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Summary 

 

A common thread in many frameworks of how aesthetic appreciations are formed when 

observing media is that stimuli that are easier to process are liked. This may influence how we 

approach media, e.g. by affecting our eye movements. While evidence shows that processing 

ease indeed leads to greater aesthetic liking, research on how these go hand in hand with 

oculomotor events is limited. The three research papers of this dissertation aimed to understand 

how fluency and liking affect pupillary responses using different types of stimuli and tasks. 

Further, I was interested in whether fluency-based liking shapes viewing strategies with the 

background of two boundary conditions to processing fluency, expertise and time pressure.  

 In Research Paper 1, my coauthors and I aimed to replicate Kuchinke, Trapp, Jacobs, 

and Leder’s (2009) finding that pupils dilate more strongly to easier to process, i.e. less abstract, 

cubist paintings that were more liked, by employing an improved experimental design. We 

attempted to generalize results to the expressionist art style. Liking ratings were conducted and 

a content detection task was employed while pupillary dilations were recorded. One of the key 

findings was that dilations for cubists could not be replicated, while pupils dilated more strongly 

to easier to process expressionists. Crucially, while easier paintings were liked over difficult 

ones for both art styles, there was no link between aesthetic liking and pupillometric response 

when analyzing each art style individually. Dilations were greater for the least liked paintings 

when art style was ignored. Thus, Research Paper 1 does not allow for the conclusion that 

fluency-based aesthetic liking is reflected in pupil dilations. 

 Stronger dilations to easier to process paintings are striking since a great body of 

research on cognitive load suggest pupillary response should be stronger for difficult stimuli or 

tasks. In Research Paper 2, my coauthors and I reevaluated pupil responses with two different 

types of stimuli (symmetry/asymmetric dot clouds versus cubist and cubist/expressionist 

paintings) and tasks (categorization versus content detection). Fluency was either defined as 

grade of symmetry or abstractness of the paintings. Pupils dilated more strongly for harder to 

process asymmetric clouds and expressionists that were more abstract. Dilations were also 

amplified with increasing difficulty and decreasing liking for dot clouds and expressionists. 

Again, we failed to replicate results for the cubists. While at first it seems that pupil dilations 

indicate dislike, it is likely that these results fall in line with the literature on cognitive load and 
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rather reflect task difficulty when fluency is involved as a background mechanism in aesthetic 

appreciation.  

 Research Paper 3 explored how eye movement parameters such as fixations, saccades 

and scanpaths go hand in hand with fluency-based aesthetic liking of paintings, expertise and 

time pressure in a free viewing paradigm. While liking decreased with abstractness regardless 

of expertise and was greater for experts in general, how much time volunteers had to view the 

paintings did not matter for liking. This suggests that aesthetic liking is developed early in 

processing and not overwritten by later elaborations independent of expertise. Interestingly, 

experts and novices were also remarkably similar in using more local gaze strategies and 

fluency was only relevant for viewing under time pressure. Instead, eye movements reflected a 

maximization of how much information viewers could take in when time was limited. Lastly, 

liking and eye movement measures did not correlate indicating that liking may not stem from 

how participants look at pictures but from other underlying thought processes.  

 In conclusion, this thesis highlights five important results. First, the research papers 

replicate processing fluency’s impact on liking. Second, pupillary response does not always 

stem from aesthetic liking but may be overwritten by task difficulty. Third, time allocated to 

viewing is generally more important in shaping eye movements than fluency. Forth, experts 

and novices are remarkable alike in both their aesthetic response to fluency and their viewing 

strategy. Lastly, eye movements seem to be irrelevant for shaping aesthetic appreciation.
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Zusammenfassung 

 

Viele Modelle zur ästhetischen Beurteilung bei der Betrachtung von Medien sagen vorher, dass 

leichter zu verarbeitende Stimuli mehr gemocht werden. Dies kann eine Rolle dabei spielen, 

wie wir auf Medien zugehen, z.B. wie unsere Augenbewegungen beeinflusst werden. Während 

bereits Evidenz dafür existiert, dass einfachere Verarbeitung zu größerer ästhetischer Vorliebe 

führt, ist die Forschung, ob dies auch mit okulomotorischen Ergebnissen einhergeht, bislang 

noch sehr begrenzt. Drei Fachartikel versuchen, mit verschiedenen Stimuli und experimentellen 

Aufgaben das Verständnis dafür zu erweitern, wie Verarbeitungsflüssigkeit (fluency) und 

ästhetische Vorliebe Pupillenbewegungen (Dilatationen) beeinflussen. Außerdem interessierte, 

ob fluency-basierte Vorliebe Blickstrategien vor dem Hintergrund zweier Grenzbedingungen 

lenkt: Expertise und Zeitdruck.  

 Ziel des Fachartikels 1 war es, Kuchinke, Trapp, Jacobs, und Leders (2009) Ergebnis zu 

replizieren, dass Pupillen sich für mehr gemochte einfachere, d.h. weniger abstrakte, 

kubistische Gemälde stärker dehnen. Dies geschah unter einer Verbesserung des 

experimentellen Designs. Des Weiteren wurde eine Generalisierung auf den 

expressionistischen Kunststil versucht. Vorliebe wurde mit einem Rating abgefragt und es 

wurde eine Inhaltsdetektion durchgeführt, während Pupillenreaktionen gemessen wurden. Ein 

zentrales Ergebnis war, dass Dilatationen für Kubisten nicht repliziert werden konnten, 

während Pupillen stärker auf einfache Expressionisten reagierten. Ausschlaggebend war 

außerdem, dass einfachere Gemälde beider Kunststile zwar mehr gemocht wurden, es aber 

keinen Zusammenhang zwischen Vorliebe und Dilatationen für die jeweiligen Kunststile gab. 

Pupillen reagierten stärker auf weniger gemochte Bilder, wenn der Kunststil ignoriert wurde. 

Daher lässt Fachartikel 1 die Annahme nicht zu, dass sich fluency-basierte ästhetische 

Vorlieben in Pupillenbewegungen widerspiegeln.  

 Dass Pupillen sich bei einfachen Gemälden stärker dehnen, ist verblüffend, da 

Forschung zu kognitiver Belastung suggeriert, dass die Reaktionen für schwierige Stimuli und 

Aufgaben stärker ausfallen sollten. In Fachartikel 2 wurden Pupillenreaktionen mit zwei 

verschiedenen Stimulustypen (symmetrische / unsymmetrische Punktwolken und 

expressionistische / kubistische Gemälde) und Aufgaben untersucht (Kategorisierung und 

Inhaltsdetektion). Fluency wurde entweder als Grad der Symmetrie oder Abstraktheit der 

Gemälde definiert. Pupillen weiteten sich für schwierigere asymmetrische Punktwolken und 
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abstraktere Expressionisten mehr, wobei die Ergebnisse für Kubisten wieder nicht repliziert 

werden konnten. Während zunächst zu vermuten wäre, dass Pupillendilatationen Ablehnung 

anzeigen, ist es jedoch wahrscheinlicher, dass sich die Ergebnisse in die Literatur zur kognitiven 

Belastung einordnen und daher Aufgabenschwierigkeit anzeigen, wenn fluency in ästhetische 

Beurteilungen involviert ist.  

 Fachartikel 3 explorierte in einem Free-Viewing-Paradigma, wie Bewegungsparameter 

wie Fixationen, Sakkaden und Scanpfade mit fluency-basierter Vorliebe für Gemälde, Expertise 

und Zeitdruck interagieren. Während die Vorliebe für Gemälde unabhängig von der Expertise 

mit zunehmender Abstraktheit sank, mochten ExpertInnen Gemälde im Allgemeinen mehr. 

Wie viel Zeit die Teilnehmenden hatten, spielte dabei keine Rolle. Dies deutet an, dass 

ästhetische Beurteilungen früh in der Verarbeitung getroffen und nicht von späteren 

Elaborationen überschrieben werden. Interessanterweise stimmten LaiInnen und ExpertInnen 

in einer lokalen Blickstrategie überein und fluency spielte nur unter Zeitdruck eine Rolle. 

Stattdessen nutzen Teilnehmende ihre Blickbewegungen, um die Aufnahme von Informationen 

zu maximieren, wenn sie unter Zeitdruck standen. Zuletzt korrelierten Blickbewegungen und 

Vorliebe nicht miteinander, was andeutet, dass ästhetische Beurteilungen nicht von 

Blickstrategien, sondern von anderen Denkprozessen abhängen.  

 Zusammenfassend lassen sich 5 wichtige Schlussfolgerung ableiten. Erstens, der Effekt 

von fluency auf ästhetische Vorliebe konnte repliziert werden. Zweitens, Pupillenreaktionen 

entstehen nicht immer durch Vorliebe, sondern können von Aufgabenschwierigkeit 

überschrieben werden. Drittens, die Zeit zum Ansehen ist wichtiger für die Bildung von 

Blickbewegungen als fluency. Viertens, ExpertInnen und LaiInnen ähneln sich auffallend in 

ihrer Beurteilung und Blickstrategie. Fünftens, Augenbewegungen scheinen irrelevant für 

ästhetische Beurteilung zu sein. 
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Chapter 1: Synopsis 

 

 

1.1 General Introduction 

There is great diversity in how media is received by the audience. While artworks created by 

the painter Thomas Kinkade are generally judged to be low quality kitsch by art critics, 

reproductions of his work remain extremely popular with consumers (Meskin, Phelan, Moore, 

& Kieran, 2013). On aggregators such as Rotten Tomatoes, critics’ and the audience’s meta-

scores given to movies and TV-series often diverge substantially (Wilkinson, 2018). Maybe 

someone has criticized your favorite comic book or pop music piece as trivial or a friend was 

just unable to understand the beauty in your favorite scene composition because you thought 

they were not “seeing it the same way you do”. Such differences in reception are often thought 

to depend on how difficult media are to interpret and whether viewers (or listeners) have the 

skills to process them (Reber, Schwarz, & Winkielman, 2004). This in turn can influence how 

we perceive and approach media, e.g. by guiding the movements our eyes make to take in 

information. Thus, the aim of this thesis was to investigate how and under which conditions 

difficulty-based aesthetic appreciation is created and how it relates to our eye movements. 

While work on auditory, haptic, or proprioceptive experiences is also done in aesthetic 

psychology, the focus of this thesis lies on visual aesthetics. 

 

1.1.1 From Philosophy to Empirical Science: A Brief Overview of Aesthetics 

1.1.1.1 The Origins of Aesthetics 

Ancient accounts of western philosophers demonstrate an early interest in the genesis 

of aesthetic experience which is hard to define even today. At the time two opposing 

perspectives emerged. The objectivist view, most prominently represented by Plato’s dialogues, 

located aesthetic value in the stimulus’ qualities. Contrarily, the subjectivist view, which is 

earliest documented for the ancient Sophists but is maybe most famously canonicalized in 

Kant’s (1790) Critique of Judgement, posed that emotions towards beauty are idiosyncratic for 

each individual (Palmer, Schloss, & Sammartino, 2013; Reber et al., 2004; Tatarkiewicz, 2012). 

These can be combined into an interactionist view (Reber et al., 2004), which places emphasis 

on both the stimulus as well as the individual and will be the view taken in this thesis.   
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Note that both these ancient and modern accounts often falsely equate aesthetics with 

beauty or art. This includes the idea that the processing of art is seen as somehow “special” and 

different from other perceptual, cognitive or emotional processes (Skov & Nadal, 2020). 

Though even psychological and neuroscientific descriptions of aesthetics will often focus on 

art, it is important to keep in mind that aesthetic experiences can be both positively and 

negatively valanced, can happen to any person, in any context and in response to any object, 

person or situation. In other words: “From the perspective of psychology and neuroscience, 

aesthetics can be viewed as the study of why a specific sensory stimulus results in a specific 

hedonic value” (Skov & Nadal, 2020, p. 637).  

 

1.1.1.2 Aesthetics as Science  

First empirical tests of aesthetic appreciation, such as Fechner’s (1876) work on the 

golden ratio, accompanied experimental psychology right from the beginning of its conception. 

During the 20th and 21st centuries psychologists and neuroscientists investigated both objective 

criteria such as symmetry (e.g. van der Helm, 2015), color (e.g. Palmer & Schloss, 2010) or 

Gestalt principles (e.g. Wagemans et al., 2012), but also subjective higher order cognitive and 

emotional processes. For example, Berlyne (1971) suggested that aesthetic appreciation 

emerges from simple arousal processes created in the primary reward and aversion systems 

which in turn lead to a quadratic effect on liking. While some evidence favors this account 

many of its assumptions are not supported empirically (Palmer et al., 2013) and are better 

explained by other  phenomena such as prototypicality (Martindale, Moore, & Borkum, 1990; 

Rosch, 1978), mere exposure (Zajonc, 2001) or ecological valance (Palmer & Schloss, 2010).  

Consequently, several attempts were made to create cognitive and neuroscientific 

frameworks that describe how aesthetic appreciations are formed (Pelowski, Markey, Lauring, 

& Leder, 2016). According to the Appraisal Theory of Aesthetic Emotions (Silvia, 2005) 

aesthetic experiences emerge from a string of evaluative processes, including a novelty check 

and estimation of coping potential. The Pleasure-Interest Model of Aesthetic Liking (Graf & 

Landwehr, 2015) frames appreciation from a dual-process perspective, describing a stimulus-

driven automatic stage representative of pleasure, and a perceiver-driven deliberative stage 

representing interest. However, the most influential descriptions by far are the Model of 

Aesthetic Appreciation and Aesthetic Judgements and its revision (Leder, Belke, Oeberst, & 

Augustin, 2004; Leder & Nadal, 2014). As a stage model it defines both early automatic and 

late deliberate processes, such as perceptual analysis and cognitive mastering, as well as 
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background and environmental variables including previous experience, interest and social 

discourse which continuously feed into the affective evaluation of the stimulus. Distinctively, 

the model also differentiates between aesthetic emotions and cognitive aesthetic judgements.   

Lastly, attempts were made to find psychophysiological markers of aesthetic events, as 

these help to pinpoint what processes are involved until aesthetic appreciation is achieved but 

also provide more implicit measures of aesthetic liking compared to classic methods such as 

ratings. This is based on the finding that – at least for visual perception – the brain processes 

stimuli in a hierarchical manner, comprising an early, intermediate and late response that 

roughly correspond to the stages in Leder et al.’s (2004) model (see Chatterjee, 2011, for a 

review). It is no coincidence that our brain has evolved to detect and process aesthetic episodes 

because aesthetic phenomena are evolutionarily adaptive: 

First, beauty serves as a proxy for health and vigor in mate selection. Second, 

beautiful objects are those that are complex and yet are processed efficiently. 

And third, art making and appreciation serves an important ritualistic function 

that enhances social cohesion. (Chatterjee, 2011, p. 56) 

Thus, aesthetic emotions and judgments deserve our scientific attention, because they not only 

played a crucial part in our survival in evolutionary terms, but have also come to influence our 

everyday decisions (Palmer et al., 2013). The frameworks used in this thesis build on these 

descriptions of aesthetic appreciation and psychophysiological findings to investigate how 

difficulty-based aesthetic liking is achieved.  

 

1.1.2 A Multitude of Fluency 

What most of the above-mentioned frameworks have in common is that they include or 

represent fluency-related phenomena in some way or another. Processing fluency refers to how 

easily information can be processed (Alter & Oppenheimer, 2009; Reber et al., 2004). The idea 

that fluency guides observers’ judgements is not unique to aesthetics: Building on the discovery 

that mere exposure facilitates retrieval from memory, the processing fluency/attribution model 

was among the first frameworks formalizing this phenomenon (e.g. Bornstein & D'Agostino, 

1992; Bornstein & D'Agostino, 1994). Thus, processing fluency is closely related to cognitive 

load theory which describes that more difficult tasks are more resource-intense on 

memory (Just, Carpenter, & Miyake, 2003). Fluency accounts exist in a multitude of 

psychological research (Alter & Oppenheimer, 2009). They are induced by a plethora of 
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experimental techniques, e.g. perceptual and conceptual priming (Belke, Leder, Strobach, & 

Carbon, 2010; Reber, Winkielman, & Schwarz, 1998), and influence a variety of outcome 

variables, e.g. judgments of truth (Hertwig, Gigerenzer, & Hoffrage, 1997) and fame (Jacoby, 

Woloshyn, & Kelley, 1989) in the context of the fluency heuristic (Gigerenzer & Gaissmaier, 

2011). Regardless of how fluency is created, across the majority of research, stimuli that can be 

more fluently processed are preferred in some way or another (Alter & Oppenheimer, 2009; 

Reber et al., 2004). This is because higher fluency signals to the viewer that the knowledge 

structures for successful processing were available to them and that they recognized the 

stimulus without error (Reber et al., 2004; Winkielman, Schwarz, Fazendeiro, & Reber, 2003a).  

 In empirical aesthetics fluency is formalized in the hedonic process fluency 

theory (Reber et al., 2004). Both perceptual fluency (ease of processing the stimulus features) 

and conceptual fluency (ease of processing the stimulus semantics dependent on the background 

knowledge) are expected to impact aesthetic liking. This is based on four assumptions: (1) the 

degree of fluency inherently differs for each stimulus, (2) high fluency is positively valanced, 

(3) fluency impacts appreciation because observers rely on their subjective experiences as an 

informational cue, and (4) expectations and attributions are moderators in the fluency-liking 

relationship, so if a source of fluency is attributed to an irrelevant cue, aesthetic liking will not 

be impacted by it (Reber et al., 2004).  

 The latter two assumptions of the theory suggest that processing fluency theory is 

limited by boundary conditions and in fact, there are some notable exceptions to fluency’s 

impact on aesthetic appreciation. While higher fluency may also intensify negative emotions, 

most limitations can be attributed to boredom. For example, if the stimulus is not challenging 

enough or the viewer has been exposed to it too often, aesthetic liking decreases (Bornstein, 

Kale, & Cornell, 1990). When it goes hand in hand with higher prototypicality, people may 

prefer complexity, e.g. for car designs (Landwehr, Labroo, & Herrmann, 2011), or novelty, e.g. 

in industrial design (Hekkert, Snelders, & van Wieringen, 2003). For paintings of the surrealist 

René Magritte, Jakesch, Leder, and Forster (2013) and Jakesch, Goller, and Leder (2017) even 

demonstrated that greater ambiguity could be preferred because elaboration of the more difficult 

can be pleasurable (Belke, Leder, & Carbon, 2015; Muth & Carbon, 2013). Boundary 

conditions of processing fluency will therefore be subject of one of the research papers in this 

thesis (Chapter 4).  
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1.1.3 Psychophysiological Markers of Aesthetics and Fluency  

 In the last decades researchers made first steps to isolate psychophysiological correlates 

of aesthetic appreciation. For example, studies using fMRI and EEG show that brain regions 

such as the prefrontal cortex (e.g. Cela-Conde et al., 2004), orbitofrontal cortex (e.g. Ishai, 

2007) and circuits including the dorsal and ventral streams among many others play a crucial 

part in aesthetic processing (see Chatterjee, 2011, for a review). When employing facial EMG, 

activity of the zygomaticus major increases and activity of the currogator supercilii decreases 

when stimuli are liked (Winkielman & Cacioppo, 2001). Lastly, eye tracking stands out as a 

method of interest for the study of aesthetic appreciation because eye movements have 

fascinated art historians and artists for centuries: One of the first surviving accounts being a 

description by Procopius Caesarea of how the interior of the Hagia Sophia guides the eye in the 

6th century CE (On buildings cited in Rosenberg & Klein, 2015). Ever since then, the viewer’s 

gaze played a crucial part in how artists compose their work and has also received attention in 

art analysis (Rosenberg & Klein, 2015). Two classes of eye movements are used in eye 

tracking: pupil dilations and the movements of the eyeball, such as fixations, saccades and 

scanpaths.  

Pupillary responses result from the combined movement of two antagonistic muscle 

groups in the iris: the parasympathetically controlled sphincter and the sympathetically 

enervated dilator muscles. A dilation of the pupil is achieved when the sympathetic system is 

activated, and the parasympathetic system is inhibited, i.e. pupils always dilate under 

psychophysiological arousal (Beatty & Lucero-Wagoner, 2000; Bradley, Miccoli, Escrig, & 

Lang, 2008; Mathôt, 2018; Võ et al., 2008) and this occurs regardless of valance (Henderson, 

Bradley, & Lang, 2014). Because task-evoked pupillary responses are involuntary, they could 

serve as an implicit measure of aesthetic appreciation, which is partly believed to be based in 

emotional arousal (Leder et al., 2004). 

Eye movements on the other hand are a useful tool to capture where and how long 

participants attend to on a stimulus when employing overt attention (Mulckhuyse, 2018) and 

could be seen as a direct indictor of that attention because they are faster than manual 

responses (e.g. Bannerman, Milders, & Sahraie, 2009). Thus, they are ideal to explore on what 

time scales differences between the experimental conditions arise. For example, if art novices 

and experts exhibit different viewing strategies under time pressure, variations in liking 

between those two must arise early in processing. Other than pupil dilations, however, eye 

movements can be both voluntary, e.g. when viewers move their gaze to suit task demands, and 
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involuntary when fast attention is needed, e.g. after a sudden change of noise (Land, Mennie, 

& Rusted, 1999; Mulckhuyse, 2018). Researchers can choose from a great variety of 

oculomotor events that represent the number and duration of gaze movements and positions. 

Most common are the number and duration of fixations, which are moments of relative stillness 

of the eye on one point, saccades, which are the ballistic movements of the eye between two 

fixations, as well as the whole scanpath of the eye. Often an area of interest (AOI) analysis is 

conducted which allows for tests of whether people attend to semantically relevant 

areas (Holmqvist et al., 2011).  

Research Paper 1 and 2 will investigate whether pupillary dilations reflect liking when 

task difficulty plays a role in the aesthetic episode. This will provide a chance to judge whether 

pupillary dilations indeed serve as an implicit measure of liking (Chapters 2 & 3). Further, 

Research Paper 3 will examine whether boundary conditions of fluency, namely expertise and 

time pressure, differentiate viewing strategies when viewing paintings that vary in the difficulty 

of processing (Chapter 4). 

 

1.2 Thesis Aims and Research Projects 

1.2.1 Pupillary Responses as Implicit Measure of Fluency-induced Aesthetic 

Appreciation? 

Because emotional arousal is believed to play a part in aesthetic appreciation (Leder et 

al., 2004), it is no surprise that associations between liking and pupil dilation have been found 

in the past. For example, greater dilations were associated with aesthetic pleasure when 

participants were presented with photographs of faces (Blackburn & Schirillo, 2012) and 

paintings by Mondrian (Johnson, Muday, & Schirillo, 2010). Simultaneously, a u-shaped 

function was observed when the stimulus pool included both pleasing and displeasing portraits 

(Hayes, Muday, & Schirillo, 2013; Powell & Schirillo, 2011), which is reminiscent of Berlyne’s 

(1971) psychophysiological account of aesthetic liking. To my knowledge, only Kuchinke et 

al. (2009) have ever attempted to combine pupillometric research with visual processing 

fluency in the context of aesthetic research. They posed a content recognition task to 

participants who saw cubist paintings that differed in abstractness. Pupils were greatest for the 

least abstract paintings which were easiest to process and most preferred by the viewers. These 

results shed an interesting light on the arousal that influences pupillary response: As the authors 

argue, pupil dilations could distinguish whether the arousal underlying fluency-based aesthetic 
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appreciation stems from emotional responses or cognitive deliberation. If cognitive arousal is 

the source of dilation, pupillary responses should be greater for paintings that are difficult to 

process, reflecting cognitive strain. In the context of processing fluency this would crucially 

mean that pupils do not dilate to the stimuli that are most liked, but to those that are disliked. 

However, if emotional arousal played a bigger role, pupils should dilate more strongly to the 

pictures that are easy to process and that participants like more, as they did in Kuchinke et al.’s 

(2009) study. This would mean that dilations systematically indicate aesthetic liking instead of 

cognitive processes based on difficulty.  

 Unfortunately, research on cognitive load contradicts the latter (Beatty & Lucero-

Wagoner, 2000; Mathôt, 2018): Across multiple research tasks, such as arithmetic 

calculations (Ahern & Beatty, 1979; Hess & Polt, 1964; Steinhauer, Siegle, Condray, & Pless, 

2004), digit memorization (Kahneman & Beatty, 1966), inattentional blindness (Wright, Boot, 

& Morgan, 2013) or language processing (Schmidtke, 2014), pupils dilate more strongly to the 

more difficult stimuli. Kuchinke et al.’s (2009) results could therefore either be a false positive 

or pupil dilations “switch” for aesthetic tasks. If the latter is true, this would not only represent 

a physiologically measurable account of Leder et al.’s (2004) distinction between aesthetic 

emotions and aesthetic judgments which are more cognitive . It could also hint that the cognition 

of art and in extension the cognition of aesthetics may indeed differ from the processing of other 

stimuli, in opposition to Skov and Nadal (2020).  

 Since there is no other work on pupil dilations to fluency-based appreciation, the first 

aim of this thesis was to evaluate and generalize Kuchinke et al.’s (2009) results to find out 

whether pupils consistently dilate more strongly to more liked paintings with the background 

of processing fluency and can therefore be used as an implicit measure of aesthetic liking. In 

Research Paper 1, my coauthors and I attempted to replicate the study with both the original 

cubist stimulus material and an additional set of expressionist paintings that had a greater range 

of abstractness (Chapter 2). To understand whether pupillary responses found for fluency-based 

aesthetic appreciation would be stable under different conditions and both the perceptual and 

conceptual type of fluency, we investigated dilations with two different sets of 

stimuli (symmetric dot clouds and paintings) as well as two different tasks (categorization and 

content detection) in Research Paper 2 (Chapter 3).   
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1.2.1.1 Summary of Research Paper 1: Replicating Pupil Dilations to Fluency (Elschner, 

Hübner, & Dambacher, 2018) 

 Kuchinke et al.’s (2009) seminal study showed that pupils dilated more strongly to more 

easy to processing cubist paintings and that these dilations corresponded to higher ratings of 

preference. While these results are promising, the study suffered from three methodological 

shortcomings that could account for differences to dilations obtained in studies of cognitive 

load (see Beatty & Lucero-Wagoner, 2000; Mathôt, 2018, for reviews). First, the authors did 

not control for the pupillary light reflex that spans the first 2 s after the monitor’s luminance 

change between the fixation cross and the main stimulus and overlaps with the response to the 

experimental task (Henderson et al., 2014). Second, although the paintings’ luminance was 

standardized with the COLORLAB toolbox (Malo & Luque, 2002), the apparent luminance of 

the stimuli was still not controlled for (Loewenfeld & Loewenstein, 1993). Third, the authors 

obtained aesthetic liking in a block directly after the pupillometric measurements. This deleted 

the liking effects of fluency in our lab’s pilot study (Elschner, 2015), presumably because mere 

exposure increased preference ratings for more difficult paintings. 

