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English Abstract 

In our daily lives, we encounter a wide range of visual stimuli, but printed words are critical 

for communication and information acquisition. Emotional words receive preferential 

attention, resulting in modulations of behavioral and neural responses at various stages of 

stimulus processing. The extraction of the emotional connotation of a word necessitates access 

to its semantic content. Nevertheless, emotional effects of words are observed also at early 

visual processing stages, prior to full semantic access. These early effects are proposed to result 

from the association of emotional relevance to the low-level visual features of words, based on 

repeated simultaneous exposure to the wordôs visual form and semantic content. This 

dissertation presents a series of studies that used behavioral and event-related brain potential 

(ERP) measures to investigate the associative mechanisms by which low-level visual features 

of words affect their emotional relevance. Three key research questions were addressed: First, 

to define the precise role of low-level visual features in relevance acquisition; second, to 

characterize the neural and behavioral response dynamics during this acquisition; and third, to 

assess the impact of the acquired relevance on word memory. Study 1 and Study 2 used word-

like stimuli that acquired relevance via associative learning. Different dimensions of low-level 

visual features such as characters and font type were manipulated during the learning and 

subsequent test sessions to investigate their contribution to the relevance acquisition process. 

Relevance effects on early perceptual processing (P1) appeared contingent on the dimension 

of low-level visual features involved in the association (Study 2). Both studies showed for the 

first time that symbolic stimuli of associated relevance, similar to emotional words, 

automatically capture attention as reflected in EPN modulations. However, in contrast to earlier 

stages of perceptual processing, these EPN modulations were insensitive to the manipulation 

of low-level visual features (Study 1). Relevance effects on higher-level stimulus evaluation 

(P300/LPC) linearly increased during relevance acquisition (Study 2). Positive relevance had a 
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greater impact on later stages of stimulus processing compared to negative relevance, mirrored 

behaviorally by faster learning of positive associations. Study 3 explored how relevance 

association to various dimensions of low-level visual features affected memory-related neural 

processing. Positive relevance influenced old/new ERP responses in the P300/LPC time 

window, regardless of the dimension of low-level visual features it was associated with. 

However, the advantage of memory-related processing by positive relevance disappeared when 

the association was no longer necessary for task completion. This work contributes to the 

understanding of the effects of emotional relevance on behavioral and neural responses to 

words and provides new insights into the role of low-level visual features in this process. 

Keywords: Emotional relevance, associative learning, visual word processing, low-level 

visual features, event-related potentials 
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Deutsche Zusammenfassung 

In unserem täglichen Leben begegnen wir einer Vielzahl visueller Reize, aber gedruckte 

Wörter sind für die Kommunikation und den Informationserwerb entscheidend. Emotionalen 

Wörtern wird bevorzugt Aufmerksamkeit geschenkt, was zu Modulationen des Verhaltens und 

der neuronalen Reaktionen in verschiedenen Phasen der Reizverarbeitung führt. Die Extraktion 

der emotionalen Konnotation eines Wortes erfordert den Zugang zu seinem semantischen 

Inhalt. Emotionale Wirkungen von Wörtern werden jedoch auch in frühen Phasen der visuellen 

Verarbeitung beobachtet, die noch vor dem vollständigen semantischen Zugang liegen. Es wird 

angenommen, dass diese frühen Effekte aus der Assoziation von emotionaler Relevanz mit den 

basalen visuellen Merkmalen von Wörtern resultieren, die auf der wiederholten gleichzeitigen 

Exposition der visuellen Form und des semantischen Inhalts des Wortes beruht. Die in dieser 

Dissertation vorgestellten Studien verwendeten Verhaltensmaße und ereigniskorrelierte 

Hirnpotentiale (EKPs), um die Assoziationsmechanismen zu untersuchen, durch die basale 

visuelle Merkmale die emotionale Relevanz von Wörtern beeinflussen. Es wurden drei zentrale 

Forschungsfragen bearbeitet: Erstens, die genaue Rolle von basalen visuellen Merkmalen für 

den Erwerb von Relevanz zu definieren; zweitens, die neuronale und verhaltensbezogene 

Reaktionsdynamik während dieses Erwerbs zu charakterisieren; und drittens, die 

Auswirkungen der erworbenen Relevanz auf das Wortgedächtnis einzuschätzen. In Studie 1 

und 2 wurden wortähnliche Stimuli verwendet, deren Relevanz durch assoziatives Lernen 

erworben wurde. Verschiedene Dimensionen von basalen visuellen Merkmalen, wie z.B. 

Zeichen und Schriftart, wurden während der Lern- und anschließenden Testsitzungen 

manipuliert, um ihren Beitrag zum Relevanzerwerbsprozess zu untersuchen. Die 

Auswirkungen der Relevanz auf die frühe perzeptuelle Verarbeitung (P1) schienen von der 

Dimension der basalen visuellen Merkmale, die an der Assoziation beteiligt waren, abhängig 

zu sein (Studie 2). In beiden Studien konnte zum ersten Mal gezeigt werden, dass symbolische 
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Stimuli mit assoziierter Relevanz - ähnlich wie emotionale Wörter - automatisch 

Aufmerksamkeit auf sich ziehen. Dies spiegelte sich in den EPN-Modulationen wider. Im 

Gegensatz zu früheren Phasen der perzeptuellen Verarbeitung waren diese EPN-Modulationen 

jedoch unempfindlich gegenüber der Manipulation basaler visueller Merkmale (Studie 1). Die 

