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I collected some inspiring quotes related to my studies:  

 

“You and I have more or less the same brain maps […]. But universality and uniqueness are close 

companions throughout our biological world. For instance, fingerprints are universal to humans – we 

all have them and yet the idiosyncrasies of individual fingerprints make each one unique. The same is 

true for brain maps, except that their idiosyncrasies matter. They affect a person’s or a creature’s 

capacity to perceive, attend, remember, recognize, and react to the wider world.”  

– Schwarzlose, R. (2021). Brainscapes: The Warped, Wondrous Maps Written in Your Brain-and how 

They Guide You. Mariner Books. 

 

“Gaze behavior is the thread used to weave the objects, actions, and events of a scene into the fabric 

of a story.”  

and  

“Scene understanding is ultimately an interpretation, it is whatever a person tells you it is — the 

specific story they have attached to a given collection of pixels.”  

– Zelinsky, G. J. (2013). Understanding scene understanding. Frontiers in psychology, 4, 954. 
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Summary 

Scene perception is not a passive registration of visual input but an active, selective process through 

which observers explore and make sense of complex visual environments. Interestingly, people differ 

systematically in where they look when viewing the same scene. For example, some people fixate 

faces twice as much as others, while others fixate text much more than others do. This thesis 

investigates how such systematic individual differences during scene viewing relate to neural 

organization in the ventral stream and to perceptual consequences. Across two studies, we show 

that individual differences in the tendency to prioritize faces and text are systematically linked to 

category-selective brain representations and how observers describe scenes.  

The first study examines how individual fixation preferences for faces and text relate to category-

selective responses in the ventral stream. We show that individual tendencies to fixate faces and text 

are related to representational distinctiveness of distributed responses for these categories. This link 

is especially evident for first fixation tendencies, which also correlate with the size of face- and word-

selective regions. Additionally, the distinctiveness of category-specific neural responses is linked to 

performance in corresponding behavioral tasks. These associations suggest that active vision is linked 

to category-selectivity in the ventral stream and preferentially targets object categories that are 

distinctively represented in the individual brain. 

The second study examines whether such gaze biases translate into systematic differences in 

perception. We find that observers who look more similar at scene elements also tend to produce 

more similar descriptions, especially in their noun usage. This link generalizes across independent 

scene sets. Moreover, the tendency to dwell on people or text correlates with how often these 

categories are referenced in descriptions. We observed anti-correlations in the prioritization of 

people versus text in gaze behavior as well as in descriptions. These observations support a trait-like 

coupling between where individuals look and how they describe scenes.  

Taken together, our findings outline a systematic pattern of covariation between active vision, 

individual neural organization, behavioral task performance, and perceptual interpretations of 

scenes. Idiosyncratic category-selective representations in the ventral stream are associated with 

stable gaze priorities for socially and culturally relevant categories such as faces and text. These 

priorities appear to be related to the perceptual information that is ultimately sampled and included 

in descriptions. This thesis therefore proposes that treating individual variability as meaningful signal, 

rather than noise, is crucial for a more comprehensive understanding of human visual processing and 

perception.  

 

 

 



 
 

Zusammenfassung 

Die Wahrnehmung von Szenen ist keine passive Registrierung visueller Reize, sondern ein aktiver, 

selektiver Prozess, durch den Beobachter komplexe visuelle Umgebungen erkunden und interpretieren. 

Interessanterweise unterscheiden sich Personen systematisch darin, wohin sie blicken, wenn sie 

dieselbe Szene betrachten. So fixieren manche Personen beispielsweise Gesichter doppelt so häufig wie 

andere, während wiederum andere deutlich häufiger auf Text schauen. Diese Dissertation untersucht, 

wie solche systematischen individuellen Unterschiede während der Szenenbetrachtung mit der 

neuronalen Organisation im ventralen visuellen Verarbeitungspfad und mit perzeptuellen Konsequenzen 

zusammenhängen. In zwei Studien zeigen wir, dass individuelle Unterschiede in der Tendenz, Gesichter 

und Text zu fixieren, systematisch mit kategorieselektiven Hirnrepräsentationen sowie mit der Art und 

Weise zusammenhängen, wie Versuchspersonen Szenen beschreiben. 

Die erste Studie untersucht den Zusammenhang zwischen individuellen Fixationspräferenzen für 

Gesichter und Text und kategorieselektiven Aktivitäten im ventralen Pfad. Wir zeigen, dass die 

individuellen Tendenzen, Gesichter und Text zu fixieren, mit der Distinktheit verteilter neuronaler 

Aktivitätsmuster für diese Kategorien zusammenhängen. Dieser Zusammenhang ist besonders 

ausgeprägt für Erstfixationen, die zudem mit der Größe gesichts- und wortselektiver Areale korrelieren. 

Darüber hinaus hängt die Distinktheit kategoriespezifischer neuronaler Aktivitätsmuster mit der Leistung 

in entsprechenden Verhaltensaufgaben zusammen. Diese Befunde legen nahe, dass aktives Sehen mit 

der Selektivität für bestimmte Kategories im ventralen Pfad verknüpft ist und bevorzugt auf 

Objektkategorien gerichtet ist, die im individuellen Gehirn besonders distinkt repräsentiert sind. 

Die zweite Studie untersucht, ob solche systematischen Unterschiede in Blickpräferenzen mit 

Unterschieden in der perzeptuellen Wahrnehmung einhergehen. Wir zeigen, dass Versuchspersonen mit 

ähnlichen Blickmustern auch dazu tendieren, ähnlichere Beschreibungen zu produzieren, insbesondere 

in ihrer Substantivverwendung. Dieser Zusammenhang generalisiert über unabhängige Szenen hinweg. 

Darüber hinaus korreliert die Tendenz, sich auf Personen oder Text zu konzentrieren, mit der Häufigkeit, 

mit der diese Kategorien in Beschreibungen erwähnt werden. Zudem zeigen sich negative Korrelationen 

in der Priorisierung von Personen versus Text sowohl im Blickverhalten als auch in den Beschreibungen. 

Diese Befunde sprechen für eine stabile Kopplung zwischen Blickverhalten und Szenenbeschreibung. 

Zusammenfassend zeigen die Ergebnisse eine systematische Kovariation zwischen aktivem Sehen, 

individueller neuronaler Organisation, Verhaltensleistung und perzeptuellen Interpretationen von 

Szenen. Idiosynkratische kategorieselektive Repräsentationen im ventralen Pfad gehen mit stabilen 

Blickprioritäten für sozial und kulturell relevante Kategorien wie Gesichter und Text einher, und diese 

scheinen mit der perzeptuellen Information zusammenzuhängen, die in Beschreibungen integriert wird. 

Diese Dissertation plädiert daher dafür, individuelle Variabilität nicht als Rauschen, sondern als 

bedeutungsvolles Signal zu betrachten, um ein umfassenderes Verständnis der menschlichen visuellen 

Verarbeitung und Wahrnehmung zu ermöglichen. 
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1. Introduction 

Imagine sitting on a train and watching a scene unfold on the platform outside: a woman stands beside a man 

and a child. They look tense. You may conclude this ‘family is worried about a delayed train.’ But then you 

notice something you had not seen before: a name tag on the woman’s coat that reads “Conductor.” Suddenly, 

the meaning shifts to ‘a conductor has stopped a father and son for riding without tickets.’ This example 

stresses two things: first, the prevalence of faces and text in our everyday life and second, that in just a few 

seconds, the perception of the same scene changes as the eyes move from one detail to another. That is, visual 

understanding of scenes can be rapidly informed by global contextual information (Torralba et al., 2006), but 

is further refined through successive gaze shifts that continuously integrate newly acquired details into a more 

elaborated scene representation (cf. Henderson & Castelhano, 2005). 

