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Chapter 5 
Task manipulations in scene categorization influence late, but 

not early neural encoding of global scene information 

In rapid natural scene perception, encoding of coarse, global information is thought to 
precede detailed scene analysis. It is still unclear, however, what neural 
computations underlie the formation of the initial global scene representation. 
Recently, we found that during global scene naturalness categorization, the human 
brain exhibits strong sensitivity to statistical regularities in the real-world environment, 
suggesting that scene statistics contribute to the formation of global representations. 
Here, we tested this hypothesis by examining to what degree the encoding of scene 
statistics during global categorization was task-dependent. In different task blocks, 
subjects categorized scenes as man-made or natural or discriminated unrelated 
stimuli projected in the center or periphery of the scene while EEG was recorded. Our 
results reveal that neural encoding of global scene information has both an automatic 
and a task-dependent component, and that these are spatiotemporally distinct. 
Consistent with the proposal that global information is computed early in visual 
processing, we find that naturalness information is present in the neural activity within 
100 ms after stimulus onset: early occipital activity differed reliably between man-
made and natural scenes, and was strongly modulated by scene statistics, 
regardless of task instruction. However, later parietal-occipital differences (250-300 
ms) were only present if scenes were explicitly categorized on naturalness. 
Importantly, this late effect was accompanied by sustained neural sensitivity to a 
scene statistic called spatial coherence, which indexes scene fragmentation and 
which is diagnostic of naturalness. These results show that scene statistics likely play 
a role in early and automatic detection of global scene differences, and moreover, 
that this information can be flexibly maintained depending on the task the subject is 
engaged in.  
 
Based on: 
Groen IIA, Ghebreab S, Lamme VAF, Scholte HS. Manuscript under review. 

101



 

Introduction 
 
The human visual ventral stream efficiently transforms low-level input into high-level 
representations of objects and scenes (Kravitz et al., 2013). A prominent theory of 
visual processing holds that in this process, coarse and global information is 
extracted before detailed information becomes available (Hochstein and Ahissar, 
2002). In particular, this reverse hierarchy theory suggests that the rapid 
categorization of real-world scenes with minimal effort (Potter, 1975; Thorpe et al., 
1996) may be mediated by a global percept of 'the forest before the trees', i.e, the 
conceptual gist of a scene.  
 In support of this view, behavioral evidence shows that some categorical 
information is already available from coarse, global information (Oliva, 2005). Such a 
coarse analysis of a scene can be enough to derive basic-level categorical labels like 
'beach' or 'street scene' (Oliva and Torralba, 2006), or global properties such as 
naturalness or spatial layout (Greene and Oliva, 2009a). In turn, global properties are 
linked to statistical regularities in low-level properties of scenes, such as the 
steepness of the power spectrum of spatial frequencies (Torralba and Oliva, 2003) or 
the shape of the distribution of local contrast (Groen et al., 2013). Thus, the ability to 
process global information in a scene prior to its details could be based on a neural 
representation that is formed early in visual processing and that is structured by 
scene statistics.   
 Although several behavioral studies support a role for scene statistics in rapid 
categorization (Einhäuser et al., 2006; Wichmann et al., 2006; Kaping et al., 2007; 
Loschky and Larson, 2008; Joubert et al., 2009), surprisingly little is known about 
how they affect neural activity during scene viewing. In a previous study (Groen et al., 
2013), we examined how global scene statistics reflecting the characteristics of the 
distribution of local contrast, contrast energy (CE) and spatial coherence (SC), 
affected evoked neural activity during categorization of scene naturalness of a large 
set of widely diverse scenes. Our results showed that SC was correlated with across-
observer consistency in naturalness rating, whereas CE correlated with reaction 
times. In addition, both measures modulated single-trial ERP activity, but SC most 
strongly predicted whether naturalness rating could be decoded from the single-trial 
ERP activity. Thus, these scene statistics, and SC in particular, provide a potential 
measure of the bottom-up evidence for a global distinction in naturalness for 
individual scenes.  
 From these previous results, however, it is not clear to what degree neural 
sensitivity to global scene statistics is part of an automatic, obligatory process or 
whether it is dependent on the instruction to categorize the scene on global 
information. Top-down influences such as task instruction can lead to adaptation of 
visual representations to perceptual demands (Gilbert and Li, 2013) even in early 
visual areas (Harel et al., 2014). If scene statistics indeed aid in the formation of a 
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global representation of naturalness, neural sensitivity to such statistics may be 
enhanced when subjects are categorizing the scene on global scene information.  
 Here, we tested this hypothesis by examining how task manipulations affect 
neural encoding of scene naturalness. We compared evoked responses (ERPs) to 
scenes viewed during global categorization (man-made vs. natural) or during 
discrimination of unrelated foveal (Experiment 1) or peripheral stimuli (Experiment 2) 
that were shown simultaneously. Naturalness encoding was evaluated in two ways. 
First, we performed traditional ERP analysis, in which we compared average evoked 
response amplitudes between man-made and natural scenes to test whether a global 
distinction was present in brain activity in each of the different tasks. Second, single-
trial analysis was used to test to what extent CE and SC modulated this activity. 
Critically, the same scenes (with the same CE and SC values) were shown in each 
task, such that the influence of task instruction could be isolated.  
 

 
Figure 5.1 Experimental design. A) Trial design of Experiment 1. On each trial, a white letter and a 
scene replaced a continuous stream of black letters and a 2-alternative forced choice response (2AFC) 
was required. For illustrative purpose, letters and scenes are displayed considerably larger here than in 
the actual experiment. B) In Experiment 1, subjects performed a scene task, vowel task and 2-back 
task. C) Contrast energy (CE) and spatial coherence (SC) values for each scene image (scattered dots) 
shown in the EEG experiments. Left: ERP scenes that were used in all tasks and analyzed in the ERP 
analyses. Right: three matched sets of scenes that were each uniquely presented in one task and tested 
again in the memory post-test. Squares = medians, lines = standard deviations within each global 
category (man-made and natural). D) In Experiment 2, an outline appeared along with the scene and 
white letter, and a 2AFC outline discrimination task replaced the 2-back letter task. 
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We were particularly interested in at what point in the time course of evoked 
activity the task instruction would start to affect neural sensitivity to global 
information, indicating to what extent the bottom-up information reflected in scene 
statistics interacts with top-down task relevance. Our results suggest that early 
encoding of naturalness (up to 250 ms) is completely automatic. In contrast, global 
information is only reflected in activity at later time-points if the scene is categorized. 
This late effect is accompanied by increased sensitivity to SC, supporting its role in 
global scene perception. 
 
Methods 
 
Experiment 1 
 
Subjects 
Nineteen participants (4 males, aged 19-27 years; mean 21.5, SD = 2.4) took part in 
Experiment 1. To ensure that subjects had normal or corrected-to-normal vision, a 
Landolt C visus test was administered before the experiment: a visual acuity of 0.8 in 
both eyes was required for participation. All participants provided informed consent 
and were compensated for their time with research credits or money (7 euro/hr). After 
preprocessing, three participants were excluded from further data analysis: one 
subject because s/he failed to respond on > 25% of the trials, the other two subjects 
based on low EEG quality (excessive movement, visible as artifacts in > 10 minutes 
of raw data, or a large amount of drift likely due to a malfunctioning reference).  
 