 Thus, our study followed two aims: The first was to replicate Kuchinke et al’s (2009) 

results with the original stimulus material while at the same time addressing these 

methodological issues. Problems with luminance were addressed by presenting a scrambled 

version of each painting before its onset. This was done to allow pupils to dilate to a baseline 

before the stimulus onset, based on the identical physical light output of the control. Problems 

with mere exposure were addressed by obtaining liking ratings in a separate online study and 

calculating item-based correlations with data from the two studies described below to see 

whether higher liking was associated with greater dilation. Our second aim was to generalize 

fluency-based pupillary responses to liking to a different art style, namely to expressionist 

paintings which cover a wider range of abstractness.  

 Following Kuchinke et al’s (2009) procedure, we presented the 39 original cubist and 

39 expressionist paintings to 37 art novice participants. Liking ratings on a 5-point scale were 

obtained from 63 participants in a separate online study which showed that liking decreased 

with increasing abstractness for both art styles and expressionist were liked over cubists.  

 In Experiment 1, we showed a fixation cross, followed by the luminance control and the 

critical stimulus, and asked participants to click the mouse button as soon as they recognized 

an object on the paintings. Meanwhile, responses times (RTs) were registered and pupillary 

dilations were recorded with an SMI RED500 eye-tracker (SensoMotoric Instruments, SMI, 
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RED500, Teltow, Germany). The stimulus was displayed for a maximum of 9 s, or until the 

participants’ response, after which the painting stayed on the screen for another 1,000 ms. For 

the latter epoch, pupillary peak dilations (PDs) were obtained, which were the maximum 

diameter of the pupil. Lastly, a smiley was displayed to signal a short pause between trials. 

Cubist and expressionist paintings were presented in two separate counterbalanced blocks, 

within which paintings were randomized. RTs increased with abstractness for both art styles, 

which reflects that fluency effects were present. PDs were largest for least abstract paintings 

while PDs were numerically larger for cubists. Crucially, liking correlated negatively with PDs 

when analyzing both art styles together and this effect disappeared when looking at the styles 

separately. Thus, experiment 1 does not support the idea that higher aesthetic judgment goes 

hand in hand with greater pupil dilation. Note however, sequential block effects stemming from 

practice, fatigue or decrease of motivation may have confounded the data.  

 Therefore, in Experiment 2 we repeated the same procedure with 20 novice participants 

but randomly intermixed paintings from both art styles. Again, RTs increased with abstractness 

for both art styles, showing that a fluency effect was present. PDs decreased with increasing 

abstractness, but only for expressionists. Lastly, we found no significant correlation between 

PDs and liking ratings, with correlations numerically decreasing with increasing liking. Again, 

PDs were greater for cubists, but the effect was small, which is surprising with the background 

of fluency: Cubists are harder to process and should therefore produce smaller dilations. 

However, other factors such as typicality might have mediated the response.  

In conclusion, having controlled for shortcomings of the paper we failed to replicate 

Kuchinke et al. (2009) since we could not show a reliable fluency effect on pupil dilations for 

cubists. While we were able to generalize the authors findings to expressionists, pupillary 

response crucially either did not correlate with liking or they were smaller for paintings that 

were liked more. Therefore, we cannot say that pupil dilations reflect fluency-based aesthetic 

appreciation.  

 

1.2.1.2 Summary of Research Paper 2: Do Pupil Reflect Aesthetic Liking or only Task 

Difficulty? 

Kuchinke et al’s (2009) study not only stands out compared other pupillometric research 

that finds greater dilation to more difficult tasks (e.g. Steinhauer et al., 2004), but results from 

Research Paper 1 of this thesis also contradict research showing that pupils should dilate more 
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to the more liked stimuli (Elschner et al., 2018). First, the results for pupil dilation to liking and 

difficulty need to be reevaluated because the study had an important caveat: It is not clear 

whether this result is an artifact from calculating item-based correlations between liking and 

PDs for data from two different samples. If pupils consistently dilate to the liked stimuli (which 

should be the easy ones to process according to fluency theory), it will indicate that the source 

of arousal dilating the pupil is of affective nature. If, however, the pupils dilate more strongly 

to the least liked stimuli (which fluency theory predicts to be the harder ones to process), 

cognitive arousal dominates pupillometric response. Second, paintings are complex stimuli that 

require elaboration which may overwrite aesthetic responses made in earlier processing stages 

(e.g. Muth & Carbon, 2013). It is possible that pupils respond differently, depending on whether 

the stimulus requires processing primarily on the perceptual level or when another conceptual 

layer is included.  

In three experiments we (a) varied either the stimulus type by using dot clouds that could 

be either symmetric or asymmetric and did not require semantic processing versus expressionist 

and cubist paintings that had to be processed both on a perceptual and conceptual level, and 

(b) varying the task, i.e. a categorization versus content detection. Consistent with the literature, 

we expected pupils to dilate more strongly to the more liked stimuli, which should be the easier 

to process according to processing fluency theory. If this is consistent throughout all 

experiments, aesthetic appreciation could be a rare case where emotional outweighs cognitive 

arousal in the pupillary response towards for task difficulty and therefore indicate that art 

processing might indeed differ from everyday objects.  

In Experiment 1, twenty-two art novice participants saw dot patterns that could either 

be asymmetric or symmetric on the horizontal, the vertical or both axes (biaxial), representing 

low to high fluency. Pupillary responses were recorded while participants classified the patterns 

into the symmetric or asymmetric category as fast as possible. Just as in the first research paper 

of this thesis, a luminance control was presented before the critical stimulus, the latter of which 

remained on the screen for 1,000 ms after the response. PDs were obtained for this epoch. The 

trial ended with an eye icon indicating a short break between trials. Further, participants were 

asked to rate whether they liked the patterns and whether they saw an object or Gestalt in them 

on a 7-point scale. In congruence with fluency theory, liking was greatest, response times 

shortest and error rates lowest for biaxial patterns. Participants recognized the most Gestalts in 

the vertically symmetric stimuli, which shows that some semantic processing already occurs 

with simple patterns such as these. However, results for PDs opposed Kuchinke et al. (2009): 
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Dilations were strongest for the asymmetric patterns and they decreased with liking. At this 

point, there are still multiple reason left of why this happened. First, this may affirm that pupils 

react differently depending on whether a deep elaboration phase is necessary to process the 

stimulus. Second, pupil dilations may also have changed because of differences in the 

stimulus’s features, i.e. color (Mathôt, 2018). Lastly, it may have occurred because we changed 

the task compared to previous studies (Elschner et al., 2018; Kuchinke et al., 2009).  

 In Experiment 2, we repeated the categorization task and liking ratings with a set of 

stimuli that need to be elaborated on a conceptual level and had similar features to the stimuli 

in previous studies (Elschner et al., 2018; Kuchinke et al., 2009): Twenty-eight novice 

volunteers classified whether a set of paintings was either expressionist or cubist. The paintings 

differed on abstractness, where lower abstractness represented higher processing fluency. 

While liking was greater, response times shorter and error rates lower for easier to process 

expressionists, cubists only differed on error rates which were higher for harder to process 

paintings. PDs were greater for the least abstract pictures, but only for expressionists. Critically, 

liking did not influence pupillary response for either art style, with PDs being marginally greater 

for less liked expressionists. Again, we failed to replicate results from Kuchinke et al. (2009) 

for both dilation to ease of processing and liking for cubists, as well as Elschner et al. (2018) 

for fluency effects on pupillary dilation for expressionists. However, the fact that pupillary 

responses for expressionists reflected those of Experiment 1 implies that differences to earlier 

research do not stem from conceptual processing or the color of the stimulus.  

 In experiment 3, we tested the idea that peak dilations may depend on the task. We asked 

35 novice participants to indicate the moment of content recognition for both cubists and 

expressionists following the procedure of Elschner et al. (2018) while also including a time 

constraint to make response speeds comparable to Experiments 1 and 2, and changing the break 

indicator from a smiley to an eye icon to avoid affective priming. Participants also rated liking 

on a 7-point scale. Response times were shortest for the least abstract pictures with both art 

styles. However, there was no effect on liking for cubists, while easier to process expressionists 

were liked more. No effects were found for dilations for both art styles and the liking peak 

dilation relationship for cubists. Still, expressionists that were liked more produced smaller 

dilations, replicating this result regardless of task.  

While results for liking and response times were mostly in line with hedonic fluency 

theory (Reber et al., 1998), pupillary dilations were greater for the least liked stimuli that were 

also harder to process. This reflects a dominance of cognitive arousal on pupillary response to 



Chapter 1: Synopsis  

18 

  

aesthetic appreciation when processing difficulty is involved, regardless of whether the stimuli 

are processed only on a perceptual or both on a perceptual and conceptual level. Why this did 

not occur for cubists is unclear. It is possible that they did not range in abstractness enough to 

produce such results or that cubists are processed using different background processes.   

 

1.2.2 Exploring the Boundary Conditions of Fluency with Eye Movements 

Only little work is done on the relationship of eye movements, aesthetic liking and 

fluency. While first findings show that fixations become shorter under cognitive 

strain (Holmqvist et al., 2011), scarce data stems from consumer choice, where participants 

attend more to products that are easier to process (see e.g. Huddleston, Behe, Driesener, & 

Minahan, 2018, for a review). To my knowledge, only two studies have been published so far 

that describe eye movements that depend on the degree of abstractness of paintings, which can 

be used as a stand-in for fluency (Pihko et al., 2011; Zangemeister, Sherman, & Stark, 1995). 

Eye-movements in these depended on the art expertise of the volunteers. In Zangemeister et al. 

(1995), saccadic amplitudes increased, reflecting a switch from a local to a global viewing style 

for experts when art became abstract, while novices employed a more local viewing pattern for 

both representative and abstract art. In Pihko et al. (2011), overall scanpath length and number 

of fixations increased while fixation duration decreased with higher abstractness. Most 

importantly however, the switch from local to global viewing occurred for novices and not for 

experts. These opposing examples show that it is vital to include boundary conditions, such as 

the viewers expertise, that may limit the effects of fluency when determining aesthetic 

responses.   

 Therefore, the first boundary condition that is of interest in this thesis is the observer’s 

art expertise. An expert is a person who has acquired superior abilities, knowledge and 

techniques though education and training to solve specific problems (Ericsson, 2014; Ericsson, 

Hoffman, & Kozbelt, 2018; Francuz, Zaniewski, Augustynowicz, Kopiś, & Jankowski, 2018). 

Experts typically resort to concept-based representations to automatically plan, execute and 

evaluate actions (Ericsson, 2014; Hoffman, 1998). This is specifically apparent in art experts 

who pay more attention to artwork’s conceptual features in a top-down manner, while novices 

focus on descriptive elements in a bottom-up way (Fudali-Czyż, Francuz, & Augustynowicz, 

2018; Hekkert & van Wieringen, 1996a). Experts are also capable to decouple their cognitive 

from their emotional judgements of art while novices prioritize pleasure (Leder, Gerger, 

Dressler, & Schabmann, 2012; Winston & Cupchik, 1992). 
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Although it is assumed that liking should shift towards art that is more abstract for 

experts because their background knowledge allows them to process challenging stimuli more 

easily, art expertise is surprisingly often ignored in studies that investigate processing fluency 

explicitly. Belke et al. (2015) presented first hints that expertise might moderate liking for 

paintings towards the more abstract. Other works that investigated the influence of expertise on 

different variables that feed into fluency are not on par with fluency theory. For example, 

novices should like paintings that are less abstract, more familiar and paired with an elaborative 

instead of a descriptive title. Experts should prefer art which is more abstract and more novel 

while deriving pleasure from elaborating its contents. However, while the liking gap between 

representational and abstract art becomes narrower with increasing expertise (Hekkert & van 

Wieringen, 1996b; Pihko et al., 2011), experts and novices both like familiar art (van Paasschen, 

Bacci, & Melcher, 2015) and art that is paired with elaborative titles (Leder, Carbon, & Ripsas, 

2006).  

Eye movements give a special insight into how expertise differences in aesthetic 

appreciation arise based on three competing frameworks of how viewing strategies are 

chosen (Gegenfurtner, Lehtinen, & Säljö, 2011). First, the theory of long-term memory poses 

that experts possess extended information processing capacities which makes encoding in the 

long-term memory and later retrieval more efficient (Ericsson & Kintsch, 1995). In this case, 

experts should exhibit shorter fixation durations overall (Gegenfurtner et al., 2011). Second, 

the information reduction hypothesis assumes that experts allocate attention efficiently by 

focusing on task-relevant information and ignoring task irrelevant information (Haider & 

Frensch, 1999). Here, experts should exhibit fewer and shorter fixations on task-irrelevant and 

more frequent and longer fixations on relevant areas (Gegenfurtner et al., 2011). Lastly, the 

holistic model of image perception says that experts are better at using initial global and 

subsequent local scanning of a stimulus because they can use their parafoveal vision to 

distinguish between signal and noise (Kundel, Nodine, Conant, & Weinstein, 2007). If this 

holds true, experts should display longer saccades and shorter time to first 

fixation (Gegenfurtner et al., 2011). Thus, experts trained capabilities could result in an override 

of viewing strategies that would otherwise be guided by fluency.  

Since fluency theory would suggest that longer presentation durations should enhance 

liking (Alter & Oppenheimer, 2009; Reber et al., 2004), another boundary condition of interest 

is time pressure. However, empirical results are mixed on whether presentation duration 

influences liking with some studies showing no difference (e.g. Smith, Bousquet, Chang, & 
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Smith, 2006), some demonstrating greater liking for art that is presented longer (e.g.Corradi et 

al., 2019), and some reporting a curvilinear effect with medium long presentation durations 

produced greatest appreciation (e.g. Brieber, Forster, & Leder, 2020). Crucially however, these 

studies use presentation duration to manipulate fluency externally. They do not assess the 

impact time pressure has on processing other internal factors of the stimulus, e.g. the degree of 

stimulus complexity or abstractness. This could, however, be especially interesting, since 

experts’ aesthetic experience is based on deeper elaboration (e.g. Hekkert & van Wieringen, 

1996a) which takes time. Comparing different time windows could thus give us valuable 

insights on when aesthetic decisions are made and whether they diverge between experts and 

novices early or late in processing. For example, if fluency only affected aesthetic appreciation 

when viewers are put under time pressure, data would hint that higher order cognitive 

elaborations could override initial aesthetic judgments. Furthermore, if viewing patterns 

between experts and novices only diverge when art is presented longer, fluency may be an 

especially important cue when there is no elaboration. However, to my knowledge, little is 

known on how time pressure affects eye movements with or without the context of processing 

fluency, which is why this was investigated in an exploratory manner in the last research 

project. 

Therefore, the last aim of this thesis was to find out whether eye movements go hand in 

hand with aesthetic liking and to explore the boundary conditions of processing fluency, namely 

how expertise and time pressure effect fluency-based aesthetic viewing and to evaluate these 

based on existing models of eye movements towards expertise.  

 

1.2.2.1 Summary of Research Paper 3: Expertise-dependent eye movements to fluency-based 

aesthetic appreciation under time pressure 

 Little is known about how eye movements relate to processing fluency in the context of 

aesthetic judgements. While investigating eye movements to abstractness, Pihko et al. (2011) 

found that abstract paintings triggered an increase in fixation number and scanpath length but 

a decrease in fixation duration. Since these responses can, however, depend on the background 

knowledge of the viewer, it is prudent to consider art experience in such investigations. One of 

the most common findings for eye movements in relation to art is that novices engage in a more 

local viewing strategy and focus on salient features, while experts cover more area with their 

gaze and focus on abstract, conceptual features of the painting (Nodine, Locher, & Krupinski, 

1993; Vogt & Magnussen, 2007). However, results on the dynamics of eye movements towards 
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representational versus abstract art is contradictory when comparing these two groups (Pihko 

et al., 2011; Zangemeister et al., 1995). Additionally, little is known about eye movements 

under time pressure and no study to this day has examined expertise differences to fluency-

based aesthetic liking under time pressure, behaviorally or physiologically. In a pilot study in 

our lab, experts’ and novices’ liking did not differ depending on whether art was shown for 1 s 

compared to unrestricted viewing time, hinting that aesthetic appreciation occurs early in 

processing (Stanicki, 2017).  

 Building on this research, liking of art was expected to decrease with abstractness and 

to be generally greater for experts. For abstract art specifically it was expected that liking would 

increase with expertise and that it would also rise with longer presentations, particularly for 

novices. Further fixation rates, saccadic amplitudes, and scanpath rates were expected to 

increase while fixation durations were thought to decrease with abstractness, again especially 

for novices. Since no AOI analysis was possible with abstract art, we eyeballed scanpath 

overlays of all participants to gain an understanding of overall painting coverage. Note that this 

merely gives a descriptive account on the viewing pattern. We expected the usual more local 

scanning behavior for novices, predominantly for representational art. In addition, viewing 

strategies of experts and novices were expected to converge the more abstract the paintings 

became. Time pressure was examined in an exploratory fashion for all eye movement data. 

Lastly, correlations were calculated to explore whether liking and eye movements were 

associated.  

 A total of 112 participants including 34 volunteers from the literature-art-media 

curriculum at the University of Konstanz participated. Art expertise was defined as the sum 

score of the Vienna Art Interest and Art Knowledge Questionnaire (VAIAK, Specker et al., 

2018). Expert scores ranged from 20 to 97 points with a minimum of 11 and maximum of 103 

points possible. Participants saw the 24 paintings from the Assessment of Art Attributes 

study (Chatterjee, Widick, Sternschein, Smith, & Bromberger, 2010) for either 2 s or 10 s in a 

free viewing paradigm while eye movements were recorded. Aesthetic liking was rated on a 

visual analogue scale after each free viewing window. In the end of the experiment, volunteers 

also rated abstractness following the procedure of Chatterjee et al. (2010).  

 Liking increased with expertise and abstractness, showing that the fluency effect was 

present. However, against expectation, liking did not differ according time condition and no 

interactions were found. When correlations between liking and eye movements were present, 

they were so small that they could be neglected. Fixation rates, durations, saccadic amplitudes 
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and scanpath rates did not differ depending on abstractness nor expertise generally. However, 

saccadic amplitudes and scanpath rates increased with abstractness in the 2 s condition alone 

and were also generally larger in the short version. Fixation rates were greater in the 2 s 

condition, while we found longer fixation durations when paintings were presented for 10 s. 

For all measures, data varied greatly depending on participants and paintings, meaning that 

personal taste should not be discounted as a factor. There was minimal difference in scanpath 

coverage. Fixations mostly landed on salient areas or the center of the frame. That gaze 

coverage would disperse more for longer presentation times was self-evident simply because 

participants had more time to scan the picture. Crucially, liking and the eye movement measures 

did not correlate.  

  While the fluency effect was generally present in our data, contrary to our expectations, 

liking ratings for representational and abstract art did not converge for experts. This means that 

fluency effect works similarly for experts and novices. Also, viewing strategies were identical 

between experts and novices. One could argue that this occurred because our sample did not 

range enough in expertise. But if this had been the case, we would not have found general 

expertise differences in liking between experts and novices. Further, differences are usually 

detectable even with samples only consisting of psychology students who differ only on art 

interest  (e.g. Leder et al., 2012). However, the greater statistical power created by our sample 

size compared to other eye tracking studies strengthens our results. 

 Data showed little support for the idea that liking was associated with oculomotor 

events, meaning that liking must have arisen from other underlying thought processes. When it 

comes to time pressure, longer presentation times did not enhance the fluency, providing further 

evidence that aesthetic decisions are made early in processing (Stanicki, 2017). Instead, eye 

movement data demonstrated that participants tried to maximize the information that they could 

grasp when under time pressure. Interestingly, saccadic amplitudes and scanpath rates did 

increase with greater abstractness for shorter presentations, meaning that fluency may only be 

relevant as a processing cue for aesthetic appreciation if viewers are put under time pressure. 

Consequently, when participants have more time to dwell, elaborations may be a more relevant 

guide for the eye movements. Surprisingly, both experts and novices focused on the most salient 

areas of the picture, showing that eye movement patterns are quite alike between these two 

groups.  
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1.3 General Discussion 

The aim of this thesis was to contribute to our knowledge of how oculomotor events both shape 

and result from aesthetic episodes. Specifically, I was interested in whether fluency-based 

aesthetic appreciation and its boundary conditions go hand in hand with pupil dilations as well 

as eye movement and position measures. As part of this endeavor, my coauthors and I wanted 

to (1) replicate and generalize Kuchinke et al.’s (2009) study on fluency-induced pupil dilations 

with an improved study design (Chapter 2), (2) reevaluate whether fluency-based aesthetic 

liking is reflected in pupillary dilation with different types of stimuli and tasks (Chapter 3), and 

(3) explore how aesthetic liking, processing fluency and fluency’s boundary conditions relate 

to other eye movements (Chapter 4). The following will detail how the findings integrate into 

the existing literature and provide important expansions to the psychophysiological literature 

aesthetic of appreciation and processing fluency.    

 

1.3.1 The Impact of Processing Fluency and its Boundary Conditions on Liking and other 

Behavioral Measures 

 Across all research papers, my coauthors and I replicated hedonic processing fluency’s 

core assumption that ratings of aesthetic liking increase with the ease of processing the 

stimuli (Kuchinke et al., 2009; Reber et al., 2004). This occurred regardless of primary task and 

stimulus type and whether the stimuli required conceptual level processing or were processed 

primarily perceptually. In congruence with earlier accounts (Alter & Oppenheimer, 2009; Reber 

et al., 2004), Research Papers 1 and 2 demonstrated that easier to process stimuli are generally 

processed faster and with fewer errors, demonstrating that response times are a stable measure 

of fluency. This is not an unusual finding as it replicates earlier accounts for appreciation (e.g. 

Kuchinke et al., 2009; Reber et al., 1998). 

 Surprisingly, Research Paper 3 showed that boundary conditions had little effect on the 

relationship of fluency and liking. It seems that internal manipulations of fluency, in this case 

variations in the paintings’ abstractness, work the same way regardless of the time window that 

is available to the participants: Liking decisions were made early in processing and were not 

overwritten by time-consuming elaborations, contrary to expectation (Leder et al., 2004). While 

it is not surprising that experts generally like art more, fluency worked the same way for experts 

and novices, with both groups giving higher ratings to the representational art, which is easier 

to process than the more difficult abstract art. This contradicts the idea that for experts, liking 
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ratings are at least the same between difficulty levels, or greater for harder to process art because 

experts’ detailed background knowledge can improve the fluency for the difficult art (Belke et 

al., 2015; Francuz et al., 2018; Fudali-Czyż et al., 2018) and pose adequate challenge, while 

easy art may become too boring (Bornstein et al., 1990).  

A reason why we did not find this in our data could be that our sample consisted only 

of students who either studied in art or non-art programs. In other words, while most of the 

expertise range that was possible in the VAIAK was covered (Chapter 4), the questionnaire 

may have overestimated the expertise of the art students. Furthermore, only 30.36% of our 

sample were art students, which may have skewed the results. However, what speaks against 

this is that differences in liking are usually reported  even for limited samples including only 

psychology students who merely differ in art interest (e.g. Leder et al., 2012). Additionally, if 

expertise did not range enough, general liking differences between experts and novices should 

not have occurred. Therefore, another possibility is that studies with smaller sample sizes than 

ours overestimated expertise differences, while we reduced the possibility of a false positive 

result. Replications are needed to clarify this.  

As a last note, the terms preference and liking are often used as synonyms in the 

literature. As the Model of Aesthetic Appreciation and Aesthetic Judgments (Leder et al., 2004) 

differentiates between aesthetic emotions and aesthetic judgments, it becomes clear that stimuli 

can be preferred even when they are aesthetically disliked by the viewer, depending on the task 

or goal. While the term preference was used to describe the appreciation rating in Research 

Paper 1 (Chapter 2) to stay in line with Kuchinke et al. (2009), in all of the projects of this 

thesis, liking was the construct that was actually assessed (“How much do you like this 

picture?”). Thus, when reading the literature, special attention should be given to how measures 

of aesthetic appreciation or judgments are phrased before comparing results.  

 

1.3.2 Pupillary Responses Reflect Cognitive Strain Instead of Aesthetic Liking 

While some studies find a curvilinear relationship between liking and pupillary 

response (Hayes et al., 2013; Powell & Schirillo, 2011), in earlier work a stronger dilation for 

stimuli that were liked was most frequently reported (Blackburn & Schirillo, 2012; Johnson et 

al., 2010; Kuchinke et al., 2009). Both pupillometric research papers contradict this: In 

Research Paper 1, we either found no relationship between liking and pupillary dilations or a 

stronger dilation for less liked paintings in general when the art style was ignored. At the same 
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time, Research Paper 2 also demonstrated a stronger dilation for the less liked expressionists 

and dot patterns. On the surface, these findings could be taken as a sign that pupillary responses 

rather reflect disliking. However, lower relative liking compared to other paintings in the 

stimulus pool does not necessarily correspond to higher dislike on our rating scale, the latter of 

which we did not inquire, because dislike was not the focus of our hypotheses.   

Rather, to understand why pupils dilated more strongly to disliked stimuli, one must 

view the findings in the light processing fluency. All in all, in Research Paper 1 we were unable 

to replicate Kuchinke et al.’s (2009) results, because no effects were found for cubists in the 

experiment that was not confounded by sequential block effects, as well as in Research Paper 2. 

This presumably occurred because the cubists’ range in abstractness was either too small to 

produce effects, or additional background processes such as typicality could have influenced 

the responses. Interestingly, in Research Paper 1, pupils dilated more strongly to expressionist 

paintings that were easier to process, and these dilations were not related to liking ratings. In 

contrast, in two of the three experiments in Research Paper 2, dot patterns and expressionists 

that were harder to process produced greater dilations. Which means that this occurred 

regardless of whether fluency was primarily perceptual or included a conceptual component. It 

is unclear at this point why responses switched between research papers. One possibility is that 

Research Paper 2 is the stronger of the two, since my coauthors and I avoided additional 

distortions in the data by improving on the design: First, instead of conducting the liking ratings 

separately online, we obtained all measures from the same samples of participants. Second, we 

exchanged the break indicator of Research Paper 1 which was a smiley following the procedure 

of Kuchinke et al. (2009) with a neutral eye icon to avoid priming positive affect across the 

experiment. A second possibility is that when complex tasks with intricate affective and 

cognitive processes are employed, pupil dilations may fluctuate. In fact, Mathôt (2018) points 

out that it may be futile to equate pupillometric responses to specific cognitive functions beyond 

simple psychophysical and arousal processes. Lastly, dilations are very difficult to control even 

in the laboratory setting. While we controlled luminance both in the environment and within 

the trials, light reflexes from shifts in the paintings’ colors are difficult to anticipate 

(Woodmansee, 1966). Additionally, background factors such as the participants level of 

nervousness affect the pupillary hippus (the pupil's baseline unrest, Beatty & Lucero-Wagoner, 

2000) und may thus add complexity to the dynamics of the dilation. Therefore, an arousal 

account of the pupil dilation must be considered.  



