiment 1 and an 

additional 20 participants completed Experiment 2. Each participant was tested in 

a single 2-hour session (including breaks) and compensated with course credit. 

Data from two participants in each experiment were discarded due to 

unacceptably high false alarm rates during catch trials (over 25%). Data from 

additional 5 participants in each experiment were discarded for completing less 

than 15 of the 20 experimental blocks in the two-hour time limit. 

Testing Environment: The participants were tested in a dimly lit room. Stimulus 

displays were generated in MATLAB 2017a and rendered on a 32-inch flat 

screen monitor using Psychophysics Toolbox software extensions (Kliener et. al. 

2007). Participants viewed the stimulus displays from a chin rest located 90 cm 

from the monitor. Continuous eye position data were tracked with an Eyelink 

1000 plus infrared eye tracker (SR Research). In every trials participants were to 

maintain fixation at the center dot starting from the appearance of the cue till the 

target presentation in every trials. A break from the center fixation greater than 2 

degrees resulted in reshuffling of the trial towards the end of the block. Thus, no 

trials were rejected where participants did not maintain fixation, instead they were 
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re-attempted by the participants towards the end of the block of trials till they 

performed all of them by maintaining fixation. 

 

Figure 3. Experimental paradigm for Experiment 1 and Experiment 2 are shown 
for a particular trial. The dashed lines shown in the stimulus presentation for 
Experiment 2 is not presented to the participants. It is there to indicate the 
pairings of the squares for a particular trial in experiment 2. Participants only 
viewed 4 squares in the trials and was not aware of any pairings of squares 
throughout the experiment. 

 

Procedure: Trial schematics for each experiment are shown in Figure 2. 

Experiment 1 was designed as a direct replication of Fiebelkorn et. al. (2013). 

Participants viewed displays containing two horizontally or vertically arranged 

rectangles subtending (subtending 2.0o X 10o visual angel from a viewing 

distance of 90 cm) and 

separated by a horizontal or vertical distance of 10o. Participants were required 

to report the presence of a brief (100ms) low contrast target rendered at one 

corner of one of the rectangles. A target was presented on 80% of the trials in a 
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block (64 trials per block; the remaining 20% (16 trials per block) served as catch 

trials where no target was presented. Prior to the target onset, a brief (100ms), 

high contrast cue was presented at one corner of one rectangle. This cue 

indicated the to-be reported target location with 75% accuracy. During the invalid 

trials (25% of the target present trials) the target appeared either at the opposite 

end of the cued rectangle (same object condition) or at the same end of the non-

cued rectangle (different object condition). To maintain constant detection 

performance across participants the target contrast was continuously adapted via 

an adaptive staircasing procedure (see Staircase procedure, below). 

 To explore the temporal variability in target performance, the inter-

stimulus interval (ISI) between the target and cue was randomly varied with a 

uniform random distribution generating ISI between 300-1000ms 

(pseudorandomly chosen from a uniform distribution on each trial). After the 

target presentation participants had 1000 ms to respond. After their response 

participants were given performance feedback (e.g., hit, miss false alarm, correct 

rejection) for 800ms. False alarms (i.e., responses that occurred on catch trials 

where no target was presented) were followed by a buzzer and a five second 

delay penalty. 

 Experiment 2 was identical to Experiment 1, with the exception that the 

two rectangles were replaced by 4 squares (see Figure 3). This was done to 

eliminate any object-based benefit gained by prioritizing a single rectangle in 

Experiment 1. Data in Experiments 1 and 2 were analyzed using identical 

procedures.  
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Staircase Procedure: To maintain constant target detection performance across 

conditions, target performance was continuously adjusted via a “one-up, three-

down” adaptive staircase algorithm. For each correct target present response 

(i.e., a hit) target contrast was lowered by 10 percent of the current contrast. For 

each miss, target contrast was increased by 30% of the current contrast. 

Performance on catch trials did not contribute to the staircasing procedure. We 

updated target contrast every six trials to minimize large changes in thresholds.  