Auswirkungen der Relevanz auf die Evaluierung von Stimuli auf höherer kognitiver Ebene 

(P300/LPC) nahmen während der Relevanzakquisition linear zu (Studie 2). Positive Relevanz 

hatte im Vergleich zu negativer Relevanz einen größeren Einfluss auf spätere Phasen der 

Reizverarbeitung, was sich im Verhalten durch schnelleres Erlernen positiver Assoziationen 

widerspiegelte. Studie 3 untersuchte, wie sich die Assoziation von Relevanz mit verschiedenen 

Dimensionen basaler visueller Merkmale auf die gedächtnisbezogene neuronale Verarbeitung 

auswirkte. Positive Relevanz beeinflusste alte/neue EKP-Reaktionen im P300/LPC-

Zeitfenster, unabhängig von der assoziierten Dimension basaler visueller Merkmale. Der 

Vorteil der gedächtnisbezogenen Verarbeitung durch positive Relevanz verschwand jedoch, 

wenn die Assoziation für die Aufgabenerfüllung nicht mehr erforderlich war. Diese Arbeit trägt 

zum Verständnis der Auswirkungen emotionaler Relevanz auf das Verhalten und die 

neuronalen Reaktionen auf Wörter bei und bietet neue Einblicke in die Rolle basaler visueller 

Merkmale in diesem Prozess. 

Schlüsselwörter: emotionale Relevanz, assoziatives Lernen, visuelle Wortverarbeitung, basale 

visuellen Merkmale, ereigniskorrelierte Potentiale 
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Chapter 1 

1.1 General Introduction 

James A. Michener once remarked, "I love writing. I love the swirl and swing of words 

as they tangle with human emotions." Similarly, neuroscience, akin to literature, has long 

recognized the emotional potency of words. Further, echoing Michener's observation, research 

has shown that a complex relationship exists between the visual form of words - the "swirl and 

swing" - and the emotion they evoke. Unlike visual stimuli of inherent emotional relevance 

such as facial expressions, words are abstract and symbolic; the association between their 

visual form and meaning is arbitrary, established through language acquisition. 

Central to this dissertation is the examination of the role played by the low-level visual 

features of words in determining their emotional relevance. This chapter provides an overview 

of previous studies that investigated behavioral and neural responses to emotional words. It 

discusses experimental evidence supporting the hypothesis that the emotional relevance of 

words is associated with their low-level visual features, affecting perceptual processing stages 

before semantic access to the word's meaning. 

The chapter then moves on to key issues that have not yet been explored, which will be 

the focus of the following sections. Chapter 2 presents two studies, employing both behavioral 

and electrophysiological measures to investigate how low-level visual features can be the target 

for the acquisition of emotional relevance in symbolic stimuli like words. Chapter 3 details 

further results from the same two studies, addressing the temporal dynamics of neural and 

behavioral effects as stimuli acquire emotional relevance. Chapter 4 introduces a third study, 

focusing on the effects of emotional relevance on memory-related processing of words. Finally, 

Chapter 5 concludes the dissertation with a summary and overarching discussion of the insights 

garnered from the preceding chapters.  
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1.1.1 Emotional Words 

Our behavioral and neural responses to words are influenced by their emotional 

relevance. This is evident in various experimental paradigms such as the Stroop task, where 

participants are tasked with swiftly and accurately naming the color of individually presented 

words. In the "emotional" version of this task, words with negative (e.g., "coffin") or neutral 

(e.g., "cotton") emotional valence are used. Typically, it takes longer to name the color of 

negative compared to neutral words (for a review: Williams et al., 1996).  

Conversely, in a lexical decision task where participants are required to distinguish 

between real words and pseudowords, reaction times are found to be faster for emotion-laden 

words (Schacht & Sommer, 2009a, 2009b; Scott et al., 2009). Although the emotional content 

of the words isn't directly relevant for either task, it nevertheless affects behavioral responses. 

These paradigms exemplify a broader corpus of evidence demonstrating how emotional 

relevance automatically captures attention and impacts information processing in our brain 

(Vuilleumier, 2005). The resulting behavioral responses can be either enhanced or impaired, 

contingent on the task relevance of the emotion-laden stimulus (Pessoa, 2009). In the lexical 

decision task, for instance, the heightened attention towards the emotional word leads to the 

recruitment of additional processing resources, resulting in faster stimulus discrimination. 

Contrarily, in the emotional Stroop task, resources dedicated to processing the emotional 

relevance of the stimulus detract from the color-naming task, resulting in impaired 

performance. 

The effects of emotional relevance can also be observed in physiological responses to 

words. For example, emotional words have been reported to elicit increased pupil dilation 

(Bayer et al., 2011; Võ et al., 2008). These pupil responses have been used extensively as a 

measure of emotional processing (Beatty, 1982), and enhanced responses have been interpreted 
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as reflecting increased arousal of emotionally relevant stimuli (Bradley et al., 2008; Janisse, 

1974). 

The processing advantage for emotional words is also manifest at the neurophysiological 

level, as seen in the modulations of event-related brain potentials (ERPs). Specifically, two 

ERP components have consistently been reported to be influenced by the emotional content of 

words. The first component, the early posterior negativity (EPN), is a relative negativity at 

temporo-occipital electrodes, typically occurring between 200 and 350 ms post-stimulus onset. 

This component is considered to represent the automatic capture of visual attention by 

emotional stimuli (Junghöfer et al., 2001; Schupp et al., 2003), with numerous studies reporting 

enhanced EPN amplitudes for emotional compared to neutral words (Bayer et al., 2012b; 

Hinojosa et al., 2010; Kissler et al., 2009; Schacht & Sommer, 2009b, 2009a). 