Chapter 1: Synopsis  

26 

  

Involving task difficulty in the experiments of this thesis allowed for inferences as to 

whether the autonomic dilation of the pupil was guided by affective arousal stemming from 

aesthetic liking or from cognitive arousal coming from cognitive strain, especially with the 

improved design in Research Paper 2. Considering that pupils dilated more strongly to stimuli 

that were hard to process regardless of stimulus type and those were at the same time 

consistently less liked, aesthetic affect seems to play second fiddle to cognitive arousal when it 

comes to the pupillometric response. In other words, when processing ease is involved as a 

background mechanism in aesthetic appreciation, pupil dilations reflect mental load instead of 

aesthetic liking, joining a variety of pupillometric research done in the past decades (Ahern & 

Beatty, 1979; Beatty & Lucero-Wagoner, 2000; Hess & Polt, 1964; Kahneman & Beatty, 1966; 

Mathôt, 2018; Schmidtke, 2014; Steinhauer et al., 2004; Wright et al., 2013). Thus our data also 

support Skov & Nadal’s (2020) argument that the processing of art is indeed no different from 

the processing of other everyday items and further cements that caution should be taken when 

trying to employ pupillometric responses as an implicit measure of aesthetic liking. 

Lastly, if cognitive arousal is what dilates the pupil more strongly in fluency-based 

aesthetic episodes, the question arises whether processing fluency and cognitive load are the 

same thing. Cognitive load theory frames processing difficulty primarily from a working 

memory perspective (Just et al., 2003), while processing fluency may include a variety of 

perceptual (e.g. visual clarity, foreground-background contrast) and conceptual processes (e.g. 

semantic understanding, Alter & Oppenheimer, 2009). However, a distinction between these 

two may not be practical considering that factors such as priming, mere exposure and the 

viewer’s declarative knowledge – which require memory processes such as retrieval (Wentura 

& Frings, 2012) – are involved in how fluently a stimulus can be processed. This is strengthened 

by our data which show that physiological responses may not necessarily differ between fluency 

and cognitive load paradigms.  

 

1.3.3 Eye Movements Are Affected by Time Pressure Not Art Expertise  

 As eye movements are thought to serve as a direct indicator of attention allocation, at 

least when employing overt attention (Mulckhuyse, 2018), another aim of this thesis was to find 

out how processing fluency and its boundary conditions, namely expertise and time pressure, 

shape oculomotor responses in aesthetic episodes and whether these are actually associated with 

aesthetic liking. Based on the data from Research Paper 3, three frameworks of how expertise 

affects eye movements were to be evaluated (Gegenfurtner et al., 2011): (1) the theory of long-
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term memory (Ericsson & Kintsch, 1995), (2) the information reduction hypothesis (Haider & 

Frensch, 1999), and (3) the logistic model of image perception (Kundel et al., 2007). 

Surprisingly and in contrast to limited earlier research (Francuz et al., 2018; Nodine et al., 1993; 

Pihko et al., 2011; Vogt & Magnussen, 2007; Zangemeister et al., 1995), none of the movement 

or fixation measures differed between experts and novices. At first, one could assume that 

processing fluency simply outweighs expertise as a guide of how viewing strategies are shaped. 

However, our data show little support for this idea, since eye movements were generally not 

affected by fluency either. 

Unfortunately, this also means that Research Paper 3 does not allow for judgments on 

which of the three above mentioned frameworks our data support. However, this does not 

necessarily invalidate these frameworks because expertise differences are highly domain 

specific and can sometimes be contradictory when comparing two fields (Ericsson et al., 2018; 

Holmqvist et al., 2011). As with our liking measure, future research needs to check whether 

experts and novices are more alike than expected or whether effects were missed because the 

actual level of expertise did not range enough in our sample.   

However, eye movements differed depending on how much time was allocated to the 

participants for viewing the paintings: When volunteers knew that time was limited, they 

adjusted their eye movements in order to maximize how much information they took in with 

their gaze by shortening fixation durations and increasing fixation rates, saccadic amplitudes 

and scanpaths, regardless of expertise. As correlations between eye movement parameters and 

liking were not meaningful, it becomes clear that appreciation did neither depend on the eye 

movements, nor did liking influence gaze. Interestingly, however, the size of saccadic 

amplitudes and the scanpath rate changed with processing fluency only when participants were 

put under time pressure. This means that fluency could be important as a cue for adjusting 

viewing strategy when there is not enough time for deeper elaboration but not when participants 

have time to take the paintings in more slowly.  

 

1.3.4 Future Directions 

 Future research should investigate both eye movements and pupillary dilation with a 

sample that ranges more strongly in expertise. For example, Research Paper 3 should be 

repeated with a sample of novices, art students and graduated art experts, including both artists 

working in different styles and art historians. Further, this thesis tested pupillary responses to 
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fluency-based aesthetics only on art novices. If it is true that fluency works differently for 

experts and laypeople (Belke et al., 2015), then autonomic pupillary dilations in response to 

task difficulty should differentiate between these two groups. Additionally, while the 

explanatory power of our data increased because of repeated testing through multiple 

experiments in both Research Paper 1 and 2, future studies should include greater sample sizes. 

Thus, more highly powered pupillometric research including expert samples could give us 

valuable information about the dynamics of processing fluency.  

Since the first two research papers of this thesis build on Kuchinke et al.’s (2009) work, 

pupillary responses were obtained in stand-in tasks but not when participants were making 

actual aesthetic decisions. One possibility to solve this issue could have been to analyze 

pupillary dilations that were made when participants filled in ratings. However, this would have 

led to distortions because dilations would have been confounded with reactions from 

(a) keeping the stimulus in working memory, (b) both perceptual processes and deliberate 

decisions made from viewing the rating scale, that (c) also involve uncontrolled luminance 

reflexes overlaying the targeted response. The first two arguments are of course also true for 

this thesis’ research on eye movements, with the important caveat that the viewing strategy 

resulting from the free viewing task reflects the initial unelaborated aesthetic response much 

closer due to its immediacy without being changed by a surrogate task. Thus, on the one hand, 

free viewing tasks could be employed when investigated fluency-based pupillary responses to 

aesthetic liking, and on the other, paradigms should be developed to better pinpoint the actual 

moment of when aesthetic appreciation occurs. For example, EEG and eye tracking can be 

joined to correlate pupillary responses and eye movements with cortical activity that is known 

to be associated with aesthetic appreciation (Chatterjee, 2011), which in turn would allow for 

further interesting conclusions about the role of affect versus cognition on pupillary response.  

Lastly, empirical research in aesthetics is generally limited in the sense that it is often 

based on research done on western art. That is especially apparent with the VAIAK 

questionnaire (Specker et al., 2018), which may be a vast improvement on earlier questionnaires 

because it is, to my knowledge, the only validated instrument to assess art expertise, but still 

surveys art knowledge (and therefore expertise) as knowledge of western fine art. By doing this 

it may misclassify experts as novices (a) who are experienced in art outside the western 

traditions, (b) who are experienced in other media which use similar compositional 

principles (e.g. video game art, design, photography), (c) whose expertise lies more in the 

practical knowledge of how to create art than the theoretical knowledge of art history, and 
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(d) because access to education on (western) fine art may depend on socioeconomic class. Thus, 

future studies on oculomotor events to fluency-based aesthetic appreciation should include 

artworks that are both diverse by culture and genre and should be compared with intercultural 

samples. Moreover, questionnaires should be developed that can be more universally applied 

to different forms of art and art expertise. This would allow for inferences on whether 

processing effects found for western art generalize or whether they are culturally trained.   

 

1.3.5 Final Conclusion 

This thesis contributes to our understanding of how oculomotor events both shape and 

are shaped by processes involved in fluency-based aesthetic appreciation. Specifically, it details 

how aesthetic pupillary responses that are documented to be stronger for more liked stimuli can 

be overwritten when they are accompanied by task difficulty. Further, visual strategies depend 

mostly on the time allocated for viewing rather than on liking, fluency or expertise, except 

under time pressure where fluency becomes an important cue for gaze allocation. In 

consequence, the thesis informs the expertise literature by demonstrating that novices and 

experts may not always differ in their aesthetic judgments and viewing behavior, especially 

when processing ease is involved. All in all, while there is still much to learn about processing 

fluency’s impact on aesthetic appreciation and the resulting oculomotor events, important 

groundwork has been laid to broaden our understanding of the relationship of 

psychophysiological responses with aesthetic appreciation and its background mechanisms, 

namely that neither pupillary dilations nor eye movements serve as indicators of aesthetic 

liking.  
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2.1 Abstract 

Recently, Kuchinke et al. (2009) used pupillary peak dilations (PD) to test the 

hypothesis that fluent picture processing elicits aesthetic affects. They used reproductions of 

cubist pictures of different abstractness as stimuli, which was assumed to modulate processing 

fluency. As a result, less abstract pictures were not only processed more fluently and preferred, 

they also produced larger PDs than more abstract ones. This was interpreted as support of their 

hypothesis. The aim of the present study was to replicate and generalize these results with an 

improved method and by adding expressionist pictures, which covered a relatively large range 

of abstractness. In the first experiment, where art style was blocked, there were no clear results. 

Therefore, we randomized art style in the second experiment. This time PDs increased with 

decreasing abstractness, even though significantly only for the expressionist pictures. However, 

there was no relation between preference and PDs. Thus, although we also observed a 

covariation between abstractness and pupil size, our data do not support the idea that PDs reflect 

fluency-induced aesthetic affect.  

 

2.2 Introduction 

The question of why we like some pictures or objects more than others has been debated 

in philosophy for hundreds of years and was one of the first investigated in experimental 

psychology (Fechner, 1876). Whereas some theorists assumed that aesthetic preference is 

determined by object properties such as symmetry, balance, proportion, and prototypicality (cf. 

Palmer et al., 2013), others proposed a subjectivist view, i.e., that aesthetic experience depends 

on the qualities of the perceiver (Reber et al., 2004). Obviously, these two accounts do not 

exclude each other. Accordingly, recent models have integrated both views into a single model 

(e.g., Leder et al., 2004).  

A prominent mechanism demonstrating the dependency of aesthetic preference on the 

quality and state of the perceiver is processing fluency (Reber et al., 2004; Winkielman, 

Schwarz, Fazendeiro, & Reber, 2003b). It is assumed that a stimulus that can be processed 

fluently by an observer produces a positive affect because it signals successful recognition and 

error-free processing. Most interestingly, high fluency usually also produces positive 

evaluations of the processed object.  

An important question in this respect is, whether affective responses are indeed elicited 

by fluent processing, and if so, to what extent they are involved in aesthetic judgments, 

especially for artworks. Recently Kuchinke et al. (2009) tried to answer this question using 
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pupillary responses. Research shows that pupillometry can well be used to examine emotional 

responses, because pupils dilate if people are excited (Bradley et al., 2008; Henderson et al., 

2014; Partala & Surakka, 2003; Siegle, Ichikawa, & Steinhauer, 2008; Võ et al., 2008). Indeed, 

in several studies it was demonstrated that there is a close relation between aesthetic preference 

and pupil size. Johnson et al. (2010), for instance, found that pupil size increased with the 

pleasantness of paintings. Other researchers found similar results (Blackburn & Schirillo, 

2012), or, if unpleasant pictures were also included in the stimulus set, observed a U-shaped 

relationship (Bradley et al., 2008; Hayes et al., 2013; Powell & Schirillo, 2011). 

Kuchinke et al.’s (2009) study is pioneering, because, to our knowledge, it is the first 

that combined research on processing fluency with pupillometry in the field of experimental 

aesthetics. They used reproductions of cubist paintings as stimuli and asked their participants 

to classify the depicted objects. To modulate processing fluency, they presented pictures of 

different abstractness (for examples see Figure 1). As expected, objects in less abstract pictures 

were recognized faster, which confirmed that these stimuli were processed more fluently. 

Furthermore, less abstract pictures were preferred to abstract ones. Most importantly, though, 

the observed pupil dilations were also larger for less abstract pictures, which suggests that pupil 

size reflects differences in fluency. Further, a significant item- based correlation between pupil 

size and preference (r=.333) also implies a relationship between aesthetic affect and pupil 

response.  

 

 

Figure 1: Example stimuli of low (A. “Viaduct at Estaque”, by G. Braque, 1908. Tel Aviv, Israel: 

Tel Aviv Museum of Art. © VG Bild-Kunst, Bonn 2017.), medium (B. “Portrait of Josette Gris”, 

by J. Gris, 1916. Madrid, Spain: Museo Reina Sofía.), and high (C. “Composition with Figures”, 

L. Popova, 1913. Moscow, Russia: State Tretyakow Gallery.) abstract cubist pictures, and of 

low (D. “Autumn Landscape with Clouds”, I. Aalto, 1917. Espoo, Finland: Espoo Museum of 

Modern Art.), medium (E. “Girls Bathing”, A. Macke, 1913. Private Collection.) and high (F. 

“Landscape with House, Dog and Cattle”, F. Marc, 1914. Private Collection.) abstract 

expressionist paintings. 
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Because Kuchinke et al.’s (2009) result is promising, it is important to know whether it 

is replicable and can be generalized to pictures of other art styles. The present study addressed 

this issue by conducting a similar experiment, where, in addition to the original selection of 

cubist pictures, reproductions of expressionist paintings were also presented. Cubist painters 

divide picture objects into basic geometrical forms and show the same object from different 

viewpoints at the same time. As consequence, cubist pictures are usually rather abstract. Indeed, 

the mean abstractness ratings for the pictures used by Kuchinke et al. (2009) varied only over 

a small range. In contrast, expressionist painters express their emotional responses to the 

depicted objects (Thomas, 2000), which also allows them to depict objects less abstractly. 

Accordingly, these pictures can vary from very figural illustrations to highly abstract forms, 

therefore covering a larger range of abstractness and aesthetic preference. If, as assumed by 

Kuchinke et al. (2009), the abstractness of a picture determines how fluently it can be processed, 

and if fluency elicits aesthetic emotions, then pupil size should also vary over a larger range, 

compared to the cubist art style. Because of this property, we also included expressionist 

pictures as stimuli.  

As another critical step, we improved the procedure in order to eliminate potential 

confounds in the pupillometric results. In particular, we identified three methodological 

shortcomings in Kuchinke et al.’s (2009) study. First, there was no control for the initial light 

reflex of the pupil, which takes place within the first two seconds after monitor luminance 

changes from a uniform background to the stimulus picture. Therefore, it is possible that the 

pupil response to stimulus onset overlapped with the emotional pupil response to the explicit 

classification task (Beatty & Lucero-Wagoner, 2000; Henderson et al., 2014). This is especially 

critical in Kuchinke et al.’s (2009) study, because they assessed pupil dilations relative to the 

participants’ manual responses signaling object recognition (i.e., response-locked), which were 

considerably faster for pictures of low compared to high abstractness. Consequently, the 

distortion caused by the initial pupil reflex, were larger for less abstract paintings. In the present 

experiments, we minimized this problem by adjusting display luminance to that of the critical 

stimulus before stimulus onset.  

Second, we were concerned with the control of luminance across abstractness 

conditions. Kuchinke et al. (2009) used the toolbox for MATLAB (Malo & Luque, 2002) to 

match luminance for picture categories. However, this toolbox does not take the apparent 

luminance of the stimuli into account (Loewenfeld & Loewenstein, 1993). Pictures with the 

same ‘luminance’ values can therefore yield different pupil responses due to differences in the 

color spectrum and different distributions of light and dark areas (Bradley et al., 2008; 



Chapter 2: Replicating Pupil Dilations 

35 

 

Woodmansee, 1966). In fact, Powell and Schirillo (2011) even argued that it is impossible to 

standardize pictures’ luminance. In the present study, this problem was addressed by presenting 

a scrambled version of the stimulus before the actual stimulus: The pupil adaptation to the 

critical luminance prior to the onset of a stimulus grants a neutral baseline across stimulus 

categories, independent from the absolute luminance of each item. Furthermore, we measured 

the luminance of each stimulus with a photometer to check that stimuli did not differ 

substantially between the abstractness and art conditions. 

A third concern was that Kuchinke et al. (2009) collected preference ratings after their 

participants had gone through the pupillometric test phase. A pilot study in our lab with the 

same stimulus material revealed, however, that prior exposure to the stimuli strongly affected 

subsequent ratings. Specifically, we found no significant effect of abstractness (fluency) on 

preference (p = .536). This null effect presumably resulted from the rather small variation of 

preference, which could have been due to a mere exposure effect. Mere exposure facilitates the 

processing of stimuli with higher abstractness (Reber et al., 2004; Winkielman & Cacioppo, 

2001; Winkielman et al., 2003b), increases liking, and decreases disliking regardless of valence 

(Bornstein, 1989; Reber et al., 1998; Zajonc, Markus, & Wilson, 1974). Thus, mere exposure 

could have reduced the differences in liking between pictures of different abstractness. A 

possible solution to this problem is to obtain preference ratings directly after the explicit 

classification task for each stimulus. This, however, would have produced task-switching 

effects (Kiesel et al., 2010) with unpredictable consequences on both the recognition task and 

the preference rating. Therefore, we decided to collect pupillometric data and preference ratings 

from separate participants.   

 

2.3 Experiment 1 

The aim of this experiment was to replicate and extend the results of Kuchinke et al. 

(2009). Therefore, we used a similar method including some methodical improvements and 

used expressionist pictures in addition to cubist pictures as stimuli.  

 

2.3.1 Methods 

Before we describe the method of Experiment 1, we report methods and results of 

preliminary studies in our lab that served to measure stimulus attributes and to select an 

appropriate set of expressionist pictures.  
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2.3.1.1 Stimuli 

The cubist stimuli used in the present experiment were the same 39 pictures (for 

examples see Figure 1) as used in Kuchinke et al. (2009), which are categorized into three levels 

of abstractness (low, medium, or high). To obtain corresponding expressionist stimuli we 

collected, in a first step,  60 pictures and asked 63 participants (mean age 24 years, 15 male) to 

rate them on 5-point scales with respect to complexity (from 1 ‘low’ to 5 ‘high’), familiarity 

(from 1 ‘not familiar’ to 5 ‘highly familiar’), and abstractness (from 1 ‘representational’ to 5 

‘abstract’). The abstractness ratings were then used to select 13 expressionist pictures (for 

examples see Figure 1) for each of the categories of low, medium, and high abstractness (see 

Table 1). As expected, the range of abstractness across the categories was considerably larger 

for the expressionist pictures than for the cubist ones (see Table 1) reported by Kuchinke et al. 

(2009).  

To rule out that the different ranges of abstractness between the art styles were due to 

methodological differences between the two studies rather than to the stimuli, we conducted an 

online study, in which 55 persons rated the abstractness of the mixed pictures from both art 

styles. Five participants were excluded from data analysis, because their ratings were 

incomplete. The result of the remaining 50 participants (mean age = 23.5 years, 6 male) 

confirmed our previous results. Although the range of abstractness for the cubist pictures was 

somewhat larger than that reported in Kuchinke et al. (2009), it was still considerably smaller 

than that for the expressionist pictures (see Table 1, and Figure 2). ANOVAs revealed a 

significant difference in abstractness between the art styles, F(2, 98) = 592, p < .001.  

The COLORLAB toolbox for MATLAB (Malo & Luque, 2002) was used to standardize 

the luminance between the abstractness conditions for the expressionist pictures. Subsequent 

measurements with a photometer (Tektronix, Lumacolor II) revealed that the luminance did not 

differ significantly between the art styles, F(1,72) = 0.990, p = .323; η2 = .013, and between the 

abstractness levels F(2,72) = 1.15, p = .323; η2 = .030. The different ratings and measurements 

are shown in Table 1. 

In a further step, we asked 56 persons in an online survey to rate the 39 cubist and 39 

expressionist pictures on a 5-point scale with respect to preference (from 1 ‘not at all’ to 5 ‘very 

much’). As incentive, participants could take part in a tombola with the prospect to win €20. 

Data from three participants were excluded, because they were art experts1. The remaining 53 

participants were aged 17 to 34 years (M = 22.42, SD = 2.72; 16 male). 

In Figure 2 (see also Table 1) it can be seen that preference varied linearly with 

abstractness for the expressionist stimuli. For the cubist stimuli, the relation was non-linear, 
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which differs from result in Kuchinke et al. (2009). To test whether the relations were 

significant, we computed a one-way ANOVA for each art style, with the within-participant 

factor abstractness (low, medium, or high). For the expressionist stimuli it revealed a significant 

effect, F(2,104) = 14.3, p < .001; η2 = .108. Bonferroni corrected t-tests showed that the high 

and low abstractness levels differed significantly (p < .05). For the cubist stimuli there was also 

a significant effect of abstractness, F(2,104) = 4.47, p < .05; η2 = .011, which was due to a 

significant difference between the medium and high level of abstractness.  

Correlational analyses: An item-based correlational analysis across the pictures of both 

art styles confirmed the significant relation between abstractness and preference (r = –.484; p 

< .001). With respect to the individual art styles, it was significant for the expressionist pictures 

(r = –.394; p < .05), and marginally significant for the cubist ones (r =–.263; p = .058). 

To test whether the difference in preference between the art styles was significant, it 

would have been inappropriate to include the obtained data directly into a common ANOVA, 

because of the range difference in abstractness between the art styles. Therefore, we applied 

 

 

Table 1 

Mean stimulus features for each condition of abstractness and art style. 

Art 

Style 

Abstract-

ness 

Category 

 

Preference 

 

Familiarity 

 

Abstractnes

s 

 

Complexity 

 

Luminance 

 

(cd/m2) 

 

Expres-

sionist 

Low 3.00 1.49 1.61 2.29 52.3 

Medium 2.76 1.43 2.62 2.43 57.3 

High 2.52 1.50 4.33 3.85 54.8 

 

Cubist 

Low 2.38 (3.14) 2.71 3.46 (3.00) 3.02 52.4 

Medium 2.43 (2.87) 2.71 3.87 (3.25) 3.84 64.4 

High 2.27 (2.80) 2.57 4.41 (3.69) 4.30 61.5 

Note. Values for abstractness are from our re-evaluation study. For the cubist stimuli, the values 

from Kuchinke et al. (2009) are shown in parenthesis. Values for familiarity and  complexity 

for the cubist pictures were taken from Kuchinke et al. (2009). Luminance was measured with 

a photometer.  
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linear regression to the expressionist data to estimate the preference ratings that correspond to 

the abstractness values of the respective cubist categories for each participant. The mean 

estimated values are represented by the black squares in Figure 2. The data for the cubist 

pictures and the corresponding predicted data for the expressionist pictures were then entered 

into a repeated-measures one-way ANOVA with art style as factor. It revealed a significant 

effect, F(1, 52) = 11.24, p = .002; η2 = .035. Thus, even if we restrict the comparison to their 

common range of abstractness, our data reveal a trend towards greater preference for 

expressionist rather than for cubist pictures, although the effect was small.  

To control for possible confounds between pupil size and picture abstractness, caused by the 

initial pupil reflex, scrambled versions of the pictures were created in MATLAB by shuffling 

the pixels of each picture. In the experiment, the pictures were presented on a computer screen 

with a grey background (RGB: 200, 200, 200). The visual angle of the pictures ranged from 

8.97° to 15.22° vertically and from 7.20° to 14.74° horizontally. 

     

 

 

Figure 2: Results of the preference ratings for the two art styles. The black squares represent 

estimated values (by linear regression) of expressionist stimuli that correspond to the range of 

abstractness values of the cubist stimuli. Error bars represent standard errors. 
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For the required experimental task, the pictures of both art styles contained either human 

figures or a landscape. Five additional pictures with other content (still lifes) were chosen for 

each style to ensure that participants could not anticipate the picture’s content.  

 

 

2.3.1.2 Participants 

Forty-seven volunteers at the Universität Konstanz were recruited via ORSEE  (Greiner, 

2015) and participated in the pupillometric experiment. None of them had participated in the 

rating studies. Data of ten participants were excluded from analysis, because they were 

substantially older than the average of the sample, because of technical problems during 

recording, or because more than 50% of their pupillary data were missing after artifact rejection. 

The remaining 37 participants (14 male) were art novices, aged between 19 and 32 years (M = 

23.78; SD = 3.44). They had normal or corrected-to-normal vision, with the exception of one 

participant who had -1 diopter in the left eye and -0.5 diopter in the right eye by self-report, 

which, however, did not affect data quality.  

The experiment was performed in accordance with the ethical standards laid down in 

the 1964 Declaration of Helsinki and its later amendments. In agreement with the ethics and 

safety guidelines at the xxx, we obtained a verbal informed consent statement from all 

individuals prior to their participation in the study. Potential participants were informed of their 

right to abstain from participation in the study or to withdraw consent to participate at any time 

without reprisal. The participants received either 4€ or course credit for participation in the 30 

min session.  

 

2.3.1.3 Procedure 

The participants were seated in front of a computer screen with their head positioned on 

a chin rest, such that the distance between monitor and eyes was 60 cm. Pupil diameters were 

recorded with a video-based infrared eye tracker (SensoMotoric Instruments, SMI, RED500, 

Berlin, Germany) at a sampling rate of 500 Hz. The eye tracker was calibrated for both eyes on 

a five-point grid at the beginning of an experimental session. The experiment was controlled 

via Presentation 16.4 (Neurobehavioral Systems Inc., Berkeley, USA), and pupil recording and 

trial presentation were synchronized with the iView X 2.8 interface. The experiment started 

with a written instruction followed by three practice trials with impressionistic pictures. 

Participants were instructed to press the left button on a USB mouse as quickly as possible 

when they had identified an object in the picture. Each trial started with a fixation cross at the 
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center of the screen that lasted for 1,000 ms as a standard. A fixation check was included that 

initiated a trial only if the eye tracker had detected a valid fixation on the fixation cross within 

5,000 ms; fixation check failure entailed a new calibration. After a scrambled version of the 

picture, which was shown for 2.5 s to elicit the initial light reflex (Henderson et al., 2014), the 

stimulus picture was presented and remained on the screen until 1.0 s after the response, or for 

a maximum of 10 s, if the participant failed to identify an object. Each trial ended with the 

presentation of a smiley for 3 s. During this time interval, the participants were allowed to blink 

(see Figure 3). A control question (i.e., “In one word: Please describe what you saw on the 

picture”) was presented after a random selection of trials to make sure that participants followed 

the task instructions.  

 

 

 

Figure 3: Standard trial procedure. Time specifications show the duration of each slide within 

one trial. The painting is “Self-Portrait”, by A. v. Jawlensky, 1912. Vienna, Austria: 

Österreichische Galerie Belvedere.  
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Cubist and expressionist pictures were presented in two separate blocks with a short 

break in between. Twenty participants worked through the cubist block first, and then through 

the expressionist block, whereas the order was reversed for the other 17 participants. In each 

block, the pictures were presented in random order. 

