
Running head: LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING 

Electrophysiological correlates of the interplay 1 

between low-level visual features and 2 

emotional content during word reading 3 

Sebastian Schindlera,b,c☨*, Antonio Schettinoa,d☨, & Gilles Pourtoisa 4 

  5 

a Department of Experimental-Clinical and Health Psychology, Ghent University, 6 

Ghent, Belgium 7 

b Department of Psychology, University of Bielefeld, Bielefeld, Germany. 8 

c Institute of Medical Psychology and Systems Neuroscience, University of Muenster, 9 

Germany 10 

d Institute for Globally Distributed Open Research and Education (IGDORE) 11 

☨ Co-first authors 12 

 13 

* Corresponding author: 14 

Sebastian Schindler 15 

Institute of Medical Psychology and Systems Neuroscience 16 

University of Muenster 17 

48149 Münster (Germany) 18 

Email: sebastian.schindler@ukmuenster.de 19 

No. of: pages: 40, tables: 4, figures: 1, 20 

Word count: Abstract: 195 words (max. 200), Main text: 4,448 (excluding abstract, legends, methods 21 

and references max 4,500) 22 

Note: Supplement reporting additional explorative analyses   23 



LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING   2 

Abstract 24 

Processing affectively charged visual stimuli typically results in increased amplitude of 25 

specific event-related potential (ERP) components. Low-level features similarly 26 

modulate electrophysiological responses, with amplitude changes proportional to 27 

variations in stimulus size and contrast. However, it remains unclear whether emotion-28 

related amplifications during visual word processing are necessarily intertwined with 29 

changes in specific low-level features or, instead, may act independently. 30 

In this pre-registered electrophysiological study, we varied font size and contrast of 31 

neutral and negative words while participants were monitoring their semantic content. 32 

We examined ERP responses associated with early sensory and attentional 33 

processes as well as later stages of stimulus processing. Results showed amplitude 34 

modulations by low-level visual features early on following stimulus onset – i.e., P1 35 

and N1 components –, while the LPP was independently modulated by these visual 36 

features. Independent effects of size and emotion were observed only at the level of 37 

the EPN. Here, larger EPN amplitudes for negative were observed only for small high 38 

contrast and large low contrast words. 39 

These results suggest that early increase in sensory processing at the EPN level for 40 

negative words is not automatic, but bound to specific combinations of low-level 41 

features, occurring presumably via attentional control processes. 42 

 43 

Keywords: word reading, emotion, size, contrast, EEG/ERP, P1, N1, EPN, LPP, mass 44 

univariate analysis, Bayes Factors 45 
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1. INTRODUCTION 47 

Attention mechanisms enable the parsimonious and efficient allocation of cognitive 48 

resources by selecting stimuli and features that are goal-relevant or salient1,2. Among 49 

the possible ways in which the brain may tag something as relevant, there are bottom-50 

up factors (e.g., abrupt changes in luminance), top-down factors (e.g., a task must be 51 

accomplished), and biological significance (e.g., social, motivational, and emotional 52 

meaning). 53 

Within the visual domain, bottom-up perceptual relevance has typically been 54 

examined by manipulating low-level properties of the stimuli. For example, 55 

electrophysiological studies have shown that changes in visual contrast or stimulus 56 

size modulate the amplitude of P1 and N1 event-related potential (ERP) components, 57 

which are thought to reflect early cognitive processes associated with stimulus 58 

detection and discrimination, respectively3–5. Manipulating visual contrast – e.g., by 59 

showing dark compared to bright stimuli on a uniform background – typically elicits 60 

larger amplitude and delayed peak latency of the P1 and N1 components6–8. Similarly, 61 

size manipulation was found to affect both P1 and N1, with larger size leading to 62 

increased amplitude9. 63 

Attention can also voluntarily be allocated to features that are relevant for the task 64 

at hand, via spatial cues10,11 or task instructions12,13. Findings typically show that top-65 

down attention manipulations to visual stimuli increase the amplitude of P1 and N1 66 

components3,4,10,14. These early ERP components are less affected by a secondary or 67 

preceding tasks (e.g., attentional blink)15,16 or evaluative processes (e.g., classifying 68 

or focusing on emotion)17–20. 69 

A third source of perceptual relevance is the emotional content of visual stimuli 21,22. 70 

Processing affectively charged visual stimuli – e.g., words23, faces24, naturalistic 71 



LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING   4 

scenes20, or videos25 –, compared to their neutral controls, typically results in 72 

increased amplitude of specific ERP components, namely the Early Posterior 73 

Negativity (EPN) and the Late Positive Potential (LPP). The EPN arises at about 200 74 

ms following stimulus onset and is related to early attentional selection26,27. The LPP 75 

occurs from about 400 ms after stimulus onset and reflects more elaborative and 76 

controlled processes, which are related to sustained attention, stimulus evaluation, 77 

affective labeling, and episodic memory formation28,29. 78 

Importantly, bottom-up, top-down, and biological relevance do not act in isolation, 79 

but are interconnected22,30. Previous work has investigated how bottom-up stimulus 80 

features – e.g., spatial frequency31, color32, size33, picture complexity34, and 81 

brightness35 – may modulate behavioral and electrophysiological responses to 82 

emotional scenes. A parametric increase in stimulus size of emotional pictures may 83 

lead to growing subjective emotional arousal as well as selective amplification of the 84 

EPN33,36. Moreover, interactive effects of attention allocation towards emotional (i.e., 85 

erotic) material and processing of picture brightness have been reported at the level 86 

of the N1 component, whereas the EPN and LPP were reliably modulated by 87 

emotional content only35 – in contrast to the reported interactions of size and emotion 88 

at the EPN. Higher visibility of emotional scenes by concurrent frequency filtering and 89 

size manipulation seems to have similarly increasing attentional effects when 90 

measuring reaction times and skin conductance response37,38. 91 

Besides pictorial stimuli, many studies have used emotional and neutral words to 92 

investigate how the human brain processes emotional semantic information39,40. An 93 

advantage of using words over complex scenes is that luminance, spatial frequency 94 

content, and other perceptual statistical regularities can more easily be controlled 95 

(however, other non-emotional stimulus features – e.g., frequency41–44, length43, age 96 
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of acquisition42 – influence recognition speed and accuracy, and must therefore be 97 

carefully matched across emotion classes). In general, emotional (compared to 98 

neutral) words are categorized more quickly and efficiently26,45, and concurrently elicit 99 

larger EPN and LPP amplitudes46–49. Emotion-dependent amplitude increases of early 100 

ERP components – i.e., P1 and N1 – are still under debate, due to mixed findings 101 

reported in the existing literature39. 102 

Recent studies have explored whether changes in low-level visual properties can 103 

also modulate word processing. Bayer and colleagues50 presented positive, negative, 104 

and neutral words in either small or large font size, while requiring participants to 105 

perform an orthogonal 1-back task to ensure semantic processing of all stimuli. Large 106 

words elicited increased P1 and decreased N1 amplitudes, but no emotion-dependent 107 

modulations. Statistically significant interactions between font size and emotional 108 

content were observed in the late portion of the EPN, with more negative amplitude 109 

for emotional than neutral words further amplified when font size was large. The 110 

authors interpreted these results as reflecting early interactions of stimulus-driven, 111 

bottom-up properties with emotional content, in addition to the aforementioned top-112 

down interactions with emotion at late stages. These authors further argued that 113 

sensory facilitation for motivationally relevant stimuli, initially only thought to occur for 114 

pictorial stimuli, might be generalized and extended to written words due to the high 115 

social relevance of language. 116 

Despite these recent advancements, it is still unclear whether: (i) amplitude 117 

modulations of the aforementioned ERP components is limited to font size or may also 118 

be generalized to other visual features; (ii) emotion-related ERP amplitude 119 

amplification during visual word processing is related to low-level-feature changes or, 120 

instead, occurs independently from them. In the current study, forty participants were 121 
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presented with unpleasant and neutral Dutch words in a large or small font size and in 122 

high or low contrast relative to a homogenous background. The task was to press the 123 

spacebar as soon as a word referring to a color would appear on screen. Hence, 124 

semantic processing of the words was required throughout the experiment. Using 125 

model comparison via Bayes factors, we examined ERP responses associated with 126 

early sensory and attentional processes as well as early lexical and later stages of 127 

processing. Bayes factors allow to quantify the evidence in favor of one model relative 128 

to another, e.g., a model that assumes medium-sized differences between conditions 129 

as opposed to a model that assumes no differences (for details, see Section 4.6). 130 

Based on published findings, we expected to replicate the interaction between size 131 

and emotional content found at the level of the EPN50, showing increased emotion 132 

effects for larger words. Furthermore, if sensory facilitation can truly be generalized to 133 

symbolic material39,40,51, we should be able to observe not only size- but also contrast-134 

dependent effects, specifically N1 amplitude modulations similar to what has been 135 

reported when using naturalistic scenes35. We additionally speculated that emotion 136 

might enhance visual processing especially for stimuli that are harder to discriminate 137 

(e.g., small, low-contrast words). We also addressed whether additive or interactive 138 

models best explained the ERP data, in contrast to published findings testing only 139 

main effects or interactions. 140 

These theoretical predictions, together with a detailed description of the sampling 141 

criteria and analysis pipeline, were pre-registered on the Open Science Framework 142 

(https://osf.io/uf9gh/). Preregistrations effectively minimize hindsight or confirmatory 143 

biases, since the research questions and analysis plans are defined before observing 144 

the outcome52. 145 

146 
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2. RESULTS 147 

The P1, N1, EPN, and LPP components were identified in the grand-averaged ERP 148 

signal using the mass univariate analysis approach described in Section 4.5. Average 149 

amplitude values for each component and condition can be found in Table 1. The left 150 

panel of Figure 1 displays the waveforms and topographies for each component 151 

separately. 152 

Bayes factors are reported on the log scale. For ease of readability, only results 153 

obtained with JZS priors with location δ = 0 and scaling factor r = 0.707 are reported 154 

in the main text. Results obtained with other scaling factors can be found in the 155 

respective tables. 156 

2.1. P1 157 

Mean amplitude values of the P1 component were best explained by the size x 158 

contrast x emotion interaction model, with a BF10 of e514.57 = 2.98 x 10223 relative to the 159 

null model. In other words, a model including all three factors and their interactions 160 

explained the observed data 2.98 x 10223 times better than a null model, i.e., not 161 

including any independent variables. The full model was also e514.57-490.49 = e24.08 = 162 

2.87 x 1010 times better than the second-best model assuming additive effects of size, 163 

contrast, and emotion (Table 2). However, follow-up contrasts showed no reliable 164 

amplitude differences as a function of emotional content. Specifically, evidence leaned 165 

in favor of the null model when assessing emotion differences of words presented in 166 

small size and low contrast (BF10 = e-1.72 = 0.18), large size and high contrast (BF10 = 167 