Experimental procedure  
EEG was recorded while subjects were presented with stimulus displays that 
consisted of scenes and letters. A continuous stream of black letters was displayed in 
the center of the screen on a grey background. On average every 9 letters, a white 
letter was presented instead of a black letter, and a scene was simultaneously 
presented behind it (Figure 5.1A; Note that for illustrative purpose, the letters are 
displayed much larger here than in the actual experiment, see below under Trial 
design). Upon this event, subjects were required to perform a 2-alternative forced 
choice (2-AFC) task based on one of three different task instructions: 1) indicate 
whether the scene is man-made or natural (scene task); 2) indicate whether the white 
letter is a vowel or consonant (vowel task); or 3) indicate whether the white letter was 
the same as two white letters before (2-back task; Figure 5.1B). Tasks were blocked 
and each block contained 300 trials. Each subject performed each task twice. Task 
order was counterbalanced across subjects, who first performed each of the three 
tasks once, and then again in the same order.  
 Subjects were instructed to respond to white letters/scene onsets and to 
attend to the black letters only to ensure fixation. They indicated their responses with 
the index fingers of each hand using custom-made button boxes taped to the chair 
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armrests. Response mappings were counterbalanced across the task repetitions, i.e. 
within subjects. Each block lasted 9.7 minutes and was divided in mini-blocks of 166 
seconds. After each mini-block, a feedback screen was presented displaying the 
number of correct responses for each choice (e.g., "you responded correctly for 95% 
of the vowels"), and how many times they failed to respond before the onset of the 
next trial. The feedback screen was colored according to subjects performance on 
the preceding mini-block: green if more than 90% of responses was correct, orange if 
it was 80-90%, and red if it was below 80%. Subjects initiated the onset of a new 
mini-block with a button press. Mini-blocks started with a 2000 ms fixation cross. 
  
Memory post-test 
To evaluate whether task manipulation affected the degree of scene encoding, 
subjects performed an additional experiment after removal of the EEG cap, aimed at 
assessing how well they remembered scenes they had observed in the main EEG 
experiment. Subjects were presented with scenes they had seen previously during 
the EEG experiment as well as new scenes (see below under Scene selection). They 
indicated whether they recognized the scene by pressing the button box with the left 
or right index finger. Scenes were displayed one by one on the same monitor using 
the same display settings as in the EEG experiment, except that the letter was now 
omitted. Also, each scene was now visible until the subjects responded, to allow the 
subjects enough time to ensure they recognized the scene. However, subjects were 
instructed to respond based on their first impression and to not linger on the images 
'for too long'. This post-test took about 5 minutes on average. Importantly, it was not 
announced to the subjects until the EEG experiment was completed.  
 
Computation of image statistics 
For each scene, we calculated two image statistics based on distributions of local 
contrast (Scholte et al., 2009): contrast energy (CE) and spatial coherence (SC). 
These statistics are derived in a biologically realistic way by summating simulated 
output of contrast-sensitive receptive fields. The details of the model that implements 
this computation are described in detail in various other places (Ghebreab et al., 
2009; Groen et al., 2013). In natural scenes, CE and SC typically correlate highly with 
parameters of a Weibull function fitted to the distribution of contrast values. CE is a 
biologically realistic approximation of the distribution mean (the scale parameter of 
the function), whereas SC is an approximation of its shape (the degree to which the 
function describes a power law or a Gaussian distribution).  
 
Scene selection  
Scenes were selected from the set of 1600 scenes used in Groen et al., (2013). In 
that study, subjects (n = 14) rated scenes as either man-made or natural, and their 
responses served as the ground-truth labels in the current study. For the current 
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experiment, we randomly selected 500 scenes (250 man-made, 250 natural) that 
were consistently rated across all previous observers.  
 These scenes were divided as follows: 120 scenes (60 man-made, 60 
natural) were set apart and not presented in the EEG experiment, but only in the 
memory test, thus serving as new scenes. The other 380 scenes were used in the 
EEG experiment. Of these, 130 man-made and 130 natural scenes were designated 
as ERP scenes and were presented once in each task block in the EEG experiment. 
Only these scenes were used for the ERP analyses. The remaining scenes were split 
in 3 sets of 40 memory scenes (20 man-made, 20 natural) and were presented only 
within one task. These scenes were excluded from ERP analysis, but were presented 
again in the memory post-test, randomly intermixed with the new scenes. By 
presenting these scenes uniquely in one condition, we could determine to what 
extent the task manipulations affected scene memory. Memory sets were 
counterbalanced across tasks. Finally, scene selection was constrained such that 
average CE and SC values within the man-made and natural categories did not differ 
between ERP scenes, memory scenes or new scenes (see Figure 5.1C; Kruskal-
Wallis tests of equal medians and Bartlett's tests of equal variances, all p > 0.20). 
 
Trial design 
Stimuli were presented using Presentation software. To construct a trial, 9 black 
letters were drawn randomly without replacement from a predetermined set and 
arranged in a mini letter train. Then, the 4th-6th letter of this train was randomly 
picked and replaced with a white letter. White letters were never directly repeated, 
and the first black letter of a train was never the same as the last black letter of the 
previous train. Black and white letters were presented for 216 ms. Additionally, at the 
onset of the white letter, a natural scene was presented for a duration of 100 ms. 
Scenes were 640x480 pixels and were presented on the center of a 19-inch ASUS 
monitor with a screen resolution of 1920x1080 pixels and a frame rate of 60 Hz, such 
that the scenes subtended 8.9x6.7 degrees of visual angle. The letters were 
displayed on top of a gray bounding box of ~55x35 pixels (the size of the box varied 
slightly depending on the letter shown), subtending ~0.8x0.5 degrees of visual angle.   

For the scene and vowel tasks, the white letters were 4 vowels (A, E, O, U) 
and 4 consonants (S, T, G, P). White letters were drawn randomly on each trial, 
resulting in on average 50% vowels and 50% consonants being presented. For the 
black letters, 12 other consonants were used (C, D, H, J, K, L, N, Q, X, Y, Z).  For the 
2-back task, we created two sets of 8 white letters (A, F, G, P, S, R, U, W and B, D, 
E, L, M, O, T, V). Every 6 trials, letters were drawn from one of the two white letter 
sets to create a 2-back sequence in which a repetition occurred on either the 4th, 5th 
or 6th position. Thus, in total 50 target trials (ʻsame letter as 2 white letters backʼ) 
were presented. We alternated the two white letter sets to assure that a target trial 
could not be confused with a letter of previous trials. The black letters consisted of 
the remaining letters in the alphabet (C, D, H, I, J, K, N, Q, X, Y, Z).   