 

2.3.1.4 Data Processing 

Programs written in MATLAB (R2014b) and R (R Core Team, 2015) were used to 

process the pupillometric data from the left eye (Loewenfeld & Loewenstein, 1993; Powell & 

Schirillo, 2011). Continuous raw data were down sampled to 100 Hz, and epochs were defined 

between 1 s before and 10 s after stimulus onset. A 7-point weighted average filter was 

employed to smooth the data. Practice trials, filler trials, epochs with major blinks, or trials 

without response were discarded. Likewise, trials with responses faster than 100 ms were 

excluded. Finally, data were visually checked for artifacts. In total, 26% of all trials (ranging 

from 8% to 47% across participants) were discarded. For each epoch, response-locked pupil 

data were adjusted relative to a 200 ms pre-response baseline. The maximum pupil diameter in 

the interval between the participant’s response (i.e., button press) and 1 s thereafter was then 

taken as peak dilation (PDs).  

Different from the pupil data, trials with blinks were included in the response time (RT) 

analyses. Only trials with responses faster than 100 ms, or without response were discarded 

(8%). All further analyses were done with R 3.2.0 (R Core Team, 2015), and the results were 

visualized with ggplot2 (Wickham, 2009). 

 

2.3.2 Results and Discussion 

2.3.2.1 Response Times 

Because the range of abstractness largely differed between the art styles (see Table 1), 

entering the mean RTs for both art styles into a common ANOVA would have been 

inappropriate. Therefore, we analyzed the data separately for each art style by a one-way 

ANOVA with abstractness (low, medium, or high) as within-participant factor. Abstractness 

had a significant effect for the expressionist pictures, F(2,  72) = 59.7, p < .001; η2 = .252, as 

well as for the cubist ones, F(2, 72) = 61.7, p < .001; η2 = .195. As can be seen in Figure 4 (see 

also Table 1), for both art styles RTs increased with abstractness. Subsequent Bonferroni-

corrected t-tests revealed that for both art styles RTs differed significantly (all p < 0.05) between 
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all abstractness categories, except between expressionist pictures of low and medium 

abstractness.  

Correlational analyses. An item-based correlational analysis produced analogous 

results. Across pictures and art styles it revealed a significant relation between abstractness and 

RT (r = .794; p < .001). There correlations were also significant for the subsets of expressionist 

pictures (r = .849; p < .001) and cubist pictures (r = .857; p < .001). 

Our RT data show that the time needed for recognizing an object increased with the 

abstractness of the stimulus. As Kuchinke et al. (2009), we interpret this result in the sense that 

the abstractness of our pictures determined the fluency of processing. Although RTs might not 

generally reflect fluency (Oppenheimer, 2008), given the participants’ task, it seems reasonable 

to assume that it did in this experiment.  

 

2.3.2.2 Pupillary Dilations 

Figure 5 shows the response-locked time course of the pupil size for the different 

experimental conditions. As can be seen, pictures of low abstractness led to a substantial 

increase in pupil size, compared to the other abstractness levels. For pictures of high and me- 

 

 

Figure 4: Response times for recognizing an object in cubist and expressionist pictures as a 

function of abstractness in Experiment 1. Error bars represent standard errors. 
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Table 2 

Mean (M) response times (RT) and pupillary peak dilations (PD) with corresponding 

standard deviations (SD) in Experiments 1 and 2. 

Art style  Experiment 1  Experiment 2 
 

Abstract-

ness 

RT (ms) PD (mm) RT (ms) PD (mm) 

  M SD M SD M SD M SD 
 

Low 1229 950 0.191 0.086 1215 458 0.279 0.142 

Expres-

sionist 

Medium 1379 793 0.164 0.079 1551 586 0.243 0.083 

  High  2628 1436 0.167 0.074 3203 1000 0.203 0.079 
 

Low 1469 810 0.203 0.089 1722 694 0.255 0.128 

Cubist Medium 1992 987 0.175 0.080 2346 776 0.245 0.115 

  High 2703 1273 0.179 0.082 3277 874 0.232 0.087 

 

 

dium abstractness, the difference was less pronounced. Notably, the order did not correspond 

to our expectation. For each art style, they were highest for the lowest abstractness category, 

but lowest for the medium category.  

To test whether the effects of abstractness were significant within the art styles, PDs for 

each art style were subjected to one-way ANOVAs with abstractness (low, medium, or high) 

as within-participant factor. The effect of abstractness was significant for the expressionist 

pictures, F(2,  72) = 5.43, p < .01; η2 = .023, as well was for the cubist ones, F(2, 72) = 4.83, p 

< .05; η2 = .023. As can be seen in Figure 6 (see also Table 2), low abstractness produced higher 

PDs than the other two levels, which did not differ significantly.  Notably, against the predicted 

relation between abstractness and pupillary responses, PDs were generally numerically larger 

for cubist than for expressionist paintings. 

Correlational analyses: An item-based correlational analysis across pictures and art 

styles revealed that there was no significant overall relation between abstractness and PD (r = 

–.100; p = .382). For the individual styles, the correlation was not significant for the 

expressionist pictures (r = –.180, p = .272), and marginally significant for the cubist ones (r = 

–.306, p = .058). Because RT can be considered as further index of fluency, we also computed 

the correlation between RT and PD. Overall, it was not significant (r = –.057, p = .622). This 

also held for cubist (r = –.085, p = .605) and for expressionist (r = –.100, p = .547) pictures  
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Figure 5: Response-locked time course of the pupil size (in mm) for the art styles and 

abstractness conditions in Experiment 1. Ribbons around the graphs represent standard 

errors. 

 

 

Figure 6: Pupillary peak dilations for the two art styles in Experiment 1. Error bars represent 

the standard error. 
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alone.  In contrast, there was a significant overall correlation between preference and PD (r = –

.271, p < .05). However, its direction was opposite to the expectations: greater preferences came 

with smaller pupil size. For the individual styles the correlation was in the same opposite 

direction, but not significant (cubist: r = –.259, p = .111; expressionist: r = –.226, p = .167). 

Thus, given the strong relation between abstractness and preference, as found in our 

picture ratings, and the corresponding relation between abstractness and RTs in the task of the 

present experiment, the observed PDs do not support the idea that fluency-induced affective 

aesthetic responses are reflected by pupil size. As the ANOVAs revealed, within each art style, 

there was an increase in PDs only between the highest and the two lower abstractness 

categories. Between the lower categories, there was no substantial difference. The trend was 

even opposite to the expected direction. The correlational analyses also revealed no significant 

relation between PD and abstractness or RT. The only significant correlation occurred between 

PD and preference, which, however, indicated that pictures of higher preference produced 

smaller pupil size. This is opposite to what we expected.  

Finally, cubist paintings, which were liked less than expressionist pictures, produced 

numerically higher PDs. This is also incompatible with the idea that preference is positively 

related to pupil size.  

 

 

Figure 7: Pupillary PDs for the two art styles separated for the two block orders in Experiment 

1. Error bars represent the standard error. 
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Sequential block effects: When we looked for possible reasons why cubist pictures 

produced a larger pupil size than expressionist stimuli, we also considered the data for the two 

art-style sequences separately. As shown in Figure 7, PDs for cubist pictures were larger for 

participants who processed these stimuli first. When cubist pictures were processed after 

expressionist ones, the PDs were smaller. Figure 7 also suggests that starting with cubist 

pictures had a greater damping effect on the subsequent PDs for expressionist pictures than vice 

versa. Apparently, effects such as practice, fatigue or motivation through the course of the 

experiment critically distort pupillary responses and have to be taken into account as confound. 

Thus, to avoid such sequential effects, we conducted a second experiment, where the art styles 

were randomly mixed.  

 

 

2.4 Experiment 2 

This experiment was identical to the first one, except that art styles were mixed rather 

than sequentially blocked. We expected that, due to the style mixing, our participants would 

similarly process both art styles and thus apply the same response criterion. The hypotheses 

were adopted from Experiment 1. 

 

2.4.1 Methods 

2.4.1.1 Participants 

Twenty-five students from the Universität Konstanz were recruited. The data of five 

participants were excluded from analyses, because the students had participated in the norming 

study, because of technical difficulties, or because more than 50% of the pupillary data were 

missing after artifact rejection. The remaining 20 students (2 male) were art novices and aged 

between 18 and 25 years (M = 21.2; SD = 2.23).  They had normal or corrected-to-normal vision 

and received either 5 € or course credit as compensation. 

 

2.4.1.2 Stimuli and Procedure 

The same stimuli as in the first experiment were used. The procedure was also identical, 

except that art style was randomly mixed.  
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The pupillometric data were pre-processed in the same way as in Experiment 1. 

Altogether, 32% of the trials (ranging from 12% to 49% across participants) were discarded. 

RT data were handled in the same way as in the previous experiment.  

 

2.4.2 Results and Discussion 

2.4.2.1 Response Times 

One-way ANOVAs were computed for each art style with abstractness (low, medium, 

or high) as within-participant factor. A significant effect was found for the expressionist 

pictures, F(2, 38) = 104.0, p < .001; η2 = .605, as well as for the cubist ones, F(2, 38) = 82.2, p 

< .001; η2 = .411. As can be seen in Figure 8, RTs again increased with abstractness for both 

art styles. Subsequent Bonferroni-corrected t-tests revealed that RTs differed significantly 

between all abstractness categories for both art styles, except between expressionist pictures of 

medium and low abstractness. This result is similar to that observed in Experiment 1.   

 

 

Figure 8: Response times for the cubist and expressionist pictures as function of abstractness 

in Experiment 2. Error bars represent standard errors. 
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Correlational analyses: A correlational analysis across the pictures and art styles 

revealed a significant relation between abstractness and RT (r = .778; p < .001). The correlations 

were also significant for the expressionist pictures alone (r = .832; p < .001), as well as for the 

cubist ones (r = .794; p < .001).  

 

2.4.2.2 Pupillary Dilations 

Figure 9 shows the response-locked time courses of the pupil size for the different 

experimental conditions. Different from the previous experiment, pupil size varied 

monotonically with abstractness for expressionist paintings. The relations were less pronounced 

for the cubist pictures.  

Similar relations were present for the PDs (Figure 10; see also Table 2). One-way 

ANOVAs revealed, however, that the effect was significant only for the expressionist pictures, 

F(2,  38) = 5.46, p < .01; η2 = .083, but not for the cubist ones, F(2, 38) = 0.745, p = .482; η2 = 

.007. Subsequent Bonferroni-corrected t-tests for the expressionist style showed that the 

differences in PDs between the low and medium abstractness, and between medium and high 

abstractness were not significant.  

 Correlational analyses: The item-based correlational analysis across pictures and art 

styles revealed that the relation between abstractness and PD was marginally significant (r = –

.215; p = .059). For the individual art styles, the correlation was significant for the expressionist 

pictures (r = –.321; p < .05), but not for cubist pictures (r = –.199; p = .224). Overall, the 

correlation between RT and PD was also significant (r = –.266; p < .05). The faster the 

responses, the larger the PD. For the individual styles, the correlations were marginally 

significant for the expressionist pictures (cubist: r = –.263; p = .107; expressionist: r = –.308; p 

= .056).  The overall correlation between preference and PD was not significant (r = –.077; p = 

.503). This also held for the individual styles (cubist: r = –.040; p = .808; expressionist: r = –

.062; p = .706). These results show that low abstractness and short RT come along with larger 

pupil size, as expected. However, there was no indication that PD was related to preference, 

which is different from the result in Kuchinke et al. (2009).  

If we take abstractness into account, then PDs were again larger for cubist pictures than 

for expressionist ones. To test whether this difference was significant, we applied linear 

regression to the expressionist data to estimate values for each participant that correspond to 

the abstractness values of the cubist categories (black squares in Figure 10). The cubist data 

together with the estimated data for the expressionist pictures were then entered into a one-way 

ANOVA with art style as within-participant factor. The effect was significant, F(1, 19) = 4.51,  
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Figure 9: Response-locked time course of the pupil size (in mm) for the different art styles and 

abstractness levels in Experiment 2. Ribbons around the graphs represent standard errors.  

 

p < .05; η2 = .027. Thus, although the effect was small, our data again show a tendency towards 

greater PDs for cubist pictures than for expressionist stimuli.  

Taken together, our results show that, PDs decreased with increasing abstractness of the 

processed pictures, although the relation was significant only for the expressionist pictures. The 

item-based overall correlation between PD and RT was significant as well. That is, the faster 

the responses the larger the measured PDs. These results demonstrate that the mixing of arts 

styles had a favorable effect on the relation between abstractness and PD. However, there was 

no item-based correlation between preference and PD, which is different from the results of 

Kuchinke et al. (2009). Moreover, cubist pictures again produced somewhat larger PDs, given 

their range of abstractness, which is also contrary to expectation.  

 

2.5 General Discussion 

In the present study, we investigated whether the effect of processing fluency on aesthetic 

preference is also reflected by pupillary responses. Former studies have shown that stimuli that 

can be processed fluently, are evaluated more positively than stimuli that are difficult to process 

(e.g. Reber et al., 2004). To account for this result, it has been proposed that fluent processing 
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Figure 10: Pupillary peak dilations for the two art styles in Experiment 2. The black squares 

represent estimated values (by linear regression) of expressionist stimuli that correspond to 

the range of abstractness values of the cubist stimuli. Error bars represent the standard error. 

 

elicits a positive affect that is interpreted by perceivers as their response to the processed 

stimulus. To test whether fluency-based affective experience is indeed involved in aesthetic 

evaluations, Kuchinke et al. (2009) conducted a pupillometric study. In their experiment 

participants had to recognize an object in cubist paintings as fast as possible. Fluency was 

assumed to vary with the abstractness of the pictures. As expected, the pupillary peak dilations 

(PDs) increased with decreasing picture abstractness. This result was interpreted in the sense 

that higher processing fluency increased positive aesthetic affects. Because this is an interesting 

and important result, the aim of the present study was to replicate the experiment with an 

improved method, and to test whether the observed relations can be generalized to expressionist 

pictures.  

The experimental method was improved in several respects, compared to the study of 

Kuchinke et al. (2009). For instance, we took measures to avoid confounding the emotional 

pupil response with the initial light reflex. For generalization, we used expressionist pictures, 

in addition to the cubist ones in Kuchinke et al. (2009). Pictures of both art styles were rated 
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with respect to preference and abstractness in separate online studies. The results confirmed the 

relation between fluency (in our case abstractness) and preference, observed in earlier studies 

(Belke et al., 2010; Kuchinke et al., 2009; Reber et al., 1998; Winkielman & Cacioppo, 2001; 

Winkielman et al., 2003b). In our case, the relation was stronger for the expressionist than for 

the cubist pictures. A plausible reason for this difference is the fact that expressionist pictures 

encompassed a larger range of abstractness than the cubist ones. Specifically, the set of 

expressionist pictures also included stimuli of relatively low abstractness. Their preference 

ratings were correspondingly higher.  

The hypothesis that the relation between preference and abstractness is caused, at least 

to some extent, by processing fluency, is supported by our result that the object recognition 

time also increased with abstractness. This was true for both art styles in both experiments, and 

is in line with previous results (Checkosky & Whitlock, 1973; Reber et al., 1998; Westerman, 

Lanska, & Olds, 2015). Thus, even though response times (RTs) might not generally reflect 

fluency (Oppenheimer, 2008), in our case abstractness clearly determined the speed of 

processing.  

So far, our results suggest that less abstract stimuli are processed more easily, and that 

fluently processed pictures are associated with higher preference. However, the crucial question 

is, whether preference is related in any way to fluency-based affective experience, as proposed 

by Kuchinke et al. (2009). Under the expectation that aesthetic affect is signaled by pupil size, 

the results of our first experiment are mixed. Although the pupillary PDs were largest for the 

least abstract pictures, they were numerically larger for highly than for medium abstract 

pictures. Moreover, correlational analyses revealed that more preferred pictures produced 

smaller PDs, which is opposite to the result of Kuchinke et al. (2009). Finally, cubist pictures 

produced slightly larger PDs than expressionist ones, although the former were more abstract 

and liked less. Thus, whereas some relations between the variables were in the expected 

direction, most were opposite.  

Especially because art style was blocked, we speculated that this might have been 

contributed to the result that cubist pictures produced larger PDs. Perhaps the participants 

applied different task sets and response criteria, depending on the art style and their learning 

history. Therefore, we conducted a second experiment, where the pictures of the two styles 

were presented randomly across trials.  

As a result, randomizing the art style had a positive effect on the relation between 

abstractness and pupil size. Mean PDs now increased linearly with decreasing abstractness for 
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both art styles (see Figure 10), although the relation was significant only for the expressionist 

pictures. Thus, strictly speaking, we again failed to replicate the results of Kuchinke et al. 

(2009), who only applied cubist pictures. One reason for this failure could have been the 

relatively small range of abstractness for this stimulus set. The small variation of abstractness 

was probably not sufficient to modulation pupil size substantially. Therefore, it seems 

reasonable to conclude that easy to process pictures produce larger PDs than difficult to process 

ones, given a sufficient variation of processing fluency.  

However, even if one accepts that processing fluency modulates PDs, does this imply 

that the PDs also reflect aesthetic affect induced by fluency? Our analyses do not support such 

a conclusion. Whereas the correlation between preference and PD was negative in Experiment 

1, it was absent in our second experiment. Furthermore, despite randomized art style, PDs were 

again larger for the cubist stimuli than for the expressionist ones, although the former pictures 

were liked less than the latter ones. One must of course take into account that effect size was 

rather low. However, the fact that we found this effect in both experiments, shows that it is 

reliable. Up to now, we have no definitive explanation for the difference in PDs between the 

art styles. One reviewer suggested that typicality could have played a role. Indeed, if we 

consider RTs as a valid measure of fluency, then the relation between abstractness and fluency 

obviously differed between art styles. It could be that cubist pictures were considered as more 

typical for abstract art than expressionist ones. Consequently, the abstractness of cubist pictures 

might have been overrated, relative to their actual fluency and compared to expressionist 

pictures.  

Thus, both of our experiments failed to replicate Kuchinke et al.’ s  (2009) results. For 

cubist pictures, there were no substantial effects of abstractness on PD. If anything, there were 

weak tendencies. However, the general idea that abstractness is related to PDs is supported by 

our results obtained with the expressionist pictures. Thus, it is possible that we did not find an 

effect for the cubist pictures because of their small range of abstractness.  

A more fundamental problem, though, is the reversed (Experiment 1) or absent 

(Experiment 2) relation between preference and PD, which contradicts the idea that fluency-

based aesthetic affect is not only related to preference but also reflected by pupil size. One 

might argue that we were unable to find a positive relation, because preference ratings and PDs 

were collected from different samples of participants, respectively, whereas Kuchinke et al. 

(2009) used a within-participant design. However, this difference should be negligible in our 

item-based analyses. In fact, we argue that our preference ratings were more representative than 
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Kuchinke et al.’s (2009), because their ratings were obtained after the participants had 

performed a recognition task. Therefore, it is possible that their participants rated pictures in 

relation to the ease with which the depicted objects could be recognized rather than regarding 

its overall aesthetic.  

Taken together, our results can hardly be considered as replication of Kuchinke et al.’s 

(2009) study. Although we observed some relation between the abstractness of art pictures and 

pupil size during their processing, the relation between pupil size and aesthetic appreciation 

was absent or reversed. These results do not support the hypothesis that fluency-induced 

aesthetic affect is reflected by pupil dilation.  
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Chapter 3: Do Pupils Reflect Aesthetic Liking 

or only Task Difficulty? 

 

 

 

In the eye of the beholder? Pupillary peak dilatations reflect task 
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3.1 Abstract 

As a theory of aesthetic appreciation, processing fluency postulates a general liking for easily 

processed stimuli. Research demonstrated that paintings that are low on abstractness and, 

therefore, easier to process, elicit greater pupil response than highly abstract ones because they 

are more liked. This contradicts literature on cognitive load reporting stronger pupil dilation 

under greater effort. Thus, we aimed to reevaluate whether pupil dilations mirror liking when 

it is induced by processing fluency. Three experiments were conducted to examine fluency-

effects: Partcipants completed a categorization task where they either judged whether a cloud 

of dots was symmetric or asymmetric (Experiment 1), or whether paintings were expressionist 

or cubist (Experiment 2). In Experiment 3, participants indicated the moment of content 

recognition when viewing the same paintings under time constraints. Fluency was 

operationalized either by symmetry (Experiment 1) or by abstractness rating (Experiments 2 & 

3). Liking ratings, response times and peak dilations were recorded. Concordant with fluency 

theory, ratings were highest (except for cubists), response times fastest, and error rates lowest 

for easy to process stimuli. Crucially however, pupils dilated more strongly to harder to process 

stimuli that are least liked, hinting that pupils may reflect processing difficulty instead of 

aesthetic liking. 

 

3.2 Introduction 

The question of what makes an artwork appealing has fascinated people for millennia. 

This has led to the study of a variety of contributors to aesthetic appreciation, one of them being 

how fluently artwork can be processed (Reber et al., 2004). Several attempts have also been 

made to pinpoint psychophysiological markers of aesthetic episodes, including pupil dilations 

that are controlled by the autonomic nervous system and could thus serve as a potential implicit 

measure of aesthetic liking (Beatty & Lucero-Wagoner, 2000; Mathôt, 2018). Unfortunately, 

the few attempts to investigate pupillometric response to fluency-based aesthetic liking yielded 

conflicting results (Elschner et al., 2018; Kuchinke et al., 2009). Therefore, the aim of this study 

is to reexamine whether a stronger pupillometric response occurs with higher liking when the 

ease of processing differs between the stimuli. 

The processing fluency theory postulates that perceiver’s preference for a stimulus 

increases with the ease of processing it (see Reber et al., 2004, for a review). Fluency-related 

phenomena have been studied in a variety of research fields, such as syntactic processing (e.g. 
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Lowrey, 1998), memory encoding (e.g. Hertzog, Dunlosky, Robinson, & Kidder, 2003), 

judgments of familiarity (e.g. Westerman et al., 2015) or judgments of truth (see Alter & 

Oppenheimer, 2009, for a review; Unkelbach, 2007). Moreover, related concepts can be found 

in other areas of psychological research, as for instance the idea of a fluency heuristic in decision 

making (e.g. Jacoby et al., 1989), or the hedonic processing fluency theory in empirical 

aesthetics. The latter specifically predicts greater aesthetic appreciation for objects that are easy 

on the mind (Reber et al., 2004). In the context of aesthetics, fluency can stem from the features 

of the stimulus representing perceptual fluency, e.g. higher clarity, better foreground-

background contrast or perceptual priming (Reber et al., 2004; Reber et al., 1998), or 

conceptual fluency induced by improving the accessibility of the stimulus’ semantics, e.g. by 

repeated exposure or giving participants additional information by presenting titles or 

descriptions next to the stimulus (Belke et al., 2010; Reber et al., 2004; Winkielman & 

Fazendeiro, 2003). For complex stimuli such as artworks, both types of fluency go hand in 

hand.  

Higher liking for easy to process stimuli was documented for a variety of domains such 

as paintings (e.g. Belke et al., 2010), poetry (e.g. Obermeier et al., 2016), music (e.g. Nunes, 

Ordanini, & Valsesia, 2015), and even brand evaluation (e.g. Lee & Labroo, 2004). Still, 

exceptions exist, as indicated by reports of higher liking for greater complexity in industrial 

design (Hekkert et al., 2003; Landwehr et al., 2011) and with paintings that are more 

ambiguous (Jakesch et al., 2017; Jakesch et al., 2013). One possible explanation for these 

exceptions rests on the assumption that the sudden recognition of meaning induces 

pleasure (Belke et al., 2015; Muth & Carbon, 2013).  

Considerable effort has also been made to find psychophysiological markers of aesthetic 

appreciation (Chatterjee, 2011). Research with facial EMG  (e.g., Jakesch et al., 2017) and eye-

tracking (e.g. Pihko et al., 2011) further elaborated on how aesthetic judgments are achieved. 

Lastly, pupillometric studies reported that pupil size increases with rated liking (Blackburn & 

Schirillo, 2012; Johnson et al., 2010) and in experiments where stimulus valence was varied 

additionally, a stronger pupil dilation was observed for both unpleasant and pleasant compared 

to neutral stimuli (Hayes et al., 2013; Powell & Schirillo, 2011). Pupillary responses thus seem 

to occur to physiological arousal rather than valence (Beatty & Lucero-Wagoner, 2000; Bradley 

et al., 2008; Henderson et al., 2014; Kinner et al., 2017; Mathôt, 2018; Partala & Surakka, 2003; 

Steinhauer et al., 2004). 

Since arousal plays a crucial part in affective processes that are an integral part of 

aesthetic elaborations (Leder & Nadal, 2014), pupillometry can be utilized to study fluency-
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related aesthetic appreciation. None of the pupillometric studies of aesthetic judgment 

mentioned above included processing difficulty as a mechanism of how aesthetic episodes are 

achieved. Also, studies on fluency in aesthetic episodes that use the method are rare to our 

knowledge. In one such attempt, Kuchinke et al. (2009) demonstrated that less abstract (i.e. 

easy to processes) cubist paintings were preferred and produced greater pupil dilations as 

participants indicated the moment, they recognized the paintings’ semantic content. Crucially, 

the authors reported that preference ratings were positively associated with greater pupil 

dilations. Yet, these contradict studies of cognitive load that demonstrate greater dilations under 

greater difficulty (Beatty & Lucero-Wagoner, 2000; Mathôt, 2018), as demonstrated for 

example for arithmetic tasks (Hess & Polt, 1964; Steinhauer et al., 2004), digit 

memorization (Kahneman & Beatty, 1966), inattentional blindness (Wright et al., 2013), or 

language processing (Schmidtke, 2014). As Kuchinke et al. (2009) point out this contradiction 

may rooted in the source of the arousal that dilates the pupil: If the affective arousal that is 

connected to the aesthetic episode plays a greater role, stronger dilations should occur for the 

more liked paintings that are easy to process. But if cognitive arousal resulting from processing 

difficulty dominates the response, pupils should dilate more strongly for the less liked and hard 

to process paintings.  

Unfortunately, a replication attempt by Elschner et al. (2018) yielded rather inconsistent 

results: The authors replicated dilations to fluency not for the cubist originals, but only for an 

expressionist set of paintings chosen for a generalization attempt. Most importantly, in the two 

experiments done in this study, pupil dilations were negatively correlated with liking if art style 

was ignored and those correlations diminished when art style was considered. A reason for this 

may be that Elschner et al. (2018) obtained liking ratings and pupillometric data from two 

independent samples to avoid effects of mere exposure. Thus, fluency-based pupillary dilations 

need to be reevaluated. 

The main aim of this study was therefore to assess whether greater pupil dilations are 

systematically linked to higher liking when processing fluency is involved in the generation of 

appreciation. Based on Kuchinke et al. (2009) assumption, this would hint at whether the 

arousal input towards pupillary dilation is of cognitive or affective nature. If the latter is 

consistently the case, pupil response could serve as an implicit measure of aesthetic 

appreciation. Further, it is often assumed that deeper elaborations of the stimulus’ content can 

override early aesthetic responses that emerged from perceptual processing (Graf & Landwehr, 

2015). This may play a role for paintings that require semantic understanding to be processed. 
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Thus, a second question of interest is whether pupillary responses work the same way for stimuli 

that can be processed primarily on a perceptual level and those that additionally require 

conceptual processes.  