The second component modulated by words' emotional content is the late positive 

complex (LPC; Citron, 2012; Hinojosa et al., 2010; Schacht & Sommer, 2009a). It is a broad 

positivity over centro-parietal electrodes, believed to reflect higher cognitive stages of stimulus 

processing (Cuthbert et al., 2000; Schupp et al., 2006). The LPC typically develops in the time 

window of the P300 component, associated with processes of motivation, attention allocation, 

and memory (Polich, 2007). Notably, emotional words are better remembered than neutral ones 

(Brandt et al., 2013; Kensinger & Corkin, 2003a), and their concurrent presentation also 

enhances memory of contextual, non-emotional information (Doerksen & Shimamura, 2001; 

Guillet & Arndt, 2009). In line with these behavioral results, prior studies have found emotion 

effects on P300 amplitudes in response to words (Bernat et al., 2001; Schupp et al., 2006). 

A similar processing advantage has been extensively observed in responses to visual 

stimuli of inherent emotional relevance such as facial expressions of emotion (Bublatzky et al., 

2014; Hammerschmidt et al., 2017; Hammerschmidt, Kulke, et al., 2018; Rellecke et al., 2012; 

Schupp et al., 2004), and complex scenes (Cuthbert et al., 2000; Schupp et al., 2006). Studies 
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comparing emotional effects in words and inherently emotional stimuli reported comparable 

modulations in all the aforementioned ERP components (Bayer & Schacht, 2014; Frühholz et 

al., 2011a; Rellecke et al., 2011; Schacht & Sommer, 2009a). These similarities in 

electrophysiological responses are further supported by evidence from imaging studies. For 

example, Schlochtermeier et al., (2013) demonstrated comparable fMRI activation patterns 

when an emotional stimulus was presented either as a picture (e.g., the picture of a flower) or 

as a word (e.g., the word "flower"). 

In the case of inherently relevant stimuli, the emotion-related processing advantage 

reflects what is known as "motivated attention". This notion is rooted in motivational circuits 

that evolved to bolster the organism's survival by amplifying sensory processing and response 

preparation toward appetitive and aversive stimuli (Lang et al., 1997; Vuilleumier, 2005). 

However, the concept of preferential processing based on evolutionary significance does 

not extend to emotional words, which necessitate the extraction of meaning from arbitrary and 

abstract symbols. Words are thought to be stored within dynamic semantic networks that tether 

their lexical representation to their pragmatic use, physiological and motor responses, alongside 

emotional connotations. For instance, the lexical representation of the word "snake" activates 

interconnected systems within the network, encoding physiological reactions like accelerated 

heartbeat, preparation of a flee response, and the emotion of fear experience (Kissler et al., 

2006). 

Numerous studies have sought to pinpoint the stage during reading where a word's 

emotional content is activated. A widely held perspective on the time course of word reading 

posits that orthographic processing takes place in the initial 200 ms post-stimulus onset, 

followed by lexical processing from 200 to 400 ms, and post-lexical semantic processing 

beyond 400 ms (Barber & Kutas, 2007; Holcomb & Grainger, 2007). 
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Kissler et al., (2007) observed modulations of EPN amplitudes between 200 and 300 ms 

in response to emotional words, suggesting that emotional content activation occurs at the stage 

of lexical or post-lexical access. Schacht & Sommer, (2009a, 2009b) further corroborated this 

finding in a lexical discrimination task where participants differentiated between neutral or 

emotional verbs and meaningless pseudowords. They observed enhanced EPN amplitudes for 

emotional versus neutral verbs 50 ms after the lexicality effect for words versus pseudowords, 

thus placing emotional content activation immediately after lexical access (also confirmed by 

Palazova et al., (2011) for adjectives and nouns). 

Notably, some studies have reported emotion effects even within the first 200 ms 

following word onset. For instance, Begleiter and Platz, as early as 1969, documented 

differences before 200 ms at a single occipital electrode (O2) between "taboo" and neutral 

words (Begleiter & Platz, 1969). Subsequent research has reported even earlier emotion effects 

at occipital electrodes, as early as the first 100 ms after stimulus onset, in the P1 component 

time window. (Bayer et al., 2012b; Hofmann et al., 2009; Kuchinke et al., 2014; Kulke et al., 

2019; Scott et al., 2009). This component, peaking around 100 ms post-stimulus presentation, 

is believed to represent the perceptual encoding of visual input, with sensitivity to the stimuli's 

low-level visual features (Di Russo et al., 2003; Hillyard & Anllo-Vento, 1998; Luck et al., 

2000). These early modulations seemingly occur too swiftly to depend on full semantic access. 

A plausible reconciliation for this apparent discrepancy might be rooted in the lifelong 

exposure to a word's visual form. Similar to how emotional connotation is extracted from 

inherently relevant stimuli based on their perceptual features (for reviews: Vuilleumier & 

Huang, 2009; Vuilleumier & Pourtois, 2007), repeatedly associating a wordôs visual form with 

its emotional content can transfer the emotional significance to the wordôs low-level visual 

features (Fritsch & Kuchinke, 2013; Hofmann et al., 2009; Kissler et al., 2006; Ortigue et al., 

2004; Rellecke et al., 2011). This association could result in enhanced sensory facilitation and 
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early processing of the emotional connotation before the word is fully identified in later 

processing stages (Fritsch & Kuchinke, 2013; Kuchinke et al., 2014). 

