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Abstract 
Perceptual load theory, together with the surround-suppression model suggest 
that stimulus surrounding attended stimuli is suppressed, especially if 
perceptual load is high. This study attempts to map surround-suppression using 
electroencephalography to measure neural activity related to suppression at 
four surrounding locations (2°, 3°, 4° and 6° from fixation). Color and orientation 
was used to manipulate load, and the effect of load was controlled through 
behavioral and neural measures using event related potentials. Our results 
demonstrate no statistically supported effect of load in behavioral data or SSVEP 
data, but unexplained increased neural amplitude of an early visual component 
(i.e. N1) in the (hypothesized) low load condition. 
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Introduction 
This study aims to add evidence and understanding in the neuropsychological 

attempt to figure out how human perception works. More specifically, how we 

perceive our environment and how we focus our attention to be able to make 

sense of the world and not be overwhelmed by the multitude of stimuli 

surrounding us. In the past and still today, the neural and cognitive mechanisms 

that allow our perception are debated and many theories have been suggested, 

some of which will be discussed below. Perception and attention are cognitive 

functions that are important in our everyday life to be able to function in the 

world around us, act and interact appropriately with other people and things in 

our environment. A better understanding of our attentional and perceptual 

system could help improve design in situations where human attention and 

perception plays a vital roll, for example in driving situation.  Understanding the 

relationship between attention and perception could also be an important 

contributor to reversing attentional deficit disorders. 

Background 
The environment is filled with stimuli. Our sensory systems are dedicated to 

register and process information from the world and make us conscious of our 

environment. Our awareness of our environment is in cognitive terms called 

perception and defined by Purves et al. (2008, pp. 40-41) as:  

 
“… the conscious awareness of external and internal environment generated by 

neural processing carried out by the human sensory systems … In vision, the 

fundamental qualities of perceptual awareness are brightness, color, form, depth 

and motion … [The] complex aspects of conscious awareness quickly transcend the 

notion of perception as simply the end result of sensory processing and clearly 

depend on a host of other cognitive functions including learning, memory, 

emotional reactions and social context. Thus what we perceive is, in the end, 

determined by far more than sensory input.” 

 

These cognitive functions in perception are what make our environment 

comprehensible to us by giving a meaning to the perceived stimuli. It prevents us 

from being overwhelmed by the multitude of stimuli constantly present in our 

everyday lives by focusing on relevant stimuli. A traditional way of 

understanding the processing of stimuli is through the division of bottom-up 

(Purves, et al., 2008) (Sternberg, 2009, pp. 102-114) and top-down (Purves, et al., 

2008) (Sternberg, 2009, pp. 102-114) processing. Top-down processing is the 

brains way of using knowledge stored in memory for predicting possible 

outcomes occurring in our environment by anticipating a meaning of the stimuli 

before it occurs in our environment. Bottom-up processing on the other hand, 

suggests that stimuli are sequentially processed from low to high processing 
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levels: the meaning of the stimuli (i.e. high level of processing) is given after the 

stimuli being decoded (i.e. low level of processing). Most probably, both bottom-

up and top-down processed are used to most efficiently and most accurately 

make sense of the world around us (Purves et. al, 2008) (Sternberg, 2009).  

 

As a function of our interests, motivations and goals, only small portions of 

stimuli in our environment are relevant. It is then important to be able to select 

relevant stimuli and ignore irrelevant stimuli to not be overwhelmed by all the 

inputs. This selection process is a phenomenon referred to as selective attention 

(Purves, et al., 2008) (Sternberg, 2009). A common example of selective attention is 

the cocktail party effect (Cherry, 1959), which refers to the fact that despite not 

attending the conversations surrounding the one you are focusing on, you are 

still able to react to relevant stimuli (such as your name) if it is mentioned in the 

background noise. Selective attention is not restricted to auditory stimulation, 

but is shown to also be present for visual stimulation (Purves, et al., 2008) 

(Sternberg, 2009). Phenomenon such as change blindness (Rensink, O'Regan, & 

Clark, 1997) (dothetest, 2008) (i.e. when something in the visual field is changed 

without you noticing) or inattentional blindness (Simons & Chabris, 1999) 

(Simons & Chabris, 2013) (i.e. when a visual stimuli is entirely missed) provide 

evidence that some visual information is filtered out and does not reach 

consciousness. The debated question is whether this filtering process occurs at 

an early or late stage in perceptual processing. 

 

Neural processing is faster for attended than unattended stimuli suggesting an 

attentional spotlight (Purves, et al., 2008). The attentional spotlight demonstrates 

the ability to focus visual attention on a particular spatial location within the 

visual field (not necessarily at eye fixation) and thereby process the attended 

stimuli (i.e. the stimuli covered by the attentional spotlight) faster and more 

efficiently than remaining stimuli in the visual field (Posner, 1980). Selective 

attention suggests a neural function that selects relevant stimuli for further 

processing and finally resulting in conscious visual experience or sensation. 