0.21), large size and low contrast (BF10 = 0.35), or small size and high contrast (BF10 168 

= 0.73; inconclusive) (Table 3). 169 

In a following step, we sought to assess the separate contribution of size, contrast, 170 

and emotion by including all possible models, i.e., not only the theoretically relevant 171 
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ones that always included emotion. We started with the full model and progressively 172 

tested all models that could be created by removing one interaction or main effect one 173 

at a time (“top-down analysis”; see http://bayesfactorpcl.r-forge.r-project.org/#fixed). 174 

This procedure revealed that omitting the factor emotion from the full model improved 175 

fitting by 82.27 times. Removing the interactions size x contrast x emotion, contrast x 176 

emotion, and size x emotion also improved fitting by 35.52, 24.29, and 21.54 times, 177 

respectively. Thus, emotion did not seem to have any explanatory power; instead, it 178 

penalized the models in which it was included. Conversely, omitting the factor contrast 179 

or the contrast x size interaction lowered the explanatory value of the resulting model 180 

by 1 / e-3.75 = 42.51 and 3.57 x 1014 times, respectively. Finally, removing the factor 181 

size was maximally detrimental, as it would lower the explanatory value of the resulting 182 

model by 9.79 x 1015 times (see Table 4). 183 

To summarize, the amplitude of the P1 seemed to be mostly influenced by font size, 184 

contrast, and their interaction – with the lowest values in response to words presented 185 

in small font and low contrast –, whereas emotion did not seem to play a role. 186 

2.2. N1 187 

Mean amplitude values of the N1 component were best explained by the size x 188 

contrast x emotion interaction model (including all three factors and their interactions) 189 

relative to the null (BF10 > 1.80 x 10308). The full model was also 9.96 x 1016 times 190 

better than the second-best model (additive effects of size + contrast + emotion). 191 

Nonetheless, similarly to the P1, follow-up contrasts showed that emotion did not 192 

influence N1 amplitude, with evidence favoring the null model in all tested comparisons 193 

(see Table 3 for details). 194 

Additional top-down model comparisons showed that omitting contrast x emotion 195 

from the full model improved fitting by 67.36 times. Similarly, removing emotion x size, 196 
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size x contrast x emotion, and emotion also improved fitting by 62.80, 54.05, and 45.15 197 

times, respectively. On the other hand, omitting size or contrast x size lowered the 198 

explanatory value of the resulting model by 4.69 x 1017 and 1.21 x 1022 times. Finally, 199 

omitting the factor contrast was maximally detrimental, as it lowered the explanatory 200 

value of the resulting model by 1.24 x 1055 times. 201 

To summarize, the mean amplitude of the N1 component was reliably modulated 202 

by contrast as well as its interaction with size, with lower (i.e., less negative) values 203 

following words presented in small font and low contrast. In analogy with the preceding 204 

P1 component, emotional valence did not seem to modulate the amplitude of the N1. 205 

2.3. EPN 206 

Mean amplitude of the EPN was best explained by the size + emotion model, not 207 

only relative to the null model (BF10 > 1.80 x 10308) but also compared to the second-208 

best model size x emotion (32.14). Follow-up paired comparisons investigating 209 

emotion-dependent amplitude modulations of this component showed evidence in 210 

favor of the null model when words were presented in small size and low contrast 211 

(BF10 = 0.19). However, the alternative model had to be preferred over the null when 212 

words were presented in small size and high contrast (BF10 = 10.07) as well as large 213 

size and low contrast (BF10 = 5.42). When words were presented in large size and 214 

high contrast, evidence remained inconclusive (BF10 = 0.53). 215 

Model fitting improved if contrast, contrast x size, size x emotion, and contrast x 216 

emotion were removed from the full model, whereas removing the size x contrast x 217 

emotion interaction only marginally improved fitting. Interestingly, omitting the factor 218 

emotion decreased the explanatory value of the resulting model by 9.87 times, while 219 

removing size was much more deleterious (1.48 x 1039). 220 
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Thus, EPN amplitude was not reliably modulated by contrast but mostly by font size, 221 

with larger (i.e., more negative) values in response to words presented in large 222 

compared to small font. In addition, emotion had a small but non-negligible additive 223 

role, as evidenced by a slight increase in EPN amplitude for unpleasant compared to 224 

neutral words when presented in small font and high contrast as well as large font and 225 

low contrast. 226 

2.4. LPP 227 

Mean amplitude values of the LPP component were best explained by the size + 228 

contrast + emotion model (BF10 = 4.56 x 10225). This model was 450.34 times better 229 

than the full model. However, paired comparisons showed evidence in favor of the null 230 

as opposed to the emotion model when words were presented in large size and high 231 

contrast (BF10 = 0.17), small size and high contrast (BF10 = 0.18), and large size and 232 

low contrast (BF10 = 0.31). Evidence was inconclusive when words were presented in 233 

small size and low contrast (BF10 = 0.79). 234 

Additional analyses showed that removing the factor emotion improved fitting by 235 

47.94 times. Similarly, omitting contrast x emotion (29.08), size x emotion (23.81), and 236 

size x contrast x emotion (5.70) resulted in better fit of the resulting model. Conversely, 237 

removing contrast x size (56.26), contrast (3.30 x 1010), or size (2.89 x 1011) was 238 

deleterious. 239 

Therefore, in this study, the mean amplitude of the LPP was reliably modulated by 240 

additive effects of size and contrast, with overall larger amplitude following words 241 

presented in small font and low contrast. Emotional valence did not seem to play a 242 

role. 243 

2.5 Exploratory analyses 244 
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Visual inspection of the ERP waveforms (left panels of Figure 1) revealed that the 245 

highest peak of the P1 and N1 components changed as a function of experimental 246 

condition. This latency shift was not predicted in the pre-registered protocol and, in 247 

principle, could be a potential source of bias when analyzing mean amplitude values: 248 

for instance, the pre-selected time windows might encompass the whole ERP 249 

component in one condition, but only half of it in another one. To overcome this 250 

problem, we performed additional exploratory analyses using peak amplitude as 251 

dependent variable, with the important caveat that this measure is highly susceptible 252 

to noise53,54 and the results should therefore be interpreted with caution. We also 253 

analyzed peak latency, because this measure could still lead to valuable insights 254 

regarding the speed at which size and contrast influence event-related 255 

electrophysiological signals during emotional word reading. The results of these 256 

exploratory analyses – which can be found in the Supplementary Materials – did not 257 

challenge the main interpretation drawn based on the confirmatory results. 258 

Source estimations were based on significant effects at the scalp level. Source 259 

reconstructions of the generators of significant ERP differences were computed and 260 

statistically assessed with SPM1255. Group inversion56 were computed, and the 261 

multiple sparse priors algorithm implemented in SPM12 was applied. Inversion results 262 

showed strong early visual responses both to size and contrast manipulations. Broad 263 

inferior and middle occipital, as well as fusiform responses were found for large words 264 

in the P1 and N1 time window. Later, within the EPN time window, additionally 265 

significant changes in cortical generators were localized in parietal areas. For high 266 

contrast, similarly broad enhanced visual responses were found in the N1 and EPN 267 

time window, as well as enhanced motor-related and posterior cingulate cortex 268 
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activations. Later, in the LPP time window, this effect reversed, and low contrast led 269 

to stronger visual activations. Details can be found in the Supplementary Materials. 270 

  271 



LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING   13 

3. DISCUSSION 272 

 273 

In this study, we orthogonally varied font size, contrast, and emotion while 274 

examining ERP responses associated with sensory and attentional mechanisms. This 275 

study was conducted to better understand whether: (i) ERP modulations due to 276 

changes in low-level visual features are limited only to font size or can be generalized 277 

to other features (here, contrast); (ii) emotional information and low-level features 278 

would modulate amplitude additively or interactively. More generally, we sought to 279 

clarify whether sensory gating mechanisms, typically proposed to explain attentional 280 

modulations of electrophysiological signals in response to biologically salient pictures, 281 

could similarly underlie the enhanced processing of abstract word stimuli carrying a 282 

negative emotional meaning. By pre-registering the study and analysis protocol, we 283 

minimized biases possibly emerging after observing the study outcome52,57. 284 

3.1. Low-level visual features dominate early perceptual processing stages 285 

Font size and contrast were found to better explain the observed amplitude changes 286 

of the P1 and N1 ERP components, which reflect early stages of stimulus detection 287 

and discrimination taking place in the extrastriate visual cortex3–5 These results are in 288 

line with previous work reporting larger P1 and N1 amplitudes for stimuli with higher 289 

contrast and larger size7–9. Our experimental design additionally revealed interactive 290 

effects of contrast and font size on P1 and N1 amplitudes, with lowest amplitudes in 291 

response to words presented in small font and low contrast. Moreover, our model 292 

comparison approach allowed us to precisely pinpoint the relative contribution of low-293 

level features on ERP amplitude modulations. Specifically, for P1 amplitudes, size had 294 

the largest explanatory value, followed by its interaction with contrast. Conversely, 295 

changes in N1 amplitudes were mostly due to contrast, followed by its interaction with 296 
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size. These results point to a possible “hierarchy” among several low-level features 297 

during word reading, with size being more salient during initial stimulus detection (P1) 298 

while contrast may be more relevant during discrimination processes (N1). 299 

The current results did not reveal early effects of emotional content, in contrast with 300 

some studies49,58,59, but in accordance with others29,60,61. Future work is needed to 301 

directly evaluate whether early emotion effects reported in the literature might be 302 

contingent upon specific experimental conditions (e.g., lexical vs. semantic vs 303 

evaluative tasks). Also, emotion did not interact with either font size or contrast, at 304 

variance with similar studies using pictorial stimuli33,35,36, indirectly suggesting that 305 

biologically relevant pictures may still be more salient than words during early stages 306 

of stimulus identification and discrimination. 307 

3.2. Independent effects of size and emotion during early attentional selection 308 

Emotional words typically elicit larger EPN compared to neutral words, indicating 309 

preferential lexical access due to early attentional selection26,47,49. In addition, recent 310 

work showed that font size may affect electrophysiological responses to emotional 311 

material, as evidenced by more negative EPN amplitude for large pictures and 312 

words36,50. Our results contribute to this debate in several ways. First, contrast alone 313 

does not seem to reliably explain amplitude variations of the EPN during word reading, 314 

similar to recent work using emotional and neutral pictures35. Second, we partially 315 

replicated the findings of Bayer and colleagues50 by showing slightly more negative 316 