Although the human visual field spans roughly 180 degrees, shifting fixation is essential because the 

uncrowded, high-acuity vision needed for detailed object recognition is concentrated in the fovea, the center 

of gaze (see Figure 1b for an illustration of this, where only the face of the woman is clearly recognizable). The 

fovea spans only about 1.7 degrees of visual angle, and visual information declines sharply toward the 

periphery (Rosenholtz, 2016; Strasburger et al., 2011; Watson, 2014). This gradient reflects the nonuniform 

distribution of cone photoreceptors and retinal ganglion cells, whose densities decrease progressively away 

from the fovea (Curcio et al., 1990; Curcio & Allen, 1990). Foveal-peripheral asymmetries are further evident 

in cortical magnification in the primary visual cortex, where foveal input occupies a disproportionately large 

share of cortical area relative to both peripheral input and the fovea’s tiny retinal surface area (Daniel & 

Whitteridge, 1961; Wandell et al., 2007).  

 
Figure 1. (a) Scene generated by ChatGPT 5.2 based on the following prompt: “Create an image 
depicting the following scene unfolding outside a train window: a woman stands beside a man 
and a child. They look tense. The woman is wearing a name tag on the coat that reads ‘Conductor’, 
from which one concludes that she is a conductor that has stopped a father and son for riding 
without tickets.” (b) Illustration of foveal high-acuity vision versus blurred periphery (Gaussian-
convolved to simulate reduced acuity). This manipulation is not intended as a biologically precise 
model of human vision but serves illustrative purposes only. 

The disparity between foveal and peripheral acuity represents an evolutionary compromise, balancing head 

size and energy demands against the needs for both fine-detail processing and broad spatial navigation and 
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detection (Vater et al., 2022). This resource allocation is highly efficient, because our eyes can move quickly 

and perform about three gaze shifts per second that bring different parts of a scene to the fovea. However, 

this dynamic interplay between fixations and eye movements creates a complex challenge: the visual system 

must constantly decide where and what to look at next based on information from the lower-resolution 

periphery. Understanding how these moment-to-moment fixation decisions are informed has long been, at 

least since Buswell (1935) and Yarbus (1967), a central question in vision science.  

1.1. Gaze allocation in complex scenes 

In the search for an answer to what explains gaze allocation, early research has focused primarily on 

commonalities in fixation location and timing across different observers, seeking image features that reliably 

attract attention (i.e., are salient and thus stand out relative to neighboring image content; Parkhurst et al., 

2002). This led to the development of influential saliency models (cf. Itti et al., 1998; Harel et al., 2006), which 

were further inspired by the early visual system and assume that gaze is automatically captured by low-level 

image features. Within this framework, fixation allocation is driven by regions with high local contrast in color, 

intensity, or orientation (Itti and Koch, 2001). 

However, low-level saliency is only one piece of the puzzle for explaining gaze in complex, semantically rich 

scenes. Observers are generally drawn to objects in scenes (Einhäuser et al., 2008b). Moreover, local 

informativeness (i.e., the judged isolated meaning of scene regions) can guide gaze as early as the first fixation 

(Henderson et al., 2018; Henderson & Hayes, 2017; Peacock et al., 2019). In particular, high-level semantic 

categories such as faces and text, which carry high behavioral and informational relevance in complex scenes, 

are relatively strong gaze attractors. They account for gaze allocation more effectively than low-level features 

alone (Cerf et al., 2009; Wang & Pomplun, 2012) and basic object properties such as size and eccentricity (Xu 

et al., 2014).  

Additionally, top-down cognitive factors, such as task demands, goals, emotions, expectations and prior 

knowledge, strongly bias gaze toward behaviorally relevant regions (Buswell, 1935; Einhäuser et al., 2008; 

Yarbus, 1967). For example, when instructed to search for a target object, semantic priors about typical object 

locations (e.g., pillows on bed) can guide gaze, even when the target (e.g., pillow) is not visually salient 

(Henderson et al., 2009) or entirely absent (Võ et al., 2019). During free viewing, when no explicit task is 

assigned, as well as in a paradigm combining free viewing with subsequent scene descriptions, recent work by 

Murlidaran & Eckstein (2025) suggests that observers prioritize scene elements that support the goal of scene 

understanding. In sum, the aforementioned factors account for a substantial proportion of variance in gaze 

behavior across observers.  

However, these factors typically treat stable between-observer differences as unexplained noise, even though 

incorporating such individual differences has been shown to improve gaze prediction beyond generic, group-

based low- and high-level salience models (Li & Chen, 2018). A growing body of research shows that healthy 

adult observers exhibit systematic, trait-like gaze tendencies that govern how frequently and when they 
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sample semantically meaningful elements of complex scenes. In particular, de Haas et al. (2019) reported 

highly consistent and temporally stable tendencies to fixate specific semantic object categories such as faces, 

text, implied motion, taste, touched objects, and emotional content (see also Linka & de Haas, 2020). 

Interestingly, although gaze patterns becomes more similar by adulthood (Linka et al., 2025), stable and 

systematic individual differences in gaze toward these semantic categories persist (de Haas et al., 2019; for 

faces, see Guy et al., 2019).  

Particularly, the tendency to direct first fixations after image onset toward a face or text as well as the overall 

proportion of fixation durations on each category (i.e., cumulative dwell time), vary substantially between 

participants and constitute robust individual-difference measures (de Haas et al., 2019; Linka & de Haas, 2020). 

Some observers tend to (first) fixate faces up to twice as much as others across images, whereas other 

observers show a stronger tendency to (first) fixate text. Thus, although faces, and to a lesser extent, text, are 

strong attractors on average (Cerf et al., 2009; Xu et al., 2014), their salience is not uniform across observers. 

Importantly, these tendencies vary along a continuum (from weaker to stronger gaze tendencies for faces and 

text, respectively) and are defined relative to the distribution within the tested sample. Interestingly, despite 

faces being fixated more frequently overall, individual tendencies to fixate faces and text tend to be anti-

correlated (de Haas et al., 2019), suggesting a competitive relationship for attention. Because both categories 

require high foveal resolution, observers may prioritize one over the other, especially under limited viewing 

time. Accordingly, in the opening example, some observers may preferentially look (first) at the faces of the 

father, son, or conductor, whereas others may instead prioritize the name tag.  

Together, the outlined literature suggests that spontaneous gaze allocation in complex scenes is driven by 

low-level, semantic, and contextual image features, providing a robust predictive baseline. However, such 

image-based approaches overlook the systematic inter-individual variability in gaze behavior. Crucially, 

studying these idiosyncratic gaze tendencies is essential to better understand which mechanisms mediate an 

observer’s particular view of the world. An important, yet unresolved question in this context is whether 

idiosyncratic gaze tendencies are linked to robust differences in the way the visual system represents 

behaviorally relevant categories such as faces and text. 

