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ABSTRACT 

 
 
 
FEATURE-BASED ATTENTION MODULATES SENSORY PROCESSING OF 
VISUAL INFORMATION AS EARLY AS SPATIAL ATTENTION DURING A 
DIFFICULT VISUAL DISCRIMINATION TASK 
 
Emma P. Shaw, M.A. 

George Mason University, 2015 
 
Thesis Director: Dr. Craig McDonald 
 
 

Inconsistent with traditional event-related potential (ERP) studies on feature-based 

attention, there has been some evidence within the literature to suggest feature-based 

attention can occur independent of and as early as spatial attention. The present study was 

composed of two separate experiments designed to examine whether feature-based 

attention can modulate sensory processing of visual stimuli as early as P1 in the absence 

of direct stimulus competition. Both experiments required participants to discriminate 

between two equiprobable stimuli that were presented centrally. Furthermore, task-

relevance of stimuli was manipulated in both experiments to examine the effects of task 

context on early sensory processing of stimulus features. Participants alternated between 

responding to stimuli of low spatial frequency (one-hand response condition) and 

responding to stimuli of both low spatial frequency and high spatial frequency (two-hand 

 
 



response condition). As expected, analysis of the ERP data in both experiments indicated 

stimuli of low spatial frequency were of greater task-relevance for the one-hand response 

condition (indexed by an enhanced P3). Additional analysis of the ERP data revealed a 

suppression of early sensory processing for task-irrelevant stimuli (indexed by a reduced 

P1) during the experiment in which the task was difficult. The results of the study suggest 

that during a difficult discrimination task, feature-based attention can occur as early as 

the P1 component and independent of spatial attention in the absence of stimulus 

competition.  

 
 

 
 



 
 
 
 
 

INTRODUCTION 
 
 
 

Visual attention is an essential cognitive process that aids in the perception of 

one’s environment through the selection of task-relevant sensory information. The need 

for such a process is due to the limited capacity of the visual system (Broadbent, 1958; 

Neisser, 1967; Tsotsos, 1990). Previous literature has established that the attentional 

selection of stimuli can be on the basis of different stimulus representations. Some of 

these representations include stimulus location (Bashinski & Bacharach, 1980; Posner, 

1980) and stimulus features (Kenemans, Kok, & Smulders, 1993; Müller & Keil, 2004). 

However, the latency in which attention modulates the sensory processing stream based 

on these stimulus representations remains unclear. Traditional studies of attention 

utilizing the event-related potential (ERP) technique have shown that spatial attention 

modulates sensory processing as early as the P1 component (Hillyard & Anllo-Vento, 

1998; Mangun & Hillyard, 1991;Van Voorhis & Hillyard, 1977). Additional ERP studies 

have shown that feature-based attention modulates sensory processing around 150-300ms 

post-stimulus onset (Harter & Aine, 1984; Hillyard & Anllo-Vento, 1998; Fedota, 

McDonald, Roberts, & Parasuraman, 2012). While such findings propose that sensory 

processing of stimulus features is contingent upon the initial selection of stimulus 

location, there has been some conflicting evidence within the literature to suggest 

otherwise. 
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Previous work by Zani & Proverbio (1995, 1997) has suggested that attention to 

spatial frequency can modulate the sensory processing stream as early as P1 at the 

occipital electrode sites on the scalp. However, these findings have not been replicated 

(Baas, Kenemans, & Mangun, 2002; Previc & Harter, 1982; Kenemans, Kok, & 

Smulders, 1993; Martinez, Di Russo, Anllo-Vento, & Hillyard, 2001). The inconsistency 

within the literature may be due to the tasks in these studies having been insufficiently 

difficult. For instance, in the study by Baas, Kenemans, & Mangun (2002), task accuracy 

was near perfect. Recent literature has also shown that feature-based attention can 

modulate sensory processing of visual information as early as P1 (Zhang & Luck, 2009) 

through the suppression of task-irrelevant features (Moher, Lakshmanan, Egeth, & Ewen, 

2014). However, these recent findings have only been seen during tasks in which both 

task-relevant and task-irrelevant stimuli are simultaneously present and competing for 

sensory processing. It remains unclear whether feature-based attention could modulate 

sensory processing of visual stimuli as early as P1 in the absence of direct stimulus 

competition during an exceptionally difficult discrimination task.  