Chapter 5

106



 

Behavioral data analysis 
Responses and reaction times were recorded. For behavioral analysis of the EEG 
experiment, both ERP scenes and memory scenes were included. Trials at which 
subjects either failed to respond, or responded before 200 ms or after 1200 ms were 
excluded from analysis (mean = 1.5%, median = 0.8%, min = 0.2%, max = 6% of all 
1800 trials). For each subject and each task block, sensitivity (d') was computed 
based on response accuracy. Hits were designated as correct categorization of a 
man-made scene (scene task), a vowel (vowel task) or a repeated letter (2-back 
trial). False alarms were designated as incorrect categorization of a man-made scene 
as natural, a vowel as consonant or a non-repetition as 2-back, respectively. To 
avoid infinite z-score values for 100% hits and 0% false alarms, the scores were 
corrected by setting these proportions to 99% and 1% (Macmillan and Creelman, 
1991). Reaction times were averaged across trials to compute mean and median RT 
per subject for each task block. For analysis of the memory post-test, d' was 
calculated by designating correctly recognized scenes as hits, and incorrectly 
recognized new scenes as false alarms. The data were analyzed in Matlab 
(Mathworks, Natick, MA, USA) and SPSS 17.0 (IBM, Armonk, USA). 
 
EEG recording and preprocessing 
EEG was recorded with a 64-channel Active Two EEG system (Biosemi 
Instrumentation BV, Amsterdam, The Netherlands, www.biosemi.com). The EEG set-
up was very similar to that of our previous studies (Groen et al., 2012a, 2012b, 
2013). We used caps with an extended 10-20 layout modified with two additional 
occipital electrodes (I1 and I2, which replaced F5 and F6). Along with the EEG, eye 
movements were recorded with electro-oculograms (EOG). Data acquisition occurred 
at a sample rate of 1024 Hz. Pre-processing was done in Brain Vision Analyzer 2 and 
included the following steps: 1) Low-pass filtering at 115.2 Hz and 24 dB/octave to 
prevent aliasing due to down sampling; 2) Down sampling of the raw data to 256 Hz, 
and offline referencing to the average of two external electrodes placed on the 
mastoids; 3) A high-pass filter at 0.1 Hz (12 dB/octave), a low-pass filter at 30 Hz (24 
dB/octave) and two notch filters at 50 and 60 Hz; 4) Automatic removal of deflections 
> 300 ms (after visual inspection, this threshold was raised for some subjects with 
very high ERP amplitudes); 5) Segmentation into epochs from -100 to 500 from 
scene onset; 6) Ocular correction based on the EOG activity (Gratton and Coles, 
1983); 7) Baseline correction between -100 and 0 ms; 8) Automated artifact rejection 
(maximal voltage 50 µV, minimal/maximal amplitudes -75/75 µV, lowest activity 0.50 
µV); 8), conversion of the obtained ERPs to Current Source Density responses 
(Perrin, 1989). Including trials that were rejected based on behavior, median rejection 
rate was 87 out of 1560 trials (min = 11 trials, max = 345 trials); in total, 6% of the 
data was rejected. After preprocessing, the single-trial ERP amplitude values were 
imported into Matlab (Mathworks, Natick, MA, USA) for statistical analysis. 
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ERP analysis 
To subtract out effects of response preparation, and because the behavioral data did 
not indicate any difference between repetitions, trials were collapsed across task 
blocks. To examine whether global information about naturalness was present in the 
evoked activity in each of the different tasks, we computed grand average ERPs and 
difference waves based on the ERP scenes and compared these across tasks 
(memory scenes were excluded from ERP analysis). Thus, average ERP amplitude 
for man-made and for natural scenes was computed for each subject and each task 
separately. The natural ERP was then subtracted from the man-made ERP to obtain 
a difference wave for each subject and task. Per electrode and time-point, average 
difference wave amplitude was tested against zero with a one-sample t-test. P-values 
were corrected for multiple comparisons with an FDR-correction. In addition, we 
report only significant differences lasting for at least 6 consecutive samples (~23 ms) 
(Johnson and Olshausen, 2003; Rieger et al., 2013). To compare the difference 
waves across tasks, paired t-tests were conducted for each combination of tasks, 
and the same FDR-threshold was applied as for the difference wave analysis.  
 
Single-trial ERP regression 
To investigate how image statistics affected evoked neural activity to the scenes, we 
ran regression analysis of single-trial ERP amplitude on CE and SC values of the 
scenes (Groen et al., 2013). Regression analyses were performed separately for 
each experiment, subject, electrode and time-point, with ERP amplitude values as 
the dependent variable and CE and SC values as independent variables. The 
regression was performed simultaneously for all trials, but with separate predictor 
columns for each task. Predictor columns were z-scored independently. The 
regression model thus contained 3 (tasks) * 260 (trials) rows and 7 columns 
(constant, CE scene, SC scene, CE vowel, SC vowel, CE 2-back, SC 2-back). Each 
regression resulted in a single measure of overall explained variance (r2), as well as 
regression weights (β-coefficients) specific to each task and scene statistic. Per 
electrode and time-point, significance of the β-coefficients was determined by testing 
whether the mean β-coefficient across subjects was larger than zero using one-
sample t-tests. Resulting p-values were FDR-corrected for multiple comparisons 
(electrodes, time-points and tasks). For consistency with the difference wave analysis 
discussed above, we only report β-coefficients that were significant for at least 6 
consecutive samples. Comparisons of β-coefficients between tasks were performed 
using paired t-tests with the same FDR-threshold as for the individual β-coefficients. 
 
Experiment 2 
 
Subjects 
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Eighteen participants (4 males, aged 18-26 years; mean 21.4, SD = 2.5) took part in 
the second experiment. Inclusion criteria and compensation were as in Experiment 1. 
Two subjects were excluded from analysis based on EEG quality (excessive drift).  
 
Experimental procedure, trial design and scene selection 
To examine whether the late effects of global information on ERP amplitude (see 
Results Experiment 1) were due to focal spatial attention or categorization 
requirement, we ran a second experiment in which we manipulated peripheral rather 
than focal attention. Procedures were identical to Experiment 1, except that apart 
from letters and scenes, a frame surrounding the scene was presented, which was 
half black and half white (Figure 5.1D). The letter 2-back task was replaced by a 
peripheral discrimination task in which subjects indicated if the outline was oriented 
vertically or horizontally (outline task). The same scenes were used as in Experiment 
1, and a memory post-test was again administered. Outlines were drawn by 
presenting a black and a white box behind the scene that extended it by 10 pixels 
(~0.1 degree) on each side. Outline orientation was randomly determined on each 
trial. In addition, it was randomly determined which half of the outline was black, with 
the constraint that a particular outline configuration (e.g. horizontal orientation with 
white top and black bottom) was never directly repeated. In all tasks, letters were 
presented according to the settings of the vowel task in Experiment 1, except that not 
only the scenes, but also the white letters and the outlines were now all presented for 
100 ms to ensure that stimulation duration was equal across tasks. Visual stimulation 
was thus identical across the three tasks; the only difference was task requirement. 
   