1.1.2 Disentangling Orthographic and Semantic Processing 

In order to better understand the impact of emotional relevance on the different stages of 

word processing, it's essential to disentangle the intricate relationship between orthographic 

and semantic aspects of words. A common approach to this investigation used pseudowordsð

symbolic stimuli that do not possess any semantic content and, therefore, lack emotional 

significance, but still retain the low-level visual features characteristic of real words. 

Several studies have employed learning strategies to associate motivational relevance to 

pseudowords. This has been achieved through various methods including associative learning 

(Bayer et al., 2019; Kulke et al., 2019; Rossi et al., 2017; Schacht et al., 2012), classical 

(Montoya et al., 1996), or evaluative conditioning (Fritsch & Kuchinke, 2013; Kuchinke et al., 

2015). For instance, a study by Fritsch & Kuchinke, (2013) had participants learn associations 

between pseudowords and either unpleasant or neutral pictures. In a subsequent lexical decision 

task, ERP responses to these pseudowords, alongside novel neutral pseudowords and real 

neutral and negative words, were measured. The findings revealed that pseudowords associated 

with unpleasant pictures triggered modulations in an early 80-120 ms time window and in the 

P300 time window, similar to the responses elicited by emotionally negative words. 

Similarly, Kulke et al., (2019) designed a paradigm where both neutral words and 

pseudowords acquired motivational relevance through associations to monetary outcomes, 

either gain, loss, or neutral. The authors observed early ERP effects of the associated 

motivational relevance in the P1 time window for both types of stimuli, mirroring the early 

ERP modulations seen with words of emotional content (e.g., Bayer et al., 2012). 
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At this point, is noteworthy to mention that traditional attention theories distinguish 

between two types of attention: bottom-up, stimulus-driven attention captured by emotionally 

significant stimuli, and top-down, goal-driven attention directed toward motivationally 

relevant stimuli (e.g., Corbetta & Shulman, 2002). Yet, stimuli acquiring motivational 

relevance by goal-driven attentional mechanisms as, for example, through association with 

monetary rewards, demonstrate preferential processing even in the absence of the reward 

(Anderson et al., 2011), or when the explicit memory of the stimulus-reward association fades 

(Anderson & Yantis, 2013). 

In light of these observations, Anderson (2013) introduced the notion of a general value-

driven mechanism of attentional selection to elucidate the prioritization of both inherently 

emotionally relevant stimuli and stimuli that garner motivational relevance through associative 

learning. Additionally, various influential models see motivation as precursor of emotional 

relevance (Lang & Bradley, 2010; Pessoa, 2014; also, for a perspective on emotions as hypo-

phenomena of motivation see Gendolla, 2017). 

1.2 Open Questions 

The evidence gathered thus far through the use of real words of emotional content and 

motivation-laden pseudowords illustrates how emotion affects many stages of word 

processing, akin to inherently relevant pictorial stimuli. Effects on behavioral responses and 

ERP amplitudes, specifically in the EPN and LPC time window, indicate that the emotional 

content of words enhances the neural mechanisms of attention, higher-order stimulus 

evaluation, and response preparation. Additionally, even earlier effects observed within the 

first 200 ms after stimulus onset suggest that emotional words are also prioritized at the sensory 

encoding stages. These effects occur too early for full semantic access, implying that the 
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emotional content's association with low-level visual features may result from repeated 

exposure to words over time. 

Despite the progress made, the role played by low-level visual features in the emotional 

relevance of words has not been fully elucidated, and substantial questions still remain.  

Firstly, the visual form of a word can vary along different dimensions. The character set 

comprising the word is an obvious dimension, as exemplified by the words "Coffin" and 

"Cotton" which, despite having a similar visual form, convey different meanings and emotional 

relevance. Font type is another dimension, with marketing and consumer psychology 

recognizing for at least a century that the font type can help convey emotion-like qualities 

(Poffenbergeh & Franken, 1923, see also Spencer, 1969). Previous studies have explored how 

the font size (Bayer et al., 2012a) or the font familiarity (Kuchinke et al., 2014) affect responses 

to emotional words. However, the extent to which different dimensions of low-level visual 

features contribute to the emotional relevance of words remains largely unexplored. Moreover, 

the relative contribution of these different dimensions, and whether the same emotional 

relevance can be conveyed by words being similar in one dimension of low-level visual 

features while varying along another (e.g., different words sharing the same font) is unclear 

(cf. Rossi et al., 2017). 

Secondly, unlike biologically prepared stimuli, the association between a word's 

emotional relevance and perceptual features must be learned. For real words, this association 

is established during the acquisition of written language. In pseudoword studies, the stimuli are 

originally meaningless and emotionally neutral, with the effects of emotional and motivational 

relevance arising throughout the process of associative learning. However, previous studies 

using this type of stimuli have typically investigated relevance effects only after the association 

was established, leaving unclear how these neural and behavioral responses arise and evolve 

over the course of relevance acquisition. 
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Finally, enhanced memory for emotion-laden stimuli is a shared characteristic between 

words and biologically prepared pictorial stimuli. Numerous behavioral studies have proven 

better memory for words of emotional content (e.g., Danion et al., 1995; Rubin & Friendly, 

1986), yet little is known regarding the role of low-level visual features in the memory-related 

neural responses to emotional words (e.g., the P300/LPC and FN400 "old/new" effects). 

These open questions will be the topic of the following three chapters, respectively. 