EPN amplitude in response to emotional words when presented in large font, albeit 317 

only when contrast was low (right panel of Figure 1C). These results were obtained 318 

using Dutch (instead of German) words, which speaks in favor of the generalizability 319 

of these modulatory effects. 320 
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We found larger EPN for emotional vs. neutral words also when font size was small 321 

and contrast was high. However, in contrast to previous studies using pictures or 322 

words36,50, no increased EPN amplitude for negative words was observed in response 323 

to large, high contrast stimuli. Thus, processing emotional valence while manipulating 324 

more than one low-level visual feature gives rise to more complex modulatory effects 325 

than previously reported (when only one single low-level feature was changed across 326 

conditions). We speculate that, for degraded visual stimuli (e.g., small, low contrast 327 

words), there might have been little room for EPN attentional enhancement by 328 

negative emotion. Conversely, large high contrast words were so easy to detect that 329 

no sensory gain by attentional processes was necessary in this condition either. 330 

Interestingly, emotional valence seemed to boost brain activity in response to small 331 

high contrast as well as large low contrast words, i.e., conditions in which basic visual 332 

information is concurrently facilitating and hindering recognition. This complex pattern 333 

challenges to some degree the idea of an automatic emotion processing at the EPN 334 

level, and suggests that enhanced attention to negative emotional words – as captured 335 

by the EPN – may depend on processing efficiency of low-level features. 336 

3.3. Sustained processing of emotional content may be contingent upon task 337 

requests 338 

Previous work has consistently shown larger LPP amplitudes for emotional 339 

compared to neutral words39,40 likely subtending sustained cognitive processes28,29. In 340 

our study, font size and contrast modulated LPP amplitude in an additive way, whereas 341 

emotion did not seem to play a role. 342 

Several post-hoc explanations can be put forward to account for this result. First, 343 

the experimental task may contribute to the systematic modulation of this ERP 344 

component. For instance, explicitly requesting participants to pay attention to the 345 
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semantic content of the words may be more effective in showing emotion-dependent 346 

amplitude differences compared to a simple detection task. However, this explanation 347 

seems unlikely, since larger late positivity for emotional as opposed to neutral words 348 

have been observed in passive viewing designs62, color-naming63, lexical 349 

decision48,49,64, or word identification tasks65. 350 

Another source of variation could stem from the task-relevance of the emotional 351 

content itself. Some authors argued that emotion captures attention only if (explicitly 352 

or implicitly) advantageous for participants to track this feature66–70. Indeed, a task that 353 

requires evaluating stimulus valence typically elicits stronger emotional modulation of 354 

the LPP (e.g., top-down attention to emotion or self-relevance evaluation19,71). In 355 

addition, Bayer et al.50 used an 1-back task to increase compliance. The authors 356 

interspersed special trials (identified by a green frame) requiring a button press if the 357 

current stimulus was identical to the immediately preceding one. This task requires 358 

online maintenance in working memory of the preceding word as well as updating, 359 

discrimination, recognition, and comparison with the newly presented word. Thus, 360 

constant rehearsal of the previous stimulus is a reasonable and efficient strategy to 361 

comply with task demands. In contrast, participants in our study were only required to 362 

identify whether the displayed word referred to a color, thereby limiting the processing 363 

time needed to complete the task. No updating in working memory was necessary. 364 

Therefore, the ERP signal we recorded reflects cognitive processes more consistently 365 

related to word reading and not contaminated by working memory components. These 366 

arguments notwithstanding, this project was based on Bayer et al.50 but not meant as 367 

its direct replication. Instead, we wished to assess the generalizability of the reported 368 

effect using an even simpler experimental paradigm, especially considering that 369 

results reported in the literature are not consistent (see Section 3.1). 370 
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From a different angle, it is also possible that participants’ attention was captured 371 

by the high variability in font size and contrast, whose saliency is arguably more 372 

powerful than emotional content per se. Affective differences might play a negligible 373 

role in visual word processing when there is a concurrent, massive variation of these 374 

sensory features. When competition occurs between different features, the ones that 375 

are the most salient (in this case, size and contrast) would bias attention the most and 376 

overshadow any potential effects of weaker ones, here emotion72. 377 

It is also possible that we were unable to detect emotion-dependent modulations of 378 

electrophysiological activity because being too small, short-lived, or occurring in only 379 

partly overlapping time-windows or electrode clusters (or even within non-selected 380 

clusters). Recent MEG studies reported emotion-related activity originating from 381 

prefrontal generators, not linked to specific components58,73,74 . However, similar 382 

caveats also apply to earlier studies investigating modulations of early sensory 383 

processing at the scalp level. 384 

3.4. Conclusions 385 

The present findings suggest a hierarchical, serial interplay between the processing 386 

of low-level visual features and emotional content during word reading. Early 387 

perceptual processing was mostly influenced by the interaction between font size and 388 

contrast – i.e., smaller P1 and N1 for stimuli hard to discriminate –, whereas emotional 389 

content did not seem to be relevant. On the other hand, selective attention allocation 390 

was independently affected by font size and emotion: in particular, negative word 391 

meaning elicited a larger EPN when stimuli were presented small font and high 392 

contrast. Thus, enhanced attention for negative emotion during word reading at the 393 

EPN level is not unconditional, but likely depending on the processing efficiency 394 

defined by the combination of low-level features, here with a focus on size and 395 
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contrast. Later, sustained cognitive processes were sensitive to font size and contrast, 396 

presumably more salient than semantic information not only perceptually but also in 397 

terms of task-relevance. 398 

  399 
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4. METHODS 400 

4.1. Participants 401 

A total of 42 participants were recruited from the student population of Ghent 402 

University. They were right-handed, native Dutch-speaking, healthy students, with 403 

normal or corrected-to-normal vision. The study protocol was approved by the ethics 404 

committee at Ghent University (Faculteit Psychologie en Pedagogische 405 

Wetenschappen, Kenmerk 2017/07/Gilles Pourtois), including any relevant details and 406 

confirming that the experiment was performed in accordance with relevant guidelines 407 

and regulations. Participants were required to sign an informed consent prior to the 408 

beginning of the experiment, debriefed at the end of it, and paid € 10 per hour for their 409 

participation. 410 

Each dataset was considered eligible for further analyses if the EEG signal – after 411 

pre-processing – was judged “clean” based on criteria selected a priori (see Section 412 

4.4), as well as demonstrating adequate task engagement based on behavioral 413 

performance (see Section 4.3). Two datasets were discarded: one due to performance 414 

below this threshold, the other because the participant aborted testing. Thus, the final 415 

sample consisted of 40 volunteers (all right-handed, median age 23.5, range 19-34, 416 

26 females). 417 

From the 20th participant onward, we monitored Bayes factors (BFs)75,76 every 3 418 

participants (because 3 volunteers per day were tested). The a priori stopping rules 419 

were the following: (i) statistical rule: one of the models of interest (see Section 4.6) 420 

explained amplitude modulations of the components of interest 10 times better than 421 

the null model (or vice versa) and 10 times better than the second-best model; (ii) 422 

pragmatic rule: due to budgetary constraints, we had to stop after a maximum number 423 

of 40 participants with acceptable behavioral performance and clean EEG data. A third 424 
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rule, not explicitly mentioned in the pre-registration protocol but logically following from 425 

the pre-registered analysis plan, was that the ERP components of interest had to be 426 

reliably different from noise (as confirmed by the procedure highlighted in Section 4.6). 427 

P1 and N1 were clear even after a few participants, whereas the signal-to-noise ratio 428 

of the EPN was generally lower. To ensure a robust identification of this component 429 

(as a difference between neutral and negative words, irrespective of size and 430 

contrast), we decided to complete data collection using the maximum possible number 431 

of participants. 432 

4.2. Stimuli 433 

Emotional and neutral words were selected from a database derived from a large 434 

multi-center study77. Two-hundred and forty negative and 240 neutral nouns were 435 

selected and matched with respect to word length, frequency, power/dominance (i.e., 436 

participants judged if words referred to something weak/submissive or 437 

strong/dominant), and age of acquisition (see Supplementary Table S1). The whole 438 

stimulus set was also rated during pilot testing, to further validate the stimulus 439 

selection (see Supplementary Table S2). 440 

4.3. Procedure 441 

Participants were seated in a dimly lit, electrically shielded experimental room, with 442 

their head on a chin rest placed approximately 60 cm away from a 19” CRT screen 443 

with resolution of 1,280 x 1,024 pixels. After filling out the informed consent and a short 444 

demographic questionnaire, the experiment began. In each trial, a single Dutch word 445 

(conveying either unpleasant or neutral content, based on the normative ratings in ref. 446 

77) was presented on a gray background (RGB values [201, 201, 201]), either in a 447 

small or large font (35 vs. 140 pixels; visual angle 3° × 1.1° and 11.8° × 3.6°, 448 

respectively) and in high or low contrast (RGB values [0, 0, 0] vs. [191, 191, 191]). 449 
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This 2 (emotion) x 2 (size) x 2 (contrast) factorial design resulted in the presentation 450 

of 480 target words (60 stimuli per condition). For each participant, negative and 451 

neutral words were randomly assigned to each of these size and contrast variations. 452 

Additionally, 20 words describing colors (e.g., groen, i.e., green in Dutch) were 453 

presented in all size and contrast conditions, resulting in 80 additional probes. To 454 

ensure that participants would pay attention to the semantic content of each word, they 455 

were required to press the spacebar as soon as they could detect a word referring to 456 

a color. Accuracy and response times were recorded to verify task compliance (see 457 

Supplementary Materials). We decided a priori to exclude all participants with 458 

accuracy below 80% in any of the four size and contrast conditions, indicating 459 

insufficient attention to the words. The total number of 560 words were split in 8 runs 460 

of 70 words each. Participants could take a short break in between runs. Each word 461 

was presented for 1,000 ms, followed by a variable inter-trial interval between 1,000 462 

and 1,500 ms displaying a fixation cross (70 pixels, RGB values [0, 0, 0]). The whole 463 

experiment (including EEG preparation) took approximately 50 minutes. Afterwards, 464 

two unrelated exploratory tasks (not part of this manuscript) were administered for 465 

approximately 40 minutes. Presentation software v17.2 466 

(www.neurobehavioralsystems.com) was used for stimulus creation and presentation. 467 

The commented code is available at https://osf.io/c7g9y/. 468 

4.4. EEG preprocessing 469 

EEG was recorded from 64 Ag/AgCl BioSemi active electrodes (BioSemi, Inc., The 470 

Netherlands) at a sampling rate of 256 Hz, online low-pass filtered at 100 Hz. The 471 

electrodes were fitted into an elastic cap following the BioSemi position system (i.e., 472 

electrode positions are radially equidistant from Cz; www.biosemi.com/headcap.htm). 473 