Data Analysis: The goal of this study was to examine temporal fluctuations in 

mechanisms of spatial and object-based attention. To this end, we first 

constructed an accuracy time series for each condition and each experiment 

using a sliding window analysis. Detection accuracy was computed by 

constructing an 80 ms window and moving that window in 10ms steps across an 

interval spanning 300-1000 ms cue-to-target inter-stimulus interval. For example, 

during the first step we averaged detection performance on trials where the cue-

to-target ISI was between 300 and 380 ms. During the second step we averaged 

detection performance on trials where the ISI was between 310 and 390 ms, and 

so forth. Note that the temporal – and therefore spectral – resolution of this 

analysis can be arbitrarily changed by altering the window or step size. We chose 

parameters of 80 and 10 ms as these values are comparable to those used in 

prior studies (Fibelkorn et. al. 2013). Temporal profiles of target detection 

accuracy were detrended and converted to the frequency domain via Fourier 

analysis. We estimated the power of the response at each frequency by squaring 

the absolute value of the complex-valued Fourier coefficient. 
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Statistical Comparisons: For each experimental condition, we identified 

“frequencies of interest” by comparing observed power estimates to a distribution 

of power estimates computed under null hypothesis that there was no periodicity 

in any of the experimental conditions we examined. For each participant, under 

each analysis window (starting from 300-380ms) we randomized accuracy labels 

such that hits and misses were relabeled with 50% probability. The resulting time 

series was detrended and Fourier transformed into the frequency domain, 

yielding a null set of power estimates. This procedure was repeated 10000 times, 

resulting in a distribution of power estimates under null hypothesis.  

Phase Analysis: The cross condition phase coherence analysis was conducted 

using the methodology as described in Lachaux et. al. (1999). The Fourier 

transform of the detection performance results in complex numbers representing 

phase and amplitude for each frequency. For analyzing phase coherence at a 

particular frequency and detecting variability at two different locations, first the 

phase to a particular frequency is computed from the complex numbers for each 

location using Euler's method. 

𝑎 + 𝑖𝑏 =  𝐴 ∗ 𝑒𝑖Ө 

where Ө is the phase of the frequency and A is the amplitude. Next, the phase 

difference between the two locations are computed and averaged across 

participants given as: 

1

𝑁
∗ ∑ 𝑒𝑖(𝜃𝑛,1− 𝜃𝑛,2)

𝑁

𝑛=1
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where N is the number of participants and 𝜃𝑛,1is the phase of nth participant in 

condition 1 and 𝜃𝑛,2is the phase of the nth participant in condition 2.  
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Results: 

Participants’ target detection performance (hit rates) are plotted as a 

function of inter-stimulus interval for the three conditions (valid, same-object, and 

different-object) as shown in Figure (4a) for Experiment 1 and Figure 4b for 

Experiment 2. Visual inspection of the data shown in Figure 4 suggests that the 

overall task performance was greater in experiment 1 than Experiment 2. Within 

each experiment, target detection performance was higher during the valid 

condition relative to either the same- or different-object condition. In Experiment 

1, the benefit in performance in the cue-valid location was not significant 

compared to same-object location (t(24)=1.3, p= .21) and also found to be not 

significant in comparison to performance at different-object location (t(24)=1.18, 

p= .25). There was no significant difference in performance between the two 

invalid locations (t(24)= -0.1, p= .92). 

 In Experiment 2, the performance averaged over the inter-stimulus interval 

showed the performance at cue-valid location was significant compared to either 

invalid locations. (t(24) = 3.4, p=.002) and (t(24)= 4.1, p<.001) when compared to 

the same-object invalid locations and different object invalid locations 

respectively. There was no significant difference in performance between the two 

invalid locations (t(24)= 0.06, p = 0.95). 

 Invalid cue costs were significantly greater during Experiment 2 relative 

Experiment 1. The time averaged detection performance in the same-object 
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location in Experiment 1 was reliably higher than in Experiment-2 (t(24)=5.92, 

p<.001) and as well as for different-object location (t(24)= 6.98, p<.001). 

 

Figure 4. Average detection accuracy for stimulus appearing at three different 
locations plotted against SOA for 2-rectangles experiment(4a) and for 4-squares 
experiment(4b). The red curve shows detection accuracy at the cue valid 
location. The green curve represents average detection accuracy at within-object 
invalid location. The blue curve denotes detection accuracy at different object 
invalid locations. 

 

Visual inspection shows that there appears to be an antiphasic relationship 

between target performance in the same- and different-object location such that 

when the target performance is high target detection performance at the same-

object location is high, target detection performance at the different-object 

location is low and vice versa. To formally investigate this possibility, participants’ 

detection performance was transformed from the time domain to the frequency 

domain using a discrete Fourier transform. The resulting spectra are plotted in 

Figures 5a (Experiment 1) and 5b (Experiment 2). In Experiment 1 the 

performance at the cue-valid location showed significant oscillation at 1.2 Hz. 