Consequently, we were interested in whether pupil dilations would remain stable across 

stimulus types and tasks. In experiment 1, we tried to generalize the findings from Kuchinke et 

al. (2009) and Elschner et al. (2018) to a task requiring processing primarily at the perceptual 

processing level. Specifically, we asked participants to categorize simple dot clouds that could 

either be symmetric or asymmetric. We chose symmetry as an operationalization of processing 

fluency because there is strong support for the idea that the processing of symmetry is 

automatic, that symmetric stimuli are liked more and can be recognized faster than non-

symmetric ones in a variety of stimulus types such as abstract patterns or photographs of 

faces (Frith & Nias, 1974; Giannouli, 2013; Jacobsen & Höfel, 2002; Leder et al., 2004; Møller 

& Thornhill, 1998; Reber et al., 2004; Tinio & Leder, 2009). Previous research further showed 

that there are differences in perceptual processing depending on the type of symmetry: 

vertically symmetric stimuli are easier on the mind than horizontal ones (Pashler, 1990; 

Wagemans, Van Gool, & d'Ydewalle, 1992), and combining forms of symmetry adds to the 

ease of processing (Palmer & Hemenway, 1978; Royer, 1981).  

Since we not only varied the stimulus set but also the type of task (categorization vs. 

content detection) in comparison to both Kuchinke et al. (2009) and Elschner et al. (2018), we 

repeated the categorization task in Experiment 2 with a set of cubist and expressionist paintings 

comparable to the previous studies. This predominantly targeted the semantics by representing 

fluency by abstractness ratings. Finally, Experiment 3 employed the content detection task used 

in prior studies (Elschner et al., 2018; Kuchinke et al., 2009), but included a time constraint that 

forced participants to give fast answers comparable to those in Experiment 1 and 2.  

In line with previous research, we expect that both perceptually and conceptually easier 

to process stimuli should produce greater aesthetic liking. Further, if the affective arousal that 

goes hand in hand with aesthetic appreciation dominates the pupillometric response, pupil size 

should be greatest for the stimuli that are most liked, as demonstrated by Kuchinke et al. (2009). 

Moreover, these predictions should be valid irrespective of stimulus type or task. For all three 

experiments we hence predict that liking is highest, response times are fastest and pupil size 

greatest for the stimuli that are biaxially symmetric or the least abstract. For Experiments 1 and 

2 we further predict that participants make less errors in categorization if the stimuli are easy 

rather than hard to process. Lastly, if pupil dilation is related to appreciation, we should see an 
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increase in dilation with increasing liking ratings, even when we control for symmetry category 

or abstractness.  

 

3.3. Experiment 1 

In Experiment 1 we used dot patterns which were arranged to yield either symmetric or 

asymmetric patterns. In line with previous research we predicted that biaxial stimuli are more 

liked than those that are symmetric on the vertical axis which are again liked more than those 

on the horizontal one (Palmer & Hemenway, 1978; Pashler, 1990). Asymmetric stimuli should 

be least liked. Furthermore, we expect that response times are shortest for biaxial patterns and 

increase in the same order. The same is assumed for percentage errors with the greatest error 

rates for asymmetric stimuli. Finally, in accordance with Kuchinke et al. (2009), we predict that 

pupil dilations should be greatest for dot patterns with biaxial symmetry and smallest for 

asymmetric patterns. There should also be a positive relationship between liking and dilation.   

 

3.3.1 Methods 

3.3.1.1 Participants 

Forty-one participants were recruited at the University of Konstanz. Data of 

19 participants had to be dropped, because (a) of technical problems during the lab 

session (n = 5), (b) they had used psychoactive drugs in the last 24 hours before the 

experiment (n = 3), (c) had bad eye-sight without visual aid (n = 1), (d) the participants had 

taken part in Elschner et al.’s (2018) study and were thus excluded from the current 

experiment (n = 3), or (e) less than 50% of data were available for analysis after artifact and 

error rejection (n = 7). The remaining 22 participants (18 female) were aged 18 to 

30 years (M = 21.4; SD = 3.22), had normal or corrected-to-normal vision and reported to be 

art novices. All participants were students at the Universität Konstanz and received 10 € or 

course credit as compensation. The experiment was conducted in accordance with the 

Declaration of Helsinki (World Medical Association, 2013). 
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Figure 1: Examples for each stimulus category: symmetric on (A) both axes, (B) the vertical, 

(C) or horizontal one, and (D) asymmetric stimuli. 

 

3.3.1.2 Stimuli 

We created dot clouds with dots arranged symmetrically either on both axes (A), the 

vertical axis (B), or the horizontal one (C). Additionally, we included a set of asymmetric 

patterns (D, see Figure 1). Each stimulus set contained 50 different patterns, leading to a total 

sample of 200 stimuli. We also created a luminance control pattern, containing a grid with 

equally spaced dots (see Figure 2). It was used to bring the pupil to a baseline diameter between 

the offset of the fixation cross and the onset of the main stimulus. The test stimuli and the 

luminance control were created by dispersing 52 black dots on a 500 x 500 px (13.9° visual 

angle) wide light gray background (RGB: 200, 200, 200). 

 

3.3.1.3 Apparatus 

The stimuli were presented in Presentation 16.4 (Neurobehavioral Systems Inc., 

Berkeley, USA). Pupil size was recorded with a video-based infrared eye tracker (SensoMotoric 

Instruments, SMI, RED500, Teltow, Germany) at a sampling rate of 500 Hz. Trial presentation 

and pupil recordings were synchronized with the iView X 2.8 interface. The eye tracker was 

calibrated for both eyes on a five-point grid before each experimental block. Participants were 

seated in front of the computer screen while placing their heads in a chinrest that was mounted 

on a height adjustable desk in approximately 60 cm distance from the monitor. Instructions 

were given via screen and participants completed eight practice trials.  

 

3.3.1.4 Design and Procedure 

Before the start of the within-subject study which contained three parts, all participants 

provided informed consent. The first part of the experiment consisted of a total of 200 trials, 

thus showing each stimulus once. Participants were presented with a fixation cross for a 

standard period of 500 ms in the center of the screen. A fixation check was included so that the 
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trial only initiated if a valid fixation followed within a 5,000 ms window from the start of the 

fixation cross in case the eye-tracker did not detect one immediately. If the fixation check failed, 

the eye-tracker reset to a new calibration after which the trial would restart. For the next 

1,000 ms a luminance control was shown after which the critical stimulus remained on the 

screen up until 1,000 ms after the participants’ response. Participants were asked to classify 

whether the pattern was symmetric or asymmetric by pressing one of two designated keys (“v” 

for left; “,” for right) on the keyboard. Both keys were marked with a blue sticker as a laboratory 

standard. Symmetry was counterbalanced across participants, with “symmetric” being mapped 

to the left key for 12 volunteers, and to the right key for the remainder of the participants. An 

error tone was played via loudspeaker if the participant classified the stimulus incorrectly. 

Finally, an eye picture was presented for 1,500 ms, allowing participants a blink pause in order 

to reduce blinking during the trial. The trial ended with a blank screen lasting for 100 ms (see 

Figure 2).  

All stimuli were randomized for each participant and presented in 8 blocks of 25 patterns 

each. In between blocks, participants could take short breaks. They were given feedback on  

 

 

Figure 2: Standard trial procedure and timing for Experiment 1.  



Chapter 3: Pupil Dilations Reflect Liking or Difficulty? 

 

65 

 

 

their mean error rate and mean response time after each of the blocks. If the error rates exceeded 

10%, we instructed the participants to respond more accurately. If they were below 3%, we told 

them to classify the stimuli faster. 

In the second part, participants were asked to rate the stimuli. Since the dot clouds are 

rather uniform, we expected a center bias to occur in the ratings if all 200 were rated. To avoid 

such bias, we chose 40 patterns randomly from the stimulus pool (10 from each category). 

Every participant saw the same stimuli but in random order to make sure we could perform an 

analysis later. Ratings were acquired by asking how much they liked the patterns (“How much 

do you like the picture?”), which required a response on a 7-point scale ranging from 1 (“I do 

not like it at all”) to 7 (“I like it a lot”). Similarly, in order to explore whether the pictures 

produced any kind of semantic processing, we asked participants to indicate on a scale ranging 

from 1 (“Not at all”) to 7 (“A lot)” whether they perceived an object in the patterns (“This 

picture reminds me of an object or Gestalt.”). 

In the last part, participants provided a self-report on age, gender, job or field of study, 

handedness and whether they had taken psychoactive drugs within the 24 hours prior to the 

experiment. They were then verbally debriefed.  

 

3.1.1.5 Data Processing and Analyses 

We pre-processed pupillometric data from the left eye (Loewenfeld & Loewenstein, 

1993). The programs written in MATLAB (R2016a) and R 3.5.2 (R Core Team, 2018) used in 

Elschner et al. (2018) were adapted to the current experiment for data parsing. We down-

sampled continuous raw data to 100 Hz and defined epochs between 1.7 s before and 5 s after 

stimulus onset. Data were smoothed with a 7-point average filter. Epochs with major blinks and 

trials with an erroneous response or a response time faster than 100 ms were automatically 

discarded. Afterwards, data were visually checked for artifacts (e.g. if there was a spike 

indicating a pupil dilation of several millimeters within just a few milliseconds). Participants 

with less than 50% of data left after artifact rejection were dropped from the pool, resulting in 

the inclusion of 76% of trials (ranging from 58% to 91% across participants). Response-locked 

pupil data were corrected relative to a 200 ms pre-response baseline. Peak dilations were 

defined as the maximum pupil diameter in the 1,000 ms after response onset. Here, we focus 

on response-locked analyses since it was previously shown that results from stimulus- and 

response-locked analyses are usually the same (e.g., Braem, Coenen, Bombeke, Van Bochove, 
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& Notebaert, 2015; but see also Supplements for stimulus-locked data). Error rates were 

calculated as proportions per factor level after artifact rejection.  

We conducted a one-way ANOVA with symmetry as a between-picture factor. The 

analysis included Bonferroni-corrected t-tests for all comparisons. Only the data of stimuli that 

stayed in the data frame after artifact rejection for pupil data and without errors were used to 

analyze the response times. Additionally, Pearson correlations for response times with all other 

measures were reported to explore whether responses depended on processing speed. For the 

analysis of Gestalt controlling effects additional ANCOVAs with symmetry category as 

independent variable and the object rating as a covariate for the influence of abstractness on 

liking and peak dilation were conducted. Lastly, a linear model with liking as independent and 

dilations with dependent variable was conducted only for the stimuli for which ratings existed. 

The same analysis was further repeated including a control for symmetry category which was 

effects coded.  

Analyses were done with R 3.5.2 (R Core Team, 2018). R packages used for analysis 

and parsing were car (Fox et al., 2012), DecTools (Signorell et al., 2018), effsize (Torchiano & 

Torchiano, 2019), heplots (Fox, Friendly, & Monette, 2009), plyr (Wickham, 2016), 

pracma (Borchers, 2017), R.matlab (Bengtsson et al., 2018), reshape (Wickham, 2007), 

Rmisc (Hope, 2013) and stringr (Wickham, 2017). The results were visualized with 

ggplot2 (Wickham, 2009), ggpubr (Kassambara, 2018) and viridis (Garnier, Ross, & Rudis, 

2018).  

 

3.3.2 Results 

3.3.2.1 Control Analyses 

Consistent with the notion that stimulus symmetry is related to fluency, both response 

times, F(3, 196) = 32.3, p < .001, 𝜂𝑝
2 = .331, and error rates, F(3, 196) = 40.29, p < .001, 

𝜂𝑝
2 = .381, were altered by the symmetry category of the stimulus. Response times were fastest 

and error rates were lowest for biaxial patterns, and both increased with increasing 

asymmetry (see Figure 3). All pairwise comparisons between categories were 

significant (ps < .001), except between response times of horizontally symmetric and 

asymmetric stimuli (p = .113), and between response times (p = .170) as well as error 

rates (p > .999) of vertically symmetric and biaxial patterns. Response times correlated strongly 

and negatively with liking (r = -.54, p < .001) and with object rating (r = -.50, p = .001), while 

the correlations with errors were strongly positive (r = .76, p < .001) and 



Chapter 3: Pupil Dilations Reflect Liking or Difficulty? 

 

67 

 

 

Figure 3. Symmetry-dependent mean values for response times (A), error rates (B), liking 

ratings (C), object ratings (D), object ratings in relationship with liking ratings (E), and peak 

dilations (F) for experiment 1. Error bars and error bands represent the 95% between stimulus 

confidence intervals.  

 

moderately positive for peak dilations (r = .43, p = .006).  

Symmetry influenced the object rating, F(3, 36) = 60.03, p < .001, 𝜂𝑝
2 = .833. The most 

objects were perceived in vertically symmetric and the least in asymmetric patterns (see 

Figure 3D). Contrasts were all significant (ps < .005), except for the one between horizontally 

symmetric and biaxial stimuli (p > .999). Object ratings influenced liking ratings, 

F(3, 35) = 38.92, p < .001, 𝜂𝑝
2 = .527, but not peak dilations, F(3, 35) = .71, p = .405, 

𝜂𝑝
2 = .020.  

 

3.3.2.2 Liking Rating 

Likewise, liking ratings were altered by symmetry, F(3, 36) = 89.2, p < .001, 𝜂𝑝
2 = .881, 

with the lowest liking for asymmetric patterns and highest for biaxial ones (see Figure 3C; all 

ps < .001 for the pairwise comparisons, except for the one of vertically symmetric and biaxially  

 



Chapter 3: Pupil Dilations Reflect Liking or Difficulty 

68 

  

 

 

Figure 4: Response-locked pupil time course where 0 on the x-axis represents the moment of 

the mouse click (A), peak dilations to symmetry (B), and peak dilations in relationship to liking 

rating (C) for Experiment 1. Thick lines in A represent conditional means of each symmetry 

category and error bars the 95% between stimulus confidence interval. 

 

symmetric stimuli, p > .999). This also occurred when controlling for Gestalt effects by entering 

the object rating as covariate, F(3, 35) = 26.69, p < .001, 𝜂𝑝
2 = .696. 

 

3.3.2.3 Response-locked Pupil Dilation 

The response-locked peak dilations also showed reliable differences in response to 

symmetry, F(3, 196) = 52.35, p < .001, 𝜂𝑝
2 = .445 (see Figure 4B). When controlling for Gestalt 

effects, symmetry still influenced peak dilations, F(3, 35) = 6.65, p = .001, 𝜂𝑝
2 = .363, showing 

that the covariate did not distort the results. The greatest peak dilations were observed for 

asymmetric stimuli while the smallest occurred for biaxial patterns. All pairwise comparisons 
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were significant (ps < .003), except the one between biaxial and vertically symmetric 

stimuli (p = .232). Peak dilations decreased strongly with liking (β = -.76, t(38) = -7.27, 

p < .001, SE β = .09, 95% CIs [-.92, -.58]; see Figure 4C). Even when controlling for symmetry, 

liking still predicted peak dilations F(1, 35) = 7.46, p = .010, 𝜂𝑝
2 = .176. 

 

3.3.3 Discussion 

In Experiment 1, we asked participants to classify abstract dot patterns to test whether 

pupil dilations are associated with greater aesthetic liking in the context of perceptually driven 

processing fluency. Our behavioral data are in line with fluency theory’s main claim by showing 

that easier to process stimuli are preferred (Reber et al., 2004): liking was greatest for biaxial 

stimuli and lowest for asymmetric ones, while the former were processed faster and with fewer 

errors. Greater response times were associated with lower liking and greater error rate. 

Symmetry was associated with object rating and influenced liking. However, symmetry-liking 

relationship held up when controlling for Gestalt effects.  

While behavioral data were in accordance with our hypotheses, the pupillometric effects 

were reversed: peak dilations were greatest for the least fluent and therefore greatest for the 

least liked stimuli. This also occurred when controlling for the symmetry category and Gestalt 

effects. Thus, our data contradicts the notion that greater dilation should emerge with more 

liked stimuli in general (Blackburn & Schirillo, 2012; Johnson et al., 2010), which in the light 

of fluency theory should have been detected for easier to process patterns (Kuchinke et al., 

2009).  

The difference to earlier investigations could be due to various reasons: First, dilations 

could differ due to whether judgments of aesthetic appreciation are driven more 

automatically (which can roughly be seen as more perceptual than conceptual processing) or 

deliberately (more conceptually, Graf & Landwehr, 2015). This in turn could mean that the 

arousal leading to the dilation may be cognitive with stimuli that require predominantly 

perceptual processing, while affective arousal may overwrite this response when deeper 

elaboration is necessary. Note that perceptual and conceptual fluency may not be clearly 

separable as shown by the Gestalt effects and the fact that content-related processing has been 

documented at times as short as 10 ms (e.g., Augustin, Leder, Hutzler, & Carbon, 2008). 

However, the design of Experiment 1 aimed at the more perceptual component of processing. 

It is possible to look at results from a pool of more complex stimuli that add a conceptual 

component, such as paintings, and see whether these produce a greater dilation for the more 
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liked. Second, pupil dilations could change as a function of the stimulus features, e.g. 

color (Mathôt, 2018). While the paintings used in Elschner et al. (2018) and Kuchinke et al. 

(2009) were colorful, the stimuli in Experiment 1 were grayscale. Finally, differences could 

also arise due to the different tasks used in the present experiment compared to the earlier 

studies (Elschner et al., 2018; Kuchinke et al., 2009). Experiment 2 thus serves the aim to 

consider these possible alternative explanations in detail. 

 

3.4 Experiment 2 

To rule out that the level of processing (perceptual vs. conceptual) or the changes in 

basic stimulus features (i.e., color) account for the diverging results between our first 

experiment and previous research, we used cubist and expressionist paintings following 

Elschner et al. (2018), which should add a conceptual on top of the perceptual processing 

component. At the same time, however, instead of using a content detection task as in their 

study, we required participants to categorize the stimuli according to art style as in 

Experiment 1. Despite this change of task relative to the previous study, we nevertheless 

expected to replicate the positive relationships between liking ratings and peak dilations as well 

as their links to fluency (Kuchinke et al., 2009). 

 

3.4.1 Methods 

3.4.1.1 Participants 

Forty participants were recruited. All participants except one were students at the University 

of Konstanz. We dropped the data of 12 participants because (a) participants indicated the use 

of psychoactive drugs in the 24 hours before the experiment (n = 2), (b) the participant had 

asked to quit the experiment (n = 2), or (c) less than 50% of data were available for analysis 

after artifact and error rejection (n = 8). The remaining pool consisted of 28 participants (20 

female, all art novices). Their age ranged from 18 to 30 years (M = 22.3; SD = 3.78) and had 

normal or corrected to normal vision. They received 10 € or course credit as compensation and 

gave informed consent before starting the experiment. The experiment was conducted in 

accordance with the Declaration of Helsinki.  

 

3.4.1.2 Stimuli 

Cubist and expressionist paintings were used to ensure comparability with our previous 

study (Elschner et al., 2018). Since some of the original cubist paintings adapted from Kuchinke 
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et al. (2009) were of low image quality (e.g., of low resolution), we decided to have a set of 60 

paintings for each art style re-rated by 37 students at the Universität Konstanz (Age: M = 22.0; 

SD = 4.0; 33 female) in liking, typicality, abstractness, complexity and familiarity on a 7-point 

scale from 1 - “not (at all)” to 7 – “highly”. Three example paintings from each art style that 

did not appear in the main pool of paintings were shown to the participants as reference, after 

which both styles were presented counterbalanced across participants in separate blocks. 

Participants taking part in this rating pre-study received 8 € or course credit.  

We choose the 15 stimuli separately for each art style with the lowest, medium and 

highest abstractness ratings to represent high, medium and low processing fluency, 

respectively. This resulted in a total set of 90 paintings with 45 per art style. The visual angles 

of the images displayed on screen ranged from 7.72° to 13.69° horizontally, and from 8.29° to 

16.97° vertically. 

 

3.4.1.3 Design, Procedure & Apparatus 

The general procedure and apparatus were similar to Experiment 1. First, we anchored 

participants on three examples of each art style. The three images chosen also represented the 

range of abstractness, i.e. there was a low, a medium, and a highly abstract painting in this set 

for each style. Six exercise trials were conducted with three expressionist and three cubist 

paintings that were neither in the anchoring nor in the test pool. The trial started with a fixation 

cross that stayed on the screen for 1,000 ms as a standard. It again included a fixation check: 

The rest of the trial initiated only when a fixation was detected within 5,000 ms. Subsequently, 

a scrambled version of the upcoming target stimulus was presented for a period of 2,500 ms to 

achieve a luminance control across stimuli. The painting itself stayed on the screen up until 

1,000 ms after the participant’s response. This was followed by an eye icon to indicate a 

1,500 ms break. The trial concluded with a 100 ms blank screen (see Figure 5). 

In each trial, participants were asked to classify whether the painting was cubist or 

expressionist. In order to do so, they had to press the respective key on the keyboard as in 

Experiment 1. Expressionism was mapped on the left key for 14 participants and on the right 

one for the rest. All stimuli were randomized for each participant and presented in 6 blocks 

containing 15 paintings each with short breaks in-between. Because we had fewer stimuli  
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Figure 5: Standard trial procedure and timing for Experiment 2. The painting is “Self-Portrait”, 

by A. v. Jawlensky, 1912. Vienna, Austria: Österreichische Galerie Belvedere. 

 

compared to the first experiment, feedback on mean response times and mean error rates was 

only given after every second block to provide reasonable measures. 

After finishing the classification trials, participants indicated their liking as in 

Experiment 1 and rated the abstractness (How abstract does this picture look to you?) on a 7-

point scale (1 = least abstract; 7 = very abstract). The order of images in this rating task was 

randomized individually for each participant. Participants could then describe in a free response 

format whether they noticed something special about the paintings. This was done to see 

whether participants were distracted by the artist’s signature which was present on only some 

of the paintings. No participant reported paying attention to it. Lastly, participants were asked 

to report their age, gender, job or field of study, handedness, colorblindness, and the use of 

psychoactive drugs within the last 24 hours before they were debriefed in written form. 
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3.4.1.4 Data Processing and Analyses 

Pupillometric data from the left eye was processed in the same manner as in 

Experiment 1. After checking the data for artifacts and erroneous responses, 70% of the trials 

remained, ranging from 51% to 90% across participants. Data for the stimulus-locked analysis 

is reported in the Supplements.  

Data was aggregated on the stimulus-level. As mentioned before, we followed the 

category-based procedure for stimulus selection discussed in Kuchinke et al. (2009). In order 

to generalize abstractness effects across both art styles, though, we chose a linear model 

containing effects of abstractness, art style and their interaction in our data analysis. The factor 

art style was dummy coded and simple effects of each art style were obtained by switching the 

reference. As both the ratings of the pre-study and from the experiment were highly 

correlated (likingCubist: r = .604, p < .001; likingExpressionist: r = .824, p < .001; abstractnessCubist: 

r = .908, p < .001; abstractnessExpressionist: r = .948, p < .001), we decided to use only the 

abstractness ratings from the pre-study. To obtain effect sizes, both the outcome variables (i.e., 

reaction times, error rates, liking ratings, and peak pupil dilation) and abstractness as the 

predictor were z-standardized using all ratings. Since data contained outliers, we bootstrapped 

confidence intervals and standard errors over 1,000,000 replications. The same analysis was 

conducted with liking instead of abstractness ratings as predictor to analyze the effects of liking 

on peak pupil dilations. The analysis was repeated with a control for abstractness and 

correlations of response times with all measures are also reported.  

Analyses and visualizations were done with R 3.5.2 (R Core Team, 2018) using 

boot (Canty & Ripley, 2019) in addition to those reported above.  

 

3.4.2 Results 

3.4.2.1 Control Analyses 

Testing whether the abstractness ratings were related to the response times and error 

rates as indicators of fluency revealed differing results for the two art styles (response times: 

β = -.82, p < .001; error rates: β = -1.03, p < .001): While response times (β = .56, p < .001) and 

error rates (β = .60, p < .001) increased significantly with abstractness for the expressionist 

stimuli, the relationship reversed for cubist paintings, yielding a non-significant effect for 

response times (β = -.26, p = .143) and a negative effect for error rates (β = -.42, p = .014; see 

also Figure 6 and Table 1). Response times did not correlate with liking for expressionists   

(r = -.12, p = .118) or with peak dilations (expressionist: r = .24, p = .115; cubist: r = .02, 

p = .915). 
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Figure 6. Z-scores and regression lines for response times (A), errors (B) and liking ratings (C) 

for experiment 2. Error bands represent the 95% confidence interval. 

 

 

However, there was a strong positive correlation with errors (expressionist: r = .67, p = < .001; 

cubist: r = .61, p = < .001) and liking correlated with response times for cubists (r = .35, 

p = .019). 

 

3.4.2.2 Liking 

Highly abstract expressionist stimuli were marginally lower in liking than less abstract 

ones (β = -.27, p = .052). However, we found no effect for cubist stimuli (β = -.01, p = .943) or 

for the interaction (β = .25, p = .281; see Figure 6 and Table 1).  

 

3.4.2.3 Response-locked Pupil Dilation 

The abstractness-peak dilation relationship differed by art style (β = -.53, p = .019): 

While peak dilations significantly increased with abstractness for expressionists (β = .32, 

p = .015), they did not for cubists (β = -.21, p = .249). Regarding the relationship between 

liking and peak dilations, no effects emerged for either art style (expressionists: β = -.21, 

p = .087; cubists, β = .03, p = .863; interaction: β = .24, p = .296; see Figure 7 and Table 1). 

The same was detected when we controlled for abstractness (expressionists: β = -.15, t(84) = -

.12, p = .233; cubists, β = .03, t(84) = .16, p = .873; interaction: β = .18, t(84) = .78, p = .439).  
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Figure 7. Response-locked pupil time course where 0 on the x-axis represents the moment of 

the mouse click (A), peak dilations to abstractness (B) and peak dilations in relationship to 

liking ratings (C) for experiment 2. Lines in B and C represent the regression for each art style 

and error bands the 95% between stimulus confidence interval. 
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Table 1 

Results of the multiple regression analyses for the influence of abstractness on liking, 

response times and response-locked peak dilation as well as the influence of liking on peak 

dilation in Experiment 2.  