The present study was composed of two separate experiments which were 

designed to help resolve the inconsistencies within the literature on the latency of feature-

based attention. Here, we employed a difficult visual discrimination task in Experiment 1 

and an easy visual discrimination task in Experiment 2 to examine early sensory 

processing of stimulus features in the absence of direct stimulus competition. During both 

tasks, all stimuli were of equiprobable presentation and appeared one at a time above a 

white fixation dot located at the center of a computer screen. To ensure the task was 
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indeed difficult for each participant in the difficult task, task difficulty was titrated on an 

individual basis using a psychophysical staircase procedure. To ensure the experimental 

procedure was consistent across both experiments, the easy task was also titrated on an 

individual basis (see methods). Additionally, task-relevance of stimuli was manipulated 

to examine the effects of task context on early sensory processing of stimulus features. 

Task context was manipulated by requiring participants to alternate in making either a 

one-hand response to Gabor patches of low spatial frequency or in making a two-hand 

response to Gabor patches of both low and high spatial frequency. We chose to 

manipulate the spatial frequency of stimuli due to the conflicting literature on attention to 

spatial frequency. 

In order to confirm that the one-hand response condition was eliciting enhanced 

attention towards stimuli considered task-relevant, we used the P3 component as a 

physiological measure. This was done concurrently to ensure attention was being evenly 

distributed towards both types of stimuli in the two-hand response condition. Previous 

literature has shown that when differing stimuli are equiprobable in presentation (i.e. 

subjective probability of all stimuli are equivalent), the P3 component reflects stimulus 

significance with maximal amplitude for task-relevant stimuli (Donchin & Coles, 1988; 

Picton & Hillyard, 1974; Squires, Hillyard, & Lindsay, 1973). Therefore, given previous 

literature, we expected to see a larger P3 for task-relevant stimuli compared to task-

irrelevant stimuli in the one-hand response condition and no difference in P3 between 

both types of stimuli (both considered task-relevant) in the two-hand response condition 

in both Experiment 1 and Experiment 2. Additionally, if feature-based attention does 
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indeed modulate sensory processing as early as P1 during a difficult discrimination task, 

we hypothesized there to be an increase in P1 amplitude for task-relevant stimuli 

compared to task-irrelevant stimuli in the one-hand response condition only during 

Experiment 1 when a difficult discrimination task is employed. Such a finding would 

suggest that feature-based attention can occur more rapidly than is generally believed 

within the attentional literature.  
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EXPERIMENT 1: METHODS  
 
 
 

1. Participants  

 Thirty-four undergraduate students from George Mason University participated in 

the study for course credit. After the removal of participants due to poor behavioral 

performance (overall behavioral accuracy below 60%), twenty-two participants (13 

female) remained for EEG data analysis. The remaining participants were between 18 

and 23 years of age (M age = 19.59, SD = 1.82), had normal or corrected-to-normal 

vision which was tested with both the Rosenbaum and Snellen eye charts, and had no 

reported history of neurological impairment. Informed consent was obtained from all 

participants prior to the experiment. The Office of Research Subject Protections at 

George Mason University approved all procedures for the study. 

2. Stimuli and Procedure   

 As illustrated in Figure 1, visual stimuli consisted of vertically oriented Gabor 

patches of low spatial frequency and high spatial frequency. Using a standard LCD 

monitor, stimuli were presented one at a time for 100 ms 1.5ᵒ above a white fixation dot 

(0.3° x 0.3°) on a gray background. Participants maintained a viewing distance of 60 cm, 

while performing a difficult visual discrimination task in which the two types of Gabor 

patches were equiprobable in presentation. Task difficulty was modulated by altering the 
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degree of similarity in spatial frequency between the two types of stimuli. To ensure 

participants performed a difficult discrimination task, task difficulty was titrated on an 

individual basis using a psychophysical staircase procedure before the beginning of the 

experimental blocks (explained below).  