Several theories exist about how and when in visual sensory processing this 

selection occurs. For example early selection theory (Purves, et al., 2008, pp. 43-

44) (Sternberg, 2009, pp. 153-157) suggests that stimuli is filtered out early in 

processing and not object to further processing. Conversely, the late selection 

theory (Purves, et al., 2008, pp. 43-44) (Sternberg, 2009, pp. 153-157) suggests that 

all stimuli are processed at an early and low level and the filtering mechanism is 

present at later and higher levels of processing. 

 

In an attempt to settle the debate between early and late selection theories, Lavie 

(1995) presented findings forming a foundation for a theory that merges these 

two alternatives: the perceptual load theory. Perceptual load is explained to be 

higher if more features are required to be distinguished in order to correctly 
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identify an object (Treisman & Gelade, 1980). If only color is required to identify 

an object (for example, point out all white objects in the room), it would be a 

fairly simple task and would be considered low in perceptual load. However, if 

both orientation and color would be required (for example, point at all white 

objects oriented horizontally in the room), the task would be considered higher 

in perceptual load. Perceptual load theory suggests that early or late selection is 

due to differences in the perceptual load of the task. The main idea is that 

perceptual (and attentional) resources are finite and it would be a waste of 

resources to process irrelevant stimuli, especially if the resources are needed 

elsewhere, i.e. when perceptual load is high. If a stimulus is processed, it requires 

attentional resources, which require neuronal power. More neuronal power in 

relation to one particular stimulus would suggest later selection (i.e. more 

processing of the stimulus), and less neuronal power in response to a stimulus 

would indicate filtering or suppression (i.e. less processing and early selection). 

If the perceptual load is high (i.e. the task is more cognitively demanding), early 

selection occurs to enable more processing resources for the attended stimuli 

and subsequently suppressing remaining stimuli at an early processing step. 

Neurophysiological studies support the notion that high perceptual load results 

in reduced visual cortical responses to irrelevant distractor stimuli (Parks, Beck, 

& Kramer, 2013) (Kastner, De Weerd, Desimone, & Ungerleider, 1998). On the 

other hand, if the perceptual load is low, more resources are free to process 

peripheral stimuli and selection is proposed to be later. It has also been found 

that the neural component called N1 (i.e. a negative amplitude pic occurring 

around 100ms after stimulus onset) is modulated by the perceptual load of the 

task (Parks et al., 2013) (Luck, 2005). 

 

Further theories compatible with perceptual load theory are biased competition 

theory (Reynolds, Chelazzi, & Desimone, 1999) and normalization models of 

attention (Carandini, Heeger, & Movshon, 1997) (Reynolds & Heeger, 2009). These 

theories propose that filtering (i.e. suppression) of unattended stimuli is an 

inevitable consequence of the interactions in visual cortex. Biased competition 

theory suggests that visual stimuli compete for attention through top-down and 

bottom-up processes. Top-down processes bias certain stimuli  based on for 

example context and prior knowledge and these stimuli are prioritized for 

processing, leading to suppression of close by stimuli. This top-down biasing 

leads attention to what is predicted to be relevant by focusing the attentional 

spotlight there. Stimuli outside the attentional spotlight are necessarily 

suppressed to provide more neuronal power for stimuli inside the spotlight. 

Normalization models of attention present a neural model of activation in 

neurons in early visual areas. These neurons in the early visual areas serve 

prioritized or biased stimuli, stimuli that is predicted by the top-down process 

and are under the attentional spotlight. Since neurons are dedicated to process 

biased stimuli more neuronal power is predicted for attended stimuli. Less 
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neurons are necessarily dedicated to stimuli that is not under the attentional 

spotlight which represents the selection process, i.e. not processing stimuli 

outside of the attentional spotlight as much as stimuli inside the attentional 

spotlight. 

 

All the theories above conclude that selective attention serves as a spotlight 

where attended stimuli is processed and brought to consciousness more 

efficiently than surrounding stimuli. Surrounding stimuli will therefore be 

suppressed (Hopf, Boehler, Luck, Tsotsos, Heinze, & Schoenfeld, 2006) (Parks, 

Beck, & Kramer, 2013). The attentional spotlight and perceptual load theory can 

be studied by manipulating perceptual load while presenting a task to be solved.  

 

Perceptual load theory, biased competition theory and normalization models of 

attention would predict that stimuli surrounding the task stimuli are more 

suppressed under high perceptual load than low perceptual load (Parks, Beck, & 

Kramer, 2013) (Lavie, 1995) (Lavie & Yehoshua, 1994) (Reynolds & Heeger, 2009). 