1.2 Neural and genetic correlates of gaze and behavior 

A potential neural correlate for stable gaze tendencies towards faces and text (i.e., words) lies in category-

selective visual cortex, particularly the ventral temporal cortex (VTC) (Haxby et al., 2001; Kanwisher, 2010; 

Peelen & Downing, 2005). Within VTC, faces and pseudowords (hereafter ‘word’) are among the strongest 

drivers of distributed neural responses (Haxby et al., 2001) and of highly category-selective regions such as 

the fusiform face area (FFA) and visual word form area (VWFA), respectively (Dehaene & Cohen, 2011; Grill-

Spector & Weiner, 2014; Kanwisher & Yovel, 2006). Consistent with the high-acuity demands of both 

categories, these regions show a foveal bias, preferring stimuli typically processed around the center of the 

visual field (Hasson et al., 2002; Levy et al., 2001; Malach et al., 2002). Moreover, faces and words also differ 
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in hemispheric lateralization: face-selectivity is typically right-dominant, whereas word-selectivity is left-

dominant (e.g., Blauch et al., 2025). This may reflect their respective connections to broader lateralized 

networks: language in the left hemisphere (Saygin et al., 2016) and social cognition in the right (Powell et al., 

2018).   

The functional importance of VTC is especially evident in acquired visual agnosia, where category recognition 

is impaired despite intact basic vision (Farah, 2004). Notable subtypes of this condition include 

prosopagnosia (face recognition deficits) and pure alexia (word recognition deficits; cf. Kleinschmidt & 

Cohen, 2006). Furthermore, causal evidence for this functional specialization is provided by intracranial 

stimulation of a site within the right FFA, which acutely distorts face perception (Parvizi et al., 2012). 

Moreover, individual differences in the size of the right FFA and left VWFA correlate with face recognition 

performance and reading skill, respectively (Furl et al., 2011; Golarai et al., 2010; Mitchell et al., 2025). This 

suggests that structural variation in category-selective VTC tracks behavioral abilities. 

Furthermore, the categories of faces and text have markedly different evolutionary and developmental 

histories. Face perception has been shaped over long evolutionary timescales (Parr, 2011) and shows 

selectivity already in infancy (Deen et al., 2017; Kosakowski et al., 2022) and even in congenitally blind 

individuals responding to sounds representing faces (e.g. laughing, whistling etc.; van den Hurk et al., 2017). 

Twin studies further indicate that both face-selective neural activity (Abbasi et al., 2020; Polk et al., 2007) 

and the tendency to look at social content such as faces are partly influenced by genetic factors (Constantino 

et al., 2017; Kennedy et al., 2017). In contrast, reading is a recent cultural invention (Roser & Ortiz-Ospina, 

2018), and word-selective regions emerge with the onset of literacy, as children learn to map visual symbols 

to spoken language (Dehaene et al., 2010; Dehaene-Lambertz et al., 2018).  

Despite these different origins, visual experience appears critical for the expansion and refinement of both 

face- and word-selective regions (Golarai et al., 2010; Kubota et al., 2024). For instance, depriving macaques 

(i.e. non-human primates) of early face exposure prevents the emergence of face-selective patches and 

typical face-directed gaze behavior (Arcaro et al., 2017). Moreover, macaques that naturally lack face-

selective regions showed reduced gaze toward faces (Vinken & Vogels, 2019). Importantly, longitudinal work 

in humans shows that distinctiveness of multivariate representations for faces and words in VTC develops in 

a protracted manner across childhood and adolescence and predicts performance in face recognition and 

speed-reading tasks, respectively (Nordt et al., 2023). In parallel, cross-sectional work has shown that the 

tendencies to fixate faces and text each change gradually across the first two decades of life (Linka et al., 

2023, 2025).  

Recent evidence further shows that similarity in individual gaze tendencies toward faces and text during free 

viewing of movie clips predicts similarity of neural representations in category-selective cortex (Borovska & 

de Haas, 2024). Together, these findings suggest a tight link between gaze behavior, category-selective 

representations, and perceptual abilities. Yet this putative link has not been directly tested, and it remains an 
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open question whether neural representations, measured under controlled conditions of central fixation of 

the same visual input, differ between individuals with divergent gaze tendencies. A further important question 

is whether such individual gaze tendencies are related to perceptual abilities and to how observers interpret 

complex scenes. 

1.3 Perceptual and behavioral correlates of gaze 

Empirical evidence indicates that the tendency to fixate on text and faces (i.e. their salience) is associated with 

behavioral performance. Text salience during free viewing (Linka et al., 2025) as well as reading skill (e.g., 

Nordt et al., 2023) has been shown to increase across the first two decades of life following the onset of formal 

reading instruction. That is, learning to read appears to raise the informativeness of written text for children 

and adolescents not only in formal school settings but also in more naturalistic contexts, including tasks such 

as image viewing. Furthermore, face salience has likewise been reported to develop in a protracted manner 

(Linka et al., 2025) as do face recognitions skills (Germine et al., 2011; Nordt et al., 2023). Importantly, the 

tendency to first fixate on faces was directly linked to face recognition ability in student samples (de Haas et 

al., 2019). Consistent with this association, gaze behavior toward faces varies systematically across groups 

defined based on their face recognition performance. Individuals with developmental prosopagnosia, 

characterized by severe impairments in face recognition, allocate a smaller proportion of dwell time to faces 

compared to control participants (Bobak et al., 2017). In contrast, so-called super-recognizers, who exhibit 

exceptional face recognition abilities, show increased proportions of both first fixations and dwell time 

directed toward faces relative to controls (Linka et al., 2022). Notably, individual differences in face recognition 

performance have also been found to predict how well observers understand an unfolding story during natural 

viewing of the same movie (Noad & Andrews, 2025). Consequently, differences in gaze behavior may lead 

observers to extract different information from the same visual scenes. 

Brief scene descriptions offer a useful tool for capturing such differences in perception. Although observers 

can report rich object- and scene-level information after a single glance (Fei-Fei et al., 2007), generating a brief 

description requires prioritization among multiple potentially reportable aspects of a scene. As a result, 

descriptions can vary substantially (cf. Chen et al., 2015; Jas & Parikh, 2015). Importantly, this variability is not 

random: what observers prioritize in their description can serve as a proxy for what they consider as important 

(cf. Berg et al., 2012). In addition, scene descriptions provide a behavioral index of scene understanding (cf. 

Murlidaran & Eckstein, 2025).  

There is substantial evidence that the spatial distribution of gaze is closely linked to subsequent scene 

descriptions. For example, observers are more likely to fixate on objects they subsequently describe, 

particularly foreground and animate objects (e.g., Liang et al., 2018; Yun et al., 2013). Moreover, Coco & Keller 

(2012) demonstrated that greater similarity in scan-paths (defined as the temporal order of fixations on 

objects) is associated with greater similarity in scene descriptions. They further showed that a participant’s 

description of a given scene can be identified from a pool of candidate descriptions solely based on their scan-
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path. However, if not only gaze behavior (de Haas et al., 2019; Linka & de Haas, 2020) but also the link between 

gaze and descriptions is trait-like, gaze behavior should predict scene descriptions not only for the same scene 

but also new ones. This hypothesis has yet to be tested. Moreover, it remains unclear whether observers 

systematically differ in the perceptual importance they assign to specific scene elements. Specifically, it is an 

open question whether established individual differences in gaze toward faces and text (de Haas et al., 2019; 

Linka & de Haas, 2020) are associated with systematic differences in scene descriptions.  

1.4 Rationale of the present studies 

Building on the work that has established connections between gaze, neural patterns, and behavioral 

performance, typically averaging across observers, the main aim of this thesis is to shift the focus to the 

individual observer. Specifically, here we systematically investigate neural (Study 1) and perceptual correlates 

(Study 2) of individual gaze behavior in complex scenes.  