Data analysis 
Behavioral data and ERP analysis was identical to the Experiment 1. For the 
behavioral analysis of the EEG experiment, again a small amount of trials was 
excluded (mean = 0.5%, median = 0.4%, min = 0%, max = 1.8% of all 1800 trials). In 
the outline task, correct categorization of a horizontal outline was designated as a hit, 
and categorization of a horizontal outline as vertical as a false alarm. In the ERP 
analysis, median trial rejection rate was 88 out of 1560 trials (min = 5 trials, max = 
256 trials); in total, 7% of the data was rejected.  
 
Results 
 
Experiment 1 
 
Rationale 
All subjects performed a scene naturalness categorization task, a vowel 
categorization task and a 2-back letter task whilst being presented with the same set 
of scene stimuli (Figure 5.1A-B). To evaluate whether scene encoding was 
successfully manipulated in these tasks, we also measured scene memory of 
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intermixed scenes that were unique to each task and that were matched to the rest of 
the scenes in terms of their global image statistics (Figure 5.1C). We predicted that 
performing scene categorization rather than letter discrimination would lead to 
increased encoding of global scene information and that this would be accompanied 
by increased sensitivity to scene statistics. We used two different letter tasks to 
examine whether an easy distracting task (vowel categorization) compared to a more 
challenging, working memory task (2-back categorization) would differentially affect 
scene encoding. In particular, we expected that the easy vowel task would allow for 
more encoding of scene information (in the background) than the more demanding 2-
back task. We first discuss behavioral task performance, as well as the memory post-
test, and then report the results of our analyses on evoked activity. 
 
Task and memory performance 
Task performance during EEG recording was analyzed using a two-way repeated-
measures ANOVA with the factors task (scene, vowel or 2-back) and repetition (first 
or second block). We observed a main effect of task on d' (F(2,14) = 33.0, p < 0.001). 
There was no effect of repetition (F(1,15) = 0.03, n.s.) or interaction between task 
and repetition (F(2,15) = 0.02, n.s.). Pair-wise t-tests on average d' across repetitions 
indicated that subjects had lower sensitivity in the 2-back task compared to the other 
two tasks (2-back vs. scene, t(15) = 6.8, p < 0.001; 2-back vs. vowel, t(15) = 6.0, p < 
0.001; scene vs. vowel, t(15) = 0.25, n.s.; Figure 5.2A). There were no main effects 
on RT (all F(2,15) < 2.5; mean RT±SD scene: 525±44 ms; vowel: 531±37 ms; 2-
back: 502±58 ms; median RT±SD scene: 500±40 ms; vowel: 510±33 ms; 2-back: 
477±62 ms). These results show that although response speed was similar across 
tasks, the 2-back task was more difficult than the scene and vowel task.  
 
 

  
Figure 5.2 Behavioral results Experiment 1. A) Performance on the scene, vowel and 2-back tasks: 
Average d-prime across repetitions per subject (colored lines) and the mean value across subjects (grey 
bars). B) Memory post-test performance: Average d-prime for each subject (lines) and mean across 
subjects (bars) for images shown during either the scene, vowel or 2-back task. ** p < 0.001. 
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For the memory post-test performance, we observed a main effect of task 
(one-way repeated measures ANOVA on d': F(2,14) = 52,3, p < 0.001). Subjects 
more accurately recognized scenes they viewed in the scene task compared to the 
other tasks (scene vs. vowel, t(15) = 9.7, p < 0.001; scene vs. 2-back, t(15) = 7.1, p = 
0.001; vowel vs. 2-back, t(15) = -0.9, p < 0.34; Figure 5.2B). Importantly, because 
the particular combination of memory scenes and task was counterbalanced across 
subjects, there was no specific set of memory scenes that was better remembered 
than other sets (repeated measures ANOVA on memory sets: F(1,15) = 0.5, ns).  

This result suggests that scenes viewed during the scene task were indeed 
better encoded, such that they are later better remembered. However, although the 
2-back task was experienced as more difficult, there was no difference in scene 
recognition between the 2-back and vowel task. Moreover, a major difference 
between the categorization and the distracter tasks was that spatial attention was 
directed centrally in the letter tasks, whereas it may have been more distributed for 
the scene task. The increased memory for the categorized scenes might thus not be 
due only to the explicit categorization of the scenes, but also to the fact that both 
letter tasks required more focalized spatial attention. We will address this issue in 
Experiment 2. 
 
ERP results 
To examine when a distinction between man-made and natural scenes emerged in 
scene-evoked activity, difference waves between man-made and natural scenes 
were computed for each electrode and statistically evaluated using one-sample t-
tests. In addition, we performed regression of single-trial ERP amplitude on global 
image statistics CE and SC to examine neural sensitivity to global scene statistics at 
the single-trial level. We first discuss the results for the whole scalp, and then present 
the results at individual electrodes that most clearly demonstrate the effects.  
 
Whole scalp - difference waves 
In the scene task, the first reliable deflection of the difference wave between man-
made and natural scenes appeared at 70 ms after stimulus-onset at occipital midline 
electrode POz (Figure 5.3A). This difference was negative, indicating a larger ERP 
for natural compared to man-made scenes, and was part of a large cluster of mostly 
occipital electrodes (Oz, O1, O2, I1, I2, PO4) that showed reliable negative 
deflections up to 200-250 ms. This negative deflection was accompanied by positive 
deflections at a few parietal electrodes (Pz, P1, P3, P10): together, these differences 
reflect a strong source of activity at the back of the scalp that was maximal between 
150 and 200 ms. We define this as the early effect. Around ~250 ms, the second, late 
effect appeared, which was centered on lateral parietal-occipital and parietal 
electrodes (PO7-PO8 between 260-324 ms; P3-P7 between 258-464 ms). This effect 
can be observed as two lateral sources from ~250 ms onwards (Figure 5.3A).  
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In addition to the parietal-occipital effects, there were some significant 
deflections at frontal/central electrodes, but these were not consistent across directly 
adjacent electrodes and did not give rise to discernable sources at the scalp level. 
From now on, we thus focus our discussion on the occipital and parietal electrodes.  
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Figure 5.3 Whole scalp ERP and regression results for Experiment 1. A) Left: T-values of the difference 
wave between man-made and natural scenes at each electrode (rows) and time sample (columns) in the 
scene task. Positive t-values indicate that the ERP for man-made scenes is larger than for natural 
scenes (positive difference wave); negative t-values a negative difference wave. The gray dashed boxes 
illustrate the early and late effects. Electrode abbreviations: AF = anterior-frontal; C = central; CP = 
central-parietal; F = frontal; FC = frontal-central; FT = frontal-temporal; Fp = frontal pole; O/I = occipital; 
P = parietal; PO = parietal-occipital; T = temporal; TP = temporal-parietal. Right: Whole-scalp difference 
wave amplitude representative of the early and late clusters in A). The gray dashed boxes illustrate the 
early occipital and the late parietal-occipital electrode locations. B-C) Same as A, for the vowel and 2-
back task, respectively. D) Difference in difference wave amplitude between tasks at the early and late 
time points. Color scale is the same as in A-C, right column. E) Early and late whole scalp maps of 
significant β-coefficients for CE and SC, expressed in t-values. Positive values indicate a positive 
correlation with ERP amplitude, negative values a negative correlation. T-values are only displayed on 
the scalp if they survive FDR-correction. F-G) Same as E for the vowel and 2-back task, respectively. 
Note that the regression weights for SC, but not CE are sensitive to task (gray dashed boxes). H) 
Difference in SC-coefficients between tasks at the early and late time-point. There were no differences 
between tasks for CE at these time points. Color scaling and thresholding are the same as in E-F. 
 