Detection performance at the same object location also showed significant 
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oscillations at 1.2Hz and 4.9Hz, while detection performance at the different 

object location showed significant oscillations at both 2.4Hz and 4.9Hz.  

 

Figure 5.  FFT plot for stimulus detection accuracy for 2-rectangles 
experiment(4a) and 4-squres experiment(4b). The red plot is the normalized 
frequency amplitudes of the FFT of the detection accuracy at the cue-valid 
location. The green plot denotes FFT amplitudes for detection accuracy at the 
invalid same object location and the blue curve denotes FFT amplitude at the 
invalid different object location. 

 

In Experiment 2 the performance at the cue-valid location showed significant 

oscillations at 1.2 Hz. Detection performance at the same object location also 

showed significant oscillations at 1.2Hz and 6.1Hz, while detection performance 

at the different object location showed significant oscillations at 1.2, 4.9Hz and 

7.3Hz. To directly compare the strength of the frequency-specific responses, we 

computed an average delta band (1.2 -2.4Hz) and theta band (4.9-7.3Hz) 

response for each cue condition and compared the responses within each band 

across experiments using between-subjects t-test. The difference in periodic 

activity in the delta band at cue-valid location between the two experiments was 

not significant (t(24)= 0.1, p= .92. The periodicity in the delta band at the same 
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object location was not significantly different across experiments (t(24) = -0.58, 

p= .57). The periodicity was also not significantly different at the theta-band 

across experiments in the same object location (t(24)=-0.26, p=.8).  

 

Figure 6. Cross condition phase coherence analysis for 2-rectangles experiment 
(6a, b) and 4-sqaures experiment (6c, d). 6a shows the phase-coherence at 
1.2Hz, between the same-object and cue-valid location at 1.2Hz in 2-rectangles 
experiment. The individual dots represent each participants’ phase-difference 
between two locations. The red-bar is the vector-averaged amplitude of the 
phase-difference across different participants which is the amplitude of the 
phase-coherence. 6b. Represents the phase-coherence at 4.9Hz between the 
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same-object and different-object locations in 2-rectangles experiment. Figure 6c. 
shows the phase-coherence at 1.2Hz, between the same-object and cue-valid 
location at 1.2Hz in 4-squares experiment. 6d. Shows the phase-coherence at 
4.9Hz between the same-object and different-object locations in 2-rectangles 
experiment 

 As our final step to identify any significant difference in periodic selection 

of information across the two experiments, the cross-condition phase coherence 

was analyzed and compared between the two experiments. In the study done by 

Fiebelkorn et. al. (2013), the detection performance at the cue-valid location and 

same-object location was found to be periodic at 8Hz. It was argued maybe the 

object- and spatial-based information is encoded at different phases. Following a 

cross condition phase-coherence analysis between cue-valid and same-object 

location, a 90 degrees phase offset was found between the target detection at 

these two locations. Here, in our study we found delta band periodicity in target 

detection at cue-valid and same-object location to be significant in both the 

experiments. Thus, if object-based selection is encoded at a different phase 

compared to spatial-based selection, a cross condition phase-coherence analysis 

at delta-band activity might reveal a significant phase offset in Experiment 1 

compared to Experiment 2. Figure 6(a) showed a cross condition phase analysis 

in Experiment 1 between the cue-valid and the same-object location. Across 

participants there seems to be no constant phase-offset resulting in a small 

phase-coherence amplitude. Experiment 2 (Figure 6c) also shows minor phase-

coherence amplitude as there was no clustering towards a particular phase 

difference across participants. As there was significant beta-band activity in the 

periodic sampling of information at the same-object and different-object location 

across the two experiments, a phase-coherence analysis was also performed at 
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the beta-band both in the Experiment 1(6b) and Experiment 2 (6d). In both 

experiments we found negligible phase-coherence as across participants there 

was no clustering towards a particular phase-offset. 
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Discussion: 

A growing literature suggests that the effects of spatial attention wax and 

wane over short time scales (Busch & VanRullen, 2010; Dugue, Song et. al., 

2014; Dugue, et. al., 2019). However, it is unclear whether other modes of 

attentional selection – including feature and object-based selection – are also 

periodic, or whether different modes of selection share different sampling 

frequencies, suggesting a common underlying sampling mechanism. A recent 

study found sustained (i.e., non-cyclic) effects of spatial attention interspersed 

with cyclic effects of object-based attention in a task that required both forms of 

selection (Fiebelkorn et al., 2013). However, the results of this study could also 

be explained by the operation of two components of spatial selections: one non-

oscillating window that is constant in target detection performance at the locus of 

spatial attention and another that samples non-cued locations rhythmically e.g., 

Landau & Fries (2012). The current study was designed to test this possibility. 