To test individual gaze tendencies, both studies recorded participants’ eye movements while freely viewing 

complex scenes for three seconds each. Each scene contained numerous objects spanning diverse categories 

such as people, faces, text, animals, and touched objects. For every image, pixel-level object masks with 

category labels (obtained from Xu et al. (2014) and for people from Broda & de Haas (2022a) were used to 

quantify gaze allocation across objects and categories (see Figure 2 for examples). More precisely, semantic 

labels and associated pixel coordinates served as the basis for calculating the proportions of first fixations after 

image onset (Study 1) and dwell times (i.e. cumulative fixation duration), either on individual objects (Study 

2) or on semantic categories (Study 1 and Study 2) relative to other objects or categories.    

 
Figure 2. (a) Example scene from the OSIE stimulus set (Xu et al., 2014) used in both studies, which 
participant freely explored for three seconds. (b) Same scene with overlaid object masks 
indicating labeled objects. Object masks 3, 6, 8 and 14 were labeled as belonging to the category 
‘face’; masks 2, 5, 7 and 13 included heads and were labeled as ‘people’, and mask 1 was labeled 
as ‘text’.  

Hereinafter, the specific background, research questions, methods, and key findings of the two studies that 

are the core of this dissertation are summarized and briefly discussed. This is followed by an integrative 

discussion of their implications in the final chapter. Please refer to the original manuscripts for detailed 

descriptions of the methods.   
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2. Study 1: Active vision is linked to category selectivity in the individual brain  
By Kollenda, Akbari, Broda & de Haas (2026, accepted for publication in Nature Human Behaviour) 

Previous vision research often focused on group averages, but recent studies show stable individual 

differences in gaze behavior, such as tendencies to look preferentially at faces or text (de Haas et al., 2019; 

Guy et al., 2019; Linka & de Haas, 2020). These tendencies are partly linked to genetics (Constantino et al., 

2017; Kennedy et al., 2017) and recognition abilities (de Haas et al., 2019; Linka et al., 2022), but the underlying 

mechanisms remain unclear. This study examines whether these individual gaze tendencies are associated 

with category-selective representations in the VTC. Specifically, Study 1 addresses the following questions: 

• Are gaze tendencies toward faces and text during free viewing linked to corresponding representational 

distinctiveness in the individual VTC during central fixation of faces and words?  

• Is representational distinctiveness in adults related to performance in face recognition and speed-reading 

tasks? 

• Are these links also observed for the extent of functional selective activation in VTC for faces and words?  

The study used a multi-method approach including three separate experimental sessions using eye tracking, 

functional neuroimaging (fMRI) and behavioral tasks. In total, N = 102 adult participants took part in the eye 

tracking session. N = 61 of these also took part in the neuroimaging session, N = 69 of these in the Cambridge 

Face Memory task (CFMT; N = 34 overlapping with the MRI sample) and N = 64 took part in the speed-reading 

test (SLRT-2; N = 25 overlapping with the MRI sample). In the eye tracking session, participants viewed 700 

complex scenes in a free viewing paradigm (see above), allowing us to quantify the proportion of first fixations 

and dwell time for faces and text, respectively. In a separate fMRI localizer session, participants were asked to 

maintain central fixation while viewing centrally presented category-specific stimuli (faces, pseudowords etc.), 

ensuring that all participants received identical visual input. This allowed us to derive two measures of 

category-selectivity within left and right lateral VTC: First, we analyzed representational distinctiveness based 

on multivariate response patterns (cf. Nordt et al., 2023; see Figure 3). A higher value indicates that the 

distributed response pattern for a given category (e.g., faces) is more consistent across runs and more 

dissimilar from other categories (e.g., words, bodies, houses, cars, and limbs). Second, we analyzed the 

individual extend of face- and word-selective activity in group-defined functional regions (cf. Julian et al., 2012) 

corresponding to the right fusiform face area (FFA) and left visual word form area (VWFA), respectively.  
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Figure 3. Data from two example participants (ID40, top; ID4, bottom) are shown across panels. 
(a) Individual anatomical regions of interest (ROIs) in lateral and medial ventral temporal cortex 
(VTC; both hemispheres; cf. Nordt et al., 2023). (b-c) t-contrast maps for faces and words, 
respectively, with colors corresponding to the scale bar on the right. (d) Representation similarity 
matrices based on category-selective activity patterns in lateral VTC across odd versus even 
localizer runs (per hemisphere). Correlation values are indicated by the color bar on the right. The 
respective stimulus categories are faces (F), bodies, words (W), houses, cars (C), and limbs. 
Dashed rows mark entries used to compute representational distinctiveness (within-category 
similarity minus mean between-category similarity) for faces and words.  

We replicated the robust and substantial variation in gaze tendencies toward faces and text between 

participants reported previously (de Haas et al., 2019; Linka & de Haas, 2020). We also replicated the strong 

anti-correlation between these tendencies when considering all images (de Haas et al., 2019). However, this 

relationship became noticeably weaker when we restricted the analysis to images that did not contain faces 

and text simultaneously. We further replicated the previously reported association between the tendency to 

first fixate faces and better face recognition performance (de Haas et al., 2019). Crucially, individuals with 

higher face salience showed higher face distinctiveness in the right lateral VTC (see Figure 4) and the 

proportion of first fixations on faces was associated with a larger size of right FFA. An analogous pattern was 

observed for text salience and word distinctiveness in the left lateral VTC and size of the VWFA. These links 

were category-specific (e.g., gaze tendencies toward faces were not linked to word distinctiveness). 

Furthermore, higher face distinctiveness and larger size of right FFA were associated with better face 

recognition performance, whereas word distinctiveness was associated with better pseudoword speed-

reading performance. Correlations were generally stronger for first fixations after image onset.  
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Figure 4. (a) Greater face distinctiveness in the right lateral ventral temporal cortex (VTC) was 
associated with a higher tendency to first fixate on faces, higher dwell times on faces, and better 
Cambridge Face Memory Test (CFMT) performance (N = 61, 61, and 34, respectively). (b) Similarly, 
greater word distinctiveness in left lateral VTC was linked to a higher tendency to first fixate on 
text, higher dwell time on text, and higher scores in pseudoword speed reading (N = 61, 61, and 
25, respectively). (c) Example participants (ID40, orange; ID4, green) are highlighted across panels 
and figures. Fixation maps show their gaze during free viewing, with marker size reflecting the 
duration and the first fixation depicted in lighter color.  

Together, these findings suggest that moment-to-moment gaze behavior systematically targets image content 

that the individual ventral stream represents more distinctively. This may imply a role of VTC in at least partially 

informing gaze by signaling the relevance and representational precision of depicted objects (cf. Discussion, 

section 4.1 – Implications of Study 1).  

3. Study 2: Individual gaze predicts individual scene descriptions 
By Kollenda, Reher & de Haas (2025, Scientific Reports) 

Study 1 showed that, although humans share a general functional neural layout, the category-selectivity 

patterns differ idiosyncratically between individuals and systematically covary with gaze tendencies. However, 

it remains unclear whether the systematic gaze patterns observed in Study 1 and prior work (Broda & de Haas, 

2022a; de Haas et al., 2019; Guy et al., 2019; Linka & de Haas, 2020) lead to systematically different perceptual 

consequences. Study 2 therefore asks whether individual gaze biases translate into systematic, predictable 

differences in how observers perceive and communicate visual content. Specifically, we address the following 

questions in Study 2: 

• Are gaze tendencies toward people and text elements during free viewing linked to how often these 

categories are referenced in subsequent scene descriptions? 