This means that if perceptual load is high, more surrounding stimuli is 

suppressed which suggests early selection. When perceptual load is low, more 

attentional resources are free to process surrounding stimuli which suggests late 

selection. In general (regardless of perceptual load), the closer distractor 

stimulus is to task stimuli, the more suppression is expected for distractor 

stimuli. If the task requires high perceptual load, even more suppression is 

expected, because neuronal power would be taken from distractor processing to 

task processing. If the processing of the distractor stimulus is suppressed early 

in the processing, it would be considered as proof of early selection theory. This 

can be seen through analyzing neuronal activation related to distractor stimuli in 

the first milliseconds after the onset of the task stimuli. This suppression is 

expected to be seen especially for task stimuli in high perceptual load. 

 

In order to be able to highlight activation from specific stimuli, visual stimuli can 

be tagged by using a method called steady state visual evoked potentials 

(SSVEPs) (Herrmann, 2001) (Hopf, Boehler, Luck, Tsotsos, Heinze, & Schoenfeld, 

2006) (Parks, Beck, & Kramer, 2013) (Müller & Hillyard, 2000). It has been shown 

that if presented stimuli flickered at a specific frequency, the brain activity 

related to processing the flickering stimuli oscillates at this same specific 

frequency. For example, if the stimuli is flickering at 8.3Hz, it is possible to pick 

out brain activation that oscillates at 8.3Hz and investigate the variation of this 

particular activity for low and high perceptual loads. Note that SSVEPs can be 

induced for many different frequencies, not only 8.3Hz (Herrmann, 2001). This 

study has chosen to use 8.3Hz because it is conveniently outside the frequencies 

usually connected to alpha waves. Therefore alpha waves would not contaminate 

the data. The exact frequency of 8.3Hz was chosen for several practical reasons. 

If a stimulus is flickering at 8.3Hz the flickering is visible which makes it easy to 
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see if the flickering is in fact flickering, or not. It is also mathematically 

compatible to the amount of frames presented in each trial. Most importantly, 

however, the frequency was chosen so that the data would be as similar to Parks 

et al. (2013) as possible. 

 

Parks et al. (2013) performed an EEG-study involving a go/no-go task in the 

presence of irrelevant distractor rings surrounding the task. The subjects were 

given two target rectangles and were asked to respond by button press when 

they saw a target rectangle and inhibit a behavioral response when a non-target 

rectangle was presented. The distractor ring surrounding the task stimuli 

(rectangles) was flickering at 8.3 Hz giving rise to frequency domain SSVEPs in 

responding brain regions. SSVEP oscillations can be discriminated from all other 

brain activation because they cause responding brain waves to oscillate in the 

same frequency (Müller & Hillyard, 2000) (Herrmann, 2001), in this case 8.3 Hz 

(Parks, Beck, & Kramer, 2013). The 8.3 Hz oscillations in brain activation was 

selected and analyzed to determine the amount of suppression due the irrelevant 

distractor rings. The task (surrounded by the flickering distractor ring) varied in 

load; high perceptual load and low perceptual load. Event related potentials 

(ERPs) and behavioral responses were analyzed to secure differences in load. 

The distractor ring occurred in three sizes, or eccentricities (2°, 6° and 11° from 

fixation). Parks et. al (2013) showed significant suppression due to load in the 2° 

ring, but no difference of load in the 6°-ring and the 10°-ring. Parks et. al (2013) 

suggested; 

 
Though the present results demonstrate a center-surround distribution they 

provide a relatively crude resolution of measurement, as load dependent 

comparisons were made 2, 6 and 11° from fixation … It is possible that taking finer-

resolution measurements between 2 and 6° could reveal a more complex 

configuration of facilitation and suppression. 

 

Parks et al. (2013) highlights a gap in the knowledge of suppression in the visual 

field produced by load differences and suggests further studies for investigating 

suppression closer to fixation, more specifically suppression between 2° and 6° 

from fixation. 

The Current Study 
The aim of the current study was to map suppression using similar methods as 

Parks et. al (2013), but placing the rings at more proximal locations (2°, 3°, 4° and 

6° from fixation), based upon the prediction of Parks et al. (2013), see the quote 

above. According to the perceptual load theory, more suppression would be 

present in high perceptual load than low perceptual load.  

 

Firstly, we predict to replicate Parks et. al (2013) findings of suppression due to 

load in the 2°-ring and no suppression due to load in the 6°-ring. Secondly, we 
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expect to find less, yet substantial, suppression in the 3°-ring and even less 

suppression in the 4°-ring. All distractor rings flicker at 8.3Hz. SSVEP activation 

at 8.3Hz was used to make activation due to the rings easily discriminated from 

other activation. Being able to identify and pick out the activation created by the 

rings provide the opportunity to directly compare surround suppression due to 

load by excluding all activation except activations of 8.3 Hz.  