 Experimental blocks consisted of both one-hand response blocks and two-hand 

response blocks. For the one-hand response blocks, participants were instructed to make a 

response to stimuli of low spatial frequency by pressing the “M” or “Z” key 

(counterbalanced across participants) and to withhold from making a response to stimuli 

of  high spatial frequency. Although the one-handed response condition was technically a 

target detection task, stimulus discrimination was nonetheless required to perform the 

task. For the two-hand response blocks, participants were instructed to continue making a 

response to stimuli of low spatial frequency by pressing the “M” or “Z” key and to also 

make a response to stimuli of high spatial frequency by pressing the “M” or “Z” key (the 

key not already assigned to the stimuli of low spatial frequency). Participants were given 

a response window of 700 ms from stimulus onset, followed by an interval randomly 

jittered between 700 and 1100ms. 

 There were a total of 24 blocks, each composed of 64 trials. One-hand and two-

hand response blocks alternated every four blocks (i.e. four two-hand blocks, four one-

hand blocks, four two-hand blocks) and the starting response block was counterbalanced 

across participants. Response accuracy and speed were emphasized equally.  Brief, self-

timed breaks were permitted after every block. The entire experiment lasted 
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approximately 60 minutes.  All stimuli were created and presented using customized 

MATLAB scripts (MathWorks, Natick,MA) and Psychtoolbox functions. 

3. Psychophysical Staircase Procedure 

 To ensure the main task was difficult, participants performed a psychophysical 

staircase procedure to determine the spatial frequency of each stimulus for the main task. 

The procedure was composed up of two parts. For the first part of the procedure, 

participants were instructed to respond to Gabor patches of high spatial frequency using 

an assigned response key (M or Z), while withholding a response to Gabor patches of low 

spatial frequency. During the first part of the procedure, the Gabor patches of low spatial 

frequency altered in frequency from trial-to-trial based on performance, while the Gabor 

patches of high spatial frequency remained constant. For correct responses on 2 

consecutive trials, the spatial frequency was increased (became more physically similar to 

the Gabor patch of high spatial frequency) by .25 cycles per degree. For incorrect 

responses on any trial, the spatial frequency was decreased (became less physically 

similar to the Gabor patch of high spatial frequency) by .25 cycles per degree. After the 

first part of the staircase, the stimuli of low spatial frequency remained constant for the 

rest of the experiment. The first part of the staircase procedure last approximately 5 

minutes. For the second part of the procedure, participants were instructed to respond to 

Gabor patches of low spatial frequency using the same assigned response key (M or Z), 

while withholding a response to Gabor patches of high spatial frequency. The stimuli of 

low spatial frequency remained constant during the second part of the procedure, while 
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the stimuli of high spatial frequency altered in frequency from trial-to-trial. Although task 

difficulty was titrated on an individual basis, after the staircase procedure, the average 

sinusoidal grating across all participants was approximately 5 cycles per degree (SD = 

1.09) for stimuli of low spatial frequency and 7 cycles per degree (SD = .85) for stimuli 

of high spatial frequency. Using the stimuli generated from the staircase procedure, 

participants practiced a one-hand response block and a two-hand response block, each 

with 64 trials before beginning the experimental blocks.  

4. Electrophysiological Data Acquisition 

 The electroencephalogram (EEG) was recorded using a  NuAmps amplifier and 

SCAN 4.3 recording software (Compumedics Neuroscan, NC) at a sampling frequency of 

500 Hz. Using an electrode cap, recordings were made at thirty-four scalp sites (extended 

10-20 system). The online reference electrode was located behind the left mastoid and 

EEG data was re-referenced to the average of A1 and A2 (left and right mastoid) offline. 

Horizontal eye movements (HEOG) were monitored by placing two electrodes lateral to 

the left and right orbits, while vertical eye movements (VEOG) and eye blinks were 

measured by placing two electrodes 1.5 cm below and above the left eye. All electrode 

impedances were maintained below 5 kΩ and EEG was filtered online with a band-pass 

between 0.1 and 70 Hz. Following data acquisition, the EEG from each electrode site was 

filtered offline with a low-pass of 30 Hz.  

 Artifact rejection was performed to discard epochs contaminated by eye blinks, 

body movements, and muscle activity (rejection threshold: 75 mV). ERP epochs were 
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calculated using a 150 ms pre-stimulus interval and a 650 ms post-stimulus presentation. 