We found virtually identical spectral profiles of target detection performance in 

tasks that enabled vs did not enable object-based selection (Experiement 1 and 

Experiment 2), consistent with the hypothesis that Fiebelkorn et. al. (2013) 

measured only variability in spatial-based sampling distributed into two 

components: one non-oscillating spotlight focused on the most likely target 

location, and an oscillating spotlight that alternated between other, less likely 

target locations. This implies that human observers can simultaneously engage 
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multiple static and oscillatory spatial mechanisms, and leaves open the question 

for whether different modes of attentional selection - i.e., object-based or feature-

based selection- rely on similar oscillatory mechanisms described in the spatial 

attention literature. 

 Our findings dovetail with a recent report by Sennoussi et. al. (2019) that 

demonstrates variability in spatial selection across multiple spatial locations. The 

authors used a 2- Alternate Forced Choice task in which participants were cued 

towards a hemifield where they have to report the orientation of the target 

grating. The key manipulation, however, was following the presentation of 

gratings participants were also displayed two probes (Landolt Cs). The probes 

appeared at a variable ISI and in any given trial they can either in two hemifields, 

or both within the cued hemifield or within the uncued hemifield. The correct 

detection of two probes as a function of ISI was found to be periodic in theta 

hertz when each appeared in both the hemifields. In addition, the correct 

detection of both probes when they appeared in the cued hemifield was 

aperiodic. As there were no objects in this experiment, the periodicity in probe 

detection informs that spatial-based selections can be engaged into both periodic 

(switching back and forth) and aperiodic (constant) sampling depending upon the 

nature of target appearance. These periodic profiles (i.e. theta hertz sampling of 

information across space and constant sampling of information within cued 

location) are exact match to the spectral profiles as found in the Fiebelkorn et. al. 

(2013) study. This lends further support to our hypothesis that the target 
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detections in the 2-rectangle task most likely engaged different modes of spatial-

based selection only.  

 Next, we explored phase coherence analysis to find any systematic phase 

offset between the selection at the same-object location compared to selection at 

other locations (cue-valid and different-object) that can be accounted as a marker 

for object-based selection. Fiebelkorn et. al. (2013) showed that there was a 90o 

phase offset between the selection at the same-object location and cue-valid 

location and 180o (i.e. anti-phasic) phase offset between the selection at same-

object and different-object location. Thus, in their study they concluded 

that object-based selection is encoded at different phases in relation 

to mechanisms of spatial-based selection. In our study, however, analysis of 

cross-condition phase-coherence resulted in negligible phase-coherence 

amplitude for spatial-based selection in comparison to selection in other locations 

across both the experiments. Thus, we failed to find any significant phase-offset 

that can be identified as a marker for object-based selection. In addition, Landau 

and Fries (2012) showed that following deployment of spatial-based attention to 

a cue-location, the target detection at the cue-valid and cue-invalid location 

showed a similar anti-phasic phase offset with each other as was identified in the 

Fiebelkorn et. al. (2013) study. We already established the spectral profiles in the 

temporal variabilities of target detection is due to the distributed spotlight of 

spatial-based selection across space. Thus, together with the results from 

Landau and Fries (2012) we can conclude that the phase coherence found in the 

Fiebelkorn et. al. (2013) study is most likely a phasic relationship between 
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periodicities in different spotlight of spatial-selections that focused on different 

areas in space. 
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 Conclusion: 

We compared participants' detection performance across 2-rectangles and 

4-squares tasks and found almost identical periodicity in the detection 

performance in both the tasks. To this effect we compared the spectral profiles 

and found near identical frequency distribution that significantly modulated 

detection performance in the three probable target locations across two tasks. 

We also explored the phasic relationship of the selection at same object locations 

in comparison with selection at cue valid locations and different object locations 

and found no significant phase coherence between the conditions across 

frequencies. Thus, from comparing the periodicities we conclude similar modes 

of selection sampling operated in both the tasks. As there can be no object-

based selection in the second task, the identical periodicity between the two 

experiments supports the hypothesis of spreading of spatial-based attention for 

simultaneous sampling of information across space. 
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