 

Similarly to Parks et al (2013), this study will analyze the N1 component of the 

event related potentials extracted from the EEG-data. Higher amplitude of the N1 

ERP-component in high perceptual load (compared to low load) is expected. The 

higher N1 amplitude is due to more resources dedicated to the ERP related task 

in high load than low load (Luck, 2005, p. 37) (Hopf, Boehler, Luck, Tsotsos, 

Heinze, & Schoenfeld, 2006) (Parks, Beck, & Kramer, 2013). Higher N1 amplitude 

for high load would indicate an effect of load (i.e. high load is in fact more 

demanding than low load). In line with this, behavioral differences between high 

and low perceptual load are also expected. Subjects are expected to have more 

correct responses in low load than in high load. Less accurate responses also 

indicate an effect of load.  

 

No differences in N1 amplitudes or percentage of correct responses between 

high and low load indicate that subjects did not experience a difference in 

perceptual load. This occurrence would predict no suppression differences in 

any surrounding locations, since there is no effect of load.  

 

Assuming there is an effect of load and still no suppression differences between 

high and low perceptual load in the closest surrounding locations (2°, 3° and 4° 

from fixation), this would indicate that load does not create surround 

suppression. Such a result would speak against perceptual load theory. 

Alternative Theories  
Recent studies and predictions point to another explanation regarding surround 

suppression that is not compatible with perceptual load theory. Dilution theory 

(Benoni & Yehoshua, 2010) predicts that perceptual dilution creates the 

surround-suppression effect - not perceptual load. Dilution is presumed to occur 

when load is regulated based on amount of stimuli or color similarity, resulting 

in the target being diluted if more stimuli is surrounding it or if the color more 

closely resembles the task color. This dilution is then predicted to cause the 

suppression effect and not load, suggesting other factors (such as feature amout 

or feature appearance) affect perceptual processing, not load. Using identical 

stimuli for both high perceptual load and low perceptual load and using only 

color and orientation discrimination as target indicators, dilution theory should 

not be able to explain surround suppression using this method (Parks, Beck, & 

Kramer, 2013). 



Is Visual Stimuli Neighboring Attended Stimuli Suppressed in High Perceptual Load? 

 12 

Limitations of the Study 
The design does not consider individual differences in perceptual load (Fitousi & 

Wenger, 2011), which can be a factor worth investigating in the future. Perceptual 

load is in itself dependent on other cognitive domains than perception. The 

design does not consider this. The task in this study requires other cognitive 

domains than perception, for example memory (to remember targets). This can 

be argued to influence the interpretation, since only perception is analyzed and 

evaluated. This risk was judged small based on feature-integration theory of 

attention (Treisman & Gelade, 1980) and previous study (Parks, Beck, & Kramer, 

2013). The task was judged to be mainly perceptual. 

Method 

Subjects 

20 subjects (17 male and 3 female, mean age = 26.55, SD = 5.25) aged 18-41 with 

normal or corrected to normal vision participated in the experiment. All subjects 

were right handed. The subjects were recruited from universities and high 

schools in the Stockholm area through billboard notes and word of mouth. All 

subjects were informed about the purpose of the experiment and their right to 

terminate the experiment at any time without explanation. All participants 

signed written consent and the experiment was conducted according to the 

Helsinki Declaration. The experiment lasted between 30-45 min, depending on 

self-timed breaks, and subjects received a cinema ticket as compensation for 

their participation. 

Stimuli 

Targets 

The target stimuli were rectangles (1cm x 0,5cm) visually presented in the 

middle of a grey screen. The rectangles could have different color (either black or 

white) and have different orientation (either horizontal or vertical), leaving 4 

possible rectangles (i.e. white horizontal, white vertical, black horizontal, black 

vertical), see Figure 1. In order to manipulate perceptual load, the subjects were 

instructed to focus only on the rectangle color in the low load condition, or focus 

on both color and orientation of the rectangles in the high load condition. The 

instructions were delivered before each trial block (see procedure).The target 

stimuli were presented once at the time and were surrounded by a flickering 

distractor ring. 
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Distractors  

In each trial a flickering, black-and-white ring enclosed the rectangles. This ring 

differed in size depending on the condition. There were four different conditions, 

where the ring differed between four different sizes, or eccentricities, 2°, 3°, 4° 

and 6° from fixation. The eccentricity of the ring defined the condition (2°, 3°, 4° 

and 6°). All rings flickered at 8.3Hz.  