After artifacts were removed, the grand average wave form for each of the correct 

experimental conditions consisted of: one-hand low spatial frequency trials, one-hand 

high spatial frequency trials, two-hand low spatial frequency trials, and two-hand high 

spatial frequency trials. 

5. Data Analysis 

 The data was analyzed with EEGLAB (Delorme and Makeig, 2004), a toolbox for 

the MATLAB environment (MathWorks, Natick,MA). For trials that resulted in a button 

press, responses up to 700 ms of stimulus presentation were considered valid. Only 

correct trials were used for calculating ERPs. The grand-average waveforms collapsed 

across all correct experimental conditions were used to determine the ERP component 

peak amplitudes for the P1 and P3 components. The electrode where P1 was most 

prominent was O1, but O2 was also analyzed to examine if there were any lateralization 

effects. The electrode where P3 was most prominent was CPZ. Mean amplitudes were 

then extracted for the occipital P1 component using a 20ms time window (146-166 ms) 

centered on the peak of the grand average P1 wave at electrode sites O1 and O2. Mean 

amplitudes were also extracted for the P3 component, using a 100ms time window (482-

582 ms) centered on the peak of the grand average P3 wave at electrode CPZ. The mean 

amplitudes calculated at electrode sites O1, O2, and CPZ were then used for statistical 

analysis. A 3 factor (Hand Condition x Stimulus Relevance x Electrode Site) repeated 

measures ANOVA was used to analyze P1 amplitude, whereas a 2 factor (Hand 
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Condition x Stimulus Relevance) repeated measures ANOVA was used to analyze P3 

amplitude. Follow-up comparisons were made using a paired samples t-test with the 

Bonferroni correction for multiple comparisons. 
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EXPERIMENT 1: RESULTS 
 
 
 

1. Behavior 

 Accuracy and response time for both types of stimuli during the one-hand 

response condition and the two-hand response condition are presented in Table 1. 

Response time for each condition was calculated for correct responses only. 

1.1 Accuracy  

 Task accuracy was examined using a two-tailed t-test. Analysis of task accuracy 

revealed participants responded more accurately to stimuli of low spatial frequency 

(83.28%, SE = .08) during the one-hand response condition compared to stimuli of low 

spatial frequency (76.53%, SE = .09) during the two-hand response condition, t(22) = -

8.08, p < .001. Additionally, analysis of task accuracy between stimuli of high-spatial 

frequency (78.50%, SE = .08) and stimuli of low-spatial frequency in the two-hand 

response condition did not significantly differ, t(22) = -1.09, p = .288. 

1.2 Reaction Time 

 Mean response time was examined using a two-tailed t-test.  Analysis of mean 

response time revealed participants responded quicker to stimuli of low spatial frequency 

(469.28 ms, SE = 105.84) during the one-hand response condition compared to stimuli of 
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low spatial frequency (516.54 ms, SE = 37.57) during the two-hand response condition, 

t(23) = -3.66, p < .001. Additionally, analysis of mean response time between stimuli of 

high-spatial frequency (509.07 ms, SE = 37.65) and stimuli of low-spatial frequency in 

the two-hand response condition did not significantly differ, t(23) = 1.787, p = .087. 

2. Electrophysiology 

 2.1 P1 

 The relationship between hand response, stimulus relevance, and P1 amplitude 

was examined with a 3 factor (Hand Response x Stimulus Relevance x Electrode Site) 

repeated measures ANOVA. A main effect for stimulus relevance was present, F(1,21) = 

5.184, p = .033. However, no main effect for hand response, F(1,21) = 3.095, p = .093 

and no main effect for electrode site, F(1,21) = .022, p = .884 was observed. 

Additionally, no interaction between hand response, stimulus relevance, and electrode 

site was observed, F(1,21) = .161, p = .693. Furthermore, no interaction between hand 

response and electrode site, F(1,21) = .615, p = .442 and no interaction between stimulus 

relevance and electrode site, F(1,21) = .012, p = .913 was observed. However, a 

significant interaction between hand response and stimulus relevance was observed, 

F(1,21) = 4.307, p = .05. Follow-up analyses showed that P1 amplitude across both left 

and right hemispheres was significantly larger for high spatial frequency stimuli (task-

relevant stimuli) in the two-hand response condition compared to high spatial frequency 

stimuli (task-irrelevant) in the one-hand response condition, t(21) = -2.252, p = .035. 