Two separate electrodes were used as ground electrodes, a Common Mode Sense 474 
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active electrode (CMS) and a Driven Right Leg passive electrode (DLR), which form 475 

a feedback loop that enables measuring the average potential close to the reference 476 

in the A/D-box (www.biosemi.com/faq/cms&drl.htm). Four additional electrodes, 477 

placed near the outer canthi of the eyes and above and below the right eye, measured 478 

horizontal and vertical eye movements (electro-oculogram, EOG). 479 

Data pre-processing was performed offline with custom scripts in MATLAB 480 

(R2015a; The MathWorks, Inc., Natick, MA), using functions included in EEGLAB 481 

v14.1.178, ERPLAB v6.1.479, the Signal Processing toolbox (v7.0), and the Statistics 482 

and Machine Learning Toolbox (v10.0). The continuous EEG data was assigned 483 

electrode coordinates, re-referenced to Cz and, after removing linear trends, filtered 484 

with separate Hamming windowed sinc FIR filters: (i) high-pass: passband edge 0.5 485 

Hz, filter order 1,690, transition bandwidth 0.5 Hz, cutoff frequency (-6 dB) 0.25 Hz; (ii) 486 

low-pass: passband edge 30 Hz, filter order 114, transition bandwidth 7.4 Hz, cutoff 487 

frequency (-6 dB) 33.71 Hz. Flatline or noisy channels, short-time bursts, and ocular 488 

movements were detected and corrected via Artifact Subspace Reconstruction80,81. 489 

Details can be found in the official documentation of the clean_artifacts function. For 490 

the values assigned to each parameter, see our commented script at 491 

https://osf.io/c7g9y. We decided a priori to discard any dataset in which the artifact 492 

detection procedure identified more than 10 noisy scalp channels. No dataset fulfilled 493 

this criterion (the median number of interpolated channels was 4, range 1-10). Noisy 494 

channels were interpolated via a spherical spline procedure82. Please note that the 495 

interpolated channels were mostly identified outside of the clusters selected a priori 496 

for the ERP components definition (max. interpolated channels in clusters: 2); 497 

therefore, any potential distortions of the EEG signal due to interpolation was 498 

negligible. Ocular channels were discarded, and the scalp data re-referenced to the 499 
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average signal. Epochs extending from −200 ms to +1,000 ms time-locked to word 500 

onset were created, and baseline correction was applied using the pre-stimulus 501 

interval. Finally, 8 grand-averages were computed following each combination of our 502 

2 x 2 x 2 factorial design: (1) negative words, large font, high contrast; (2) negative 503 

words, small font, high contrast; (3) negative words, large font, low contrast; (4) 504 

negative words, small font, low contrast; (5) neutral words, large font, high contrast; 505 

(6) neutral words, small font, high contrast; (7) neutral words, large font, low contrast; 506 

(8) neutral words, small font, low contrast. 507 

4.5. Identification of ERP components 508 

The standard approach of selecting electrodes and time windows of the ERP 509 

components of interest by visually inspecting the grand-average waveforms can lead 510 

to a severe inflation of false positives53,83. Furthermore, this approach typically 511 

assumes that the ERP components observed in the grand-averaged data are reliably 512 

different from noise, but this assumption is seldom verified. To avoid these issues, we 513 

computed the grand-average ERP signal across all participants and conditions and 514 

conducted repeated measures, two-tailed permutation tests based on the tmax 515 

statistic84 implemented in the Mass Univariate ERP toolbox v1.2585,86: 516 

1. compute the grand average across all trials, conditions, and participants (separately 517 

for each electrode and time point). With respect to the EPN, we averaged across 518 

all negative and neutral conditions (irrespective of size and contrast) and computed 519 

their mean difference (for the rationale, see below); 520 

2. for each time point, compute a t-test between this average and a test value of zero 521 

(i.e., corresponding to no difference with baseline). The resulting t-value is stored 522 

and named tobserved; 523 

3. randomly permute condition labels (i.e., each observation is either assigned its 524 
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actual value or zero), calculate the t-test, and store its corresponding t-value; 525 

4. repeat step 3 5,000 times to create a distribution of the possible t-values for these 526 

data under the null hypothesis; 527 

5. the relative location of tobserved in this empirically generated null distribution provides 528 

the p-value for the observed data, i.e., how probable the actual difference wave at 529 

this specific time point would be if the null hypothesis were true; 530 

6. at each time point, repeat this procedure for each electrode and retain only the 531 

highest t-value (i.e., tmax). The p-values for the original observations are derived 532 

from the tmax scores. 533 

All timepoints between 0 and 1,000 ms (i.e., 256 timepoints at 256 Hz sampling 534 

rate) at all 64 scalp channels were included in the analysis, resulting in 16,384 total 535 

comparisons. The resulting differences were considered statistically significant (i.e., 536 

desired family-wise error rate kept at ~5%) if they exceeded the tmax of each set of 537 

tests. 538 

As already mentioned in the pre-registration protocol, visual inspection of the results 539 

of the mass univariate procedure was carried out to minimize Type-II errors (this 540 

approach tends to be overly conservative) and ensure that the results would be 541 

consistent with well-known characteristics of the ERP components of interest (i.e., 542 

polarity, latency, and topography) that have been observed and replicated in the 543 

literature. Visual inspection of the localizer data revealed a topography and time 544 

window of the EPN that were slightly inconsistent with those reported earlier in the 545 

existing literature, i.e., a centroparietal electrode cluster (with positive amplitude 546 

values) instead of the typical occipital cluster (with negative amplitude values). Based 547 

on this observation, we refined the choice of electrodes and time windows by 548 

computing the tmax procedure on negative minus neutral difference waves (see 549 
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https://osf.io/aev6j/ for the complete procedure in MATLAB). Please note that this 550 

approach also minimizes experimenter’s biases, because being performed on data 551 

averaged across font size and contrast. 552 

This procedure allowed us to successfully identify the components of interest in the 553 

following electrode clusters and time windows post-word onset: (i) P1: 66-148 ms, 8 554 

occipito-temporal sensors (P7, P9, PO7, O1, O2, PO8, P8, P10); (ii) N1: 150-260 ms, 555 

6 temporal sensors (TP7, P7, P9, TP8, P8, P10); (iii) EPN: 300-500 ms, 12 occipito-556 

temporal sensors (P7, P9, PO7, PO3, O1, Oz, Iz, O2, PO4, PO8, P8, P10); (iv) LPP: 557 

402-684 ms, 10 parietal sensors (P1, Pz, P2, P4, P6, P8, P10, POz, PO4, PO8). 558 

Single-trial amplitude values within the aforementioned time windows and electrode 559 

clusters, calculated separately for each participant and condition, were submitted to 560 

the statistical analyses described below. 561 

4.6. Statistical analyses of ERP amplitude values 562 

We analyzed the amplitude values of each ERP component (P1, N1, EPN, and 563 

LPP) in the framework of model selection using Bayes Factors (BFs)75,76,87–89. We 564 

used the package BayesFactor v0.9.12-290 in R v3.5.1 (R Core Team, 2017) to 565 

estimate BFs (using Markov-Chain Monte Carlo sampling, 100,000 iterations) for each 566 

model of interest versus the null model. The additive models were: (1) size + emotion; 567 

(2) contrast + emotion; (3) size + contrast + emotion. The interactive models were: (4) 568 

size x emotion; (5) contrast x emotion; (6) size x contrast x emotion. Participants were 569 

included as random factor, and their variance considered nuisance. Please note that, 570 

due to poor model convergence, we could not include stimuli (i.e., words) as random 571 

effect, contrary to our pre-registered plan. 572 

To further characterize the direction of the effects, two-tailed Bayesian t-tests were 573 

calculated to estimate the degree of evidence in favor of a model assuming differences 574 
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between two specified conditions relative to a model assuming no differences91,92. The 575 

null hypothesis was specified as a point-null prior (i.e., standardized effect size δ = 0), 576 

whereas the alternative hypothesis was defined as a Jeffrey-Zellner-Siow (JZS) prior, 577 

i.e., a folded Cauchy distribution centered around δ = 0 with scaling factors of r = 1, r 578 

= 0.707, and r = 0.5, to verify the robustness of the results93. The most conservative 579 

BF was used as reference to decide whether to continue with data collection (see 580 

Section 4.1). 581 

4.7. Software used for visualization and statistical analyses 582 

Visualization and statistical analyses were performed using R94 v3.5.1 via RStudio95 583 

v1.1.456. We used the following packages (and their respective dependencies): 584 

• data manipulation: tidyverse96 v1.2.1; 585 

• statistical analyses: Rmisc97 v1.5, BayesFactor90 v 0.9.12-4.2; 586 

• visualization: yarrr98 v0.1.5, viridis99 v0.5.1, eegUtils100 v 0.2.0; 587 

• report generation: pacman101 v0.4.6, knitr102 v1.20, here103 v0.1 588 

4.8. Data availability 589 

Raw and pre-processed data, materials, and analysis scripts are available on 590 

https://osf.io/c7g9y/. 591 

592 
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Figure legends 823 

 824 
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Figure 1. ERP waveforms, topographies, and amplitude values of each ERP 825 

component. The panels are divided according to component: (A) P1; (B) N1; (C) 826 

EPN; (D) LPP. Left panels show the grand average ERP waveforms, separately for 827 

each condition (see legends for the respective colors) and averaged across all 828 

conditions (black line, shaded area representing 95% confidence intervals). The signal 829 

was extracted from electrodes with signal robustly different from noise (highlighted in 830 

white in the topography; see Section 4.5 for details). Of note, the EPN was not 831 

extracted by averaging all conditions, but by computing the difference between 832 

negative and neutral conditions (irrespective of font size and contrast; see Section 4.5 833 

for the rationale behind this choice). Right panels show the amplitude values of the 834 

respective component for each participant (gray dots) and experimental condition. 835 

Mean amplitude values are marked by horizontal black lines and 95% Bayesian 836 

highest density interval (HDI) are displayed as white boxes. Numbers represent, for 837 

each visual feature combination, the Bayes factors (BF10) of the alternative model – 838 

hypothesizing differences between emotion conditions (prior on effect sizes with 839 

location δ = 0 and scaling factor r = 0.707) – versus the null model (difference between 840 

emotion conditions δ = 0). For details, see Section 4.6 and Table 3. 841 

Abbreviations: large low: large size, low contrast; large high: large size, high contrast; 842 

small low: small size, low contrast; small high: small size, high contrast; neg: negative; 843 

neut: neutral; localizer: average of all conditions; neg minus neut: difference between 844 

negative and neutral conditions (averaged across font size and contrast). 845 
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Tables 847 