Detailed description of material, methods, data analysis and results of the studies presented in 

the following chapters can be found in Appendix A, B, and C, respectively. 
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Chapter 2 

2.1 Contribution of Low-Level Visual Features to the Emotional and 

Motivational Relevance of Words 

The evidence discussed in the preceding chapter points towards the activation of the 

emotional content of words before full semantic access is achieved. The modulation of the EPN 

component in response to emotional words is interpreted as emotion effects occurring during 

or immediatelly after lexical access (Kissler et al., 2007; Palazova et al., 2011; Schacht & 

Sommer, 2009b, 2009a). Moreover, other research has reported even earlier emotion effects 

during the first 200 ms of perceptual processing post-stimulus onset (Bayer et al., 2012b; 

Hofmann et al., 2009; Kulke et al., 2019; Scott et al., 2009).  

One hypothesis for these early effects has been framed in the form of an association 

between a word's visual form and its emotional relevance. This association is believed to enable 

processing prioritization at the early perceptual stages before full semantic access to the word 

is achieved (Fritsch & Kuchinke, 2013; Hofmann et al., 2009; Kissler et al., 2006; Ortigue et 

al., 2004; Rellecke et al., 2011). 

Support for this hypothesis is drawn from studies wherein emotional and motivational 

relevance was associated with otherwise meaningless symbolic stimuli. Comparable early ERP 

modulations have been observed in the P1 (and even earlier C1) time window, further 

indicating that the emotional content of these stimuli can be activated already during early 

perceptual processing (Bayer et al., 2019; Fritsch & Kuchinke, 2013; Kuchinke et al., 2015; 

Kulke et al., 2019; Montoya et al., 1996; Rossi et al., 2017; Schacht et al., 2012). 

Despite these advancements, substantial questions remain regarding the specific 

contribution of low-level visual features to the emotional relevance of words. Words' low-level 
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visual features can vary along different dimensions, such as, for instance, the characters 

composing the word, and its font. Some evidence already exists that certain dimensions of low-

level visual features impact neural responses to words and even interact with emotion effects. 

For example, Bayer et al. (2012a) demonstrated that a larger font size enhanced P1 amplitudes 

in response to words. Furthermore, EPN modulations by emotional versus neutral words 

appeared earlier and endured longer when such words were presented in a larger font size. 

Additionally, Kuchinke et al., (2014) observed an emotion effect on P1 amplitudes only when 

words were presented in a familiar font type. However, the extent to which different 

dimensions of low-level visual features contribute to the emotional relevance of words remains 

largely unexplored. 

The subsequent sections of this chapter introduce and discuss two studies aimed at 

addressing these open questions. Collectively, the studies examined here systematically 

investigated whether: 1) specific dimensions of words' low-level visual features can be the 

target of association of emotional relevance, and 2) whether relevance effects can be observed 

in stimuli sharing one dimension of low-level visual features while varying along another. 

2.1.1 Study 1: Low-level Visual Features as Target of Relevance Association 

Study 1 was designed to directly manipulate the low-level visual features of symbolic 

stimuli to examine their role in the acquisition of emotional and motivational relevance. The 

study (N = 48, within-subject design) consisted in a learning session where participants were 

taught to associate 24 pseudowords (formatted as consonant-vowel-consonant-vowel) with 

either a monetary gain, loss, or neutral outcome. The learning paradigm was structured such 

that the magnitude of the monetary outcome was contingent on the participant's response, albeit 

the positive or negative relevance of the stimulus was fixed (i.e., participants could gain more 

or lose less, respectively, with a correct response). A subsequent test session on the following 

day entailed an old/new decision task, where the same stimuli from the learning session were 
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presented alongside new pseudowords. Notably, in the test session, the old stimuli were 

presented in either the same (defined as ñcongruentò) or a different (ñincongruentò) font type 

as in the learning session (Figure 1; see Appendix A for a detailed description of study 

methods). This designed aimed to evaluate the role of low-level visual features in the 

associative learning of motivational relevance. If the effects of associated relevance are tied to 

the visual features of the stimulus, they should disappear when the previously learned 

pseudowords are displayed in an incongruent font type. 

 

Figure 1. Trial scheme of Study 1. (Left) Learning session, with feedback stimuli showed in accordance with the 

different outcome categories and participant response. (Right) Test session, with example stimulus presented in 

an incongruent font compared to learning session. 

The study tested the effects of associated monetary outcome on both behavioral and ERP 

responses during the learning session, as well as the interaction effect of monetary outcome 

and font congruence on the same responses during the test session. Additionally, an analysis 

of pupillary responses was included. While increased pupil responses have been consistently 

observed for emotional pictures (Bradley et al., 2008; Hess, 1965) and auditory stimuli (Jürgens 

et al., 2018; Partala & Surakka, 2003; Riese et al., 2014), the evidence for similar modulations 

in the case of emotional words and symbolic stimuli is somewhat mixed. Some studies revealed 

effects driven by valence (Pulcu & Browning, 2017; Võ et al., 2008), or arousal (Bayer et al., 

2011), while others found no effects of emotional content (Kuchinke et al., 2007). 
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Figure 2 shows results of the analyses of the behavioral and pupillary responses. ERP 

responses during the learning and test session are displayed in Figure 3 and 4, respectively. In 

the learning session, stimuli associated with monetary gain were learned faster, while those 

associated with loss modulated P1 and EPN amplitudes, as well as pupillary responses. In the 

test session, an interaction effect of associated outcome and font congruence was found only 

for accuracy rates, which were higher for previously gain-associated than neutral stimuli. This 

difference was more pronounced for stimuli displayed in the same font (congruent) as in the 

learning session. Stimuli previously associated with monetary gain or loss also exhibited faster 

reaction times and enhanced EPN amplitudes than neutral stimuli in the test session. 