Follow-up analyses also showed no significant difference in P1 amplitude between low 
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spatial frequency stimuli (task-relevant stimuli) in the one-hand response condition 

compared to low spatial frequency stimuli in the two-hand response condition, t(21) = -

.307, p = .762.  

2.2 P3 

 The relationship between hand response, stimulus relevance, and P3 amplitude 

was examined with a 2 factor (Hand Response x Stimulus Relevance) repeated measures 

ANOVA. A main effect was observed for both stimulus relevance, F(1,21) = 23.808, p < 

.001 and hand response, F(1,21) = 20.694, p < .001. Additionally a significant interaction 

between hand response and stimulus relevance was observed, F(1,21) = 50.250, p < .001. 

Follow-up analyses showed a significantly larger P3 amplitude for task-relevant stimuli 

compared to task-irrelevant stimuli in the one-hand response condition, t(21) = 5.468, p < 

.001. However, there was no significant difference between both types of stimuli in the 

two-hand response condition, t(21) = 1.075, p = .294. Additionally, no significant 

difference was observed between stimuli of low spatial frequency (task-relevant stimuli) 

in the one-hand response condition and stimuli of low spatial frequency in the two-hand 

response condition, t(21) = -1.808, p = .085. Although, a significant difference was 

observed between stimuli of high spatial frequency (task-irrelevant stimuli) in the one-

hand response condition and stimuli of high spatial frequency in the two-hand response 

condition, t(21) = -5.239, p <.001.  
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Figure 1. Stimuli in both Experiment 1 and 2 were Gabor patches of low and high spatial 

frequency. The degree of similarity in spatial frequency between the two types of stimuli 

determined the difficulty of stimulus discrimination. (A) The average spatial frequency 

for each type of stimulus across all participants after the psychophysical staircase 

procedure in Experiment 1. (B) The average spatial frequency for each type of stimulus 

across all participants after the psychophysical staircase procedure in Experiment 2. 
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Figure 2. Grand-average waveforms at electrodes O1 and O2 for stimuli of low spatial 

frequency and stimuli of high spatial frequency in the one-hand response condition and 

two-hand response condition from Experiment 1.  
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Figure 3. Grand-average waveforms at electrode CPZ for stimuli of low spatial frequency 

and stimuli of high spatial frequency in the one-hand response condition and two-hand 

response condition from Experiment 1. 
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EXPERIMENT 2: METHODS  
 
 
 

With a few exceptions, all methods in Experiment 2 were identical to those in 

Experiment 1. Any differences between Experiment 1 and Experiment 2 in the methods 

are listed below. 

1. Participants 

Thirty-four undergraduate students from George Mason University participated in 

the study for course credit. Participants were recruited independent of Experiment 1 and 

were therefore not the same group of participants from Experiment 1. After the removal 

of participants due to poor behavioral performance (overall behavioral accuracy below 

85%), eighteen participants (13 female) remained for EEG data analysis. The remaining 

participants were between 18 and 28 years of age (M age = 22.89, SD = 2.87), had normal 

or corrected-to-normal vision which was tested with both the Rosenbaum and Snellen eye 

charts, and had no reported history of neurological impairment. Informed consent was 

obtained from all participants prior to the experiment. 

2. Stimuli and Procedure   

Participants performed an easy visual discrimination task while their EEG data 

was recorded. Stimuli consisted of vertically oriented Gabor patches of low spatial 

frequency and high spatial frequency (Figure 1). To ensure there were no major 
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deviations between the experimental procedure in Experiment 2 and Experiment 1, the 

easy task was also titrated on an individual basis using a psychophysical staircase 

procedure before the beginning of the experimental blocks (explained below). After 

completing the easy discrimination task, participants were also asked to perform a short 

version of the difficult discrimination task in which only behavioral data was collected. 