Table 1. Means and standard deviations (in parenthesis) of amplitude values (in µV) of the P1, N1, EPN, 848 

and LPP components. 849 

component 

large small 

high low high low 

negative neutral negative neutral negative neutral negative neutral 

P1 
1.00 

(3.82) 
1.06 

(3.76) 
1.21 

(3.76) 
1.34 

(3.76) 
1.09 

(3.81) 
0.92 

(3.73) 
0.34 

(3.83) 
0.38 

(3.86) 

N1 
-1.36 
(3.67) 

-1.38 
(3.69) 

-1.03 
(3.69) 

-1.13 
(3.76) 

-1.39 
(3.67) 

-1.45 
(3.71) 

-0.03 
(3.73) 

-0.09 
(3.86) 

EPN 
0.33 

(3.81) 
0.53 

(3.75) 
0.27 

(3.93) 
0.58 

(3.88) 
1.04 

(3.86) 
1.37 

(3.84) 
1.15 

(4.01) 
1.09 

(4.11) 

LPP 
0.61 

(3.04) 
0.60 

(2.95) 
0.71 

(3.03) 
0.81 

(3.04) 
0.76 

(3.09) 
0.79 

(3.09) 
1.35 

(3.31) 
1.17 

(3.36) 

Note. Values are extracted from electrode clusters identified with the mass univariate procedure (see Section 4.5 850 

for details). Factors are: emotion, negative or neutral; size, large or small; contrast, high or low. 851 
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Table 2. Model comparisons, separately for each ERP component. 853 

component Model 
r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

P1 size x cont x 
emo 

517.25 ±26.10 514.57 ±21.76 512.82 ±38.59 

size + cont + 
emo 

491.61 ±12.25 490.49 ±11.28 489.70 ±12.94 

size + emo 488.04 ±10.98 487.25 ±13.15 486.48 ±15.14 

size x emo 485.31 ±13.64 484.26 ±14.00 483.27 ±14.79 

cont + emo 455.18 ±10.52 454.54 ±10.86 453.44 ±11.01 

cont x emo 451.90 ±11.86 451.12 ±15.34 450.06 ±17.30 

N1 size x contr 
x emo 

1,136.06 ±17.41 1,133.45 ±7.68 1,130.97 ±7.70 

size + cont + 
emo 

1,095.33 ±3.84 1,094.31 ±3.89 1,093.33 ±3.86 

cont + emo 1,054.64 ±3.28 1,053.99 ±3.47 1,053.30 ±3.32 

cont x emo 1,050.90 ±4.21 1,049.97 ±4.21 1,048.95 ±4.57 

size + emo 968.70 ±3.56 968.00 ±3.43 967.29 ±3.46 

size x emo 964.94 ±4.22 963.88 ±4.34 962.80 ±4.43 

EPN size + emo 1,326.56 ±2.33 1,325.85 ±2.36 1,325.17 ±2.40 

size x emo 1,323.40 ±3.04 1,322.38 ±3.07 1,321.31 ±3.03 

size + cont + 
emo 

1,322.78 ±2.97 1,321.78 ±3.01 1,320.75 ±2.96 

size x cont x 
emo 

1,312.82 ±5.84 1,310.22 ±6.12 1,307.83 ±7.52 

contr + emo 1,232.28 ±2.47 1,231.57 ±2.40 1,230.90 ±2.62 

cont x emo 1,229.30 ±3.27 1,228.28 ±2.96 1,227.24 ±3.13 

LPP size + cont + 
emo 

520.75 ±11.58 519.6 ±14.21 518.57 ±12.27 

size x cont x 
emo 

515.67 ±15.47 513.49 ±15.62 511.30 ±26.89 

size + emo 496.26 ±10.65 495.59 ±11.47 493.47 ±0.00 

cont + emo 494.06 ±9.85 493.60 ±11.74 492.97 ±10.90 

size x emo 493.14 ±12.55 492.07 ±10.01 491.39 ±12.85 

cont x emo 490.48 ±12.07 489.49 ±11.99 488.63 ±15.22 

Note. Bayes factors (BF10, on log scale) and percentage of proportional errors (% pe) for each model relative 854 

to the null, obtained by using JZS priors with different scaling factors (see Section 4.6 for details). The model 855 

best explaining the data for each component is highlighted in bold. Factors are: emotion (emo), negative or 856 

neutral; size, large or small; contrast (cont), high or low. 857 
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Table 3. Post-hoc comparisons, separately for each ERP component. 859 

component post hoc comparison 
r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

P1 large size, high contrast,   
negative vs. neutral 

1.24 ±0.00 -1.54 ±0.00 -1.85 ±0.00 

small size, high contrast,  
negative vs. neutral 

-0.08 ±0.00 -0.31 ±0.00 -0.58 ±0.00 

large size, low contrast,    
negative vs. neutral 

-0.80 ±0.00 -1.06 ±0.00 -1.36 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.41 ±0.00 -1.72 ±0.00 -2.04 ±0.00 

N1 large size, high contrast,   
negative vs. neutral 

-1.44 ±0.00 1.75 ±0.00 -2.08 ±0.00 

small size, high contrast,  
negative vs. neutral 

-1.34 ±0.00 -1.64 ±0.00 -1.96 ±0.00 

large size, low contrast,    
negative vs. neutral 

-1.04 ±0.00 -1.33 ±0.00 -1.63 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.31 ±0.00 -1.60 ±0.00 -1.92 ±0.00 

EPN large size, high contrast,  
negative vs. neutral  

-0.40 ±0.00 -0.64 ±0.00 -0.92 ±0.00 

small size, high contrast, 
negative vs. neutral 

2.41 ±0.00 2.31 ±0.00 2.13 ±0.00 

large size, low contrast, 
negative vs. neutral 

1.81 ±0.00 1.69 ±0.00 1.49 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.37 ±0.00 -1.67 ±0.00 -1.99 ±0.00 

LPP large size, high contrast,  
negative vs. neutral 

-1.46 ±0.00 -1.77 ±0.00 -2.09 ±0.00 

small size, high contrast,  
negative vs. neutral 

-1.39 ±0.00 -1.69 ±0.00 -2.02 ±0.00 

large size, low contrast,    
negative vs. neutral 

-0.91 ±0.00 -1.18 ±0.00 -1.48 ±0.00 

small size, low contrast,   
negative vs. neutral 

-0.01 ±0.00 -0.23 ±0.00 -0.49 ±0.00 

Note. Bayes factors (BF10, on log scale) and percentage of proportional errors (% pe) for each model assuming pairwise 860 

differences between conditions relative to the null model (details are provided in Section 4.6). BF10 above zero indicates 861 

better fitting for the alternative compared to the null model. Post-hoc comparisons in favor of a difference are 862 

highlighted in bold. 863 
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Table 4. Updated fitting when independent variables or their interactions are removed from the 865 

full model, separately for each ERP component. 866 

ERP 
omit from full 

model 

r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

P1 emo 4.09 ±36.08 4.41 ±42.66 4.95 ±31.39 

size x contr x 
emo 

3.44 ±38.49 3.57 ±43.81 3.94 ±28.79 

size x emo 2.48 ±34.55 3.19 ±41.86 3.41 ±37.58 

contr x emo 2.74 ±40.29 3.07 ± 44.18 3.05 ±29.12 

contr -4.06 ±32.33 -3.75 ±43.28 -2.50 ±43.74 

contr x size -33.99 ±31.33 -33.51 ±47.43 -33.17 ± 31.63 

size -37.28 ±33.32 -36.82 ±42.71 -36.07 ±40.72 

N1 contr x emo 3.73 ±11.30 4.21 ±10.09 4.41 ±12.15 

size x emo 3.78 ±10.93 4.14 ±9.93 4.57 ±22.79 

size x contr x 
emo 

3.36 ±13.30 3.99 ±9.90 3.98 ±11.80 

emo 3.35 ±10.99 3.81 ±9.09 4.16 ±13.30 

size -41.23 ±11.44 -40.69 ±10.02 -40.55 ±12.59 

contr x size -51.12 ±12.86 -50.85 ±10.27 -50.72 ±12.56 

contr -127.35 ±11.26 -126.86 ±10.05 -126.73 ±12.12 

EPN contr 3.82 ±10.41 4.15 ±8.03 4.51 ±9.08 

contr x size 3.52 ±9.78 3.87 ±8.63 4.30 ±9.25 

size x emo 3.16 ±9.70 3.65 ±8.40 3.90 ±8.23 

contr x emo 2.91 ±9.37 3.44 ±9.04 3.69 ±8.68 

size x contr x 
emo 

0.58 ±10.24 0.83 ±8.68 1.28 ±8.34 

emo -2.76 ±9.97 -2.29 ±8.87 -2.09 ±9.36 

size -90.47 ±10.29 -90.19 ±8.17 -89.69 ±9.36 

LPP emo 4.28 ±32.43 3.87 ± 37.82 4.56 ±37.31 

contr x emo 3.21 ±29.68 3.37 ±39.06 3.86 ±36.84 

size x emo 2.74 ±31.16 3.17 ±41.51 3.47 ±31.21 

size x contr x 
emo 

1.34 ±29.15 1.74 ±38.07 2.44 ±31.29 

contr x size -3.65 ±33.95 -4.03 ±40.17 -3.29 ±28.96 

contr -24.35 ±30.21 -24.22 ±39.80 -23.70 ±34.91 

size -26.55 ±30.25 -26.39 ± 40.68 -26.33 ±30.12 

Note. BF10 above zero indicates better fitting for the model with omitted factors compared to the full model. 867 

Factors are: emotion (emo), negative or neutral; size, large or small; contrast (cont), high or low. 868 

  869 



LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING   42 

Electrophysiological correlates of the interplay between 870 

low-level visual features and emotional content 871 
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1. Selection of stimulus material 894 

Emotional and neutral words were selected from a database derived from a large 895 

multicentered study1. Two-hundred and forty negative and 240 neutral nouns were 896 

selected and matched with respect to word length, frequency, power (feeling weak or 897 

dominant in response to a word), and age of acquisition (see Supplementary Table 898 

S1). The stimulus set was also rated during pilot testing. Nine pilot participants rated 899 

half of the negative and neutral nouns (counterbalanced). Participants used self-900 

assessment manikin rating scales2 ranging from 1 (highly negative) to 9 (highly 901 

positive). For every participant, negative nouns were rated to be more negatively 902 

valenced compared to neutral nouns (see Supplementary Table S2). 903 

2. Behavioral data 904 

We orthogonally varied font size, contrast, and emotion of pre-selected words while 905 

participants were monitoring their semantic content (i.e., they were required to detect 906 

rare color-related words in the trial series). The behavioral task was included only to 907 

ensure that participants would pay attention to each stimulus presented on screen. 908 