 If we compare these results to the letter tasks (vowel and 2-back), we see 
that the early effect was also present here. The deflections at the occipital cluster 
were nearly identical, starting at 74 ms at POz (vowel task) and at 78 ms at Oz (2-
back task). For the vowel task (Figure 5.3B), the early cluster consisted of the exact 
same electrodes as in the scene task (with the exception of I2) and the early 
differences were again significant up to 250-300 ms. For the 2-back task, the early 
differences were slightly more focal (restricted to I1, Iz, O1, O2 and Oz), with a brief 
deflection at PO4 (Figure 5.3C); but they also lasted up to 250 ms and the 
topographic distributions are again visually similar.  

Notably, however, in these conditions the late effect disappeared completely: 
there were no reliable deflections at the parietal-occipital and parietal channels from 
250 ms onwards (compare the gray dashed boxes labeled "LATE" in Figure 5.3A-C), 
and the lateral sources observed in the scene task are no longer visible on the scalp 
(compare boxes labeled "P/PO" in the topographic plots of Figure 5.3A-C). 
 To demonstrate these task-related differences more clearly, comparisons 
between the man-made/natural difference waves for each task are shown in Figure 
5.3D. At the early interval, there were no significant differences between tasks at 
early occipital electrodes. At the late interval, the difference waves were significantly 
more negative in the scene task compared to the vowel and 2-back tasks at occipital 
electrode O2, and at peri-occipital electrodes (scene vs. vowel: PO8, P5 and P10; 
scene vs. 2-back: PO4, PO8, P6 and P7). There were no significant differences at 
any of the occipital or parietal electrodes between the vowel and 2-back tasks. 
 
Single trial analysis 
These results above show that a global difference between man-made and natural 
scenes was present in evoked EEG activity shortly after stimulus onset in all three 
tasks. However, late and more widespread activity was selectively present in the 
scene categorization task alone. Next, we examined whether sensitivity to global 
scene information was also present at the single-trial level, measured as sensitivity to 
contrast energy (CE) and spatial coherence (SC). These two statistics summarize the 
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overall presence of edges in an image (CE) and higher-order correlations between 
them (SC) (see Methods and Materials).  
 
Whole scalp - sensitivity to scene statistics 
For the regression analysis, all trials were modeled simultaneously, but tasks were 
represented in different independent variables such that task-specific regression 
weights for CE and SC were obtained (see Methods and Materials). In order to check 
whether the regression model described the data well, we first consider the model fits 
(explained variance) in each subject. Effect sizes were greatest at electrode Oz: 
average r2 at this electrode reached a maximum of 19% at 105 ms after stimulus 
onset (range across subjects 8%-47%, 90-117 ms). At this electrode and time-point, 
model fits were significant in every single subject (mean F(6, 1553) = 60.0, all p < 1e-
17), replicating the effects reported in previous chapters. Next, we considered how 
the two statistics influenced ERP amplitude in each task by separately examining the 
regression weights for CE and SC.  

In the scene task, significant β-coefficients for both CE and SC were found at 
occipital electrodes in the early time interval (Figure 5.3E) (first significant CE-
coefficient at 70ms at POz; at 170 ms, significant CE-coefficients at Iz, Oz, O1, O2 
and P10; first significant SC-coefficient at 66 ms at POz; at 170 ms, significant SC-
coefficients at Iz, Oz, O1, O2, P1 and PO4). At the later time interval, β-coefficients 
for CE were still centered at occipital sites (at 270 ms, significant coefficients at Iz, I1, 
I2, Oz, O2, P3, P2) whereas those for SC were also found on lateral electrodes (at 
270 ms, significant coefficients at PO7, PO8, P6, P7, P8, POz and Pz). In the vowel 
(Figure 5.3F) and 2-back (Figure 5.3G) task, the early occipital effects were identical 
to the scene task for both CE and SC. The later effects for SC, however, were no 
longer present in these tasks. Again, the task-related effect is clearly revealed when 
the β-coefficients are compared across tasks (Figure 5.3H). At the two time-points 
representing the early and late effects, no significant difference was found between 
the tasks in CE-coefficients, but SC-coefficients were present only in the scene task 
at lateral channels P7, PO7 and P10. 
 These single-trial results show that early sensitivity to global scene properties 
is maintained under different task manipulations, but that late sensitivity at higher-
level channels is modulated by the task. We thus observe two spatio-temporally 
distinct effects of global scene information: an automatic, early effect on central visual 
electrodes and a task-dependent, late effect on lateral occipital-parietal/parietal 
electrodes. Next, we illustrate these effects at representative electrodes.  
 
Individual electrodes 
Figure 5.4 shows the results for the early, midline occipital electrode Oz. At Oz, man-
made and natural ERP averages in the scene task differed significantly from ~80 ms 
onwards (Figure 5.4A). Importantly, the difference waves for the three tasks at this 
electrode were completely overlapping, and the onsets of significance of the 
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difference wave were identical between the tasks (Figure 5.4B). Interestingly, exactly 
at these time-points, regression weights for CE became significant, whereas SC 
started to affect ERP amplitude slightly later in time (Figure 5.4C). Global property 
differences were thus reliably present at this early visual channel regardless of task, 
at both the grand average ERP and the single-trial ERP level. Whereas the onset of 
the difference waves was the same as for the first significant regression weight for 
CE (see vertical gray dashed line in Figure 5.4A-C), the difference wave also 
extended into the time period in which sensitivity to SC was present. 

The results for lateral electrodes (PO7 and PO8) are illustrated in Figure 5.5. 
At both PO7 and PO8, the man-made/natural difference in the scene task became 
visible at ~150 ms, reaching significance at ~250 ms at PO7 (Figure 5.5A) and ~170 
ms at PO8 (Figure 5.5B). Although the difference waves for the three tasks 
overlapped initially, they were only reliable in the scene task at the late interval 
(Figure 5.5C-D). In accordance, regression coefficients for CE and SC were weaker 
at these electrodes compared to Oz (Figure 5.5E-F). The largest coefficients beyond 
170 ms are found for SC, which extend to ~300-350 ms in the scene task only.  
 