Furthermore, font congruence modulated EPN, LPC, and P300 amplitudes. 
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Figure 2. Behavioral and pupil responses from Study 1. (A) Learning curves showing the mean probabilities of 

correctly assigning the outcome category correctly per outcome condition over the learning session. Differences 

between outcome categories outside the 99% confidence bands are indicated by the orange segments along the 

x-axis. (B) Grand-averaged pupil size time series during the learning session. Inset shows estimated mean and 

95% CI of pupil size for each outcome condition in the marked time window. (C) Estimated mean and 95 % CI of 

reaction time for each outcome condition and font congruence in the test session. (D) Estimated mean and 95 % 

CI of accuracy rates for each outcome condition and font congruence in the test session. 
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Figure 3. Grand-averaged ERPs during the learning session of Study 1, contrasted for zero, gain and loss outcomes, with corresponding scalp topographies of grand-averaged 

ERP across all conditions and of ERP differences between outcome conditions. (A) P1-ROI electrodes. (B) EPN-ROI electrodes. (C) LPC-ROI electrodes.
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Figure 4. Grand-averaged ERPs during the test session of Study 1, contrasted for zero, gain and loss outcomes, and for congruent and incongruent font, with corresponding 

scalp topographies of grand-averaged ERP across all conditions, and of ERP differences between conditions. (A) P1-ROI electrodes. (B) EPN-ROI electrodes. (C) LPC-ROI 

electrodes. (D) P300-ROI electrodes. 
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Contrary to expectations, the test session did not reveal any interaction effect of monetary 

outcome and font congruence on ERP responses. Interpreting this lack of effect, particularly 

regarding the P1 component, as an indication that the low-level visual features of the stimuli 

did not play a part in the acquisition of motivational relevance could be overly simplistic. 

Firstly, an interaction effect was observed at the behavioral level. The processing advantage 

for gain-associated stimuli, reflected in faster reaction times, was further enhanced when the 

pseudowords retained the same font in which they were presented during the process of 

relevance acquisition. Secondly, monetary outcome significantly impacted early sensory 

processing during the learning session, as seen in modulations of the P1 component. Thirdly, 

it's noteworthy that in the test session, P1 was not modulated by either outcome condition or 

font congruence, making it challenging to draw any strong conclusion regarding the absence 

of an interaction effect of such factors. 

Independently of font manipulation, outcome association significantly modulated EPN 

amplitudes in both the learning and test session. This finding is intriguing, especially in light 

of similar effects in the existing literature on real words of emotional content (Bayer et al., 

2012b; Hinojosa et al., 2010; Kissler et al., 2009; Palazova et al., 2011; Schacht & Sommer, 

2009b, 2009a), whereas the few studies using associative learning paradigms with otherwise 

meaningless stimuli reported no effects of motivational relevance on this component 

amplitudes (Kulke et al., 2019 for pseudowords; Schacht et al., 2012 for Chinese characters). 

One reading of this literature could suggest that EPN reflects the processes of automatic 

attention capture by the emotional relevance tied to the semantic meaning of real words. 

Indeed, Schacht & Sommer (2009a, 2009b) noted EPN modulations by emotional relevance 

immediately post lexical access, localizing the dipole source for this component in the fusiform 

gyrus (Schacht & Sommer, 2009b). 
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Within word processing, the fusiform gyrus is thought to be functionally organized in a 

posterior-anterior gradient, with more occipital regions encoding perceptual features of the 

word, while anterior regions encode lexical and potentially higher-level stimulus representation 

(Caffarra et al., 2021). Abundant experimental data suggest this area acts as a hub, integrating 

bottom-up signals from earlier visual areas (Distler et al., 1993) and top-down, non-visual 

stimulus representations from more rostral areas engaged in semantic and phonological 

processing (Catani et al., 2003; Distler et al., 1993; for a review see Carreiras et al., 2014). 

Devlin et al. (2006) further proposed that the fusiform gyrus is where bottom-up visual 

information converges into an abstract, form-invariant representation of the word, which is 

then mapped to its higher-level properties like semantic content. Importantly, they argued that 

at this juncture, the "meaning" mapped to the visual form of the words extends beyond semantic 

content, depending on the specific task requirements. The EPN modulations by outcome 

association, irrespective of font congruence, observed in the current study could be interpreted 

within this framework. Even without the semantic content typical of real words, attentional 

resources can be swiftly allocated when the form-invariant, abstract representation of the 

pseudoword is integrated with the motivational relevance of the associated monetary outcome. 

Interestingly, the test session did not exhibit further modulations of ERP components nor 

pupil responses by outcome association. Previous studies employing similar associative 

learning paradigms reported P1 modulations in the test session (Bayer et al., 2019; Kulke et 

al., 2019; Rossi et al., 2017; Schacht et al., 2012). It's important to note that, in the learning 

session of the current study, where such early modulations were indeed observed, the 

associated outcome was pertinent to participants' task performance. Conversely, in the test 

session, the previously associated outcome lost its task-relevance as participants merely needed 

to distinguish old from new stimuli. Hence, the absence of P1 amplitude modulations in the 
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test session might be attributable to a rapid process of extinction of the association, as it was 

no longer crucial for optimal task performance. 