This was to ensure there were no discrepancies in task performance between participants 

in Experiment 1 and participants in Experiment 2. Participants completed 4 blocks of 

both response conditions, for the difficult behavioral discrimination task. All blocks were 

composed of 64 trials. Identical to Experiment 1, task difficulty was titrated on an 

individual basis using a psychophysical staircase procedure before the beginning of the 

difficult experimental blocks. After the staircase procedure, the average sinusoidal 

grating across all participants for the behavioral task was approximately 5 cycles per 

degree (SD = .93) for stimuli of low spatial frequency and 7 cycles per degree (SD = .48) 

for stimuli of high spatial frequency.  

3. Psychophysical Staircase Procedure 

Participants performed a psychophysical staircase procedure before performing 

the easy discrimination task to determine the spatial frequency of each stimulus for the 

main task. The procedure was identical to the staircase procedure in Experiment 1. 

However, the spatial frequency was increased by 2.5 degrees per cycle for correct 

responses on every 4 consecutive trials. For incorrect responses on any trial, the spatial 

frequency was decreased by 2.5 degrees per cycle. Although task difficulty was titrated 
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on an individual basis, after the staircase procedure, the average sinusoidal grating across 

all participants was approximately 4 cycles per degree (SD = 1.07) for stimuli of low 

spatial frequency and 7 cycles per degree (SD = .72) for stimuli of high spatial frequency.  

4. Electrophysiological Data Acquisition 

 Data acquisition was identical to Experiment 1. 

5. Data Analysis 

 Data analysis was identical to Experiment 1, with the exception of the time 

windows used to extract mean amplitudes for P1 and P3. Mean amplitudes were extracted 

for the occipital P1 component using a 20ms time window (148-168 ms) centered on the 

peak of the grand average P1 wave at electrode sites O1 and O2. Mean amplitudes were 

also extracted for the P3 component, using a 100ms time window (486-586 ms) centered 

on the peak of the grand average P3 wave at electrode CPZ.  
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EXPERIMENT 2: RESULTS  
 
 
 

1. Behavior 

 Accuracy and response time for both types of stimuli during the one-hand 

response condition and the two-hand response condition are presented in Table 1. 

Response time for each condition was calculated for correct responses only. 

1.1. Accuracy  

 Task accuracy was examined using a two-tailed t-test. Analysis of task accuracy 

revealed participants responded more accurately to stimuli of low spatial frequency 

(92.57%, SE = .05) during the one-hand response condition compared to stimuli of low 

spatial frequency (86.69%, SE = .04) during the two-hand response condition, t(17) = -

3.99, p < .001. Additionally, participants responded more accurately to stimuli of high 

spatial frequency (90.70%, SE = .04) compared to stimuli of low spatial frequency during 

the one-hand response condition, t(17) = -2.95, p = .009.  

1.2. Reaction Time 

 Mean response time was examined using a two-tailed t-test.  Analysis of mean 

response time revealed participants responded quicker to stimuli of low spatial frequency 

(474.89 ms, SE = 32.15) during the one-hand response task compared to stimuli of low 
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spatial frequency (507.52 ms, SE = 31.26) during the two-hand response task, t(17) = -

5.329, p < .001. Additionally, analysis of mean response time revealed participants 

responded quicker to stimuli of high-spatial frequency (490.47 ms, SE = 33.49) than 

stimuli of low-spatial frequency during the two-hand response, t(17) = 3.575, p = .002. 

2. Electrophysiology 

2.1. P1 

The relationship between hand response, stimulus relevance, and P1 amplitude 

was examined with a 3 factor (Hand Response x Stimulus Relevance x Electrode Site) 

repeated measures ANOVA. No main effect for stimulus relevance, F(1,17) = 2.902, p = 

.107, hand response, F(1,17) = 2.163, p = .160, and electrode site, F(1,17) = .1.428, p = 

.249 was observed. Additionally, no interaction between hand response, stimulus 

relevance, and electrode site was observed, F(1,17) = .713, p = .410. Furthermore, no 

interaction between hand response and electrode site, F(1,17) = 1.479, p = .240 was 

observed and no interaction between hand response and stimulus relevance was observed, 

F(1,17) = .986, p = .335. However, an interaction between stimulus relevance and 

electrode site, F(1,17) = .275, p = .021 was observed.  Follow-up analyses showed no 

significant difference in P1 amplitude between the left and right hemisphere for low 

spatial frequency stimuli in the one-hand response condition, t(1,17) = 1.186, p = .252 

and in the two-hand response condition, t(1,17) = .476, p = .640. Additionally, follow-up 

analysis showed no significant difference in P1 amplitude between the left and right 
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hemisphere for high spatial frequency stimuli in the one-hand response condition, t(1,17) 

= 1.502, p = .152 and in the two-hand response condition, t(1,17) = 1.511, p =  .149. 