Procedure 

After 2 practice blocks, the experiment contained 8 blocks. The practice blocks 

consisted of one shortened high load block and a shortened low load block. At 

the beginning of each block, two target rectangles were visually presented until 

the subject started the experiment by pressing the space bar on a keyboard. The 

presented target rectangles lead to a low (i.e. two white or two black rectangles) 

or to a high perceptual load (i.e. a black horizontal and a white vertical rectangle 

(or a black vertical and a white horizontal rectangle), see Figure 1. The two 

targets presented at the beginning of each block remained the targets 

throughout that entire block. Each block consisted of 40 trials (summing up to a 

total of 320 trials for the entire experiment) and included all four possible 

distractor ring conditions (2°, 3°, 4° and 6° rings) that randomly occurred in 10 

trials per block. Each trial lasted 6260ms. For each trial, the subject was asked to 

concentrate on a fixation point in the middle of the screen. The fixation point was 

present for 500 ms together with a flickering distractor ring that remained for 

the entire trial. After 500 ms, a sequence of four rectangles were flashed after 

each other inside the distractor ring. The onset of the second, third and fourth 

rectangles was randomly jittered between 0-140 ms, see Figure 2. Each rectangle 

was presented for a duration of 100ms. 

 

Figure 1 All possible target 
combinations in low perceptual 
load, and high perceptual load. 
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The task was to correctly count the target rectangles appearing in a sequence of 

four possible targets. The two target rectangles were counted independently of 

each other. Directly after the presentation of the last rectangle, a question was 

presented: “2 or 3?” where the subject responded the amount if targets included 

in the trial. The subject had between 2150-2010ms (depending on the jittering) 

for giving their answer. The subject responded through a computer keyboard by 

pressing the left arrow key to answer two and the right arrow key to answer 

three.  

 

Figure 2 displays an example trial. If the example trial were a trial in a block of 

low load, the answer would be 2 (response: left arrow click) for both possible 

targets (black rectangles or white rectangles). If the trial were high load with 

targets black vertical rectangle and white horizontal rectangle, the answer would 

be 3 (response: right arrow click). If the targets were black horizontal and white 

vertical this example rectangle sequence could impossibly occur during that 

block. 

Design 

The total duration of the experiment was 32 min if no breaks were taken 

between blocks. The design of the study is a repeated-measure design with 4 

ring eccentricities (2°, 3°, 4° and 6° from fixation) x 2 perceptual load (low, high) 

as within-subjects factors. 40 trials have been presented per condition, leaving a 

total of 320 trials divided into 8 blocks. The blocks alternated between high and 

low perceptual load and this order was counterbalanced between subjects. 

Statistical analysis of the behavioral responses were analyzed using t-tests 

between high and low load perceptual conditions. 

EEG recordings and analysis 

The neural activity of the subject was recorded using Electroencephalography 

(EEG) method from 64 scalp electrodes with an Active Two BioSemi System at 

Figure 2 The schematic of one trial including time duration, possible targets 
and target onsets, distractor ring, and response screen. 
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standard 10-20 positions (i.e. a common system reference for electrode 

placement on the head of the subjects, see Luck (2005)). According to standard 

recordings recommendation (Luck, 2005), EEG was referenced to the average of 

all electrodes, sampled at 512 Hz and band-pass filtered from 0,16-100Hz. 

Electrodes O1, Oz and O2 were selected based upon location of early visual cortex 

and to make data directly comparable to the results from Parks et. al (2013). T-

tests were calculated on the average mean differences of amplitudes between 

high and low load, for each size of the flickering distractor ring (2°, 3°, 4° and 6° 

ring). 

Steady State Visual Evoked Potentials (SSVEPs) 

In order to investigate the suppression of the distractor rings, the data needs to 

be filtered, corrected for artifacts, cut into epochs and averaged. EEG data was 

cut into epochs beginning 500ms into the trial until approximately before the 

subject was asked for a response, resulting in a 4000ms long epoch. Parks et. al 

(2013) found a high amplitude in the SSVEP data at the time point when the 

distractor ring was presented. After 500ms the SSVEP data had achieved a steady 

state. The segments were cut 500ms into the trial to exclude a hypothesized 

onset peak in the EEG data created by the onset of the distractor ring. This onset 

should not be included since it is not due to suppression and could contaminate 

the results. No onset activity due to the rectangles will not be picked up by the 

SSVEP responses since they do not flicker at 8.3Hz. Possible muscle artifacts 

from the motor response of the subject was excluded by having the subject 

responded after the end of the epoch. 