 

 
 

Figure 5.4 Single electrode ERP and 
regression results for Experiment 1 at 
occipital channel Oz. A) Grand average ERPs 
for man-made and natural scenes and the 
difference wave in the scene task. Difference 
wave significance was determined by one-
sample t-tests at each time sample and 
electrode, controlling for multiple comparisons 
with FDR correction (pFDR = 0.0027). B) 
Difference waves for all three tasks at Oz. 
Shadings indicate confidence intervals 
derived from the t-tests. Thick straight colored 
lines indicate significant time-points. C) β-
coefficients for CE and SC in each task. Lines 
indicate significant time-points, controlled for 
multiple comparisons using FDR correction 
(pFDR = 0.0028). The gray vertical dashed 
line is shown to guide the eye to compare the 
onsets of the effects across the three panels. 
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Figure 5.5 Single electrode ERP and regression results for Experiment 1. Same as Figure 5.4 but for 
parietal-occipital electrodes PO7 (A-C-E) and PO8 (B-D-F).  
 
 
Late effects: task requirement or spatial attention?   
We found two neural correlates of naturalness encoding, which were spatio-
temporally distinct. Initially, man-made vs. natural differences and sensitivity to global 
image properties was localized at visual midline electrodes, whereas later in time 
these effects became much more lateralized and selective to SC. Importantly, task 
manipulation selectively affected the late, lateralized neural activity, whereas the 
early effects were automatically induced upon the presentation of the scene. The 
results of Experiment 1 thus suggest that global scene information is present in early 
visual activity independent of task instruction: both global category and scene 
statistics affect early neural activity in all three tasks. However, a selective effect of 
scene categorization was observed later in time at lateral electrodes. The presence 
of a global distinction between man-made and natural scenes at this time was 
accompanied by increased sensitivity to SC, suggesting that sensitivity to scene 
statistics is selectively enhanced during scene categorization. 
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However, the two letter tasks both required categorization of a central 
stimulus, whereas the scene extended more peripherally. Although the 2-back task 
was more difficult than the vowel task, scene memory was equally impaired for these 
tasks, and evoked activity by the scenes was very similar between the two letter 
tasks. Possibly, subjects used spatial attention to suppress visual stimulation 
peripheral to the letter and thereby reduced extended processing of the scene. The 
differences in sensitivity to global information at the lateral electrodes could thus 
reflect the allocation of spatial attention towards scene information peripheral to the 
letters, rather than an effect of categorical labeling of the scenes. 

In Experiment 2, we aimed to distinguish between these scenarios. We 
changed the experimental design by presenting a peripheral outline (Figure 5.1D) 
along with the scene and letter and replacing the 2-back condition with an outline 
discrimination task. In this new condition, subjects had to direct spatial attention more 
peripherally compared to the letter condition, but still performed a task unrelated to 
scene category. If the late effects in the scene task were driven by spatial attention, 
we expect that in the outline task, sensitivity to global scene information is also 
present at lateral electrodes. In contrast, if they reflect the need for explicit 
naturalness categorization, these effects should only be present in the scene task.  
 
Experiment 2 
 
Behavior 
Task performance (d') during EEG recording was analyzed using a two-way repeated 
measures ANOVA with factors task (scene, vowel or outline) and repetition (first or 
second block). We again observed a main effect of task (F(2,14) = 10.7, p = 0.001), 
and there was again no effect of repetition (F(1,15) = 0.5, ns) or interaction between 
task and repetition (F(2,15) = 1.7, ns). Subjects had lower sensitivity in the outline 
task compared to the other tasks (outline vs. scene, t(15) = 5.4, p < 0.001; outline vs. 
vowel, t(15) = 3.2, p = 0.006; scene vs. vowel, t(15) = 0.34, n.s.; Figure 5.6A).  
 

 
Figure 5.6 Behavioral results of Experiment 2. A-B) As in Figure 5.2, with the outline task replacing the 
2-back task. ** p < 0.001.  * p < 0.01. 
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Figure 5.7 Whole scalp ERP and regression results for Experiment 2. A-H) As in Figure 5.3, except that 
the 2-back task is replaced by the outline task. Dashed boxes are as in Experiment 1. Note that the time 
labels are different here because of an overall shift in ERP onset between experiments.  
 

Chapter 5

118



 

This time, task also affected reaction times (mean RT: F(2,15) = 4.7, p = 0.03; 
median RT: F(2,15) = 5.9, p = 0.02): subjects responded slightly slower in the outline 
condition compared to the other conditions (mean RT±SD scene: 550±105 ms; 
vowel: 551±123 ms; outline: 582±77 ms; median RT±SD scene: 530±51 ms; vowel: 
532±47 ms; outline: 564±49 ms). This is likely due to the fact that in the inter-trial 
intervals, the central black letter stream kept the attention at fixation whereas upon 
trial onset, attention was relocated to the outline when the target stimulus appeared. 
There was no effect of repetition or an interaction between task and repetition on RT 
(all F(2,15) < 1.3). 

For memory post-test performance, we again observed a main effect of task 
(one-way repeated measures ANOVA on d': F(2,14) = 22.5, p < 0.001). Subjects 
again more accurately recognized scenes viewed in the scene task compared to the 
other two tasks (scene vs. vowel, t(15) = 5.2, p < 0.001; scene vs. outline, t(15) = 5.5, 
p < 0.001; vowel vs. outline, t(15) = 1.16, n.s.; Figure 5.6B). There was again no 
effect of memory set (F(1,15) = 0.7, ns).  
 These results show that when subjects directed their attention peripherally in 
the outline task, they still remembered the scenes less well compared to the scene 
task: memory performance was equally impaired as in the focal attention condition. It 
thus appears that the observed differences in memory performance are not driven by 
peripheral spatial attention, but instead by attention to the global category of the 
scene, which subsequently resulted in better scene memory.  
 
Whole scalp ERP results  
The ERP averaging analysis for the scene (Figure 5.7A) and vowel (Figure 5.7B) 
tasks revealed a similar pattern of results as in Experiment 1. For both tasks, there 
was again an early, occipital cluster that showed a negatively deflecting difference 
wave (significant at POz, Oz, O1, O2, PO3 and PO4). A later, lateral deflection was 
again present in the scene task, but not in the vowel task. However, this time, the late 
deflections reached significance in the right hemisphere only (PO8, P6, P8 and P10).  

In the new outline condition (Figure 5.7C), the early negative occipital 
differences were also present (significant at POz, O1, O2, Oz and PO3;) and the 
scalp distribution of this early effect was again very similar to the other conditions. In 
addition, some late differences were also present in this condition, restricted to left 
lateral electrodes (PO3, P3, P5, P7 and P9). However, these effects were reversed in 
sign (man-made > natural). There were no significant deflections at the electrode 
PO8, which showed the strongest effects in the scene task. In addition, these 
differences lasted shorter than the previously observed lateral clusters in the scene 
task: the positive left-lateral sources in the outline task are maximal around 245 ms.  

In Figure 5.7D, we again show the subtractions between the difference 
waves for each task. Whereas none of the electrodes showed an early difference 
between tasks, late interval difference waves were significantly larger in the scene 
task compared to the vowel task at right lateral channels PO8, P6, P8 and left lateral 
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channel P5. Compared to the outline task, the difference waves differed significantly 
on both right lateral (PO8, P6, P8, P10, TP8) and left lateral channels (PO3, PO7, 
P5, P7, P9), although the latter effect could be partly explained by the reversed 
difference wave in the outline condition. Thus, these results clearly show that the late 
man-made/natural ERP difference in the scene task is not due to peripheral attention, 
as the effects in the outline task show an opposite pattern. 
 