Accuracy and response time were analyzed via model comparison using Bayes 909 

Factors (see main text for details). The tested models were: (1) main effect of size; (2) 910 

main effect of contrast; (3) additive effects of size and contrast; (4) interactive effects 911 

of size and contrast. For ease of readability, only results obtained with JZS priors with 912 

location δ = 0 and scaling factor r = 0.707 are reported in the main text. Results 913 

obtained with other scaling factors can be found in the respective tables). 914 

Prior to data collection, we expected no reliable differences in accuracy (because 915 

the task was very easy, i.e., ceiling effect) except, perhaps, slightly lower performance 916 

for low-contrast small words. With respect to reaction times, we predicted fastest 917 

button presses to color words in high contrast and large size, whereas slowest reaction 918 
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times ought to be observed for low-contrast, small words (i.e., size x contrast 919 

interaction). 920 

2.1 Accuracy 921 

The proportion of correctly recognized color words was overall very high, as 922 

expected given the easy nature of the task (false alarm rate was below one percent, 923 

and these trials were discarded from the analyses). Nonetheless, it was lower for 924 

small, low-contrast words compared to all other conditions (Supplementary Table S3). 925 

Bayes factor analysis showed that the full interaction model (i.e., including the main 926 

effects of size and contrast and their interaction) explained the data e22.53 = 6.09 x 109 927 

times better than the null model and e22.53-13.04 = e9.49 = 1.32 x 104 times better than 928 

the second-best model (i.e., including only main effects) (Supplementary Table S4. 929 

Paired comparisons showed lower accuracy for words presented in low compared 930 

to high contrast when font size was small (BF10 = e14.54 = 2.06 x 106). Low contrast 931 

words were also recognized less accurately when presented in small vs. large font 932 

(BF10 = 5.31 x 104). Conversely, the null model explained the data better than the 933 

models hypothesizing differences between words in large font presented in low vs. 934 

high contrast (BF10 = 0.19) or low contrast presented in large vs. small font (BF10 = 935 

0.17) (see Supplementary Table S5). 936 

2.2 Reaction times 937 

Reaction times for correct responses were substantially slower for small, low-938 

contrast words compared to all other conditions (Supplementary Table S3). Bayesian 939 

analysis showed that the full size x contrast interaction model explained the observed 940 

data 2.48 x 1036 times better than the null model and 1.31 x 1011 times better than the 941 

size + contrast model (Supplementary Table S4). 942 

Paired comparisons (see Supplementary Table S5) showed slower RTs for small 943 

words presented in low compared to high contrast (BF10 = 5.55 x 1014). The same 944 
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pattern was observed when stimuli were presented in large font size (BF10 = 1.35 x 945 

103). The post-hoc comparison within low contrast showed that small compared to 946 

large words were recognized more slowly (BF10 = 1.19 x 1011). Finally, the difference 947 

between high-contrast words in large vs. small font was not conclusive (BF10 = 1.70). 948 

3. Peak amplitude and latency analysis of P1 and N1 components 949 

As mentioned in Section 2.3 of the main text, visual inspection of the waveforms 950 

revealed that the peak of the P1 and N1 components were shifted as a function of 951 

experimental condition (see also left panels of Figure 2). Therefore, we explored peak 952 

amplitude and latency of these components to ensure that the results of the 953 

confirmatory analyses would not be contaminated by this potential confound. 954 

Peaks were scored as the positive value (negative for N1) larger than the 3 955 

timepoints on either side of this value, corresponding to ~10 ms at 256 Hz sampling 956 

rate. Peak values reflected the amplitude at these points, whereas peak latency was 957 

the time (in milliseconds) in which the peaks occurred (see Supplementary Figure 1 958 

and Supplementary Table S6). 959 

3.1 P1 960 

Based on the results of the mass univariate analysis (see Section 4.5 in the main 961 

text), we bounded our search to the time window between 66 and 148 ms after 962 

stimulus onset at electrodes P7, P9, PO7, O1, O2, PO8, P8, and P10. 963 

3.1.1 Peak amplitude 964 

Peak amplitude values of the P1 component were best explained by the size x 965 

contrast x emotion model, with a BF10 of 3.31 x 1048 relative to the null model. This 966 

model was also 5.37 times better than the second best model assuming additive 967 

effects of size, contrast, and emotion (see Supplementary Table S7). However, follow-968 
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up contrasts showed no reliable amplitude differences as a function of emotional 969 

content (see Supplementary Table S8). 970 

Additional top-down model comparison (see Supplementary Table S9) showed that 971 

omitting contrast x emotion, emotion, size x emotion, and size x contrast x emotion 972 

would improve fitting by 7.77, 7.10, 6.62, and 5.16 times, respectively. Conversely, 973 

omitting contrast x size or contrast would lower the explanatory value of the resulting 974 

model by 1.51 x 103 and 1.75 x 107 times, respectively. Finally, removing the factor 975 

size was maximally detrimental, as it would lower the explanatory value of the resulting 976 

model by 1.31 x 1013 times. 977 

These results are in line with the confirmatory results using mean amplitude values 978 

as dependent variable: emotion penalized the models in which it was included, 979 

whereas font size, contrast, and their interaction seemed to be mostly responsible for 980 

the amplitude variations of the P1 (i.e., less positive following low contrast, small sized 981 

words). 982 
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 983 

Supplementary Figure 1. Peak amplitude and latency values of the P1 and N1 984 

components. Amplitude values for each participant (gray dots) and experimental 985 

condition. Mean amplitude values are marked by horizontal black lines and 95% 986 

Bayesian highest density interval (HDI) are displayed as white boxes. 987 

 988 

3.1.2 Peak latency 989 

Peak latencies were best explained by the size x contrast x emotion model, with a 990 

BF10 of 5.77 x 103 relative to the null model. The winning model was only 3.74 times 991 

better than the second-best model, i.e., contrast + emotion (Supplementary Table S7). 992 

Follow-up contrasts showed no emotion-dependent latency differences 993 

(Supplementary Table S8). 994 
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Additional model comparison showed improved fitting when omitting emotion, size, 995 

contrast x emotion, size x emotion, and size x contrast x emotion (Supplementary 996 

Table S9). On the other hand, omitting contrast x size or contrast would lower the 997 

explanatory value of the resulting model by 1.20 x 104 and 8.63 x 106 times, 998 

respectively. 999 

These results show that emotion did not affect P1 latency, whereas contrast 1000 

seemed the strongest predictor, especially when interacting with size. P1 peaked 1001 

earlier in response to words displayed in large font size and high contrast compared 1002 

to all other conditions. 1003 

3.2 N1 1004 

Following the results of the mass univariate analysis, we limited our search to the 1005 

time window between 150 and 260 ms post-stimulus onset at electrodes TP7, P7, P9, 1006 

TP8, P8, and P10. 1007 

3.2.1 Peak amplitude 1008 

Peak amplitude values were best explained by the size x contrast x emotion model, 1009 

with a BF01 of 1.12 x 1057 relative to the null model. This model was also 7.03x 104 1010 

times better than the second-best model assuming independent effects of size, 1011 

contrast, and emotion (Supplementary Table S7). However, follow-up contrasts 1012 

showed no emotion-dependent amplitude differences (Supplementary Table S8). 1013 

Additional model comparison showed that omitting emotion, contrast x emotion, 1014 

size x emotion, and size x contrast x emotion improved fitting by 10.10, 7.77, 6.75, 1015 

and 5.64 times, respectively. On the other hand, omitting contrast x size, size, or 1016 

contrast would lower the explanatory value of the resulting model by 2.04 x 107, 6.76 1017 

x 1011, and 4.71 x 1016 times, respectively (Supplementary Table S9). 1018 
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Analogous to the results on mean amplitude reported in the main text, the peak 1019 

amplitude of the N1 component was modulated by contrast as well as its interaction 1020 

with size, but not by emotional valence. N1 peaks were less negative following words 1021 

in low contrast and small font size compared to all other conditions.  1022 

3.2.2 Peak latency 1023 

Peak latencies of the N1 were best explained by the model with additive effects of 1024 

size, contrast, and emotion (Supplementary Table S7), which was also 8.58 times 1025 

better than the second-best model (contrast + emotion). Follow-up contrasts 1026 

(Supplementary Table S8) showed evidence in favor of the null model for words 1027 

presented in small size and low contrast (BF10 = 0.17), large size and high contrast 1028 

(BF10 = 0.20), and small size and high contrast (BF10 = 0.22), whereas differences in 1029 

large size and low contrast were inconclusive (BF10 = 1.36). 1030 

Additional model comparison showed improved fitting when omitting emotion, 1031 

contrast x size, contrast x emotion, size x contrast x emotion, and size x emotion 1032 

(Supplementary Table S9). Conversely, omitting size would lower the explanatory 1033 

value of the resulting model by 8.94 times. Omitting contrast would be maximally 1034 

detrimental, as it would lower the explanatory value of the resulting model by 6.14 x 1035 

106 times. 1036 

These results show that emotion did not affect N1 latency, whereas size and 1037 

contrast modulated it independently, with delayed peaks following low contrast and 1038 

small sized words. 1039 

4. Estimation of the neural sources 1040 

Source reconstruction of the generators of significant ERP differences were 1041 

computed and statistically assessed with SPM12 for EEG3. First, a realistic boundary 1042 

element head model (BEM) was derived from SPM’s template head model based on 1043 
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the Montreal Neurological Institute (MNI) brain. Electrode positions were then 1044 

transformed to match the template head, which is thought to generate reasonable 1045 

results even when an individual’s head differs from the template. Average electrode 1046 

positions as provided by BioSemi were co-registered with the cortical mesh template 1047 

for source reconstruction. This cortical mesh was used to calculate the forward 1048 

solution. The inverse solution was calculated from 0 to 1,000 ms after word onset. 1049 

Group inversion4 were computed, and the multiple sparse priors algorithm 1050 

implemented in SPM12 was applied. This method allows activated sources to vary in 1051 

the degree of activity but restricts the activated sources to be the same in all 1052 

participants44. This has been found to result in more robust source estimations 1053 

compared to single-subject matrix inversion4. 1054 

Statistical analyses in source space were performed for significant scalp effects by 1055 

applying the same time window as in scalp space (see main text). 3D reconstructions 1056 

were generated as NIFTI images (voxel size = 2mm*2mm*2mm) and smoothed using 1057 

an 8mm full-width half-maximum filter. Statistical comparisons reported for source 1058 

space were restricted to time windows that revealed significant differences on the 1059 

scalp. Similar to previous studies5, we described statistical differences in source 1060 

activity of voxels differing at least at an uncorrected threshold of p < .005 and a 1061 

minimum of 15 significant voxels per cluster. In addition, results using family-wise error 1062 