 

Noisy trials were excluded based on visual inspection for each subject.  An ICA is 

an algorithm that is designed to be able to go through EEG data and separate 

signals that most probably are caused by two different sources. This way 

artifacts can be identified and removed so they do not contaminate the data. ICAs 

related to eye blinks were removed and the signal was reconstructed. Segmented 

data was time-averaged separately for each load condition (high and low) and 

ring eccentricity (2°, 3°, 4° and 6°). EEG collects brain activity from the entire 

cortex. Far from all the collected data is from a source relevant to the study. 

Frequency at 8.3 Hz was extracted by submitting the data to Fast Fourier 

Transform (FFT). The FFT is a mathematical model that breaks down the 

frequencies composing the signal, independently of time. This is done to be able 

to analyze hidden features that may have been concealed by noise, so that no 

information is lost. 

 

The data was analyzed in Matlab R2016a, EEGlab and FieldTrip. Amplitudes of 

8.3 Hz sampled from electrodes O1, Oz and O2 were submitted to statistical 

analysis. Statistical analysis of the data followed recent guidelines. Means and 

confidence intervals were calculated to analyze the data. Paired samples t-tests 
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were also used to analyze amplitude differences between high and low load for 

each eccentricity (2°, 3°, 4° and 6° ring). 

Event Related Potentials (ERPs) 

EEG data was preprocessed as above. ERPs to task-relevant stimuli (the 

rectangles) were calculated by averaging segments of EEG time-locked to each 

stimulus presentation. EEG data was averaged separately for high and low load. 

Data was averaged across all distractor conditions (2°, 3°, 4° and 6° rings). Visual 

sensory component, N1, was chosen for analysis. Amplitudes for N1 were 

calculated from electrodes P9 and P10 and compared between loads using 

confidence intervals and t-tests. Electrodes P9 and P10 were chosen to make the 

results directly comparable to the results provided by Parks et al. (2013). 

Results 

Behavioural Performance 

The mean percentage of correct responses for all trials sorted into low load and 

high load, see Figure 3. Confidence intervals of the difference between low and 

high load overlap zero, indicating no big difference between load (M= -3.188, 

95% [CI: - 6.634, 0.259]. Subjects show a slight, but not significant, tendency to 

be more accurate in low load than high load t(19) = 66.42, p < 0.068, (low load: 

M= 96.94, SD = 6.53; high load: M = 93.75, SD = 4.39).  

Figure 3 Mean Percentage (%) of correct behavioural responses for all subjects in high 
and low load together with the mean difference between the two loads. 
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SSVEPs 

Figure 4A shows a grand average topography of all subjects, averaging the 

activation from all electrodes, for activation at 8.3 Hz. Figure 4B shows a power 

spectrum showing frequency (Hz) on the x-axes and power on the y-axis. A 

power spectrum shows the amount of neuronal power at each frequency. The 

power spectrum includes data from all trials in all conditions and shows a clear 

peak at around 8.3 Hz providing evidence that the activation in early visual areas 

are in fact at the hypothesised frequency 8.3 Hz proving that SSVEPs were 

induced. The topography shows positive activation in early visual areas (in 

yellow) within the frequency of interest (8.3Hz).  

 

 

 

Subsequent analyses on the SSVEPs (at 8.3 Hz) focused on the three main 

electrodes (O1, Oz, O2) to make the results comparable to Parks et. al (2013). We 

excluded one subject because its SVVEP-data was 3 SD from the mean. The grand 

average visual responses from SSVEP trials are plotted for each eccentricity. 

Figure 5A indicates a slight reduction of frequency power the further from 

fixation the ring is presented indicating a cortical magnification effect (Purves, et 

al., 2008,) (Carrasco & Frieder, 1995). This prevents analysis directly between 

the rings. The mean power difference between high and low load for each 

eccentricity (2°, 3°, 4° and 6°) is plotted in figure 5B. Confidence interval for the 

Figure 4 A) Shows a grand average topography of all subjects, in all loads and trials, for activation 
at 8.3 Hz. B) shows a power spectrum with frequency (Hz) on the x-axes and power on the y-axes. 

This graph shows a clear peak of activation at 8.3 Hz followed by two smaller peaks that are 
expected harmonics to the 8.3 Hz activation. 

 

A B 



Is Visual Stimuli Neighboring Attended Stimuli Suppressed in High Perceptual Load? 

 18 

difference scores for all rings overlap zero (ring 2°: M = -0.025, 95% [CI: - 0.054, 

0.004]; ring 3°: M = 0.025, 95% [CI: - 0.076, 0.126]; ring 4°: M = -0.014 95% [CI: - 

0.046, 0.018]; ring 6°: M = -0.008, 95% [CI: -0.032, 0.016]). 