 
 
Regression weights and single electrodes 
In Experiment 2, maximal explained variance for the regression analysis was 23% 
(range 11%-41% at 105 ms, range across subjects 90-117 ms) and model fits were 
again significant in every single subject. In the scene task, early significant β-
coefficients for CE and SC were again found at occipital electrodes (Figure 5.7E). As 
previously, late coefficients were found for SC, albeit more right lateralized than in 
Experiment 1, whereas late CE effects were diminished. In the vowel (Figure 5.7F) 
task, the early occipital coefficients were very similar to the scene task for both CE 
and SC. The later coefficients for SC, however, were again eliminated. For the outline 
task (Figure 5.7G) the early coefficients were similar to the other tasks. In the later 

Figure 5.8 Single electrode ERP 
and single-trial regression results for 
Experiment 2 at channel Oz. A-C) 
Same as Figure 5.4, with the outline 
task replacing the 2-back task. For 
the ERP analysis, pFDR = 0.0022. 
For the regression analysis, pFDR = 
0.0036. 
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time interval, we observe a left lateralized effect of CE, but no effects of SC later in 
time. Comparison of the SC-coefficients between tasks (Figure 5.7H) shows that the 
results from Experiment 1 are replicated here: we observe stronger coefficients for 
SC at the late interval for lateralized electrodes. 

At the single electrode level, we can readily see that the effects at channel Oz 
are replicated in Experiment 2. The early occipital difference wave in the scene task 
(Figure 5.8A) was again completely overlapping with difference waves of the other 
two tasks (Figure 5.8B) and accompanied by sensitivity to CE and SC (Figure 5.8C). 
For the higher-level electrodes, the lateralization of the man-made/natural sensitivity 
observed at the whole scalp is visible as a difference between PO7 (Figure 5.9A) 
and PO8 (Figure 5.9B). At PO8, the difference wave was significant in the scene 
condition only, but this effect was diminished at PO7 (Figure 5.9C-D). For the 
difference waves at both electrodes, the scene task time course was again mirrored 
in the selective neural sensitivity to SC (Figure 5.9E-F). Remarkably, however, at 
PO7 there was also sustained sensitivity to CE, but in the outline task only.  
 

 
Figure 5.9 Single electrode ERP and regression results for Experiment 2. Same as Figure 5.8 but for 
parietal-occipital electrodes PO7 (A-C-E) and PO8 (B-D-F).  
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Together, these results first of all replicate the early effects of Experiment 1: 
we observe intact early sensitivity to global scene information for different tasks. 
Although the outline task required a more peripheral form of spatial attention, we do 
not find reliable late effects in this condition: the man-made vs. natural difference, as 
well as sensitivity to SC, is still only present in the scene task, being more 
pronounced at right lateral electrodes. Unexpectedly, we additionally observed left 
lateralized sensitivity to the contrast energy of the scenes in this condition. 
 
Difference wave onsets  
We observed one additional difference in Experiment 2 compared to Experiment 1, 
namely that the onsets of the first reliable difference waves in all tasks were found 
~20-25 ms later (scene: 95 ms at POz; vowel: 100 ms at Oz; outline: 95 ms at Oz). 
Similarly, the late differences for the scene task at right parietal channels appeared at 
~270 ms compared to ~250 ms in the first experiment. The entire ERP thus appears 
to have shifted between the experiments, and visual inspection of grand average 
ERPs confirmed this conclusion. This shift was accompanied by an overall delay in 
RT in Experiment 2. For the scene and vowel task - which were identical between 
experiments - RTs were significantly higher in Experiment 2 compared to Experiment 
1: a two-way ANOVA with factors task (vowel/scene) and experiment (Exp1/Exp 2) 
demonstrated a significant main effect of experiment on mean RT (F(1,31) = 5.2, p = 
0.03) as well as a trend on median RT (F(1,31) = 3.5, p = 0.07). There was no effect 
of task (both F(1,31) < 0.34, ns), showing that for both tasks there was a similar 
increase in reaction times across experiments of about 20-25 ms (mean RT Exp1: 
530±40 ms; Exp 2: 551±55 ms; median RT Exp 1: 506±37 ms; Exp 2: 531±50 ms). 

ERP onsets can be affected by participant age and by screen luminance 
(Bieniek et al., 2013), but subject age did not differ between experiments (t(31) = 
0.44, p = 0.67) and the two experiments were conducted in the same room with the 
same screen settings. Thus, the only difference between the two experiments was 
the addition of the outline around the scene. We speculate that this additional 
stimulation negatively affected the speed of visual information processing. For 
example, the black-and-white peripheral outline may have selectively activated the 
magno-cellular pathway, diminishing its capacity to pick up coarse scene information 
(Delorme et al., 1999). The scene would then be relatively stronger represented by 
the color-sensitive parvo-cellular pathway which responds slightly slower (Maunsell 
and Newsome, 1987). Alternatively, the presence of the high contrast outline may 
have led to neural adaptation or contrast gain shifts (Huang and Dobkins, 2005; 
Wagge and Olzak, 2008), slowing processing of the scenes presented in the center.  
 
Late lateral effects reflect scene encoding 
The results from Experiment 1 and 2 show that when a scene is presented in full 
view, but subjects perform either a focal of a peripheral distracter task, global scene 
information is still present in early visual evoked activity. This information is evident 
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as a man-made / natural difference signal and as single-trial neural sensitivity to 
global image properties correlated with naturalness. However, at later stages of 
visual processing, sensitivity is only present when the scene is categorized. In both 
Experiment 1 and 2 this difference in neural activation patterns between tasks is 
associated with a behavioral effect: subjects afterwards better remembered the 
categorized scenes. This suggests that although global scene information is initially 
detected automatically, it is processed more deeply when it is task relevant. 
 Although we observed a short-lived, inversed man-made/natural difference 
wave at left lateral electrodes in the outline condition, there was no effect on memory 
post-test performance in this condition. Subjects were equally impaired at 
remembering scenes from this task as scenes in the focal vowel task. The effects at 
the left lateral electrodes thus did not affect behavior to the same degree as those at 
right lateral electrodes, which were present in both Experiment 1 and Experiment 2. 

Interestingly, the inverse pattern at left lateral electrodes in the outline 
condition was associated with selectively increased sensitivity to CE. It thus seems 
that in this task – in which subjects had to discriminate the orientation of a high 
contrast, black-and-white outline – neural sensitivity to contrast energy of the scene 
was enhanced. SC, on the other hand, more closely followed the man-made/natural 
difference waves: early sensitivity to SC is present in all tasks, but late effects only in 
the scene task, in which they are strongest in (right) lateral electrodes.  
 