• Is there a general link between gaze tendencies and scene descriptions that is not restricted to a-priori 

categories? 
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• Does the link between gaze and description similarity generalize to new sets of images? 

The study used a within-subject design and tested N = 30 participants. Participants viewed 100 complex scenes 

in a free viewing paradigm (see above) and were asked to provide a brief description of each scene 

immediately following its presentation. We analyzed complete descriptions and specific word classes (nouns, 

verbs, adjectives) using semantic sentence (sBERT; Reimers & Gurevych, 2019) and word embeddings 

(fastText; Grave et al., 2018; Mikolov et al., 2018), respectively. We then compared the similarity of these 

between participants, yielding Description Dissimilarity Matrices (DDMs). Similarly, we analyzed the similarity 

of dwell time distributions across all object pixel masks in all scenes to derive a Gaze Dissimilarity Matrix 

(GDM). Data were split into odd versus even scenes to assess the consistency of description and gaze similarity 

patterns and to perform decoding analyses testing whether an observer’s identity could be predicted across 

independent image sets. We further analyzed the split-half reliability and proportions of dwell time on people 

and text elements and compared these measures to the reliability and frequency of corresponding references 

in descriptions.  

Both gaze and description patterns consistently differed between individuals. Gaze similarity significantly 

correlated with description similarity, with the strongest association for nouns, which mapped more directly 

to fixated objects than verbs and adjectives. We successfully decoded observer identity across independent 

image sets, such that we could identify which participant produced a set of descriptions based on gaze data 

for a different image set. Finally, observers who spent more time looking at text elements referenced them 

more frequently, and those who spent more time looking at people referenced them more often. Notably, the 

tendencies to look at people versus text elements and to reference them were each anti-correlated. 

 
Figure 5. (a) Split-half correlations show consistent individual tendencies of dwell time 
distribution between odd and even trials for text (p = .001) and people (p < .001). (b) Similarly, 
individuals showed reliable consistency in how often they reference these elements in their 
descriptions across halves for text and people (both p < .001). (c) Dwell times on text and people 
correlate with how frequently participants reference these elements in their descriptions (text: p 
< .001; people: p = .002). (d) Example participants (ID 26, dark blue, ID 27, light blue) with 
corresponding fixation patterns and verbal descriptions, translated from German to English. 
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Together, these findings demonstrate that scene descriptions are linked to individual gaze. Where observers 

allocate their gaze in scene predicts the perceptual impression they form and communicate, and these 

patterns are stable across images, supporting trait-like differences in both gaze and descriptions behavior as 

well as in their link. 

4. Discussion 

This thesis investigated the neural (Study 1) and perceptual correlates (Study 2) of idiosyncratic gaze behavior 

in complex scenes. Our findings demonstrate that inter-individual differences in gaze behavior are not 

random. Instead, they reflect the functional organization of the individual ventral temporal cortex (VTC) and 

predict how observers interpret and communicate what they see. Thus, in line with a growing shift in the field 

of vision science (Charest & Kriegeskorte, 2015; de Haas et al., 2019; Finn et al., 2020; Wang et al., 2024), we 

argue that embracing idiosyncrasy as meaningful signal is essential for a more comprehensive account of 

where people look and, more broadly, how human visual perception operates. 

4.1 Linking active vision, neural category-selectivity, and perception 

While Study 1 focused on the neural correlates of individual differences in human gaze behavior, Study 2 

focused on their perceptual consequences. Together, the results point to a systematic covariance between 

gaze behavior, category-selective representations in the ventral temporal cortex (VTC), perceptual abilities, 

and perceptual interpretation of scenes. Study 1 demonstrated that moment-to-moment gaze preferentially 

samples scene elements (e.g., faces or text) that are distinctively represented in an individual’s ventral stream. 

This suggests that the VTC may play an active role in informing gaze and allocation of foveal resources. Study 

2 extends this account to its perceptual and communicative consequences: what is fixated is more likely to be 

perceived and preferentially encoded in brief scene descriptions. Although we did not directly test the link 

between neural representations and perceptual consequences, converging evidence suggests such a 

relationship at least for naturalistic movie stimuli and subsequent interpretations (Han & Bonner, 2026). Taken 

together, our findings support a three-fold link between individual differences in functional neural 

architecture, moment-to-moment gaze decisions, and subjective scene understanding in adults.  

Notably, however, the neural and perceptual correlates appear to manifest at different temporal dynamics of 

gaze, with the relative weighting of bottom-up and top-down influences shifting as scene exploration proceeds 

(Schütt et al., 2019). First fixations are often thought to be driven automatically by salient bottom-up image 

properties, including low-level features (e.g., Anderson et al., 2015; Parkhurst et al., 2002) and high-level 

semantic and ‘meaning’-related properties (e.g., Foulsham & Underwood, 2011; Henderson et al., 2018; 

Henderson & Hayes, 2017). Dwell time, on the other hand, might reflect more deliberate, top-down cognitive 

processes that accumulate over longer viewing periods. In Study 1, we observed that the link between 

individual gaze tendencies and category-selective neural properties in the VTC was stronger for first fixations 

than for dwell time. This suggests that the functional layout of the individual visual system finds its most direct 
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expression in the earliest, relatively automatic moments of scene exploration. Conversely, scene descriptions, 

which reflect a more deliberate, cognitive act, correlated strongly with object dwell time distributions. This 

suggests that the perceptual content ultimately communicated in scene descriptions is shaped across the 

course of visual exploration. Crucially, however, these two processes should not be treated as strictly 

dissociable. For example, Murlidaran & Eckstein (2025), demonstrated that objects that are relevant for scene 

understanding were fixated not only more frequently but also earlier than irrelevant ones. Together, this 

implies that bottom-up and top-down influences do not operate in strictly sequential manner but interact 

throughout the exploration of scenes. They jointly steer gaze toward content that is both salient for the 

individual and meaningful for scene understanding.  

Implications of Study 1. Prior work has shown that low- and high-level image properties guide gaze from the 

very first fixation (Anderson et al., 2015; Foulsham & Underwood, 2011; Henderson et al., 2018; Henderson & 

Hayes, 2017; Parkhurst et al., 2002). Our findings in Study 1 extend this work by showing that the salience of 

a stimulus category differs systematically between observers from the earliest moments of scene exploration 

(see also de Haas et al., 2019; Linka & de Haas, 2020). That is, although faces and text elements embedded in 

scenes are strong gaze attractors, they were not prioritized equally by all participants. This dissociation 

stresses a distinction between universal salience, which reflects average gaze tendencies toward certain image 

features, and individual salience, which reflects observer-specific preferences (cf. Xu et al., 2019).  