     95% CI   

Variable  β SE β Lower Upper t p 

Liking       

 Abstractness (Exp)  -.27 .17 -.56 .09 -1.97 .052 

Abstractness (Cub)  -.01 .15 -.34 .26 -.07 .943 

Art Style  -.28 .23 -.70 .19 -1.27 .209 

Abstractness x Art Style  .25 .23 -.23 .66 1.09 .281 

R2  .077  .075 

Response Times       

 Abstractness (Exp)  .56 .11 .33 .77 4.52 < .001 

Abstractness (Cub)  -.26 .19 -.64 .11 -1.48 .143 

Art Style  -.34 .25 -.77 .20 -1.68 .098 

Abstractness x Art Style  -.82 .20 -1.18 -.39 -3.83 < .001 

R2  .220     < .001 

Errors        

 Abstractness (Exp)  .60 .12 .31 .81 5.02 < .001 

 Abstractness (Cub)  -.42 .13 -.68 -.16 -2.52 .014 

 Art Style  -.20 .25 -.65 .32 -1.01 .315 

 Abstractness x Art Style  -1.03 .16 -1.32 -.68 -4.97 < .001 

 R2  .272     < .001 

Response-locked Peak Dilation       

 Abstractness (Exp)  .32 .13 .05 .58 2.48 .015 

Abstractness (Cub)  -.21 .15 -.51 .09 -1.16 .249 

Art Style  .58 .22 .11 .97 2.75 .007 

Abstractness x Art Style  -.53 .20 -.91 -.13 -2.39 .019 

R2  .168   .001 

Response-locked Peak Dilation       

 Liking (Exp)  -.21 .13 -.44 .08 -1.73 .087 

Liking (Cub)  .03 .22 -.33 .56 .17 .863 

Art Style  .58 .21 .19 1.00 2.83 .006 

Liking x Art Style  .24 .26 -.21 .81 1.05 .296 

R2  .125  .009 

 

3.4.3 Discussion 

In Experiment 2, we repeated the categorization task from Experiment 1 with a set of 

expressionist and cubist paintings that were similar to those from  Elschner et al. (2018). These 

stimuli were colored and required semantic processing in order to perform the task and therefore 

included a conceptual fluency component. For both art styles, the relationship between liking 

and pupil dilations was not significant, similarly to results from Elschner et al. (2018). However, 

note that numerically expressionists tended towards greater dilations with paintings that were 

less liked. For expressionists only, we replicated the results for pupil dilations from 
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Experiment 1 and the cognitive load literature: Pupillary peak dilations were greatest for more 

abstract expressionist paintings. Therefore, the difference in pupil response to difficulty 

between the earlier studies and Experiment 1 does not seem to depend on the inclusion of 

semantics in processing. Pupil dilations did not differ for cubists. The reversed effects for 

expressionist and cubist stimuli in terms of error rates and response times as well as their 

positive correlation with each other indicate that it may have been difficult for participants to 

distinguish the art styles for paintings higher in abstractness. Specifically, high abstractness 

may have been used as a heuristic cue to categorize a stimulus as cubist. This is further 

supported by the fact that both liking ratings and peak dilations converged with increasing 

abstractness.  

All in all, results from Experiment 2 differ from earlier reports. Crucially, we do not 

find a consistent relationship between liking and pupil dilation. But peak dilations for 

expressionists that cover a larger range in abstractness support the cognitive load notion which 

did not seem to depend on color or semantics. Unfortunately, a definitive judgment of whether 

fluency-based aesthetic liking is associated with greater pupil dilation cannot be made from the 

experiment yet, because it is unclear whether processing difficulty impacted responses the same 

way in both art styles or whether other processes played a role for cubists in this task. Therefore, 

we reevaluated this by returning to the content detection task used in the studies of Elschner et 

al. (2018) and Kuchinke et al. (2009).  

 

3.5 Experiment 3 

As mentioned, in this third experiment, we repeat the procedure from Elschner et al. 

(2018) where the authors asked the participants to indicate the moment of content recognition 

while additionally including a time constraint to bring response times to a comparable level as 

in Experiments 1 and 2. As stimuli we used the paintings from Experiment 2, which means that 

again both a perceptual and conceptual component played a role in processing. As before, we 

expected a positive relationship between liking and peak dilations. In turn, response times 

should be shortest and peak dilations greatest for the least abstract pictures which should also 

be liked more.  
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3.5.1 Methods 

3.5.1.1 Participants 

A total of 46 participants were recruited at the University of Konstanz. Data of 

11 participants was dropped because (a) the participant had used psychoactive drugs in the last 

24 hours before the experiment  (n = 1), (b) the participants were students in the literature-art-

media program or knew about the relevant base literature on this study and were therefore 

considered an expert (n = 3), (c) even after repetition of the experimental instruction the 

participant failed to correctly perform the task (n = 1), or (d) less than 50% of data were 

available for analysis after artifact and error rejection (n = 6). The remaining 

35 participants (28 female) were 18 to 32 years old (M = 21.3; SD = 3.0, art novices by self-

report on subject of study) and had normal or corrected-to-normal vision. They provided 

informed consent and received a compensation of either 10 € or course credit. The study 

followed the Declaration of Helsinki. 

 

3.5.1.2 Stimuli 

The stimuli were the same as in Experiment 2.   

 

3.5.1.3 Design, Procedure & Apparatus 

The apparatus, calibration, mode of instruction and distance of the participant to the 

screen were the same as in Experiments 1 and 2. Participants completed six practice trials with 

three cubist and three expressionist paintings that were not part of the main stimulus pool before 

starting the main experiment. There was no anchoring as in Experiment 2.  

Following the general procedures from Elschner et al. (2018), the fixation cross was 

presented for a standard of 1,000 ms, however a fixation check was included, after which the 

trial only started if a fixation was detected within 5,000 ms. A scrambled version of the main 

stimulus was shown for 2,500 ms as a luminance control. After this, the painting was presented 

for a maximum of 3,000 ms or until the participant’s response. Participants were asked to click 

the left button on a USB-mouse as fast as possible as soon as they detected any object in the 

painting. If the participant succeeded to respond within the maximum time window, the painting 

would stay on the screen for another 1,000 ms; if not, the painting would disappear after the 

3,000 ms window. An eye-icon was presented for 1,500 ms as an indicator for a break, followed 

by a 100 ms blank screen (see Figure 8).  
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All in all, participants went through 90 randomized trials, spread across 6 blocks (i.e., 

each block consisted of 15 trials). After every block, participants were given feedback about 

their mean response times. If the mean response times were over 1,200 ms, participants were 

asked to respond faster. If they were below 100 ms, participants were instructed to be more 

accurate in their response. If responses were within the optimal time window, participants were 

told the responses met the requirement. A manipulation check for a randomly selected subset 

of the paintings was included in which participants were asked to describe what they saw on 

the picture.  

After performing the experimental blocks, participants were instructed to rate the 

paintings on liking and abstractness in the same manner as in Experiment 2. Likewise, the 

experiment ended with a self-report on age, gender, field of study, colorblindness, and the use 

of psychoactive drugs. In addition, participants were asked to indicate on a 7-point scale how  

 

 

Figure 8: Standard trial procedure and timing for Experiment 3. The painting is “Self-Portrait”, 

by A. v. Jawlensky, 1912. Vienna, Austria: Österreichische Galerie Belvedere. 
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often they (a) engaged with art in general, (b) went to exhibitions, and (c) how often they 

produced art themselves (1- “very rarely”, 7 - “very often”). Lastly, participants were debriefed 

in written form. 

 

3.5.1.4 Data Processing and Analyses 

Data pre-processing was the same as in Experiments 1 and 2, for both stimulus-

locked (Supplements) and response-locked data. After removing artifacts, 74% of trials 

remained for the analysis, ranging from 57% to 94% across participants. We also followed the 

statistical analyses strategy of Experiment 2, including the bootstrapping for confidence 

intervals over 1,000,000 replications because data included outliers. 

 

3.5.2 Results 

3.5.2.1 Control Analyses 

Confirming higher fluency of less abstract stimuli, response times increased 

significantly with increasing abstractness for both art styles (expressionist: β = .68, p < .001; 

cubist: β = .90, p < .001). There was no interaction (β = .22, p = .147; see also Figure 9 and 

Table 2). Response times did not correlate with liking for both art styles (expressionists:        

r = -.20, p = .181; cubists: r = .02, p = .878), or peak dilations for expressionists (r = -.04, 

p = .804). They, however, did moderately for cubists (r = -.39, p = .008).  

 

 

Figure 9. Z-scores and regression lines for response times (A) and liking ratings (B) for 

Experiment 3. Error bands represent the 95% confidence intervals. 
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3.5.2.2 Liking 

While abstractness significantly decreased liking for expressionist stimuli (β = -.33, 

p = .015), it did not for cubists (β = -.05, p = .81). Again, no interaction was found (β = .28, 

p = .219; see also Figure 9 and Table 2). 

 

3.5.2.3 Response-locked Pupil Dilation 

 

Figure 10. Response-locked pupil time course where 0 on the x-axis represents the moment 

of the mouse click (A), peak dilations to abstractness ratings (B), and peak dilations in 

relationship to liking rating (C) for Experiment 3. Lines in B and C represent the regression for 

each art style and error bands the 95% between stimulus confidence interval. 
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Peak Dilations. There was no systematic relationship between abstractness and peak 

dilations (expressionist: β = .02, p = .906, cubist: β = -.31, p = .098, interaction: β = -.32, 

p = .156; see also Figure 10). Regarding the relationship of peak dilation and liking, higher 

liking was associated with significantly lower peak dilations in expressionist (β = -.31, 

p = .013), but not in cubist stimuli (β = -.01, p = .948). Data showed no interaction (β = .29, 

p = .196, and Table 2). The same occurred when the liking-dilation relationship was controlled 

for abstractness (expressionist: β = -.33, t(84) = -2.66, p = .009, cubist: β = -.03, t(84) = -.15, 

p = .882, interaction: β = -.31, t(84) = .13 p = .183). 

 

Table 2 

Multiple Regression analyses for the influence of abstractness on liking, response times and 

peak dilation as well as of liking on peak dilation in Experiment 3.  

     95% CI   

Variable  β SE β Lower Upper t p 

Liking       

 Abstractness (Exp)  -.33 .16 -.61 .02 -2.47 .015 

Abstractness (Cub)  -.05 .14 -.36 .19 -.25 .807 

Art Style  -.37 .22 -.78 .10 -1.71 .091 

Abstractness x Art Style  .28 .21 -.18 .66 1.24 .219 

R2  .124  .009 

Response Times       

 Abstractness (Exp)  .68 .08 .50 .82 7.64 < .001 

Abstractness (Cub)  .90 .12 .63 1.12 7.26 < .001 

Art Style  .09 .14 -.18 .37 .62 .534 

Abstractness x Art Style  .22 .17 -.13 .53 1.46 .147 

R2  .606  <.001 

Response-locked Peak Dilation       

 Abstractness (Exp)  .02 .11 -.21 .23 .12 .906 

Abstractness (Cub)  -.31 .17 -.63 .05 -1.67 .098 

Art Style  .73 .20 .28 1.07 3.40 .001 

Abstractness x Art Style  -.32 .20 -.71 .10 -1.43 .156 

R2  .129  .008 

Response-locked Peak Dilation       

 Liking (Exp)  -.31 .10 -.51 -.11 -2.55 .013 

Liking (Cub)  -.01 .17 -.34 .35 -.07 .948 

Art Style  .55 .20 .18 .98 2.70 .008 

Liking x Art Style  .29 .20 -.09 .71 1.30 .196 

R2  .163  .001 

 

3.5.3 Discussion 

In Experiment 3, we used the same basic task as Elschner et al. (2018), asking 

participants to indicate the point of content recognition when viewing expressionist and cubist 

paintings. However, this time we included a time constraint to keep response latencies in line 



Chapter 3: Pupil Dilations Reflect Liking or Difficulty? 

 

83 

 

with Experiments 1 and 2. Again, for expressionists dilations were stronger for the less liked 

paintings, showing this pattern is stable regardless of whether processing is primarily perceptual 

or conceptual. This was, however, not true for the cubists where no effect was found. 

Abstractness did not change this influence when we controlled for it in an additional analysis. 

Contrary to both prior experiments and also previous studies however (Elschner et al., 2018; 

Kuchinke et al., 2009), peak dilations showed no relationship with processing fluency for both 

art styles. Further, expressionists that were easier to process produced higher liking ratings and 

faster responses than hard to process ones. Response times did neither correlate with liking nor 

peak dilations. For cubists, fluency only affected response times, which decreased with 

increasing dilations.  

 

3.6 General Discussion 

The aim of this project was to clarify contradictions in pupillometric responses to 

aesthetic appreciation in the light of processing fluency. Across the three experiments of the 

current study, we examined the effects of fluency with two different sets of stimuli and tasks, 

which either primarily targeted the perceptual level or included a conceptual component. We 

expected liking ratings to be greater for easier to process stimuli and that higher liking in turn 

should go hand in hand with greater pupil dilations. Further as controls we hypothesized that 

response times should to be shortest and errors rates lowest for more fluent stimuli. Pupil 

dilations contradicted our expectations: The response was generally stronger for the more 

abstract and less liked stimuli through the three experiments. The exceptions from this were the 

cubist paintings for which no difference in dilation was found and expressionists in 

categorization task in Experiment 2 for which the effects were marginal. At the same time, 

effects for liking and response times were generally consistent with our hypotheses. Error rates 

differed between art styles but were lowest for random stimuli in Experiment 1 and 

expressionists in Experiment 2. 

Considering that a greater dilation for more liked stimuli is documented for both 

paintings (e.g. Johnson et al., 2010) and photographs (e.g. Blackburn & Schirillo, 2012), it is 

surprising that we found that higher liking was associated with smaller dilations. Since we 

controlled for the fluency variable in all analyses and results stayed the same, one could argue 

that disliking is what caused the pupil to dilate. However, lower liking ratings do not necessarily 

correspond to dislike, which we did not measure because it was not the focus of our hypotheses. 

Additionally, our findings not only contradict pupillary responses to liking but also to 
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processing fluency itself (Elschner et al., 2018; Kuchinke et al., 2009). This corresponds to 

findings for cognitive load that difficulty dilates the pupil strongest (e.g. Steinhauer et al., 

2004). It is therefore likely that difficulty-related responses can overwrite those rooted in liking. 

When integrating this into an arousal-based account as proposed by Kuchinke et al. (2009), the 

cognitive arousal produced by difficulty and not affect seems to dominate dilations (Beatty & 

Lucero-Wagoner, 2000; Mathôt, 2018). This happened regardless of whether the fluency was 

perceptual or conceptual, which is not surprising considering that these two types of processing 

are difficult to disentangle (see Gestalt effects in Experiment 1).  

Other than that, the relationship of symmetry and abstractness with liking ratings and 

response times were mostly in line with hedonic processing fluency theory (Reber et al., 2004). 

However, some lack of effects, particularly in cubist artwork, show that there are limits to the 

predictive value of hedonic fluency. One reason could be that cubists simply did not range in 

abstractness enough to produce differences in liking and pupil dilation. If this were the case 

though, they should not have differed on errors in Experiment 2 or response times in 

Experiment 3. Instead, the successful inference of meaning while looking at more complex or 

ambiguous artwork or design might delete fluency effects by inducing pleasure when 

understanding the more difficult (Belke et al., 2015; Hekkert et al., 2003; Jakesch et al., 2017; 

Jakesch et al., 2013; Landwehr et al., 2011; Muth & Carbon, 2013). Lastly, other criteria such 

as typically may play a role (Palmer et al., 2013). 

As a limitation of the current study, one might argue that we did not give participants 

enough time to look at the paintings to grasp the semantics in Experiments 2 and 3. After all, 

the average viewing time for participants just looking at paintings without any additional 

task (e.g., in a museum) was estimated to be 35.6 s (Carbon, 2017). Our short time frames could 

have added a second mental load component to the more abstract paintings which in turn may 

have led to an additional arousal-related dilation. However, if this were the case, this should 

have happened for both expressionist and cubist paintings, which it did not. Furthermore, we 

showed that differences in pupil dilation exist but not why they differ between cubist and 

expressionist paintings. It would be beneficial to gain an understanding of whether there are 

different processes involved in judging these stimuli. For example, if participants use the same 

strategies to judge the paintings, there should be no difference in pupil responses.  

Further research is needed in order to confirm our results and compare them to other 

physiological methods. One possibility along these lines would be to investigate how 

pupillometric measures behave under different task and stimulus type scenarios or whether 
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responses of the brain’s reward systems are associated with fluency-based aesthetic 

judgement (Chatterjee, 2011). 

In sum, while liking, response times, and error rates generally followed the trends 

suggested by prior research on processing fluency in aesthetic appreciation, pupils dilated more 

strongly to the less liked stimuli in a reflection of mental load arising from difficulty in 

processing.  

3.7 Appendix A 

 

Table A1 

List of paintings and their dimensions. 

Artist Title Date Widt

h 

(mm) 

Heigh

t 

(mm) 

Width 

visual 

angle 

(°) 

Height 

visual 

angle 

(°) 

Abstract

-ness 

Rating 

Albert Gleizes Woman with Phlox 1910 12.4 10 11.8 9.5 3.6 

Albert Gleizes Man on a Balcony 1912 8.1 14.7 7.7 14 4.8 

Albert Gleizes Composition for 

"Jazz" 

1915 11.2 11.2 10.7 10.7 5.8 

Albert Gleizes Woman with Black 

Glove 

1920 10 12.6 9.5 12 5 

Alexej von 

Jawlensky 

Mystischer Kopf. 

Sphinx 

1917 9.1 14 8.7 13.3 4.8 

Alexej von 

Jawlensky 

Dance with Yellow 

Fan 

1912 10.2 12.5 9.7 11.9 4.1 

Alexej von 

Jawlensky 

Landschaft Genfer 

See 

1915 13.6 9.5 12.9 9.1 4.1 

Alexej von 

Jawlensky 

Einsamkeit 1012 13.1 9.7 12.5 9.2 3.6 

Amedeo 

Modigliani 

Akt (Die kleine 

Jeanne) 

1908 8.8 14.4 8.4 13.7 3.5 

Amedeo 

Modigliani 

Tree and House 1919 10.4 12.4 9.9 11.8 2.2 

Amedeo 

Modigliani 

The Young 

Apprentice 

1917 9.1 14.3 8.7 13.6 2 

Antonín 

Procházka 

Husband and Wife 1915 8.8 12.2 8.4 11.6 5.6 

Antonín 

Procházka 

Lady in Sweater 1921 9.9 13 9.4 12.4 4.7 

Antonín 

Procházka 

Girl 1922 9.8 13 9.3 12.4 4.8 

Arshile Gorky  Water of the 

Flowery Mill 

1944 12.1 10.8 11.5 10.3 5.9 

August Macke Landschaft Tegernse 1910 10.4 11.5 9.9 10.9 2.5 

August Macke Gemüsefelder 1911 13.2 9.6 12.6 9.1 3.4 

August Macke Street with church in 

Kandern 

1911 9.3 12.9 8.9 12.3 2.6 

August Macke The Storm 1911 13.2 9.7 12.6 9.2 5.8 
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August Macke Girls Bathin 1913 10 12.7 9.5 12.1 3.8 

Bohumil 

Kubišta 

Kiss of death 1912 8.6 15 8.2 14.3 4.1 

Bohumil 

Kubišta 

The Hypnotist 1912 11.3 11.5 10.8 10.9 4.4 

Bohumil 

Kubišta 

Still life with Vases 1911 10 12.1 9.5 11.5 2.7 

Erich Heckel Mittag in der Marsch 

(Dangast) 

1907 12.7 10.1 12.1 9.6 5.2 

Erich Heckel Mann in jungen 

Jahren 

1906 9.3 13.2 8.9 12.6 4.1 

Ernst Ludwig 

Kirchner 

Still Life with Lamo 1911 11.3 11.2 10.8 10.7 2.7 

Ernst Ludwig 

Kirchner 

Wintermondlandsch

aft 

1919 11.3 11.3 10.8 10.8 4 

Ernst Ludwig 

Kirchner 

Three Bathers 1913 12.9 17.9 12.3 17 3.3 

Ernst Ludwig 

Kirchner 

Pfortensteg in 

Chemnitz 

unknow

n 

10.7 11.9 10.2 11.3 3.4 

Ernst Ludwig 

Kirchner 

Bucht an der 

Fehmarnküste 

1913 10 12.9 9.5 12.3 3.8 

Fernand Léger Nude Model in the 

Studio 

1912-13 9.8 13.1 9.3 12.5 6 

Francis Picabia Udnie (Young 

American Girl, The 

Dance 

1913 11.1 11.1 10.6 10.6 5.9 

Francis Picabia Edtaonisl 

(Ecclesiastic) 

1913 11.2 11.2 10.7 10.7 5.9 

Francis Picabia Catch as Catch Can 1913 10.2 12.6 9.7 12 5.8 

Francis Picabia The Spring 1912 11.2 11.2 10.7 10.7 5.9 

Franz Marc Tirol 1914 11.7 10.9 11.1 10.4 5.8 

Franz Marc Kämpfende Formen 1914 13.6 9.3 12.9 8.9 6.2 

Franz Marc Reh im Walde II 1912 9.6 13.3 9.1 12.6 4.9 

Franz Marc Landschaft mit Haus 

Hund und Rind 

1914 11.8 10.8 11.2 10.3 5.7 

Franz Marc Liegender Hund im 

Schnee 

1910-11 14.4 8.7 13.7 8.3 2.6 

Franz Marc Der Mandrill 1913 13.2 9.8 12.6 9.3 6.2 

Franz Marc Caliban 1914 10.3 12.2 9.8 11.6 5.4 

Fritz Baumann Fate 1918 11.2 11.2 10.7 10.7 6 

Fritz Baumann Mann mit Strohhut 

(Otto Morach) 

1913 9.8 13.2 9.3 12.6 4 

Gabriele Münter Kirchlein von 

Riedhausen 

1908 12.5 10 11.9 9.5 2.1 

Gabriele Münter Bildnis Marianne 

von Werefkin 

1909 9.3 13.8 8.9 13.1 3.2 

Gabriele Münter Jawlensky and 

Werefkin 

1908 13.3 9.8 12.6 9.3 3.2 

Gabriele Münter Dorf mit grauer 

Wolke  

1939 9.6 13.4 9.1 12.7 3.4 

Gabriele Münter Self-portrait in front 

of an easel 

1908-09 9.8 13 9.3 12.4 2.2 

Georg Pauli Three Nude Men 1914 9.8 13.1 9.3 12.5 3 
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Georges Braque Violin and 

Candlestick 

1910 10.2 12.5 9.7 11.9 5.8 

Georges Braque La Guitare 1909-10 10.2 12.5 9.7 11.9 5.8 

Georges Braque Houses at l'Estaque 1908 10.2 12.3 9.7 11.7 5.1 

Georges Braque Portrait of a Woman 1911 9 14.1 8.6 13.4 5.7 

Hans Hoffmann Polynesian 1950 10.2 12.2 9.7 11.6 5.9 

Hans Richter Autumn 1917 9.8 12.5 9.3 11.9 5.7 

Henri Le 

Fauconnier 

The Tree 1912 10.2 12.5 9.7 11.9 4.8 

Henri Le 

Fauconnier 

Abundance 1910-

1911 

9.2 14.1 8.8 13.4 4.6 

Ismael Nery Self-portrait 1930 10 12.7 9.5 12.1 3.9 

Jean Metzinger Woman with Horse 1911-12 10.2 12.7 9.7 12.1 5.7 

Jean Metzinger Lady at her Dressing 

Table  

1916 9.9 13.3 9.4 12.6 5 

Jean Metzinger Tea Time (Woman 

with Tea Spoon) 

1911 10.3 11.7 9.8 11.1 3.9 

John Marin Weehawken 

Sequence, No. 30 

1916 9.8 12.9 9.3 12.3 4.8 

Josef Čapek Piják 1913 9.2 13.3 8.8 12.6 5.8 

Josef Čapek Self-portrait 1920 9.2 14.1 8.8 13.4 3.4 

Juan Gris Fantômas 1915 12.4 10.2 11.8 9.7 3.7 

Juan Gris Still Life with 

Checked Tablecloth 

1915 10 13.1 9.5 12.5 4.7 

Juan Gris Portrait von Josette 

Gris, Portrait 

Malerei 

1916 8.8 14.7 8.4 14 5 

Marcel 

Duchamp 

Nude Descending a 

Staircase 

1912 8.8 14.7 8.4 14 6 

Marcel 

Duchamp 

Sonata 1911 10 12.7 9.5 12.1 3.4 

Marcel 

Duchamp 

Nude (Study), Sad 

Young Man on a 

Train 

1011-12 9.5 13.2 9.1 12.6 5.9 

María Blanchard  Mujer sentada 1928 9.5 13.3 9.1 12.6 3.2 

Marianne von 

Werefkin 

Lebensabend 1922 11.6 11 11 10.5 2.1 

Marianne von 

Werefkin 

Rote Stadt  1909 14 8.9 13.3 8.5 3.7 

Marianne von 

Werefkin 

Sacharoff 1909 9.7 13 9.2 12.4 2.4 

Marianne von 

Werefkin 

Badehaus 1911 13.9 9.2 13.2 8.8 2.4 

MaxWeber The Cellist 1917 10.4 13.3 9.9 12.6 4.8 

Pablo Picasso Girl with Mandolin 1910 9.5 13.2 9.1 12.6 4.9 

Pablo Picasso Les Demoiselles 

d’Avignon 

1907 11.2 11.5 10.7 10.9 3.9 

Paula 

Modersohn-

Becker 

Selbstbildnis. 

Halbakt mit 

Bernsteinkette 

1906 10 12.9 9.5 12.3 2.5 

Paula 

Modersohn-

Becker 

Bauernkind auf 

rotgewürfeltem 

Kissen 

1904 10.5 12.1 10 11.5 2.1 
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Paula 

Modersohn-

Becker 

Stilleben mit 

Blattpflanze, Zitrone 

und Apfelsine 

1906 11.2 11.6 10.7 11 2.5 

Robert 

Delaunay 

Durchblick auf den 

Eiffelturm 

1910 10.4 12.4 9.9 11.8 3.4 

Robert 

Delaunay  

Champs de Mars: 

The Red Tower 

1911-23 10.1 12.1 9.6 11.5 4.7 

Roger de La 

Fresnaye 

Sitting Man 1914 12.6 10.3 12 9.8 4.4 

Roger de La 

Fresnaye 

Artillery 1911 12.6 10.3 12 9.8 3.9 

Tadeusz 

Makowski 

Woman with 

buckets (Cubist 

nude) 

1913 9.2 13.7 8.8 13 3.2 

Walter Ophey Positano in der 

Sonne 

1930 11.7 11.1 11.1 10.6 2.8 

Willem de 

Kooning 

Woman VI 1953 10 13.1 9.5 12.5 6.2 

Willem de 

Kooning 

Woman V 1953 9.6 13.2 9.1 12.6 5.3 
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4.1 Abstract 

Hedonic processing fluency theory predicts that easier to process art is preferred. However, 

fluency-dynamics may be modulated by expertise and time pressure. We tested whether experts 

and novices differ in fluency-based aesthetic liking and if differences emerge early or late in 

processing by examining participants’ viewing strategies. Participants saw paintings that 

differed in abstractness for either 2 s or 10 s in a free viewing paradigm and rated liking on a 

visual analogue scale. We expected that liking for abstract art would increase with expertise 

and viewing time. Further, fixation rates, saccadic amplitudes and scanpath rate were expected 

to increase and fixation duration to decrease with abstractness but more so for novices. Experts’ 

coverage was expected to disperse more over the canvas. An exploratory analysis was done for 

viewing time conditions for eye movement measures and an association of liking and the eye 

movement parameters. While more fluent paintings were generally liked over less fluent ones 

and experts liked art more overall, they did not like abstract art specifically more than novices. 