(FWE) corrected threshold of p < .05 and a minimum of 15 significant voxels per cluster 1063 

are reported in all tables. The identification of activated brain regions was performed 1064 

using the LONI atlas6. 1065 

4.1 P1 1066 

Follow-up source estimations showed stronger activations for large words in visual 1067 

areas including the inferior and middle occipital gyrus as well as in the fusiform gyrus 1068 
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(see Supplementary Figure 2 and Supplementary Table S10). Activations were 1069 

stronger in the left hemisphere, including a small activation in the left middle frontal 1070 

gyrus. 1071 

1072 

Supplementary Figure 2. Source estimations for size and contrast effects. 1073 

 1074 

4.2 N1 1075 

Explorations in source space for contrast and size effects showed that the neural 1076 

generators were found to be stronger for large size words in inferior and middle 1077 

occipital gyri, angular and fusiform gyri, as well as the left temporal gyrus and 1078 

precentral areas. High contrast elicited even broader activations in inferior and middle 1079 

occipital areas, angular and fusiform gyri, precentral and left temporal regions. The 1080 

pattern was found to be more left-lateralized, including additional activations in left 1081 

inferior frontal and middle activations were observed. 1082 
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4.3 EPN 1083 

Neural generators were found to be stronger for large size words in occipital and 1084 

parietal regions, including the bilateral superior parietal gyri, the right cuneus and left 1085 

lingual gyrus. 1086 

4.4 LPP 1087 

Explorations in source space showed that large sizes led to enhanced activations 1088 

in right lingual gyrus while small sizes engaged the inferior occipital gyrus. In contrast 1089 

to previous time windows, low-contrast words activated broad visual activations, 1090 

including bilateral inferior and middle occipital as well as angular gyri. 1091 

5. Discussion 1092 

The exploratory analysis on peak amplitude values of the P1 and N1 components 1093 

do not challenge the results of the confirmatory analyses using mean amplitude (see 1094 

main text). Both the P1 and N1 peaks were most sensitive to changes in font size and 1095 

contrast, whereas differences in the emotional content of the words did not seem to 1096 

modulate these ERP components. Similarly, latency analysis revealed delayed P1 and 1097 

N1 peaks for perceptually challenging stimuli ‒ i.e., with low contrast and small font 1098 

size ‒, but no influence of emotional content. The combined results of our confirmatory 1099 

and exploratory analyses converge in indicating no reliable emotion-dependent 1100 

modulation of early ERP components, in contrast with some studies7–9, but in 1101 

accordance with others10–12. 1102 

Source estimations were based on significant effects in scalp space. Accordingly, 1103 

these inversion results show strong and early visual responses both to size and 1104 

contrast manipulations. Responses in broad inferior and middle occipital as well as 1105 

fusiform areas were found for large words in the P1 and N1 time window. Later, within 1106 

the EPN time window, additionally significant changes in cortical generators were 1107 



LOW-LEVEL VISUAL FEATURES AND EMOTION DURING WORD READING   53 

located to parietal areas. For high contrast, similarly broad enhanced visual responses 1108 

were found in the N1 and EPN time window, but also enhanced motor-related and 1109 

cingulate cortex activations. Later, in the LPP time window, this effect reversed, 1110 

whereby low contrast led to stronger visual activations. Such stronger visual 1111 

responses for low contrast words were observed before in a PET study13. Possibly 1112 

due to the lower temporal resolution, the initially much stronger responses towards 1113 

high contrast words were missed and the late but rather sustained activity of low 1114 

contrast words affected the PET signal more strongly13. 1115 

1116 
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Tables 1147 

Supplementary Table S1. Means and standard deviations (in parenthesis) of normative values of non-1148 

emotional features of negative and neutral nouns used in the experiment. 1149 

Variable Negative nouns 

(n=240) 

Neutral nouns 

(n=240) 

BF 

(r = .707) 

Valence 2.31 

(0.35) 

4.02 

(0.12) 

2.48x1097 

Arousal 4.47 

(0.87) 

3.72 

(0.56) 

5.84x1022 

Dominance 4.21 

(0.75) 

4.12 

(0.59) 

0.31 

Age of Acquisition 7.99 

(1.63) 

7.79 

(1.61) 

0.26 

Word length 5.65 

(1.42) 

5.59 

(1.20) 

0.12 

Word frequency 

(per million) 

9.73 

(13.38) 

9.50 

(16.93) 

0.10 

Word frequency 

(log 10) 

0.61 

(0.64) 

0.54 

(0.62) 

0.23 

  1150 
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Supplementary Table S2. Means and standard deviations (in parenthesis) of valence ratings of 1151 

negative and neutral nouns by nine pilot participants. 1152 

Participant Negative nouns Neutral nouns t(1, 238)  p-value 
Bayes Factor 

(r=0.707) 

Pilot01(A) 2.60 (1.18) 4.78 (1.01) 15.40 <.001 1.01x1020 

Pilot02(B) 2.88 (1.67) 5.10 (0.65) 13.61 <.001 1.49x1029 

Pilot03(A) 3.42 (0.80) 4.78 (0.99) 11.71 <.001 1.01x1022 

Pilot04(B) 2.70 (1.58) 4.91 (0.85) 13.48 <.001 5.83x1027 

Pilot05(A) 2.99 (1.11) 4.97 (0.50) 17.65 <.001 8.26x1022 

Pilot06(B) 3.49 (0.96) 5.00 (0.52) 15.12 <.001 4.35x1019 

Pilot07(A) 2.50 (1.37) 4.82 (0.82) 15.93 <.001 5.25x1020 

Pilot08(B) 2.83 (0.90) 4.93 (0.55) 21.83 <.001 5.12x1027 

Pilot09(A) 3.74 (1.87) 4.57 (1.90) 3.39 0.001 29.38 

Note: Scale ranges from 1 (extremely negative) to 9 (extremely positive). Pilots rated half of the used 1153 

words with counterbalanced sets (A or B). 1154 

  1155 
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Supplementary Table S3. Means and standard deviations (in parenthesis) of accuracy and reaction 1156 

times in the color word detection task. 1157 

Dependent Variable Large 

High contrast 

Large 

Low contrast 

Small 

High contrast 

Small 

Low contrast 

Accuracy  

(proportion correct) 

.97 

(0.04) 

.97 

(0.04) 

.97 

(0.03) 

.90 

(0.06) 

Reaction Times 

(in milliseconds) 

573.26 

(25.29) 

597.42 

(24.61) 

583.52 

(19.70) 

683.21 

(37.45) 

  1158 
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Supplementary Table S4. Model comparisons for accuracy and reaction times. 1159 

Dependent 
variable 

model 

r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

Accuracy size x contr 22.48 ±0.92 22.53 ±0.91 22.24 ±0.98 

size + contr 13.12 ±0.98 13.02 ±1.00 12.73 ±1.07 

contr 5.29 ±1.07 5.26 ±1.08 5.10 ±1.11 

size 3.24 ±1.11 3.16 ±1.14 2.97 ±1.18 

Reaction Times size x contr 83.12 ±1.52 83.80 ±1.10 84.23 ±0.90 

size + contr 57.86 ±0.88 58.20 ±0.74 58.37 ±0.69 

contr 32.21 ±0.63 32.34 ±0.59 32.39 ±0.57 

size 19.01 ±0.59 19.04 ±0.58 18.96 ±0.60 

Note. Bayes factors (BF10, on log scale) and percentage of proportional errors (% pe) for each model 1160 

relative to the null, obtained by using JZS priors with different scaling factors (see Section 4.8 in the 1161 

main text for details). The model best explaining the data for each dependent variable is highlighted in 1162 

bold. 1163 

  1164 
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Supplementary Table S5. Post-hoc comparisons for reaction times and accuracy. 1165 

Dependent   
variable 

post-hoc comparison 

r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

Accuracy 

 

small size,            
high vs. low contrast 

14.35 ±0.00 14.54 ±0.00 14.63 ±0.00 

low contrast,        
large vs small size 

10.75 ±0.00 10.88 ±0.00 10.91 ±0.00 

large size,              
high vs. low contrast 

-1.36 ±0.00 -1.66 ±0.00 -1.98 ±0.00 

high contrast,        
large vs. small size 

-1.46 ±0.00 -1.77 ±0.00 -2.09 ±0.00 

Reaction 

Times 

 

small size,             
high vs. low contrast 

33.65 ±0.00 33.95 ±0.00 34.22 ±0.00 

low contrast,         
large vs small size 

25.23 ±0.00 25.50 ±0.00 25.71 ±0.00 

large size,            
high vs. low contrast 

7.15 ±0.00 7.21 ±0.00 7.16 ±0.00 

high contrast,            
large vs. small size 

0.71 ±0.00 0.53 ±0.00 0.29 ±0.00 

Note. Bayes factors (BF10, on log scale) and percentage of proportional errors (% pe) for each model 1166 

assuming pairwise differences between conditions relative to the null model (details are provided in 1167 

Section 4.8). BF10 above zero indicates better fitting for the alternative compared to the null model. 1168 

Post-hoc comparisons in favor of a difference are highlighted in bold. 1169 
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Supplementary Table S6: Means and standard deviations (in parenthesis) of peak amplitude (in µV) 1171 

and peak latency (in ms) values of the P1 and N1 components. 1172 

measure component 

large small 

high low high low 

negative neutral negative neutral negative neutral negative neutral 

peak 
P1 

3.29 
(1.06) 

3.35 
(1.03) 

3.14 
(0.87) 

3.00 
(0.94) 

2.91 
(0.83) 

2.67 
(0.94) 

1.47 
(1.22) 

1.30 
(1.66) 

amplitude 
N1 

-3.51 
(1.05) 

-3.50 
(1.13) 

-3.07 
(0.71) 

-3.05 
(0.84) 

-3.24 
(0.88) 

-3.30 
(1.09) 

-0.99 
(1.72) 

-1.24 
(1.31) 

peak 
P1 

102 
(15.29) 

104 
(13.59) 

126 
(17.39) 

124 
(21.13) 

117 
(13.40) 

113 
(9.93) 

117 
(22.47) 

115 
(27.01) 

latency 
N1 

190 
(23.40) 

188 
(19.40) 

211 
(17.40) 

202 
(20.10) 

196 
(17.50) 

199 
(21.20) 

214 
(32.10) 

215 
(30.50) 