A previous longitudinal study has shown that representational distinctiveness increases in a protracted 

manner across childhood and adolescence alongside increasing behavioral skills (Nordt et al., 2023). We 

replicated that face and word distinctiveness is linked to behavioral performance in face recognition and 

reading speed tests in the adult visual system. Furthermore, we found that representational distinctiveness is 

linked to the individual salience of the corresponding category. Interestingly, these findings resonate with 

predictive processing frameworks, which conceptualize perception as an active inference process: the brain 

continuously generates predictions (‘best guesses’) about incoming sensory input, with gaze serving as a 

mechanism for sampling information that is most likely to reduce prediction errors (Friston et al., 2012; 

Pezzulo et al., 2024). This can be achieved in two ways: by refining predictions and by sampling what matches 

predictions best (Parr & Friston, 2019). On this view, the distinctive category-selectivity of the VTC may 

function as a form of learned prior, shaping not only how visual input is processed once fixated, but also which 

regions are selected for detailed foveal inspection in the first place. This selection process may be preceded 

by a covert, pre-saccadic analysis of meaning across the visual field (Mack, 2003). Rapidly extracted global 

scene gist (Torralba et al., 2006) and scene context (Tasliyurt-Celebi et al., 2024), may aid this process by 

signaling where potentially meaningful and informative regions are likely to be located. Interestingly, a recent 

preprint shows that individual internal models (i.e. visual expectations) can predict idiosyncratic scene 

exploration, particularly when participants engage in strategic exploration under increased peripheral 

uncertainty (Engeser et al., 2026). These findings suggest that presumably both stimulus-driven scene 

properties and observer-specific expectations may jointly influence where observers look in complex scenes. 
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Furthermore, understanding how peripheral and foveal information processing interacts to support 

anticipatory guidance remains an interesting question in vision science. For instance, Stewart et al. (2020) 

propose an integrated, bidirectional exchange (but see Zhaoping (2024) who argues for strictly separated 

functions). That is, peripheral input may bias foveal processing toward relevant visual features and foveal 

feedback in turn sharpens peripheral sensitivity by establishing learned expectations. Over time, the visual 

system could link relatively impoverished peripheral representations with richer foveal ones through a 

learning history enabled by periphery-fovea linking eye movements (Gegenfurtner, 2016). As a result, coarse 

peripheral information processing could later function as an ‘intelligent header’ guiding the detailed 

inspection needed for precise identification (Thorpe et al., 2001). Consistent with this account, Sheinberg & 

Logothetis (2001) observed that neurons in the temporal cortex of macaques exhibit selective activation 

shortly before saccades to behaviorally relevant target objects, with activity increasing again upon foveal 

fixation. Preliminary intracranial evidence suggests that a similar mechanism may exist in humans, with pre-

saccadic category-selective responses observed in the VTC (Alreja et al., 2025). Notably, however, Xiao et al. 

(2024) reported only modest evidence for feature-selective activity that anticipates upcoming input or 

integrates information across fixations during natural image viewing in macaques. Furthermore, Fan et al. 

(2016) and Williams et al. (2008) reported that behaviorally relevant peripheral target objects, which are 

typically selected for an upcoming saccade target, are represented in foveal retinotopic cortex. Their findings 

further suggest that foveal cortex can be recruited for tasks requiring high spatial detail and high-level category 

information, even when the stimulus lies well outside the receptive field of any foveal neuron. This might be 

triggered via feedback from temporal areas (Gilbert & Li, 2013; Rockland & Van Hoesen, 1994). Although 

speculative, such a mechanism could help generate expectations about soon-to-be foveated input (see also 

Wolfe & Whitney, 2014, 2015). Together, these findings support the view that gaze is not only reactive to 

visual input, but also anticipatory and guided by neural priors about what is most informative to sample. Taken 

together with our findings from Study 1, these observations suggest that temporal areas such as the VTC may 

support gaze guidance in two complimentary ways: by signaling behavioral relevance to classic visuomotor 

structures and by providing foveal feedback that anticipates incoming information, thereby facilitating post-

saccadic target processing. Further work is needed to clarify the precise nature and timing of these potential 

VTC influences. Specifically, category-selective responses in VTC should be contrasted, ideally on the individual 

level, for peripheral stimuli before a saccade and when only attended covertly, relative to those during central 

fixation as in Study 1. 

Implications of Study 2. Prior work has already suggested that where people look is linked to what they later 

recall (Einhäuser et al., 2008b; Pertzov et al., 2009) and mention when describing the same scenes (Coco & 

Keller, 2012; Liang et al., 2018; Yun et al., 2013). In Study 2, we extend these findings by showing that individual 

gaze tendencies (i.e. the distribution of dwell time across objects within scenes) are associated with 

descriptions tendencies, not only for the same set of scenes but also generalize to different sets. This may 

suggest a trait-like, bidirectional pattern: allocating more dwell time to certain inputs can narrow how people 
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interpret a scene and what they include in their descriptions and thus deem important. In turn, priorities are 

likely to guide where they preferentially direct their gaze and what they dwell on in subsequent fixations.  

We further found that gaze tendencies toward people and text translated to the tendency to reference them 

in subsequent scene descriptions. In addition, the anti-correlation between gaze toward people and text was 

paralleled in the tendency to describe people versus text. This pattern indicates that the competitive face-text 

dynamic extends from gaze to verbal output, providing converging behavioral evidence for a trait-like linkage 

across modalities. Together, these findings bridge the gap between research on eye movements and 

subjective perception, supporting the validity of gaze tendency measures as predictors of stable perceptual 

priorities and individual differences. 

Notably, the link between dwell time and verbal descriptions does not seem to be a simple “readout” of what 

objects observers looked at. Yun et al. (2013) showed that observers were more likely to have looked at the 

objects they described than to describe every object they had looked at. This asymmetry suggests that scene 

descriptions constitute a higher-level interpretation assembled from fixated objects, whose perceived 

relevance is reevaluated in the current context, rather than reflecting pure gaze history. Foveal sampling thus 

might be a necessary but not sufficient condition for description. In part, this could explain why the correlation 

between gaze and descriptions in Study 2 is high but does not account for the whole explainable variability in 

description similarity. It would be interesting to test in future studies whether individuals with relatively low 

spontaneous gaze tendencies toward faces or text would include these categories in their descriptions when 

fixation on them is experimentally enforced (e.g. Murlidaran & Eckstein's  (2025) Figure 7a) or steered by 

narrative image sequences (e.g., (Berlot et al., 2026). Alternatively, they may still omit them because they 

considered them less important by default. Moreover, next to gaze tendencies, other cognitive traits such as 

working memory capacity and verbal fluency could additionally influence description behavior, and future 

studies should systematically compare their unique contributions to the variance in individual description 

similarity.  

A further question is whether objects must be directly fixated to be incorporated into scene descriptions, and 

whether this requirement differs across stimulus classes such as text and (familiar) faces, both of which require 

fine-detail resolution for recognition. On the one hand, Murlidaran & Eckstein (2025) showed that fixation 

location systematically influences scene descriptions: when observers are required to fixate objects that are 

irrelevant for global scene understanding, their descriptions diverged more strongly from a gold-standard 

description than when the fixation is directed on a relevant object. On the other hand, Fei-Fei et al. (2007) 

demonstrated that participants could provide rich object- and scene-level descriptions already at very brief 

(e.g., 67 ms) presentation times. Furthermore, a recent preprint, using a gaze-contingent paradigm to 

selectively mask peripheral or foveal input, indicates that peripheral vision loss reduces the production of 

informative descriptions more strongly than central vision loss. This was particularly the case for scenes 

depicting social interactions (Johnson et al., 2025). Together, these findings underscore the importance of 

both foveal and peripheral vision for the rapid extraction of scene semantics. Future studies should 
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systematically compare the influence of central or foveal processing on references to text and people in 

descriptions, relative to baseline individual tendencies during unimpaired scene viewing. 