Liking was also not affected by time pressure hinting that liking differences emerged early in 

processing. Further, experts and novices were remarkably similar in their viewing strategies. 

While fluency did not affect fixation rates and durations, fixation rates were greater, durations 

shorter and saccades and scanpath rates larger under time pressure, suggesting that participants 

maximized the information taken in. Saccadic amplitudes and scanpath rates increased for less 

fluent paintings but only for the short viewing window, hinting that fluency may be irrelevant 

for longer viewing periods. Lastly, eye movements and liking did not correlate which reflects 

that aesthetic appreciation may not be guided by gaze.  

 

4.2 Introduction 

 As one of most discussed explanations of how aesthetic judgements are shaped, the 

hedonic processing fluency theory proposes that perceivers’ liking for a stimulus increases with 

the ease of its processing (see Reber et al., 2004, for a review). Among others, fluency effects 

were documented for paintings (e.g. Belke et al., 2010), poetry (e.g. Obermeier et al., 2016), 

music (e.g. Nunes et al., 2015), and even brand evaluation (e.g. Lee & Labroo, 2004). However, 

in most of these studies only art novices were tested.  

Discussions were raised on whether fluency dynamics depend on the viewers’ art 

expertise (Belke, Leder, & Augustin, 2006; Kesner, 2006). While art novices and experts 

generally agree on judging basic perceptual features such as the complexity and the dynamics 
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of a painting (Hekkert & van Wieringen, 1996a), experienced viewers have a higher level 

understanding of art objects (Mullennix & Robinet, 2018) and like art more in general (Brieber 

et al., 2020; van Paasschen et al., 2015). Notably, experts and novices differ in their response 

to abstractness, a feature that is commonly used to represent fluency (e.g. Belke et al., 2010; 

Elschner et al., 2018; Kuchinke et al., 2009): For example, Cela-Conde, Marty, Munar, Nadal, 

and Burges (2002) showed that art educated participants were better at distinguishing abstract 

paintings. Moreover, experts like abstract as much as representative art, while liking decreases 

with increasing abstractness for novices (e.g. Hekkert & van Wieringen, 1996b; Pihko et al., 

2011).  

Fluency theory further predicts that liking should increase with longer presentation 

duration, as a deeper elaboration of the stimulus is made possible (Alter & Oppenheimer, 2009). 

However, previous literature presents conflicting results. On the one hand, Corradi et al. (2019) 

demonstrated greater preference for longer presentations for stimulus features such as curvature 

comparing windows of 34 ms, 48 ms, 84 ms, 150 ms and 500 ms, Khaw, Nichols, and Freedberg 

(2019) documented greater aesthetic liking for cubist paintings when viewing times where 

unrestricted compared to 30 ms and aesthetic liking was correlated to longer viewing times for 

art photographs when the task was self-paced (Brieber, Nadal, Leder, & Rosenberg, 2014). On 

the other hand, further studies showed a curvilinear effect where liking was greatest for medium 

presentation times (Brieber et al., 2020; Marin & Leder, 2016). Lastly, some studies found no 

difference at all, e.g. when comparing a window of 3 s versus 17 s (Millis & Larson, 2008), 1 s 

versus 10 s (Leder et al., 2006), or a 1 s, 5 s, 30 s and 60 s time frame (Smith et al., 2006). 

Aesthetic judgments may thus emerge very early after stimulus onset. In fact, art style and 

content can be differentiated as early as 10 ms to 50 ms respectively (Augustin et al., 2008), 

while judgments of beauty are possible from 30 ms onwards (Verhavert, Wagemans, & 

Augustin, 2018).  

Most of these studies used time as an external manipulation of fluency instead of 

examining its effect on how differences in stimulus features are processed. To our knowledge, 

Khaw et al. (2019) is the only instance where both the effect of time pressure and abstractness 

where scrutinized. However, the authors used cubist paintings that only vary slightly in 

abstractness and did not differentiate between novices and experts. In our lab’s pilot study, 

Stanicki (2017) showed 24 paintings from the Assessment of Art Attributes  (Chatterjee et al., 

2010) that differed in abstractness to both expert and novice students for either 1 s or 

unrestricted viewing time. Participants rated liking and filled in the Art Reception Survey 
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(Hager, Hagemann, Danner, & Schankin, 2012). While experts liked art more in general, liking 

ratings diverged with increasing expertise: Experts liked abstract art more than novices in 

congruence with previous findings. Further, the time condition did not play a role, which hints 

that expertise differences do not depend on depth of elaboration and supports the idea that they 

emerge very early in processing.  

Whether differences in liking occur early or late can be further studied by examining 

participants’ gaze patterns: If experts and novices differ early in processing, the divergence of 

viewing strategies should not start late in viewing but already exist for shorter presentation 

durations. Variables such as fixations and saccades as well as the scanpath are among the most 

frequently used measures in eye -tracking studies (see Table 1 for a description of measures, 

Holmqvist et al., 2011). Depending on how these measures are dispersed over the picture, a 

gaze pattern can either be more local or more global. Longer saccades with fixations that 

disperse wider over the stimulus are usually more indicative of a global pattern, while at the 

same time fixations that cluster close to each other and are thus connected by shorter saccades 

are more common for local scanning (Holmqvist et al., 2011). Consider however, that 

oculomotor events are not completely independent from each other. For example, in a local 

viewing strategy it is possible for fewer longer fixations but also for more frequent shorter 

fixation to cluster. Thus, the eye movement parameters must be interpreted together.  

A common finding is that novices employ a more local strategy and exhibit a greater 

fixation density on the areas of interest (AOIs), which are the salient pictorial and affective 

elements of the paintings (Nodine et al., 1993; Pihko et al., 2011; Vogt & Magnussen, 2007). 

This results in a more surface-level interpretation of the stimulus (e.g. Bauer & Schwan, 2018). 

Experts on the other hand pay more attention to the composition of the painting (e.g. Winston 

& Cupchik, 1992). Consequently, they exhibit a more global viewing strategy: fixations overall 

are fewer, fixations on AOIs are less frequent and shorter while saccades are longer (Bauer & 

Schwan, 2018; Francuz et al., 2018; Nodine et al., 1993; Pihko et al., 2011; Vogt & Magnussen, 

2007; Winston & Cupchik, 1992; Zangemeister et al., 1995). Instead experts dwell longer on 

symbolic, structural and abstract features (Bauer & Schwan, 2018). Note that depending on the 

study, overall fixation durations were either longer for experts (Nodine et al., 1993), or did not 

differ compared to novices (Bauer & Schwan, 2018). All in all, experts seem to display a more 

top-down approach that is in line with a greater interest in the concept of the painting while eye 

movements of novices are guided in a bottom-up manner, which is in line with their greater 

interest in craftsmanship (Fudali-Czyż et al., 2018; Hekkert & van Wieringen, 1996a).  
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Table 1 

Eye Movement Measures in Relation to a Local versus Global Viewing Strategy (Holmqvist 

et al., 2011) 

Measure Definition 

Fixation Point of stillness of the eye on a single location 

Fixation number Number of fixations within a trial 

Fixation rate Fixation number divided by the duration of the trial 

Fixation duration Duration of a fixation 

Saccadic amplitude Angular distance travelled between two fixations  

Scanpath The eye’s whole path over the stimulus 

Scanpath length Sum of saccadic amplitudes per trial that create the scanpath 

Scanpath rate Scanpath length divided by the duration of the trial 

 

 While there is some evidence that fixations become shorter under higher workload, i.e. 

lower fluency (see Holmqvist et al., 2011, for a short review), little is known about how eye-

movements during art viewing behave under time pressure and only limited research exists on 

the relationship of eye-movements and abstractness specifically. Zangemeister et al. (1995) 

reported that while experts’ saccadic amplitudes increased for abstract art, novices employed 

local viewing patterns regardless of abstractness. Pihko et al. (2011) demonstrated that overall 

scanpath length and number of fixations increased and fixation duration decreased for the more 

abstract paintings, representing a more global strategy. However, it was the novices who 

switched from a local strategy for representative art to a global pattern for abstract paintings, 

while viewing stayed the same for experts.   

The aim of our study is therefore to develop an understanding of the viewing strategies 

of art experts and novices during fluency-based aesthetic appreciation. Specifically, we are 

interested in how viewing strategies behave under time pressure. If experts and novices look at 

the paintings differently when time is limited, it would corroborate that expertise differences 

emerge early in processing (Stanicki, 2017) and that expert-like viewing patterns are 

automatized. However, if we only find expertise differences for long presentations durations 

but experts converge to a more local “novice-like” pattern with time pressure, it would 

demonstrate that differences arise from deeper elaboration and that experts are able to flexibly 

adjust their viewing strategy based on environmental constraints. Therefore, we are mostly 

interested in how abstractness, expertise and time window interact.  
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Expertise was defined as a spectrum using the Vienna Art Interest and Art Knowledge 

Questionnaire (VAIAK). Participants went through a free viewing task. Because eye 

movements take time, we allocated 2 s to the time pressure condition to gain sensible data, 

while the long version lasted for 10 s. Fixation rates, fixation durations, saccadic amplitudes 

and overall scanpath rates were extracted from raw data. In the end, participants rated the 

paintings on liking on a visual analogue scale (VAS) and on abstractness following the 

procedure of Chatterjee et al. (2010).  

We predicted that liking should decrease with abstractness and increase with expertise 

in general. This increase should be particularly pronounced for abstract art. In accordance with 

fluency theory we further expected that liking of art in general and the abstract art specifically 

should improve with longer presentation duration. This increase is expected to be steeper for 

novices because experts should be able to grasp art more quickly. In accordance with the 

literature we hypothesized that viewing strategies would be generally more global with 

increasing abstractness. Thus, we expected fixation rates, saccadic amplitudes and scanpath 

rates to increase and fixation duration to decrease with abstractness in reflection of a greater 

dispersion of gaze. While experts were anticipated to display more global viewing in general, a 

more dramatic change of the measures as described above was expected for novices. In other 

words, with increasing abstractness, novices’ and experts’ gaze patterns should 

converge (Pihko et al., 2011). Note that we do not perform an AOI analysis since this is 

impossible for abstract art: Observers do not agree when they are asked to place AOIs by 

hand (Heidenreich & Turano, 2011) because no point of reference for salience is available, as 

e.g. with Pollock’s paintings where features are evenly distributed across the 

canvas (Rosenberg & Klein, 2015). Instead, we eyeballed scanpath overlays. Again, we 

expected novices’ scanpaths to dispersed less over of the paintings but predominantly for 

representational art, in representation of more local viewing. As with the other eye movement 

measures, scanpath overlays should become more similar between experts and novices with 

increasing abstractness because no narratively salient features are present to guide attention. 

Since the hypotheses predict an increase in liking and eye movements of experts and novice are 

thought to converge with difficulty, it will be interesting to explore whether eye movements 

and liking go hand in hand. Lastly, the literature on time pressure in fluency-based aesthetic 

viewing is sparse. All analyses of eye movements concerning time pressure will be exploratory. 
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4.3 Methods 

4.3.1 Participants 

 All in all, 134 students were recruited at the University of Konstanz and the Hochschule 

Konstanz – Technik, Wirtschaft und Gestaltung. Data from 10 participants had to be excluded 

due to technical problems during the lab session (n = 6) or because participants had taken 

psychoactive drugs in the 24 hours before the experiment (n = 4). Another 12 participants were 

dropped because they had slight vision impairments but no vision aid. This resulted in a final 

pool of 112 participants who had normal or corrected to normal vision and had not taken 

psychoactive drugs in the 24 hours before the experiment as given by self-report. They were 

aged 17 to 31 (M = 22.5; SD = 3.29; 91 female). Of these, 34 participants studied in an art-

related field, while the remaining participants were enrolled in other programs from the 

sciences, social sciences, humanities and technical fields. They received 10 € or course credit 

as compensation.  

 

4.3.2 Questionnaires and Stimuli  

Expertise Questionnaire. We adapted the Vienna Art Interest and Art Knowledge 

Questionnaire (VAIAK) into a computerized version (Specker et al., 2018). The VAIAK is a 

validated four-part questionnaire that measures art interest and art knowledge separately. 

Participants rate several items pertaining to their interest in art (e.g. I am interested in art) and 

how often they engage in art related behavior (e.g. How often do you go to art museums or art 

galleries?) on 7-point scales in the first and second parts. The third part is a questionnaire 

designed to review participants’ knowledge of themes and techniques specific to the western 

canon, while the fourth part surveys the familiarity with and the knowledge of both the artist 

and art style of 10 paintings. 

Stimuli for the test trials. A set of six paintings selected from a pool of different art styles 

from the western canon were used to train participants (see Appendix A). The paintings where 

standardized to a height of 700 px to fit with the stimulus set for the main experiment described 

below.  

Stimuli for the main experiment. Wie adapted the 24 paintings used in the Assessment 

of Art Attributes by Chatterjee et al. (2010). The paintings represent a diverse set of art styles 

from the western canon. It comes with a data set for depth and abstractness rankings based on 
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ratings given by 60 naïve and 30 expert participants. We searched for alternative scans of the 

paintings and rescaled them to a standard height of 700 px because some of the originals were 

e.g. cut out with an uneven white border, were horizontally mirrored compared to the original 

or were set to false color. Because of this we let participants rerate abstractness which later 

served as our operationalization of processing fluency in accordance with previous work (Belke 

et al., 2010; Elschner et al., 2018; Kuchinke et al., 2009).  

Masking Stimuli. We scrambled the pixels of both the paintings for the test and main 

trials. For some of the abstract pictures (e.g. Eve, by B. Newmann, 1950), scrambling did not 

work to produce an efficient mask because the paintings where roughly unicolored. We 

therefore created a gray image [RGB: 200, 200, 200] that was set to Gaußian noise at 300% in 

RGB mode in Photoshop CS6 to produce colored grain. We then overlaid the scrambled version 

over the painting with it at 50% transparency.  

 

4.3.3 Procedure & Design  

 The experiment employed a mixed design with one within-subject (abstractness) and 

two between-subjects factors (expertise, length of time window). After surveying the 

participants’ demographic data, we asked them to fill in the VAIAK. Answers were recorded 

on the keyboard and with a USB mouse. Participants completed six practice trials and 24 trials 

in the main part of the experiment. Stimuli in both the training phase and the main part were 

randomized. The main part was divided into three blocks of eight trials to allow participants to 

rest in between. First, a fixation cross appeared for a standard time of 500 ms. It included a 

fixation check: The trial only started if the eye tracker detected a valid fixation on the cross 

within 5,000 ms of onset. If the fixation check failed a new calibration was initialized. Fifty-

two of the participants saw the painting for 2 s for a free viewing (short version), while we 

showed the stimuli for 10 s (long version) to the remaining 60 volunteers. Following a blank 

screen presented for 100 ms, participants rated the pictures on liking (How much do you like 

this picture?) on a visual analogue scale anchored to not at all (represented by 0) and 

extremely (represented by 100). This was followed by another 100 ms blank screen and a mask 

that stayed on the screen for 1,000 ms. Participants were instructed to avoid blinks, head 

movements and crewing as much as possible for this part of the trial. Lastly, we displayed an 

eye icon for 2,500 ms, so that participants had a short rest for blinks before the next trial started, 

followed by another 100 ms blank screen (see Figure 1).  



Chapter 4: Eye Movements to Fluency’s Boundary Conditions 

 

97 

 

 

Figure 1. Standard trial for free viewing and preference rating. The painting is “Self-Portrait”, 

by M. S. Cassatt, 1878. New York, USA: Metropolitan Museum of Art. 

 

Because we used higher quality versions of the paintings from Chatterjee et al. (2010), 

we assumed that abstractness ratings from the original authors may not apply. Therefore, we 

reassessed the abstractness of the paintings in a last block. Participants were presented with the 

training slide for the abstractness scale adapted from the authors and then rated the paintings 

on a five-point scale ranging from 1 (abstract) to 5 (representational). Finally, the participants 

were debriefed.  

The experiment was conducted in accordance with the Declaration of Helsinki (World 

Medical Association, 2013). 

 

4.3.4 Apparatus 

The experiment was run on Neurobehavioral Systems Presentation 16.4 

(Neurobehavioral Systems Inc., Berkeley, USA) and eye-movements were recorded at a 

sampling rate of 500 Hz with a video-based infrared eye tracker (SensoMotoric Instruments, 

SMI, RED500, Teltow, Germany). Eye-movement recordings and trial presentation were 

synchronized with the iView X 2.8 interface and stimuli were shown on a light grey 
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background (RGB: 200, 200, 200). Participants were seated at a height adjustable desk and 

placed their heads in a chin rest mounted at appr. 60 cm distance from the monitor. Lastly, we 

calibrated the eye-tracker on a five-point grid for both eyes before the practice trials and the 

experimental blocks each. Instructions were given via screen and informed consent was 

obtained. 

 

4.3.5 Data Pre-procesing and Analysis 

All data pre-processing and analyses were done in R 3.5.2 (R Core Team, 2018). 

Data pre-processing. Abstractness ratings were reverse coded. VAIAK scores were summed 

up for art knowledge and art interest scores following Specker et al.’s (2018) instructions. 

Because these highly correlated in our sample (r = .71), we summed them into a total score that 

we later used to represent art expertise.1 A minimum of 11 and a maximum of 103 points could 

be achieved. Participants’ experts scores ranged from 20 to 97 points.  

Data pre-processing for fixations and saccades was based on an algorithm written by 

Miller, Haffke, and Hübner (2020). They were obtained from raw eye-movement data by 

running the gazepath package using the gazepath function with method set to 

gazepathMethod (van Renswoude et al., 2018). Following the procedure in Bauer and Schwan 

(2018), we defined the threshold duration for fixations as 50 ms. The last fixation was cut from 

the data because it intersected with the end of the free viewing window. Because nine trials 

from six participants (ranging from one to three trials per person) only contained a single long 

fixation, these were entirely dropped from the analysis. Scanpaths were created by summing 

saccadic amplitudes per trial. To make sensible comparisons between the time conditions, the 

fixation number and scanpath length were divided by the duration of the corresponding free 

viewing window (2 s or 10 s, Holmqvist et al., 2011). 

Lastly, data for two paintings (Landscape with Flooded Fields, C. Pissaro, 1873 and 

Dream caused by the Flight of a Bee around a Pomegranate a Second before Waking, S. Dalí, 

1944) were excluded from the analysis for all participants because a typing error in the picture 

label of our code made it impossible to unambiguously assign data.  

 

1 All Analyses were also run with both art knowledge and art interest as independent variables 

representing expertise. There were no differences compared to using the summed score. 
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Statistical analysis. Because our data was cross-classified, linear mixed models with the 

within-factor abstractness aggregated on the picture level and between factors expertise and 

time condition (2 s vs. 10 s; dummy coded as -0.5/0.5) as fixed effects and participant and 

paintings as random intercepts were run on liking ratings, fixation rates, fixation durations, 

saccadic amplitudes and scanpath rates with setting REML to FALSE for later model 

comparison. Abstractness ratings and expertise scores were z-standardized before entering into 

the analysis (Paccagnella, 2006). We tested the relevance of all effects by performing a 

hierarchical model comparison using a likelihood ratio test by starting with an intercept only 

baseline model. First, we added the random intercepts for participants and paintings, followed 

by the main effects and interactions for the fixed effects in a stepwise manner. Burnham & 

Andersons’s (2004) AIC cut-off recommendations were used: If Δi < 10, we chose the more 

parsimonious model. Confidence intervals were bootstrapped over 10,000 replications. For 

random effects, ICCs were calculated for participant, painting and participant/painting, using 

the interpretation guidelines by Koo and Li (2016). We also calculated Pearson correlations 

between liking and the eye movement measures for the time windows as well as the more expert 

versus the more novice part of the sample (based on a median split) separately. Scanpath 

overlays were created to eyeball coverage of the paintings. For this, the first fixation that was 

centered with the fixation cross before stimulus onset was removed to avoid bias. Note that this 

gives merely a descriptive account of the data.  

Data was analyzed using the plyr (Wickham, 2016), reshape (Wickham, 2007), 

lme4 (Bates, Sarkar, Bates, & Matrix, 2007) and lmerTest packages (Kuznetsova, Brockhoff, 

& Christensen, 2017). Visualizations were done with ggplot2 (Wickham, 2009), 

ggforce (Pedersen, 2019), ggpubr (Kassambara, 2018), grid (Murrell, 2002), jpeg (Urbanek & 

Horner, 2015) and the color scale harrypotter (Rico, 2018).  

 

4.4 Results 

4.4.1 Liking 

 Inclusion of the random intercepts improved model fit compared to the 

baseline, χ2(2) = 421.24, p < .001. Based on the AIC-comparison the model with the two fixed 

main effects for abstractness and expertise was preferred (see Appendix B, Model 4), meaning 

that neither the main effect for the time window nor the interactions were meaningful. Liking 

decreased with increasing abstractness, β = -4.44, t(21.98) = -3.01, p = .006,  
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Figure 2. Average liking ratings for each painting divided up by the time window condition and 

expertise based on a median split of the expert score. Error bands represent the 95% 

confidence interval. Liking decreases with abstractness for both novices and experts but 

experts like art more in general.  

 

95% CIs [.01, .22], and was greater for experts than novices, β = 7.09, t(111.46) = 8.67, 

p < .001, 95% CIs [-.04, .08] (see also Figure 2). Random intercepts varied strongly, with 

ICC(participant) = .082, ICC(painting) =  .069 and ICC(participant/painting) = .151. 

 

4.4.2 Eye-movements 

4.4.2.1 Fixation Rate 

Model fit was improved compared to the baseline by inclusion of the random 

intercepts, χ2(2) = 1023.43, p < .001. Based on the likelihood ratio test, the model including all  
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Figure 3. Graphs for (A) average fixation rates, (B) fixation duration, (C) saccadic amplitude, 

and (D) scanpath rate. All are divided up for by the time window condition and expertise based 

on a median split of the expert score. Dots represent individual paintings. Error bands 

represent the 95% confidence interval. None of the data showed expertise differences. Fixation 

rates were greater, fixation durations shorter, and saccadic amplitudes and scanpath rates 

larger for shorter presentations. Saccadic amplitude and scanpath rate differed by 

abstractness only in the 2 s condition.  

 

three fixed main effects was chosen (see Appendix C, Model 5). Consequently, none of the 

interactions were meaningful. Fixation rates were greater for the 2 s version of the experiment, 

β = .55, t(111.39) = 7.91, p < .001, 95% CIs [.41, .69]. Fixation rates did neither differ 

depending on abstractness, β = .02, t(21.97) = .36, p = .724, 95% CIs [-.11, .16], nor on 

expertise, β = .02, t(111.37) = .57, p = .568, 95% CIs [-.05, .09] (see also Figure 3A). Random 

intercepts varied strongly, ICC(participant) = .191, ICC(painting) = .167 and 

ICC(participant/painting) = .358. For the more novice half of the sample, liking did neither 
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correlate with fixation rates for short, r = .05, p = .401, nor for long viewing, r = .01, p = .807. 

The same was true for experts (short: r = -.04, p = .218, long: r = -.05, p = .163). 

 

4.4.2.2 Fixation Duration 

Again, random intercepts improved the model fit relative to the baseline, χ2(2) = 299.76, 

p < .001. The chosen model included all three fixed main effects, interactions did not contribute 

to the model fit (see Appendix D, Model 5). Fixations were longer in the 10 s version of the 

experiment, β = -112.60, t(111.48) = 7.82, p < .001, 95% CIs [-140.58, -84.55]. Again, fixation 

durations were not influenced by abstractness, β = -9.77, t(21.95) = -.84, p = .409, 95% CIs [-

32.63, 12.92], or expertise, β = .34, t(111.42) = .05, p = .963, 95% CIs [-14.06, 15.22] (see also 

Figure 3B). Random intercepts varied strongly, ICC(participant) = .082,  ICC(painting) =  .054 

and ICC(participant/painting) = .137. Fixation durations did not correlate with liking for 

novices with long viewing times, r < -.01, p = .887, and experts with short viewing window, 

r = .02, p = .218. However, they did for novices in the 2 s version, r = -.08, p = .028, and experts 

when having 10 s time, r = .02, p = .015. Note, that these correlations are so small they are 

likely negligible. 

 

4.4.2.3 Saccadic Amplitude 

As before, random intercepts improved the model fit compared to the 

baseline, χ2(2) = 1174.12, p < .001. The chosen model included all fixed main effects and the 

abstractness x time window interaction (see Appendix E, Model 6). There was no difference in 

saccadic amplitudes according to abstractness, β = .02, t(22.88) = 1.63, p = .118, 95% CIs        

[< -.01, .05], or expertise, β = .01, t(111.30) = .80, p = .424, 95% CIs [-.01, .02]. Amplitudes 

were generally larger in the 2 s version, β = .05, t(111.4) = 3.89, p < .001, 95% CIs [.02, .07], 

and they increased more steeply with abstractness in the 2 s version, β = .25, t(2325) = 5.74, 

p < .001, 95% CIs [.02, .03] (see also Figure 3C). Again, random intercepts varied strongly, 

with ICC(participant) = .199, ICC(painting) =  .216 and ICC(participant/painting) = .415. 

Saccadic amplitudes did not correlate with liking for novices who saw paintings shortly, r = .01, 

p = .846, and experts of both time conditions (short: r < -.01, p = .859, long: r < -.01, p = .990). 

They did however – and this effect was negligibly small – for novices in the 10 s 

condition, r = .02, p = .016. 
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Figure 4. Examples of scanpath overlays of all participants for (A) Portrait of the Artist by Mary 

Stevenson Cassatt, 1878, New York, USA: Metropolitan Museum of Art, representing 

representative art, and (B) Number 1 by Jackson Pollock, 1948, New York, USA: Metropolitan 

Museum of Modern Art representing abstract art, divided up for expertise based on a median 

split of the expert score.  
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4.4.2.4 Scanpath Rate 

As with the other models, model fit was improved by including the random 

intercepts, χ2(2) = 1717.57, p < .001. Again, we determined that the model with all fixed main 

effects and the abstractness x time window interaction fit best (see Appendix F, Model 6). 

Neither abstractness, β = .10, t(22.63) = 1.78, p = .088, 95% CIs [-.01, .20], nor expertise 

affected the scanpath, β = .02, t(111.4) = .55, p = .583, 95% CIs [-.04, .07]. Scanpath rate was 

greater in the 2 s version of the experiment, β = .31, t(111.4) = 5.88, p < .001, 

95% CIs [.21, .41], and increased with abstractness more steeply in the 2 s version, β = .05, 

t(2325) = 3.52, p = < .001, 95% CIs [.02, .08] (see also Figure 3D). Random effects varied for 

strongly for participants, ICC(participant) = .279, and paintings, ICC(painting) =  .241, but 

moderately for the ICC(participant/painting) = .521. Scanpath rates did not correlate with liking 

for the short viewing window (novices: r = .04, p = .274, experts: r = -.02, p = .061). However, 

they did for the long one (novices: r = .03, p < .001, experts: r = -.06, p < .001). Note again that 

correlations are extremely small. 