 

No significant results could be found between high and low load for either of the 

eccentricities (ring 2°: M = -0.025, SD = 0.06, t(18) = - 1.81, p < 0.07; ring 3°: M = 

0.025, SD = 0.21, t(18) = 0.53, p < 0,61; ring 4°: M = 0.014, SD = 0.07, t(18) = 0.90, 

p< 0.38; ring 6°: M = -0.008, SD = 0.05, t(18) = - 0.71, p < 0.49)  

 

ERPs 

Analysis of N1 amplitudes revealed a reversed effect of load compared to the 

hypothesis. Greater N1 amplitudes are observed for low load compared to high 

load in all eccentricities, collapsed over all conditions (M = -0.558, SD = 0.501, 

t(18) =- 4.983, p < 8.2417e-05, 95% [CI: -0.792, - 0.324]), see Figure 6. 

A 

B 

Figure 5 A) plots the mean power for high and low load at each eccentricity. B) plots the confidence 
intervals for the mean power differences between high and low load. All confidence intervals 

overlap zero. 
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Discussion 
Perceptual load theory (Lavie, 1995) together with other theories of attention 

such as biased competition theory and normalization models of attention 

(Reynolds & Heeger, 2009) (Reynolds, Chelazzi, & Desimone, 1999) (Carandini, 

Heeger, & Movshon, 1997) suggests that a distractor stimulus surrounding 

attended stimuli is suppressed at a neural level. This surround-suppression 

effect is caused because more neuronal power is used to process the attended 

stimuli, leaving less neuronal power to process surrounding stimuli. According 

to these theories, one would predict that high perceptual load would cause a 

stronger surround-suppression than low perceptual load because high load 

demands more neuronal power, leaving less neuronal power for surrounding 

stimuli. In this study, SSVEPs recorded with the EEG method were used to study 

surround-suppression at four eccentricities (2°, 3°, 4° and 6° from fixation). The 

surrounding stimuli consisted of rings flickering at 8.3 Hz presented around 

target stimuli in two load conditions (high and low perceptual load). The N1 

component of the ERP together with behavioral results were measured to 

investigate the effect of perceptual load. 

Figure 6 plots the mean amplitudes of the N1 component from visual ERPs in low and high 
perceptual load for each eccentricity. 
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Result Discussion 
SSVEP-responses were successfully produced at the expected frequency of 8.3 

Hz and in the expected visual areas, shown in figure 4A,B. This was imperative 

for the studies ability to compare surround-suppression. However, the results 

show no statistically significant difference between loads at any eccentricity, 

leaving our results unable to prove any of the hypotheses.  

 
Despite Parks et. al (2013) finding an effect of load using a similar task, stimuli 

and distractor rings, this study failed to find a statistically verifiable effect of 

load. Behavioral results showed a tendency (yet not statistically proven) of more 

accuracy in low load than high load, leaving us unable to secure an affect of load.   

 
ERP results on the other hand, showed a statistically meaningful difference 

between high and low perceptual load caused by higher N1 amplitudes in low 

load rather than high load, contradicting the expectations. These results are 

directly opposite from Parks et al. (2013), and other studies (Luck, 2005, s. 37) 

(Hopf, Boehler, Luck, Tsotsos, Heinze, & Schoenfeld, 2006) claiming that increased 

N1 amplitudes mirror the process of discriminating between stimuli. This 

suggests that the low load condition required more visual discrimination than 

the high load condition. Only color is required to discriminate a target from a 

non-target in low load, and both color and orientation is required in high load. 

The conclusion that low load would require more visual discrimination than high 

load does not seem plausible. It could be possible that the low load condition 

causes more neuronal activation because it is easier to distinguish between a 

target and a non-target. If this is true, a further analysis of the ERP data could 

reveal an effect of load (i.e. an opposite relationship of high and low load 

amplitudes later in the ERP where high load trials have a higher amplitude than 

low load trials). Or perhaps, the results simply reflect an extremity of the normal 

distribution. Further research may explain alternative reasons to increased 

amplitudes due to load. 

 
Suppression due to load was compared by taking the power created in low load 

for one distractor ring and compare it to the power created in high load for the 

same distractor ring. If there were less power for the ring in high load the results 

would have suggested that the distractor ring had been suppressed and the 

hypothesis had been proven. As previously stated, no difference could be found. 

The rings could only be compared to them selves (high vs low load) and not 

between rings (for example comparing the 2°-ring with the 3° ring, and so forth) 

because this study does not control for cortical magnification. Cortical 

magnification is that the closer visual stimuli is to eye fixation, the more neurons 

are dedicated to processing it. This results in greater neuronal power for stimuli 

closer to eye fixation compared to stimuli that is further in the periphery. This 

means that the closer the distractor ring is to the fixation, the more power it has, 
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see figure 5A. If one were to compare the power of one distractor ring with 

another distractor ring, one would probably find evidence for the cortical 

magnification effect, and not the suppressive surround effect. 