Discussion 
 
We examined how task manipulations affected neural sensitivity to global scene 
information. In two experiments, we showed that when subjects viewed the same 
scenes but discriminated focal or peripheral distracter stimuli, early man-
made/natural differences in evoked activity between scenes were present to the 
same degree as when the scene was categorized on naturalness. These differences 
all occurred early in visual processing on medial-occipital electrodes. Later in time, 
more lateral differences were found in the scene categorization task only. A similar 
pattern of results was found for sensitivity of single-trial activity to global image 
statistics. As in previous results (Groen et al., 2013), both contrast energy (CE) and 
spatial coherence (SC) affected visual evoked activity. Here, we found that early 
sensitivity to this information was unaffected by task, whereas late sensitivity was 
task-dependent. In line with the previous finding of a stronger correlation of SC than 
CE with behavioral naturalness rating, we here observe that SC is more tightly linked 
to the naturalness distinction, as it selectively modulated the late, task-related 
activity. Together, these findings point towards a model of visual processing in which 
global information, possibly based on scene statistics, is extracted automatically in 
visual processing. However, if this information is task relevant, it will be further 
processed at higher sites in the visual system. 
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Early effects: coarse encoding  
Our early effects are consistent with the view that global information is processed 
early in visual processing (Hochstein and Ahissar, 2002; Greene and Oliva, 2009b). 
Moreover, they highlight a role for scene statistics in the formation of the initial, global 
neural representation (Scholte et al., 2009; Groen et al., 2012a, 2012b). Estimating 
CE and SC could be a useful step in visual processing because they inform about the 
fragmentation of the visual input, i.e. whether the scene is very cluttered and chaotic 
or strongly segmented and organized (Groen et al., 2013). This information in turn 
may be useful for estimating naturalness because natural scenes tend to be more 
fragmented. Importantly, however, our results do not imply that the early man-made 
natural ERP differences are driven by the image statistics. In order to establish this, 
our results need to be compared against data obtained with man-made and natural 
scenes that do not differ in their underlying scene statistics.  

If scene statistics indeed drive (part of) the early differences, this would 
suggest that these differences reflect a quick summary based on statistical 
regularities rather than a 'semantic' representation of naturalness. Such a summary 
representation may be an efficient computation to compress information in complex 
scenes, which the brain may have developed by adapting to real-world regularities. 
Compared to artificial stimuli, real-world scenes are indeed more complex, but also 
more familiar (Fei-Fei et al., 2005). Moreover, our visual system is likely optimized for 
processing natural scenes (Olshausen and Field, 1996b; Vinje and Gallant, 2000). To 
start visual processing with a quick estimation of global structure before attending to 
detailed information such as objects may also be metabolically optimal (Bar, 2004). 
Possibly, the format of scene representation thus changes substantially over the 
course of visual processing, transforming from an early, coarse representation 
closely tied to scene statistics towards a more flexible, task-relevant representation 
(Hochstein and Ahissar, 2002; Groen et al., 2013). 

 
Late effects: depth of scene encoding depends on task  
The specific effects of explicit categorization on lateral electrodes suggests that, after 
formation of the initial coarse representation, scene information is processed more or 
less deeply depending on task requirement. Previous studies on rapid scene 
perception showed that categorization vs. discrimination tasks require information 
processing to different levels (Bacon-Macé et al., 2007) and that top-down 
requirements enhance sensitivity to specific scene features (Delorme et al., 2004). 
Our results show that with explicit categorization, global scene information is 
selectively represented at higher visual electrodes.  

In addition, the late categorical difference waves at these electrodes were still 
accompanied by sensitivity to SC. This suggests that scene statistics not only affect 
early visual representations, but that this information can be flexibly maintained 
depending on the task the subject is engaged in. Although SC is derived from low-
level contrast information, it thus potentially plays a role in more high-level 
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categorization and recognition processes. Indeed, low-level scene information is not 
necessarily irrelevant at later stages of visual processing: for example, TMS findings 
indicate that low-level areas continue to play a role in scene processing beyond their 
initial responses (Koivisto et al., 2011), and a recent MEG study showed that 
categorical object representations at later time-points are still related to information 
coded in area V1 (Cichy et al., 2014).  
 
Attentional requirements in scene perception 
Our results are also relevant for the ongoing discussion about the attentional 
requirements of natural scene perception (Fei-Fei et al., 2005). Studies on dual-task 
and parallel image presentation suggested that the brain constructs complex scene 
representations even with diminished attention (Li et al., 2002; Rousselet et al., 
2002). However, other behavioral findings counter this claim: for example, humans 
exhibit considerable inattentional blindness to natural scenes (Mack and Clarke, 
2012) and scene perception is impaired under demanding rapid serial visual 
representation or multiple object tracking paradigms (Evans and Treisman, 2005; 
Cohen et al., 2011). Physiological findings in turn show that segmentation of textures 
does take place during inattention (Scholte et al., 2006), and that some grouping of 
low-level features occurs within the feed-forward sweep of visual activation, before 
attention starts to play a role (Lamme and Roelfsema, 2000).  
 To resolve this debate, we think it is necessary to understand the format of 
scene representation under different forms of attention. Most researchers agree that 
coarse scene representations of "relatively low perceptual resolution" (Fize et al., 
2005) may have "aspects that are systematically immune to attentional interference" 
(Cohen et al., 2011). This type of representation may facilitate more selective binding 
processes (Oliva and Torralba, 2007; Wolfe et al., 2011) and has thus been 
described as 'non-selective', 'global' or 'statistical' (Oliva and Torralba, 2007; Alvarez 
and Oliva, 2009; Wolfe et al., 2011). However, its exact nature is unknown. Our study 
provides more insight into this by showing that the brain still processes global 
information when the task requires attending to other, simultaneously presented 
stimuli. In particular, it shows that global information encoding is less susceptible to 
such task manipulations in early than later stages of visual processing.  
 
Effect of perceptual load 
In Experiment 1, despite the difference in difficulty between the vowel and 2-back 
letter task, we found equal impairment in the amount of scene encoding. This is 
consistent with the idea that processing of irrelevant visual input is affected by 
increasing perceptual but not working memory load (Lavie, 1995; Handy et al., 2001; 
Yi et al., 2004). In our study, the central letters were small but clearly visible, thus 
their perceptual load was not very high. It would be interesting to see to what extent 
the ERP differences between man-made and natural scenes are still present when 
the letter task is made more perceptually difficult, e.g. by blurring the letters. In 
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Experiment 2, the outline task was perceived as more difficult than the other tasks, 
suggesting it was more perceptually demanding. However, the early ERP differences 
were still intact. It has been suggested that in natural scene perception, early 
competition for attention occurs only if target and irrelevant information are spatially 
overlapping (Lavie, 1995; VanRullen et al., 2005). Here, the outline was spatially 
adjacent to the scene but was also visually distinct from it, so it remains unclear to 
what extent competition may have played a role here. 
 
Conclusion 
We provide electrophysiological evidence that global scene information is initially 
encoded automatically during scene viewing. However, the requirement to categorize 
scenes based on its global properties enhanced subsequent neural sensitivity to 
scene statistics, in particular those that relate to scene naturalness. Global 
information may thus be available from early vision, but only processed to higher 
levels in the visual system if it is relevant for the task at hand.  
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