Moreover, individual scene viewing may not only influence scene descriptions shortly after scene presentation 

but potentially also event comprehension of movies and long-term memory. With regard to event 

comprehension, a study by Noad & Andrews (2025) demonstrated that individual differences in face 

recognition performance, which has been linked to different gaze tendencies (Bobak et al., 2017; de Haas et 

al., 2019; Linka et al., 2022), predicted narrative understanding as measured with a written recall of the movie 

and specific questions about events. Interestingly, in the context of long-term memory, image memorability 

has been proposed as an image specific property that reliably predicts the likelihood that an image will be 

remembered across observers (Goetschalckx et al., 2018; Isola et al., 2011). This memorability has been 

partially linked to the presence of semantic categories such as people and text (Bainbridge, 2019). In both our 

studies, participants showed systematic individual differences in their tendency to fixate on these categories 

during scene exploration. In Study 1, we further demonstrated that the tendency to first fixate on faces is 

associated with better face recognition performance (see also de Haas et al., 2019). Building on these findings, 

future research could examine whether such individual gaze tendencies modulate memory performance for 

scenes depicting people, text, or both.  

4.2. Broader aspects and implications 

The developmental origins of individual gaze tendencies. The correlational findings in Study 1 suggest that, 

by adulthood, gaze tendencies toward faces and text align with the precision of corresponding category-

selective representations and size of functional regions of the mature VTC. Study 2 further demonstrated that 

gaze priorities correspond to perceptual interpretations. A key open question, however, is how the link 

between gaze priorities and VTC category-selectivity emerges over development. One plausible account is that 

this link arises through a multicausal process involving both biological predispositions and experience-

dependent plasticity. For instance, early visual development may be guided by biological priors, including 

heritable patterns of spontaneous gaze (Constantino et al., 2017; Kennedy et al., 2017), early cortical 

microstructural maturation and myelination (Natu et al., 2021), pre-existing connectivity patterns (Saygin et 

al., 2016), and early category selectivity (Deen et al., 2017; Kosakowski et al., 2022). These factors likely 

interact with experience as the visual system adapts to the statistical and social regularities of the individual 

environment (Powell et al., 2018). Evidence from deprivation and variation in early experience supports this 

interactionist view. For example, macaques raised without exposure to faces fail to develop face-selective 

patches and showed reduced spontaneous gaze tendencies toward faces (Arcaro et al., 2017). In less extreme 

cases, both macaque and human infants who experience less responsive face-to-face interaction later exhibit 

reduced spontaneous gaze toward novel faces (Dettmer et al., 2016; Field, 1992). At the same time, concurrent 

multimodal social input may further scaffold this developmental trajectory: gentle touch has been shown to 

enhance face-identity learning in infants (Della Longa et al., 2019), and infant-directed speech captures and 
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sustains attention (Fernald, 1985). In school-age children and teens, faces and text become more frequent in 

the visual environment as well as communicatively relevant. These changes in the ‘visual diet’ co-occur with 

increasing face and word-selective representations in VTC (Kubota et al., 2024; Nordt et al., 2021). Throughout 

this developmental trajectory, reward and social feedback may consolidate gaze habits that have proven 

perceptually and behaviorally successful. In adults, gaze patterns are more homogenous than those of children 

(Linka et al., 2025) and category-selectivity is stable (Peelen & Downing, 2005). This suggests that individual 

gaze behavior, developing expertise, and cortical specialization may enter a period of mutual stabilization. 

Definitive evidence for the developmental trajectory will require longitudinal data combined with mono- and 

dizygotic twin studies to better tease apart genetic and environmental contributions. 

Applications across disciplines. The findings of this thesis extend beyond vision science and contribute to a 

growing literature showing that eye movement behavior is relevant across disciplines, including biology, 

medicine, computer science, and media. Within clinical and social domains, atypical face-directed gaze has 

been linked to several conditions. For example, altered fixation patterns (e.g., reduced fixation time in the eye 

region) have been reported in autism spectrum disorder (Constantino et al., 2017; Wang et al., 2015), and 

gaze to social content predicts aspects of social competence (Klin et al., 2002). Furthermore, in developmental 

prosopagnosia, altered gaze strategies may reflect or contribute to impairments in face perception (Bobak et 

al., 2017; Lowes et al., 2025). Altered gaze pattern have also been linked to social anxiety, depression, 

schizophrenia, and other clinical traits (e.g., Armstrong & Olatunji, 2012; Hayes & Henderson, 2018; H. Li et 

al., 2023; Molitor et al., 2015). These findings raise the possibility that gaze behavior could serve as a diagnostic 

or prognostic marker (cf. Jiang & Zhao, 2017), especially when combined with standardized tests. 

Cross-sectional developmental work further suggests that face recognition abilities continue to improve into 

adulthood, at least until around age 30 (Germine et al., 2011). This prolonged developmental window may, in 

principle, allow for targeted interventions aimed at improving face memory, face matching or perceptual 

discrimination (cf. DeGutis et al., 2014; White et al., 2014). Supporting this idea, individuals with 

developmental prosopagnosia who completed an intensive perceptual training (approximately 11 weeks of 

online training) showed persistent and generalized improvements in face discrimination (Corrow et al., 2019). 

However, observations from real-world settings with prolonged exposure to face-identification tasks (e.g. daily 

photo ID verification) show only limited benefits: Notaries with many years of experience (but no specific 

training) did not substantially outperform newer notaries or student samples in a face matching task (Papesh, 

2018). Notably, interventions may not need to be restricted to face-specific training. Learning to read has been 

associated with improved object and face recognition performance (e.g., van Paridon et al., 2021). This 

observation aligns with the idea that literacy may refine visual processing more broadly (Behrmann & Plaut, 

2013). However, this relationship does not appear to be obligatory, as face recognition deficits can occur 

despite intact word recognition (Susilo et al., 2015), and contradicts accounts proposing competitions between 

visual categories in VTC (see below). Future studies therefore should systematically test whether such 
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interventions could improve face recognition abilities, and potentially well-being in social situations (cf. 

Corrow et al., 2019; Lowes et al., 2025).  

More broadly, individual differences in gaze tendencies may partially explain variation in cognitive abilities 

(for a similar approach considering scan patterns, cf. Hayes & Henderson, 2017) and educational outcomes. 

The present findings suggest that individuals differ in which visual content they treat as informative, and that 

these tendencies are related to skills such as face recognition and reading fluency. In educational contexts, it 

would therefore be valuable to examine whether stable gaze tendencies toward text, diagrams, faces, or 

objects predict reading development, STEM (science, technology, engineering, and mathematics) 

performance, or other academic outcomes. Such work could clarify how visual expertise and academic 

achievement co-develop and may eventually support more individualized learning materials. At the population 

level, integrating eye-tracking measures into large longitudinal representative cohorts, such as the UK Biobank 

or the German National Cohort, could provide important insights into the lifespan developmental of visual 

attention. The broad range of measures assessed in these databanks may in turn help clarify how visual 

attention relates to social behavior, well-being and health.  

Finally, the finding that individual gaze patterns predict the perceptual impressions observers form and 

communicate in Study 2 has implications for education, media, and personalized communication. Specifically, 

we show that what individuals fixate on is systematically related to what they perceive as important and 

subsequently include in their descriptions. Building on this link, tailoring visual content to individual viewing 

tendencies could improve comprehension and engagement, although this remains to be tested directly. 

Recent work in generative AI points in a similar direction. For example, personalized persuasion (e.g., in the 

context of political appeals for pro-environmental actions) can be enhanced when individual characteristics 

such as purchase histories (Kumar & Kapoor, 2024) or personality traits (Matz et al., 2024) are taken into 

account. Provided that ethical guidelines are followed, stable gaze tendencies of the kind documented in this 

thesis may provide an additional basis for adaptive systems that tailor information to individual observers. 