 1173 
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Supplementary Table S7: Model comparisons, separately for peak amplitude and latency, for the P1 1175 

and N1 ERP components. 1176 

measure 
compo
nent 

model 
r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

peak 

P1 

size x contr x 
emo 

113.07 ±2.10 111.72 ±2.21 109.99 ±2.50 

size + contr + 
emo 

110.40 ±0.97 110.04 ±1.00 109.45 ±1.07 

size + emo 94.89 ±0.87 94.57 ±0.87 94.13 ±0.89 

size x emo 93.28 ±1.09 92.66 ±1.10 91.86 ±1.16 

contr + emo 82.29 ±0.86 81.85 ±0.89 81.29 ±0.94 

contr x emo 80.53 ±1.06 79.76 ±1.12 78.91 ±1.18 

amplitude 

N1 

size x contr x 
emo 

132.47 ±2.24 131.36 ±2.20 129.88 ±2.34 

size + contr + 
emo 

120.50 ±1.02 120.20 ±1.00 119.72 ±1.04 

contr + emo 96.74 ±0.88 96.44 ±0.87 96.02 ±0.91 

contr x emo 95.03 ±1.09 94.37 ±1.09 93.63 ±1.14 

size + emo 86.88 ±0.85 86.46 ±0.88 85.97 ±0.91 

size x emo 85.22 ±1.06 84.50 ±1.11 83.70 ±1.18 

peak 

P1 

size x contr x 
emo 

10.49 ±4.44 8.66 ±4.74 6.63 ±4.13 

contr + emo 7.82 ±1.88 7.37 ±1.98 6.86 ±2.08 

contr x emo 6.12 ±2.31 5.33 ±2.39 4.45 ±2.68 

size + contr + 
emo 

5.96 ±2.28 5.28 ±2.44 4.38 ±2.51 

size + emo -4.88 ±2.47 -5.49 ±2.49 -6.16 ±2.53 

size x emo -6.56 ±2.88 -7.52 ±2.98 -8.52 ±3.22 

latency 

N1 

size + contr + 
emo 

26.64 ±1.16 25.99 ±1.24 25.18 ±1.32 

contr + emo 24.24 ±1.01 23.84 ±1.05 23.31 ±1.11 

cont x emo 22.71 ±1.25 21.96 ±1.32 21.13 ±1.37 

size x contr x 
emo 

21.12 ±2.64 19.27 ±2.95 17.09 ±3.03 

size + emo 11.10 ±1.15 10.52 ±1.20 9.91 ±1.22 

size x emo 10.11 ±1.38 9.24 ±1.45 8.28 ±1.55 
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Supplementary Table S8: Post-hoc comparisons, separately for each ERP component. 1178 

measure component post hoc comparison 

r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

peak 

P1 

large size, high contrast,   
negative vs. neutral 

-1.33 ±0.00 -1.63 ±0.00 -1.95 ±0.00 

small size, high contrast,  
negative vs. neutral 

-0.08 ±0.00 -0.30 ±0.00 -0.57 ±0.00 

large size, low contrast,    
negative vs. neutral 

-1.22 ±0.00 -1.52 ±0.00 -1.83 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.19 ±0.00 -1.49 ±0.00 -1.80 ±0.00 

amplitude 

N1 

large size, high contrast,   
negative vs. neutral 

-1.46 ±0.00 -1.77 ±0.00 -2.09 ±0.00 

small size, high contrast,  
negative vs. neutral 

-1.40 ±0.00 -1.70 ±0.00 -2.02 ±0.00 

large size, low contrast,    
negative vs. neutral 

-1.46 ±0.00 -1.76 ±0.00 -2.09 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.05 ±0.00 -1.33 ±0.00 -1.64 ±0.00 

peak 

P1 

large size, high contrast,   
negative vs. neutral 

-1.32 ±0.00 -1.62 ±0.00 -1.94 ±0.00 

small size, high contrast,  
negative vs. neutral 

-0.44 ±0.00 -0.68 ±0.00 -0.96 ±0.00 

large size, low contrast,    
negative vs. neutral 

-1.29 ±0.00 -1.59 ±0.00 -1.90 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.43 ±0.00 -1.74 ±0.00 -2.06 ±0.00 

latency 

N1 

large size, high contrast,   
negative vs. neutral 

-1.29 ±0.00 -1.59 ±0.00 -1.91 ±0.00 

small size, high contrast,  
negative vs. neutral 

-1.21 ±0.00 -1.50 ±0.00 -1.82 ±0.00 

large size, low contrast,    
negative vs. neutral 

0.50 ±0.00 0.31 ±0.00 0.07 ±0.00 

small size, low contrast,   
negative vs. neutral 

-1.45 ±0.00 -1.75 ±0.00 -2.08 ±0.00 
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Supplementary Table S9: Updated fitting when factors are removed from the full model, separately for 1180 

each ERP component. 1181 

measure component 
omit from 
full model 

r = 0.5 r = .707 r = 1 

BF10 % pe BF10 % pe BF10 % pe 

peak 

P1 

contr x 
emo 

1.74 ±2.56 2.05 ±2.89 2.39 ±3.39 

emo 1.68 ±2.53 1.96 ±2.86 2.31 ±3.34 

size x emo 1.58 ±2.58 1.89 ±2.87 2.20 ±3.28 

size x 
contr x 
emo 

1.36 ±2.57 1.64 ±2.87 1.99 ±3.32 

contr x 
size 

-7.32 ±2.69 -7.32 ±2.96 -7.19 ±3.42 

contr -16.71 ±2.67 -16.68 ±3.09 -16.56 ±3.41 

size -30.01 ±2.70 -30.20 ±2.93 -30.16 ±3.37 

amplitude 

N1 

emo 1.94 ±2.83 2.31 ±2.69 2.65 ±2.94 

contr x 
emo 

1.69 ±2.83 2.05 ±2.70 2.39 ±2.94 

size x emo 1.58 ±2.83 1.91 ±2.66 2.29 ±2.95 

size x 
contr x 
emo 

1.37 ±2.86 1.73 ±2.70 2.04 ±2.98 

contr x 
size 

-16.78 ±2.89 -16.83 ±2.80 -16.80 ±3.00 

size -27.19 ±2.98 -27.24 ±2.84 -27.28 ±3.01 

contr -38.21 ±2.88 -38.39 ±2.75 -38.45 ±3.11 

peak 

P1 

emo 1.80 ±5.20 2.21 ±5.41 2.46 ±6.60 

size 1.84 ±5.40 2.17 ±5.14 2.37 ±6.52 

contr x 
emo 

1.75 ±5.46 2.06 ±5.32 2.28 ±6.55 

size x emo 1.69 ±5.33 1.98 ±5.22 2.23 ±6.55 

size x 
contr x 
emo 

1.17 ±5.35 1.54 ±5.16 1.83 ±6.56 

contr x 
size 

-9.11 ±6.10 -9.03 ±6.28 -9.01 ±7.21 

contr -11.81 ±5.64 -11.66 ±6.02 -11.60 ±6.93 

latency 

N1 

emo 1.93 ±3.22 2.23 ±3.69 2.52 ±3.97 

contr x 
size 

1.79 ±3.22 2.12 ±3.89 2.36 ±3.92 

contr x 
emo 

1.58 ±3.25 1.86 ±3.70 2.15 ±3.97 

size x 
contr x 
emo 

1.36 ±3.19 1.69 ±3.69 1.98 ±3.97 

size x emo 0.88 ±3.24 1.18 ±3.77 1.44 ±3.98 

size -2.39 ±3.62 -2.19 ±3.74 -1.91 ±4.53 

contr -15.65 ±3.70 -15.63 ±4.04 -15.51 ±4.38 

  1182 
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Supplementary Table S10: Explorations in source space for size and contrast main effects. 1183 

cluster-level peak-level MNI coordinates LONI 

Number of 
significant 
voxels 

peak 

t (1, 316) 

peak 

p-unc 

x (mm) y (mm) z 

(mm) 

area 

P1 time window (66-148 ms) 

Size: large>small 

2,216 (1,016a)  7.08 <.001 -24 -92 -6 L middle occipital gyrus 

1,336 (667a) 5.87 <.001 24 -96 -16 L inferior occipital gyrus 

714 (449a) 5.40 <.001 42 -38 -24 R fusiform gyrus 

32 3.22 =.001 -26 58 -4 L middle frontal gyrus 

18 3.12 =.001 32 -18 -30 R fusiform gyrus 

N1 time window (150-260 ms) 

Size: large>small 

1,165 (374a)  7.56 <.001 -26 -98 -4 L middle occipital gyrus 

1,532 (594a) 7.08 <.001 22 -100 -6 R middle occipital gyrus 

699 4.24 <.001 -48 -50 -26 L inferior temporal gyrus 

627 4.18 <.001 42 -38 -24 R fusiform gyrus 

144 3.72 <.001 -10 -24 74 L precentral gyrus 

150 3.71 <.001 12 -24 70 R precentral gyrus 

92 3.63 <.001 -12 -80 -12 L inferior occipital gyrus 

233 3.61 <.001 38 -66 48 R angular gyrus 

235 3.57 <.001 -32 -68 50 L angular gyrus 

Contrast: high>low 

4,175 (1,782a)  8.72 <.001 -50 -50 -24 L inferior temporal gyrus 

1,300 (628a) 6.08 <.001 40 -64 -18 R inferior occipital gyrus 

151 3.67 <.001 12 -24 70 R precentral gyrus 

142 3.64 <.001 -12 -24 74 L precentral gyrus 

113 3.17 =.001 -50 22 -2 L inferior frontal gyrus 

49 3.08 =.001 -26 58 -4 L middle frontal gyrus 

76 3.08 =.001 52 26 0 R inferior frontal gyrus 

144 2.96 =.002 34 -66 46 R angular gyrus 

139 2.94 =.002 -32 -68 50 L angular gyrus 

73 2.94 =.002 0 -36 18 cingulate cortex 

EPN time window (300-500 ms) 

Size: large>small 

848 (146a)  5.68 <.001 10 -82 -8 R cuneus 

706 4.53 <.001 -12 -82 -12 L lingual gyrus 

69 3.00 =.001 40 -36 60 R superior parietal gyrus 

68 2.98 =.001 -40 -38 60 L superior parietal gyrus 

LPP time window (402-684 ms) 

Size: large>small 

452  3.83 <.001 12 -92 -8 R lingual gyrus 

Size: small>large 

132  2.81 =.002 40 -82 -16 R inferior occipital gyrus 

Contrast: low>high 

4,731 (1,902a)  8.50 <.001 24 -90 -14 R inferior occipital gyrus 

298 4.05 <.001 34 -66 46 R angular gyrus 
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294  4.03 <.001 -32 -68 50 L angular gyrus 

Notes. aResulting cluster size when FWE-corrected threshold of p < .05 (≥15 significant voxels) was 1184 

used. No. of sig. voxel = number of voxel which differ significantly between both conditions. Peak p-unc 1185 

= uncorrected p-value. For each significant peak, respective coordinates (x, y and z) are displayed in 1186 

MNI space. A cluster may exhibit more than one peak, while only the largest peak is reported. Area = 1187 

peak-level brain region as identified by the LONI atlas. R / L = laterality right or left. 1188 