Additionally, compared to stimuli of inherent emotional relevance, very early effects of 

words' emotional content have been shown to be more susceptible to study-specific conditions 

like task-relevance of the emotional content (Wei et al., 2015; cf. Oliveira et al., 2013), choice 

of reference electrodes (Kuchinke et al., 2014), stimulus familiarity and arousal (Scott et al., 

2009), as well as stimulus presentation time and repetition (for a discussion, see Kissler et al., 

2006; cf. also Frühholz et al., 2011b). Similarly, the absence of relevance association effects 

on the P300/LPC amplitudes contributes to a mix of inconsistent evidence in the context of 

associative learning, with some studies reporting no modulations of these components (Bayer 

et al., 2019; Hammerschmidt et al., 2017; Kulke et al., 2019), while others documented effects 

in the same time window (Hammerschmidt, Kagan, et al., 2018; Hammerschmidt, Kulke, et 

al., 2018; Rossi et al., 2017; Ziereis & Schacht, 2023). 

Regarding pupil responses, a previous study demonstrated emotion effects employing a 

similar old/new decision task with real words (Võ et al., 2008). The study reported an 

interaction effect of stimulus novelty and emotional valence; pupil dilation increased for old 

compared to new stimuli, yet this difference diminished for positive and negative as opposed 

to neutral words. The authors posited that the cognitive effort necessitated for the retrieval of 

known stimuli information, mirrored in enhanced pupil responses, was reduced by the 

emotional content of the stimuli. However, it is worth noticing that the study by Võ and 

colleagues utilized 180 words, each displayed once, contrasting with the mere 24 pseudowords, 

each shown multiple times, in the present study. A plausible explanation for this divergence in 

findings could be the relatively reduced cognitive effort demanded for memory retrieval in the 

current study, which might have tempered the additional advantage for relevance-associated 

stimuli. 
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Furthermore, the observed main effects of font congruence reveal that the manipulation 

of low-level visual features influenced ERP responses independently of the associated 

motivational relevance. Concerning EPN, to the author's understanding, Kuchinke et al., (2014) 

is the only other study probing similar effects of low-level visual features manipulation and 

reported no modulations on this component. The scarcity of evidence from existing literature 

precludes drawing robust conclusions regarding the effect observed in this study. However, it's 

conceivable to speculate that the enhanced amplitudes for incongruent compared to congruent 

font type mirror additional processing necessitated to integrate the novel low-level visual 

features in the form-invariant representation of the stimulus. 

On the other hand, LPC and P300 amplitudes were increased in response to congruent 

compared to incongruent font type. These components have been documented to be modulated 

by the recollection of specific details of the stimulus. For instance, Curran, (2000) 

demonstrated modulations in the same time window when the plurality of a previously studied 

word was altered. Although altering the plurality of a word could be considered as a 

manipulation of both its visual form and its higher-level properties (i.e., quantity), the findings 

of the current study underscore that manipulations solely of the low-level visual features suffice 

to modulate the recollection processes underpinning P300/LPC amplitudes. 

A final note of interest regards the direction of P1 modulations by associated outcome 

observed in the learning session. Loss associations led to reduced P1 amplitudes compared to 

zero-outcome stimuli. This finding is in line with some previous studies (Kuchinke et al., 2014; 

Scott et al., 2009); however, other literature reported an opposite pattern of enhanced P1 

amplitudes for loss associations (Rossi et al., 2017). As previously mentioned, early 

modulations appear to be particularly susceptible to study-specific conditions (cf. Kuchinke et 

al., 2014), highlighting the need for further research to elucidate the factors that influence the 

presence and direction of these effects. In addition, Scott et al., (2009) proposed another 
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possible explanation for the decrease in amplitudes for loss associations in this time window. 

The authors argued that at the level of early perceptual processing of symbolic stimuli, 

increased arousal to negative stimuli might manifest as a negative-going occipital wave, 

leading to decreased P1 amplitudes and enhanced N1 negativities.  

2.1.2 Study 2: Contribution of Different Dimensions of Low-Level Visual Features to the 

Acquisition of Relevance 

Study 1 aimed at investigating the role of low-level visual features in the emotional and 

motivational relevance of symbolic stimuli like words and pseudowords. To this end, the low-

level visual features, along the dimension of the font type, were altered post the acquisition of 

motivational relevance through associative learning. Contrary to anticipations, with the 

exception EPN, the associated monetary outcome didnôt modulate ERP amplitudes in the test 

phase, regardless of font congruence. 

Besides the conceptual elucidation of these null effects as discussed earlier, certain 

experimental variables might have played a part in the mixed outcomes. First, the study 

operationalized the manipulation of low-level visual features through a change in font type.  

That fonts can indeed convey specific emotions is illustrated by commonplace examples, 

as the cinema industryôs use of (trite) "bloody" fonts for horror movie posters. Marketing and 

consumer psychology has delved into the emotional undertones of different fonts for quite 

some time (Li, 2011; Poffenbergeh & Franken, 1923; Spencer, 1969). Some fonts have also 

been attributed specific ñpersonasò. Bodoni has been portrayed as ñdramatic and sophisticatedò 

(Kostelnick et al., 1997), whereas Century Schoolbook as ñserious yet friendlyò (Shushan et 

al., 1991). 

However, the visual form of a word can vary along other dimensions, each potentially 

being a target for the association of emotional content. Of these dimensions, the characters that 
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compose the word are likely the most significant. A mere alteration of one character in the 

positive word "amatoò to ñamaroò shifts the meaning from "loved" to "bitter" in Italian, 

demonstrating another potential dimension for associating emotional relevance. This hints that 

the lack of some anticipated effects in Study 1 might be rooted in other dimensions, aside from 

font, being the primary target for associating motivational relevance. 