 

4.4.2.5 Scanpath coverage 

Further, eyeballing of the scanpath overlays showed that differences between experts and 

novices were minimal (see Figure 4), meaning that scanpath coverage disperses over the 

paintings in a similar fashion between the two groups. Also, both novices and experts looked at 

the more narratively salient features of the representative paintings (e.g. faces). For abstract art, 

while fixations dispersed over the picture more and landed on visually salient features (e.g. the 

violet strip on the right side of Newman’s “Eve”), a greater number of fixations clustered 

towards the center of the frame. In the 10 s version fixations dispersed more evenly over the 

picture for both art styles, e.g. leading to more fixations hitting the background in 

representational art. 

 

4.5 Discussion 

 This study aimed to investigate effects of expertise and time pressure on fluency-based 

aesthetic appreciation and the corresponding eye movements. In a free viewing task, 

participants looked at paintings for either 2 s or 10 s and indicated liking on a visual analogue 

scale. In accordance with fluency theory, we expected that liking would be greater for less 

abstract paintings. Because experts are capable of deeper elaboration due to their vaster 
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knowledge structures (Hekkert & van Wieringen, 1996a), we further expected that experts 

would like art more in general and that they would like abstract art more than novices. In line 

with earlier research, fixation rates, saccadic amplitudes and scanpath rate were expected to 

increase and fixation duration to decrease with abstractness. This was thought to occur more 

strongly for novices as a reflection of a more global viewing pattern because no salient features 

were available to focus on locally in abstract art. A more global strategy was expected for 

experts in general and especially for representational paintings because experts were shown to 

decouple their viewing from immediate pictorial elements (e.g. Bauer & Schwan, 2018). 

Analysis for time pressure was exploratory for all eye movement measures, but we expected 

that a longer free viewing window would make art easier to process, especially for abstract art 

and for novices who may take more time to elaborate. Lastly, we expected that liking would be 

associated with oculomotor events, representing that viewing and appreciation go hand in and 

with each other.  

We found a negative relationship of abstractness with liking which replicates findings 

from earlier literature on hedonic fluency (e.g. Belke et al., 2010). Further, experts liked art 

more in general in congruence with our expectations (e.g. Brieber et al., 2020). Interestingly 

time pressure did not affect aesthetic appreciation in general nor did it distort the effect of 

abstractness on liking, contradicting the idea that longer presentation durations should increase 

liking because of a rise in fluency, especially for the hard to process paintings (e.g. Khaw et al., 

2019). This occurred regardless of expertise. On the one hand, this strengthens accounts from 

earlier research showing that aesthetic responses are made early in processing (Augustin et al., 

2008; Leder et al., 2006; Millis & Larson, 2008; Smith et al., 2006; Stanicki, 2017; Verhavert 

et al., 2018), and on the other, that novices’ lower education on or exposure to art did not 

disadvantage them regarding the speed of forming their appreciation. Unexpectedly, the 

fluency-effect on liking did not differ between experts and novices, which contradicts the notion 

that liking for abstract art should be augmented because of the experts’ greater background 

knowledge (Hekkert & van Wieringen, 1996b).  

While some of the oculomotor events correlated with liking, these correlations were so 

small that they were negligible. This means that liking likely did not affect eye movements. 

Other than in Zangemeister et al. (1995) and Pihko et al. (2011), none of the eye movement 

measures generally changed with abstractness either. This suggests at first that fluency may not 

be important to program the viewing strategy while looking at art. Further, none of the measures 

changed with expertise, which unexpectedly contradicts research that demonstrates fewer 
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fixations and shorter saccades in a reflection of a more global viewing pattern for experts 

compared to novices (Bauer & Schwan, 2018; Francuz et al., 2018; Nodine et al., 1993; Pihko 

et al., 2011; Vogt & Magnussen, 2007; Winston & Cupchik, 1992; Zangemeister et al., 1995). 

Further, we showed for the first time that eye movements are influenced by time pressure. 

Fixations rates were greater and in consequence fixation durations shorter in for the 2 s window. 

Additionally, both saccadic amplitude and scanpath rate were longer when viewing time was 

short, indicating that viewing strategies become more global when there is little time to take the 

paintings in. Interestingly, a switch to a more global strategy with higher abstractness also took 

place only under time pressure, as indicated by greater saccadic amplitudes and scanpaths rates. 

Expertise in turn did not affect this relationship, suggesting experts and novices adapt their 

viewing strategies to time pressure similarly. This means that eye movements cannot be used 

to judge whether experts and novices diverge early or late in processing.  

Viewing coverage differed in so much that participants focused at the center of the frame 

with the abstract art while they looked at narratively salient elements in the representational 

paintings (which were often also conveniently placed on the center). Since liking for elements 

in the center of a frame is frequently reported (see Palmer et al., 2013, for a review), one could 

argue that the center functions as one of the perceptually most salient area of a picture. Thus, 

viewing strategies were guided by salience. Note however, that even though some clustering 

occurred, fixations were more evenly dispersed over the picture for abstract paintings as 

reported by Pihko et al. (2011). Expertise did not make a difference. Thus, taking all movement 

measures together we can hardly support differences in global-local ratios of expertise-based 

viewing strategies reported elsewhere (Nodine et al., 1993; Pihko et al., 2011; Vogt & 

Magnussen, 2007). Lastly, that coverage dispersed more over the paintings for the longer 

viewing window is hardly surprising: Under time-pressure participants made sure to understand 

the gist of the paintings, while longer presentation times allowed them to explore the non-salient 

areas at ease. However, it is difficult to compare the time conditions because eyeballing does 

not correct for confounds the same way as calculating rates does.  

Taken together, generally greater saccadic amplitudes and scanpath rates as well as 

greater fixation rates and shorter fixation durations demonstrate that both experts and novices 

tried to maximize information extraction while under time pressure. Interestingly, the fact that 

the movement measures increased with abstractness only in the short version suggests that 

fluency may become irrelevant as a cue for viewing strategies once the perceivers have more 

time to dwell. This is in support of the idea that higher order cognitive processes such as 
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elaboration can overwrite early aesthetic judgments (Leder et al., 2004) which contrasts that 

our liking ratings were not influenced by deeper processing. Further liking diverged by 

expertise but not time pressure, while reversely the eye movement measures changed by time 

pressure but not expertise. While there is some parallelism in the effects of fluency on liking, 

saccades and scanpaths, the extremely small correlations indicate that eye movements and 

liking are decoupled.  

 As a last note, most of the random effects for participants and paintings varied strongly, 

suggesting that an influence of personal taste should not be neglected. This is in line with recent 

findings that there is a smaller shared taste for human artifacts such as art compared to natural 

objects (Vessel, Maurer, Denker, & Starr, 2018), especially when comparing abstract images 

to real-word scenes (Vessel & Rubin, 2010). 

 

4.5.1 Strengths and Limitations 

An obvious reason why we did not find expertise differences in our data is that the 

VAIAK may have failed to reflect the expertise levels of the participants correctly. Which 

means that the actual scope of expertise may have been too limited to produce the usual 

differences in our student sample, although most of the measure’s range was covered. However, 

our liking data hints that this was not the case: Though no interaction of abstractness and 

expertise was present, the general increase of liking with expertise should not have occurred if 

our manipulation had failed.  

Moreover, our study improves on other research in two crucial ways. First, our sample 

represents a diverse range of study majors that include those in our art-media-literature 

program. Usually expertise differences are present even in studies that only test art students 

versus non-art students (e.g. Hekkert & van Wieringen, 1996b) or where the sample consists 

purely of psychology students who only differ in their interest in art (e.g. Leder et al., 2012). 

Second, sample sizes in eye-movement research to aesthetic appreciation are often small. Our 

n = 112 sample provides greater statistical power and hence reduces the occurrence of false 

positives. It is therefore more likely that expertise differences may disappear once a sufficiently 

sized sample has been studied.  

As a further limitation, our stimulus material was restricted to a small set of paintings 

from the western canon. In the future, it would be interesting to repeat the study with art objects 

from cultures around the world. The VAIAK also defined art knowledge specifically as 
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knowledge of western fine art and many of the art interest items depend on the socioeconomic 

status of the person surveyed. While keeping in mind that it measures expertise for a very 

specific group of people, the fact that it is, to our knowledge, the first validated art expertise 

questionnaire, makes it a vast improvement on older measures. Lastly, the study should be 

repeated comparing student samples such as ours to a sample of professionals who have worked 

the art field for a longer period.  

 

4.5.2 Conclusions 

In sum, more fluent paintings were liked more regardless of expertise. We did not find 

an increase in the liking of abstract art for experts, nor any other expertise effects in all measures 

besides that experts like art more in general. Art was liked more by experts regardless of time, 

hinting that differences arise early in processing. Contrary to liking ratings, no effect of fluency 

was found on fixation rate or durations and saccadic amplitudes as well as scanpath rates in 

general which may hint that fluency plays an inferior role in shaping viewing strategies in 

aesthetic episodes. However, fixation rates were greater, durations shorter and saccadic 

amplitudes as well as scanpath rates larger when participants viewed the paintings for just 2 s, 

which means that both experts and novices tried to maximize information take-in. Further, 

saccadic amplitudes and scanpath rate only increased for the hard to process paintings under 

time pressure. Thus, fluency seems to only be relevant for shorter presentation durations. All in 

all, while eye movements explain some of the underlying variance in parallelism to liking 

ratings, they do not account for general expertise differences in liking. Thus, liking does not 

necessarily stem from how experts and novices look at paintings but how they process and 

elaborate on art more generally.  

 

. 
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4.6 Appendix A 

Table A.  

Paintings used for the test trials.  

Artist Painting Year Width 

(px) 

Height 

(px) 

Sandro Botticelli Calumny of 

Apelles 

c. 1494-95 1045 700 

Pierre-Auguste 

Renoir 

Still-life, Roses of 

Vargemont 

1882 845 700 

Francis Picabia The Spring 1912 695 700 

Hieronymus 

Bosch 

Christ’s Descent 

into Hell 

c. 1550-60 1538 700 

Rembrandt van 

Rijn 

Self-Portrait with 

two Circles 

c. 1665-69 581 700 

Wassily 

Kandinsky 

Composition 8 1923 1011 700 
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4.7 Appendix B 

  

Table B 

Linear mixed model for liking. 

Fixed 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept  50.58** 

(0.53) 

50.58*** 

(2.00) 

50.58*** 

(1.76) 

50.58*** 

(1.62) 

50.48*** 

(1.62) 

50.48*** 

(1.62) 

50.48*** 

(1.62) 

50.45*** 

(1.61) 

Abstractness    -4.44** 

(1.48) 

-4.44** 

(1.47) 

-4.44** 

(1.47) 

-4.44** 

(1.47) 

-4.44** 

(1.47) 

-4.42** 

(1.47) 

Expertise     7.09*** 

(0.82) 

7.12*** 

(0.81) 

7.12*** 

(0.81) 

7.12*** 

(0.81) 

7.28*** 

(0.81) 

Time 

window 

     -2.99† 

(1.61) 

-2.99† 

(1.61) 

-2.99† 

(1.61) 

-3.00† 

(1.60) 

Abstractness 

x time 

window 

      -0.05 

(0.93) 

-0.09 

(0.93) 

-0.08 

(0.93) 

Abstractness 

x expertise 

       0.75 

(0.46) 

0.61 

(0.47) 

Expertise x 

time window 

        2.29 

(1.61) 

Abstractness 

x expertise x 

time window 

        -2.00* 

(0.93) 

Random 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 

participant 

  101.30*** 

(10.07) 

101.21*** 

(10.06) 

50.82*** 

(7.13) 

48.60*** 

(6.97) 

48.59*** 

(6.97) 

48.63*** 

(6.97) 

47.38*** 

(6.88) 

Intercept 

painting 

  63.08*** 

(7.94) 

43.32*** 

(6.58) 

43.07*** 

(6.56) 

43.06*** 

(6.56) 

43.06*** 

(6.56) 

43.06*** 

(6.56) 

43.07*** 

(6.56) 

χ2   421.24*** 7.56** 57.41*** 3.37† < 0.01 2.65 6.57* 

df   2 1 1 1 1 1 2 

AIC  23058 22640 22635 22580 22578 22580 22579 22577 

Note.  The chosen model is marked in bold. Coefficients for fixed effects are β estimates (standard errors in 

parentheses). Coefficients for random effects are the variance (standard deviations in parentheses). 
† p < .10; * p < .05; ** p < .01; *** p < .001 
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4.8 Appendix C 

  

Table C 

Linear mixed model for fixation rates.  
Fixed Effects  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept  2.69*** 

(0.02) 

2.69*** 

(0.08) 

2.69*** 

(0.08) 

2.69*** 

(0.08) 

2.71*** 

(0.08) 

2.71*** 

(0.08) 

2.71*** 

(0.08) 

2.71*** 

(0.08) 

Abstractness    0.02 

(0.07) 

0.02 

(0.07) 

0.02 

(0.07) 

0.02 

(0.07) 

0.02 

(0.07) 

0.02 

(0.07) 

Expertise     0.03 

(0.04) 

0.02 

(0.03) 

0.02 

(0.03) 

0.02 

(0.03) 

0.02 

(0.04) 

Time window      0.55*** 

(0.07) 

0.55*** 

(0.07) 

0.55*** 

(0.07) 

0.55*** 

(0.07) 

Abstractness 

x time 

window 

      -0.06* 

(0.03) 

-0.06* 

(0.03) 

-0.06* 

(0.03) 

Abstractness 

x expertise 

       0.01 

(0.01) 

0.01 

(0.01) 

Expertise x 

time window 

        0.06 

(0.07) 

Abstractness 

x expertise x 

time window 

        0.01 

(0.02) 

Random 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 

participant 

  0.19*** 

(0.44) 

0.19*** 

(0.44) 

0.19*** 

(0.44) 

0.12*** 

(0.34) 

0.12*** 

(0.34) 

0.12*** 

(0.34) 

0.12*** 

(0.34) 

Intercept 

painting 

  0.10*** 

(0.32) 

0.10*** 

(0.32) 

0.10*** 

(0.32) 

0.10*** 

(0.32) 

0.10*** 

(0.32) 

0.10*** 

(0.32) 

0.10*** 

(0.32) 

χ2   1023.43*** 0.13 0.36 49.60*** 5.22* 0.50 0.88 

df   2 1 1 1 1 1 2 

AIC  6069 5049 5051 5053 5005 5002 5004 5007 

Note.  The chosen model is marked in bold. Coefficients for fixed effects are β estimates (standard errors in parentheses). 

Coefficients for random effects are the variance (standard deviations in parentheses). 
† p < .10; * p < .05; ** p < .01; *** p < .001 
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4.9 Appendix D 

  

Table D 

Linear mixed model for fixation duration. 

Fixed 

Effects 

 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 
 

346.95**

* 

(4.54) 

347.04**

* 

(14.23) 

346.87**

* 

(14.08) 

346.88**

* 

(14.08) 

399.11**

* 

(14.63) 

399.00**

* 

(14.63) 

399.00**

* 

(14.63) 

399.03**

* 

(14.62) 

Abstractness 
 

  -9.77 

(11.64) 

-9.77 

(11.64) 

-9.77 

(11.61) 

-16.42 

(12.22) 

-16.45 

(12.22) 

-16.48 

(12.21) 

Expertise 
 

   -0.97 

(9.20) 

0.34 

(7.40) 

0.33 

(7.40) 

0.28 

(7.40) 

4.17 

(9.77) 

Time 

window 

 

    -

112.60**

* 

(14.41) 

-

112.35**

* 

(14.41) 

-

112.34**

* 

(14.41) 

-

112.20**

* 

(14.39) 

Abstractness 

x time 

window 

 

     14.37† 

(8.20) 

14.52† 

(8.20) 

14.35† 

(8.20) 

Abstractness 

x expertise 

 

      -3.15 

(4.21) 

-7.05 

(5.57) 

Expertise x 

time window 

 

       -9.05 

(14.92) 

Abstractness 

x expertise x 

time window 

 

       9.10 

(8.51) 

Random 

Effects 

 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 

participant 

 

 7073*** 

(84.10) 

7072*** 

(84.10) 

7072*** 

(84.09) 

3908*** 

(62.51) 

3912*** 

(62.54) 

3912*** 

(62.54) 

3893*** 

(62.39) 

Intercept 

painting 

 

 2701*** 

(51.97) 

2605*** 

(51.04) 

2605*** 

(51.04) 

2588*** 

(50.87) 

2590*** 

(50.89) 

2591*** 

(50.90) 

2590*** 

(50.89) 

χ2 
 

 299.76**

* 

0.69 0.01 48.73*** 3.07† 0.56 1.52 

df 
 

 2 1 1 1 1 1 2 

AIC 
 

33609 33313 33314 33316 33270 33269 33270 33272 

Note. The chosen model is marked in bold. Coefficients for fixed effects are β estimates (standard errors in parentheses). 

Coefficients for random effects are the variance (standard deviations in parentheses). 
† p < .10; * p < .05; ** p < .01; *** p < .001 
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4.10 Appendix E 

  

Table E 

Linear mixed model for saccadic amplitude. 

Fixed Effects  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept  0.39*** 

(< 0.01) 

0.39*** 

(0.02) 

0.39*** 

(0.02) 

0.39*** 

(0.02) 

0.37*** 

(0.02) 

0.37*** 

(0.02) 

0.37*** 

(0.02) 

0.37*** 

(0.02) 

Abstractness    0.03* 

(0.01) 

0.03* 

(0.01) 

0.03* 

(0.01) 

0.02 

(0.01) 

0.02 

(0.01) 

0.02 

(0.01) 

Expertise     0.01 

(0.01) 

0.01 

(0.01) 

0.01 

(0.01) 

0.01 

(0.1) 

< 0.01 

(0.01) 

Time 

window 

     0.05*** 

(0.01) 

0.05*** 

(0.01) 

0.05*** 

(0.01) 

0.05*** 

(0.01) 

Abstractness 

x time 

window 

      0.02*** 

(< 0.01) 

0.02*** 

(< 0.1) 

0.02*** 

(< 0.01) 

Abstractness 

x expertise 

       < 0.01† 

(< 0.01) 

< 0.01 

(< 0.1) 

Expertise x 

time window 

        < 0.01 

(0.1) 

Abstractness 

x expertise x 

time window 

        < 0.01 

(< 0.1) 

Random 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 

participant 

  < 0.01*** 

(0.07) 

< 0.01*** 

(0.07) 

< 0.01*** 

(0.07) 

< 0.01*** 

(0.06) 

< 0.01*** 

(0.06) 

< 

0.01*** 

(0.06) 

< 

0.01*** 

(0.06) 

Intercept 

painting 

  < 0.01*** 

(0.07) 

< 0.01*** 

(0.06) 

< 0.01*** 

(0.06) 

< 0.01*** 

(0.06) 

< 0.01*** 

(0.06) 

< 

0.01*** 

(0.06) 

< 

0.01*** 

(0.06) 

χ2   1174.12*** 5.34* 0.70 13.71*** 32.71*** 3.26† 0.38 

df   2 1 1 1 1 1 2 

AIC  -2557 -3727 -3730 -3729 -3741 -3771 -3773 -3769 

Note. The chosen model is marked in bold. Coefficients for fixed effects are β estimates (standard errors in parentheses). 

Coefficients for random effects are the variance (standard deviations in parentheses). 
† p < .10; * p < .05; ** p < .01; *** p < .001 
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4.11 Appendix F 

 

Table F 

Linear mixed model for scanpath rate. 

Fixed 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept  1.10*** 

(0.01) 

1.10*** 

(0.07) 

1.10*** 

(0.06) 

1.10*** 

(0.06) 

0.96*** 

(0.06) 

0.96*** 

(0.06) 

0.96*** 

(0.06) 

0.96*** 

(0.06) 

Abstractness    0.12* 

(0.05) 

0.12* 

(0.05) 

0.12* 

(0.05) 

0.10† 

(0.05) 

0.10† 

(0.05) 

0.10† 

(0.05) 

Expertise     0.02 

(0.03) 

0.02 

(0.03) 

0.02 

(0.03) 

0.02 

(0.03) 

< -0.1 

(0.04) 

Time 

window 

     0.31*** 

(0.05) 

0.31*** 

(0.05) 

0.31*** 

(0.05) 

0.31*** 

(0.05) 

Abstractness 

x time 

window 

      0.05*** 

(0.01) 

0.05*** 

(0.01) 

0.05*** 

(0.01) 

Abstractness 

x expertise 

       0.01 

(0.01) 

< -0.01 

(0.1) 

Expertise x 

time window 

        0.05 

(0.06) 

Abstractness 

x expertise x 

time window 

        0.02† 

(0.01) 

Random 

Effects 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Intercept 

participant 

  0.10*** 

(0.31) 

0.10*** 

(0.31) 

0.10*** 

(0.31) 

0.07*** 

(0.28) 

0.07*** 

(0.27) 

0.07*** 

(0.27) 

0.07*** 

(0.27) 

Intercept 

painting 

  0.08*** 

(0.28) 

0.06*** 

(0.25) 

0.06*** 

(0.25) 

0.06 

(0.25) 

0.06*** 

(0.25) 

0.06*** 

(0.25) 

0.06*** 

(0.25) 

χ2   1717.57*** 4.47* 0.36 29.75*** 12.38*** 1.98 3.43 

df   2 1 1 1 1 1 2 

AIC  3971 2258 2255 2257 2229 2219 2219 2219 

Note. The chosen model is marked in bold. Coefficients for fixed effects are β estimates (standard errors in 

parentheses). Coefficients for random effects are the variance (standard deviations in parentheses). 
† p < .10; * p < .05; ** p < .01; *** p < .001 
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Supplements for Chapter 3 

 

S.1 Data Processing 

Procedure for stimulus-locked data was the same as for response-locked data, except 

that the baseline-correction was done with the average pupil response in the 200 ms before 

stimulus onset. 

 

S.2 Experiment 1 

 

Figure S1. Stimulus-locked mean values for the pupil time course where 0 represents the 

stimulus-onset (A), peak dilations to symmetry (B), and peak dilations in relationship to liking 

rating (C) for Experiment 1. Thick lines in A represent conditional means of each target 

structure category. Error bars and bands represent the 95% between stimulus confidence 

interval. 
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Peak Dilation. As for response-locked data, symmetry predicted stimulus-locked peak 

dilations, F(3, 196) = 40.42, p < .001; 𝜂𝑝
2 = .382. Asymmetric stimuli produced the greatest 

peak dilations, biaxial patterns the smallest (see Figure S1). Except for the comparison between 

vertically symmetric and biaxial stimuli (p > .999), all Bonferroni-corrected t-tests were 

significant (ps < .004). PDs and response times correlated (r = .39, p = .013). Peak dilations 

decreased with liking (β = -.63, t(38) = -5.04, p < .001, SE β = .12, 95% CIs [-.91, -.43]; see 

also Figure S1.C). The effect disappeared when controlling for symmetry, F(1, 35) = .30, 

p = .589, 𝜂𝑝
2 = .008. 

 

S.3 Experiment 2 

Peak Dilations. Just as for response-locked data there was no systematic relationship 

between abstractness and peak dilation (expressionists: β = .01, p = .941; cubists, β = -.17, 

p = .314; interaction, β = -.18, p = .388; see also Figure S2). Response times and peak dilations 

did not correlate for both art styles (expressionist: r = .06, p = = .692; cubist: r = -.23, 

p = .134). Higher liking was neither associated with greater peak dilations for 

expressionists (β = -.15, p = .176) nor cubists (β = -.14, p = .453), and there was no 

interaction (β = .02, p = .943), even when the data was controlled for effects of 

abstractness (expressionists: β = -.16, t(84) = -1.38, p = .171; cubists, β = -.14, t(84) = -.77, 

p = .446; interaction, β = .02, t(84) = .09, p = .926). 

 

 

S.4 Experiment 3 

Peak Dilations. Abstractness did not predict peak dilations for expressionists (β = -.17, 

p = .194). However, it did so for cubists (β = -.46, p = .015). There was no interaction between 

the art styles (β = -.28, p = .210; see Figure S3). PDs did not correlate with response times for 

expressionists (r = -.15, p = .337) but they did for cubists (r = -.41, p = .005). Liking also did 

not predict peak dilations (expressionists: β = -.20, p = .116; cubists: β = -.23, p = .241; 

interaction: β = -.04, p = .881). However, when controlling for abstractness liking predicted 

peak dilations for expressionists (β = -.27, t(84) = -2.18, p = .009) but not for cubists (β = -.26, 

t(84) = -1.36, p = .176), or the interaction (β = -.02, t(84) = .07, p = .947). 
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Figure S2. Stimulus-locked pupil time course where 0 represents the stimulus-onset (A), peak 

dilations to abstractness (B), and peak dilations in relationship to liking rating (C) for 

Experiment 2. Lines in B and C represent the regression for each art style and error bands the 

95% between stimulus confidence interval. 
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Figure S3. Stimulus-locked pupil time course where 0 represents the stimulus-onset (A), peak 

dilations to abstractness (B), and peak dilations in relationship to liking rating (C) for 

Experiment 3. Lines in B and C represent the regression for each art style and error bands the 

95% between stimulus confidence interval. 
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Table S1 

Multiple regression analyses for the influence of abstractness and liking on stimulus-locked 

peak dilation. 

     95% CI   

 Variable  β SE β Lower Upper t p 

         

Experiment 2 Peak Dilation      

 Abstractness (Exp)  .01 .10 -.21 .21 .08 .941 

Abstractness (Cub)  -.17 .16 -.48 .16 -1.01 .314 

Art Style  1.00 .17 .60 1.30 4.98 < .001 

Abstractness x Art 

Style 

 -.18 .19 -.55 .21 -.87 .388 

R2  .234  < .001 

Peak Dilation      

 Liking (Exp)  -.15 .11 -.36 .07 -1.37 .176 

Liking (Cub)  -.13 .21 -.52 .31 -.75 .453 

Art Style  .89 .19 .51 1.27 4.67 < .001 

Liking x Art Style  .02 .24 -.44 .50 .07 .943 

R2  .246  < .001 

Experiment 3 Peak Dilation      

 Abstractness (Exp)  -.17 .12 -.40 .08 -1.31 .194 

Abstractness (Cub)  -.46 .15 -.75 -.15 -2.49 .015 

Art Style  .69 .20 .25 1.04 3.23 .002 

Abstractness x Art 

Style 

 -.28 .20 -.68 .11 -1.26 .210 

R2  .137  .005 

Peak Dilation      

 Liking (Exp)  -.20 .10 -.40 .010 -1.59 .116 

Liking (Cub)  -.23 .15 -.52 .09 -1.18 .241 

Art Style  .37 .21 -.02 .80 1.76 .083 

Liking x Art Style  -.04 .18 -.39 .34 -.15 .881 

R2  .099  .029 
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