2.3. P3 

 The relationship between hand response, stimulus relevance, and P3 amplitude 

was examined with a 2 factor (Hand Response x Stimulus Relevance) repeated measures 

ANOVA. A main effect was observed for both stimulus relevance, F(1,17) = 12.957, p = 

.002 and hand response, F(1,17) = 20.728, p < .001. Additionally a significant interaction 

between hand response and stimulus relevance was observed, F(1,17) = 64.421, p < .001. 

Follow-up analyses showed significantly larger P3 amplitude for task-relevant stimuli 

compared to task-irrelevant stimuli in the one-hand response condition, t(17) = 7.200, p < 

.001. However, there was no significant difference between both types of stimuli in the 

two-hand response condition, t(17) = .265, p = .794. Additionally, no significant 

difference was observed between stimuli of low spatial frequency (task-relevant stimuli) 

in the one-hand response condition and stimuli of low spatial frequency in the two-hand 

response condition, t(17) = -.405, p = .691. Although, a significant difference was 

observed between stimuli of high spatial frequency (task-irrelevant stimuli) in the one-

hand response condition and stimuli of high spatial frequency in the two-hand response 

condition, t(17) = -7.387, p < .001.  
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Figure 4. Grand-average waveforms at electrodes O1 and O2 for stimuli of low spatial 

frequency and stimuli of high spatial frequency in the one-hand response condition and 

two-hand response condition from Experiment 2.  
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Figure 5. Grand-average waveforms at electrode CPZ for stimuli of low spatial frequency 

and stimuli of high spatial frequency in the one-hand response condition and two-hand 

response condition from Experiment 2.  
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DISCUSSION 
 
 
 

 In the present study, we conducted two experiments to investigate the latency of 

feature-based attention in the absence of direct stimulus competition during a difficult 

and an easy visual discrimination task. Furthermore, we manipulated task-relevance of 

stimuli to investigate the effects of task context on early sensory processing of stimulus 

features. Analysis of the behavioral data in Experiment 1 indicated that the experimental 

task was indeed difficult in both response conditions. Errors across both response 

conditions were approximately 21% of the total trials in the experimental task. Analysis 

of the behavioral data in Experiment 2 indicated that the experimental task was easier, as 

errors across both response conditions were approximately 10% of the total trials. 

Additionally, behavioral responses for stimuli of low spatial frequency in the one-hand 

response condition were quicker and more accurate compared to the two-hand response 

condition in both experiments. However, this finding was not surprising as we expected 

participants to make more motor errors during a two-hand response compared to a one-

hand response due to response conflict in the two-hand response condition. 

Analysis of the ERP data in Experiment 2 when the discrimination task was easy 

revealed no significant difference in P1 amplitude between both types of stimuli in both 

the one-hand response condition and the two-hand response condition. Analysis of the 
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ERP data in Experiment 1 when the discrimination task was difficult revealed a 

significant reduction in P1 amplitude for stimuli considered task-irrelevant in the one-

hand response condition compared to the same stimuli considered task-relevant in the 

two-hand response condition. However, no difference in P1 amplitude was observed for 

stimuli considered task-relevant in the one-hand response condition compared to the 

same stimuli also considered task-relevant in the two-hand response condition. These 

results suggest feature-based attention can modulate sensory processing of stimulus 

features as early as the P1 component, as previously proposed by Moher et al. (2014), 

Zani & Proverbio (1995), and Zhang & Luck (2009). As expected, analysis of the ERP 

data also revealed an enhanced P3 for the stimuli that were responded to in the one-hand 

response condition. However, P3 amplitude was comparable for both types of stimuli in 

the two-hand response condition.  Such findings indicate stimuli that required a response 

were of greater task-relevance compared to stimuli that did not require a response in the 

one-hand response condition. However, both types of stimuli were considered task-

relevant in the two-hand response condition.  These findings are in line with previous 

work (i.e. Donchin & Coles, 1988) and served as an indication that the one-hand response 

condition elicited enhanced attention towards task-relevant stimuli.  