Furthermore, the pseudowords used in this study, akin to many preceding studies (e.g., 

Bayer et al., 2019; Kulke et al., 2019), adhered to the phonological rules of German words 

(consonant-vowel-consonant-vowel), aiming to retain perceptual resemblance with real words. 

Yet, as previously discussed, the processing of words' visual form, especially in the fusiform 

gyrus along the ventral visual pathway, is integrated with non-visual information, 

encompassing the phonological representation of the stimulus (Devlin et al., 2006; cf. Blau et 

al., 2008; Macaluso et al., 2004). Evidence suggests that phonological access to the word might 

take place even before lexical access, alongside the form-invariant representation of the 

stimulus (Perfetti et al., 1988). Therefore, the utilization of readable pseudowords might have 

led to the motivational relevance being at least partly associated with the phonological, rather 

than the visual representation of the stimulus (Ashby, 2010; Rabovsky et al., 2012), thereby 

diminishing the impact of low-level visual features in the associative learning process. 

In light of these considerations, a second study was conducted with the aim of 

investigating the contribution of different dimensions of low-level visual features to the 

acquisition of motivational relevance, while minimizing the potential interference of 

phonological processing.  

Study 2 employed two parallel experiments (N = 24 each, between-subject design) with 

the same associative learning paradigm from Study 1. Nine stimuli were utilized, encompassing 

three character strings each displayed in three font types. The two experiments differed in the 

dimension of low-level visual features relevant for associating monetary outcome. In 
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Experiment 1 (character-association group), the character string defined the outcome 

categoryðirrespective of font type, the same string was associated to either gain, loss, or a 

zero-outcome. Conversely, in Experiment 2 (font-association group), the font type dictated the 

outcome category: one font signified gain, another loss, and the third zero-outcome, 

irrespectively of the character string. This setup ensured that in each experiment, only one 

dimension of low-level visual features (character string in Experiment 1, font type in 

Experiment 2) was crucial for outcome association, while the other was to be disregarded 

(Figure 5 A). 

To mitigate the likelihood of phonological processing intervening in the associative 

process, strings comprising four consonants, rendering them unreadable, were chosen. This 

design also probed the generalizability of relevance association effects (cf. Rossi et al., 2017). 

If the association is tethered to a specific dimension of low-level visual feature (e.g., character 

set), it could be hypothesized that its effects would extend to all stimuli sharing the target 

dimension but differing in others (e.g., font type). This hypothesis was put to the test in a 

subsequent session on the following day, consisting of an old/new decision task. In this session, 

new stimuli were created by manipulating either one or both dimensions (i.e., characters and 

font type) of the learning session's stimuli (Figure 5 B). Behavioral and ERP responses were 

recorded across both sessions (see Appendix B for a detailed description of methods, analysis, 

and results). 
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Figure 5. Trial scheme of Study 2. (A) Learning session. Top-right shows feedback stimuli in accordance with the 

different outcome categories and participant response Bottom-right table shows the assignment of stimuli to the 

outcome categories in accordance with the relevant feature of association of each experimental group. (B) Test 

session, with scheme of the manipulation of the stimuliôs low-level visual features, as well as the four fonts used 

in the study. 
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The results of the study revealed that gain and loss associations were acquired faster than 

zero-outcome associations in both experiments (Figure 6 A, D). The test session further 

showed that gain associations produced faster reaction times, and in the character-association 

group (Experiment 1), heightened accuracy rates as well (Figure 6). When the character set 

was the target dimension for outcome association (Experiment 1), loss association enhanced 

P1 amplitudes during the learning session. However, this effect was absent when font type was 

the target dimension (Experiment 2; Figure 7 A, B). Additionally, stimuli associated to 

monetary gain produced enhanced EPN amplitudes in the learning session across both 

experiments (Figure 7 C, D). Lastly, LPC amplitudes were increased in response to gain and 

loss associations during the learning session, and to gain association in the test session of both 

experiments (Figure 8). None of these ERP effects carried over to the novel stimuli in the test 

session which shared the target dimension of low-level visual features. 
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Figure 6. Behavioral results from Study 2. (A, D) Learning curves showing the mean probabilities to attribute 

the outcome category correctly per outcome condition across the learning session of the two experiments. 

Differences between outcome categories outside the 99% confidence bands are colored in red. (B, E) Estimated 

mean and 95% CI of accuracy rates for old stimuli, for each outcome condition in the test session. (C, F) 

Estimated mean and 95% CI of reaction time to old stimuli for each outcome condition in the test session.
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Figure 7. Grand-averaged ERPs during the learning session of Study 2, contrasted for zero, gain and loss 

outcomes, with corresponding scalp topographies of grand-averaged ERP across all conditions and of ERP 

differences between outcome conditions. (Top): P1-ROI electrodes for Experiment 1 (A) and Experiment 2 (B), 

respectively. (Bottom): EPN-ROI electrodes for Experiment 1 (C) and Experiment 2 (D), respectively. 
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Figure 8. Grand-averaged ERPs at LPC-ROI electrodes during Study 2, contrasted for zero, gain and loss 

outcomes, with corresponding scalp topographies of grand-averaged ERP across all conditions and of ERP 

differences between outcome conditions. (Top): ERPs during learning session of Experiment 1(A) and Experiment 

2 (B), respectively. (Bottom): ERPs during test session of Experiment 1 (C) and Experiment 2 (D), respectively.
















































































































































