 

To get as much power in response to peripheral stimuli as one would get to 

stimuli at eye fixation, peripheral stimuli needs to be physically larger. Not 

controlling for cortical magnification could have made the rings too skinny to be 

able to induce a surround-suppression effect. Parks et al. (2013) reported to have 

controlled for cortical magnification, but did not report how. This could explain 

these conflicting results. However, cortical magnification is complex and cannot 

be calculated equally across the entire visual field (Carrasco & Frieder, 1995). For 

example, cortical magnification differs between the upper and lower visual field. 

This means that using objects such as rings as distractors and at the same time 

controlling for cortical magnification is a close to impossible task. Ignoring this, 

and trusting the results from Parks et. al (2013) it is possible that their rings were 

visually different than ours. If the rings were visually different, different results 

are not necessarily a surprising occurrence. 

 
The statistics show no effect of load in the behavioral data and the ERP data 
shows a reversed effect compared to what was expected providing no clear 
evidence of an effect of load. However, the behavioral data shows a tendency of 
an effect of load. Since the subjects had close to perfect scores in their behavioral 
results there is a risk that a ceiling effect is present, disguising an effect of load. 
Therefore, both the possibility of an effect of load, and, no effect of load, will be 
discussed below. 

Assuming there is no Effect of Load in the Data 
The statistics show no effect of load in the data and no difference in suppression 

between high and low load. According to presented theory, no difference in load 

would subsequently result in no difference in suppression, which agrees with the 

results. 

Assuming there is an Effect of Load in the Data 
On the other hand, assuming that the indication of load effect found in the 

behavioral data is, in fact, trustworthy (and the lack of significance in the 

behavioral data was due to a ceiling effect), the SSVEP results can be interpreted 

differently.  

 

One could argue that individual differences in perception (Fitousi & Wenger, 

2011) could wash out expected results. To get an overview of this possibility, 

individual data was plotted and visually inspected to check for an indication of 

individual differences, and none were clearly distinguishable to the naked eye. 

The aim and design of this study was not to explore individual differences. 

Further research focusing on individual differences in cognitive abilities is 

required to make valid assumptions and conclusions regarding this area.  
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If the assumption that no individual differences were present and a difference in 

load were induced, the results contradict the perceptual load theory. The results 

would then be interpreted as perceptual load not affecting selective attention at 

all, consequently not creating suppression in the visual field. 

Assuming the Perceptual Load Theory is False 
A possibility is that there is, in fact, no effect of load on perception. No load effect 

on perception has been suggested by a previous study using the stroop-task 

(Chen, 2003). Challenging theories (Benoni & Yehoshua, 2010) (Eltiti, Wallace, & 

Fox, 2005) may be the actual inducers of surround-suppression. The current 

study varied load, and no other factors, in an attempt to induce surround-

suppression. Not finding any surround-suppression could encourage further 

research focusing on challenging theories rather than perceptual load theory. 

Method Discussion 
The electrodes investigated for analysis were chosen to make this studies result 

comparable to Parks et al. (2013). One main aim was to be able to replicate the 

results Parks et al. (2013) produced, using in principle the same investigation 

methods. Analyzing other electrodes than the hypothesized would be fishing for 

results. Measurements from all electrodes were recorded to plot a topography to 

verify that SSVEP responses were present and in the correct areas (visual areas). 

 

The task in the experiment by Parks et al. (2013) required participants to 

respond directly after every target (press if the presented rectangle was a 

target). The current study asked participants to count targets and respond 

afterwards, to eliminate muscle artifacts. It may be possible that the extra 

thinking time participants got by counting targets and the extra response time 

also eliminated the observable effect of load because the subject had more time 

to think their answer through. A study comparing the two tasks could answer the 

question if the tasks are, in fact, different. 

 
Using other brain imaging techniques that provide better spatial resolution (for 

example MEG, fMRI, single unit recording in monkeys) may get other results, for 

example being able to map the suppression zones in more detail as the attempt 

by Hopf et al. (2006). Using other analysis methods such as time-frequency 

analysis (which analyses differences in frequency power over time thereby 

providing the option to use time as a factor, which FFT cannot do) and make a 

spectrogram showing time x frequency x power results might show that target 

onsets reduce the 8.3 Hz frequency range.. This could imply stimulus 

competition, which is the producer of suppression. Using more subjects could 

also affect the results. Further studies are encouraged. 
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Conclusion 
In summary, our results demonstrate no statistically supported effect of load in 

behavioral data or SSVEP data, but unexplained increased amplitude of the N1 

component in the low load condition. Despite creating SSVEP responses from our 

subjects, no evidence of the surround-suppression effect have been highlighted. 
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