Furthermore, given the nature of the task, the results from the present study, 

suggest feature-based attention can modulate sensory processing independent of spatial 

attention. Early literature on attention has suggested sensory processing of stimulus 

features is contingent on the initial selection of location. As a result, many ERP studies 

have examined feature-based attention in conjunction with spatial attention (Anllo-Vento 
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& Hillyard, 1996; Hillyard & Münte, 1984). Conversely, recent literature has argued 

feature-based attention can occur as early as P1 at unattended spatial locations (Zhang & 

Luck, 2008). Such a finding suggests that early sensory processing of stimulus features is 

independent of spatial attention. This is in line with the findings from the present study. 

However, because the task in the study by Zhang & Luck (2008) presented stimuli at two 

different spatial locations, attention may have been occasionally directed to the 

unattended spatial field. In the present study, we were confident that there were no 

spatial-related confounds in the task, as all stimuli were presented centrally one at a time.  

Some of the most prominent models of attention implicate top-down control 

through either an enhancement of cortical neural activity tuned to task-relevant 

information, suppression of cortical neural activity tuned to task-irrelevant information, 

or a combination of both enhancement and suppression during early sensory processing 

of visual information (Beck & Kastner, 2009; Desimone & Duncan, 1995; Desimone, 

1998; Kastner & Ungerleider, 2001; Treue & Martinez-Trujillo, 1999; 2004; Tsotsos, 

1990; Cutzo & Tsotsos, 2003). Our findings along with the findings by Moher et al. 

(2014), suggest that when feature-based attention modulates sensory processing of 

stimulus features as early as the P1 component, attentional modulation occurs through the 

suppression of cortical activity tuned to task-irrelevant stimuli. Furthermore, because our 

results revealed a suppression of cortical activity elicited by task-irrelevant stimuli in the 

one-hand response condition but neither enhancement or suppression in the two-hand 

response condition, the results suggest task context selectively modulates early sensory 

processing of stimulus features.  
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For decades, the literature on attention has often regarded spatial attention as 

being a ‘special’ or ‘unique’ cognitive process (Hillyard & Anllo-Vento, 1998). The early 

latency of spatial attention in comparison to feature-based attention seen in traditional 

ERP studies often implied that spatial attention is of higher priority during sensory 

processing of visual information. However, the findings from the present study suggest 

that under certain task conditions, this may not be necessarily true. When all stimuli are 

presented in the same spatial location and stimulus discrimination is difficult, the 

importance of feature-based attention is accentuated, as reflected by the enhanced P1 

component for task-relevant stimuli during the one-hand response condition in 

Experiment 1. The present study is the first to suggest that the difficulty of a 

discrimination task may play a role in the latency of feature-based attention. Additionally, 

the present study provides further support for the few studies that have found early 

sensory processing of features.  Future research should be conducted to examine whether 

early feature-based attention is exclusive to spatial frequency or if additional stimulus 

features such as orientation can modulate sensory processing as early as P1 during a 

similar difficult discrimination task. 
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CONCLUSION 
 
 
 

 In the present study, we examined the latency in which sensory processing of 

stimulus features occur. Additionally, we directly manipulated task-relevance of two 

physically similar stimuli during a difficult visual discrimination task. Such a 

manipulation allowed us to investigate neural modulation associated with early sensory 

processing of features when they were of relevance or non-relevance to the task at hand. 

The results from the present study suggest when performing an exceptionally difficult 

discrimination task, feature-based attention can occur independent of and as early as 

spatial attention, even in the absence of direct stimulus competition. Furthermore, the 

results suggest task context selectively modulates early sensory processing of stimulus 

features by suppressing cortical neural activity tuned to stimuli containing task-irrelevant 

stimulus features.  
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