4.3. Limitations and further directions 

Ecological validity and the free viewing paradigm. Following previous research investigating spontaneous 

gaze behavior (e.g., de Haas et al., 2019; Xu et al., 2014), our Studies 1 and 2 employed a free viewing paradigm 

in which observers view scenes for a brief duration without an explicit task. This approach seeks to 

approximate natural, ecologically valid gaze behavior, such as looking out a train window, within the 

constraints of a controlled laboratory setting. However, it could be questioned whether this paradigm invites 

participants to self-impose their own implicit task, such that individual gaze tendencies reflect differing task 

goals rather than trait-like differences. Speaking against this concern, findings from Murlidaran & Eckstein 

(2025) suggest that the primary goal during free viewing is scene understanding. Furthermore, faces and text 

remain robust attractors across varying task demands (Cerf et al., 2009). Nevertheless, future studies should 

systematically compare individual gaze tendencies across multiple task conditions. These should include 
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search tasks and real-world action tasks (also see below), which help to determine how robust individual 

differences are when observers are directed toward particular categories and attentional load varies.  

To better understand how individuals interact with their visual environment, future research should adopt 

more naturalistic viewing (and description) conditions. This will further help to test whether gaze tendencies 

observed in the laboratory generalize to real-world contexts (cf. Risko et al., 2012). Some researchers have 

already pioneered this shift by utilizing dynamic visual content (Borovska & de Haas, 2024; Broda & de Haas, 

2022b) and simulating real-life activities such as walking (’t Hart & Einhäuser, 2012) or everyday tasks like tea 

and sandwich-making (Hayhoe et al., 2003; Land et al., 1999). Mobile eye tracking promises a reliable tool for 

such endeavors. For example, Varela et al. (2023) combined mobile eye tracking with automated region-of-

interest analysis and found consistent individual differences in fixations on people and faces in natural settings, 

despite overall reduced gaze toward unfamiliar passersby compared to image-based studies. Notably, 

fixations on people increased during direct interactions, suggesting that social norms and the potential for 

interactions, which are largely absent during media viewing, play an important role in shaping gaze behavior 

in live environments. A related key open question is whether the stable individual gaze tendencies toward 

social stimuli observed in laboratory settings (Broda & de Haas, 2022a, 2022b) extent robustly to real-world 

social contexts (cf. Peterson et al., 2016, for a related demonstration of generalization in within-face fixation 

patterns). Alternatively, they may be dynamically modulated, or even suppressed, by learned social norms. 

Cross-cultural differences in such norms may further influence these patterns and warrant systematic 

investigation. 

It is also worth noting that artificially constraining viewing time to three seconds in our paradigm likely 

increased competition for attentional resources relative to real-world viewing, where observers can more 

freely choose how long to inspect a scene and its content. Relatedly, Study 1 showed that images containing 

both faces and text resulted in stronger anti-correlations of gaze tendencies toward these categories than 

images containing only one of them. Future work could systematically examine how viewing duration and the 

number of competing elements jointly influence gaze tendencies. Notably, the observed anti-correlation 

between face and text salience (Studies 1 and 2) is consistent with accounts proposing competition between 

visual categories in VTC (Rossion et al., 2004). Moreover, they align with the neural recycling hypothesis 

(Dehaene & Cohen, 2007), which posits a competition for limited cortical territory between categories such as 

faces and words. More recent longitudinal evidence, however, suggests that word-selective cortex may 

preferentially emerge from limb- and tool-selective regions rather than face-selective cortex (Kubota et al., 

2024; Nordt et al., 2021). This is also consistent with developmental shifts in gaze away from limbs and toward 

text (Linka et al., 2023, 2025). Moreover, face- and word-selective regions are typically lateralized to opposite 

hemispheres, and their specialization may reflect the integration within broader networks (Powell et al., 2018; 

Saygin et al., 2016) rather than local competition. Interestingly, in this context, face-selective regions exhibit 

idiosyncratic patterns of whole-brain functional connectivity (Watson et al., 2026). Future research should 

examine whether these connectivity profiles relate systematically to individual differences in gaze behavior, 
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face recognition, reading ability, representational tuning in VTC (cf. Study 1), and verbal descriptions (cf. Study 

2). This may help to clarify whether the observed anti-correlations between face and text processing reflect a 

direct competition of cortical resources or largely independent specialization within larger networks.  

Sample diversity and generalizability. A further limitation concerns the diversity of the population sampled. 

Participants in the present studies were predominantly German university students. This sample was therefore 

obtained from a western, educated, industrialized, rich, and democratic (WEIRD) society (Henrich et al., 2010). 

Cultural differences in context-independent versus context-dependent perceptual styles have been reported, 

which may contribute to distinct gaze tendencies, perception, and memory (Chua et al., 2005; Nisbett & 

Miyamoto, 2005). Thus, the individual differences observed within our culturally homogenous sample may be 

even more pronounced in more diverse populations. Furthermore, we did not include age groups beyond 

young adults, even though visual exploration rates change across the lifespan (Linka et al., 2025). Beyond 

participant diversity, the stimuli employed in this study were also limited in scope (e.g., depicting primarily 

Western scenes, people and characters and mainly the visual environments of adults). Future work should 

therefore employ cross-cultural and lifespan designs, as well as more diverse stimulus sets, to build a more 

comprehensive and generalizable picture of the gaze tendencies reported in this thesis. 

Focus on certain categories. The present thesis focuses on individual differences in gaze tendencies toward 

faces (extended to people more broadly in Study 2) and text. This focus was motivated by evidence showing 

that both semantic categories exhibit robust inter-individual variability and are each associated with distinct 

category-selective areas in the VTC. However, other ecologically meaningful categories may reveal similarly 

systematic individual patterns. A particularly promising candidate is the category of limbs (and touched 

objects), which reliably attracts gaze at systematically different levels across individuals (Broda & de Haas, 

2022a; for touched objects see de Haas et al., 2019; Linka & de Haas, 2020) and shows clear category-

selectivity within the VTC (Weiner & Grill-Spector, 2010). Importantly, this category follows an interesting 

developmental trajectory: limb salience (Linka et al., 2023, 2025), limb-selectivity (Nordt et al., 2021) and limb 

distinctiveness within the VTC (Nordt et al., 2023) all appear to decline throughout the first decade of life. A 

post-hoc analysis based on data from Study 1, however, found no link between individual gaze tendencies 

toward limbs and their corresponding representational distinctiveness. This suggests that behavioral 

relevance in adulthood may be critical for observing such relationships. To test this more directly, future 

studies could examine limb distinctiveness in individuals who use sign language, for whom limbs retain strong 

behavioral relevance. This approach would provide a unique opportunity to investigate how visual expertise 

shapes both gaze tendencies and neural representations of a category that otherwise undergoes 

developmental decline. Consistent with this idea, expertise has been linked to category-specific salience and 

selectivity patterns in the VTC (Gauthier et al., 2000; Gomez et al., 2019; James, 1890; Reeder et al., 2016; 

Stein et al., 2016). More broadly, extending our line of research to a wider range of semantic categories, such 

as numbers (Nordt et al., 2023), food, tools, animals (cf. Contier et al., 2024; Huth et al., 2012) and domains 
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of expertise (Gauthier et al., 2000; Gomez et al., 2019), would enrich our understanding how gaze tendencies 

and representational spaces covary across individuals. 

4.4 Conclusion 

Where we look is not merely a passive reflection of the current visual environment but appears to be an active 

reflection of who we are. This thesis demonstrated that individual differences in gaze behavior are neither 

arbitrary nor inconsequential. Study 1 showed that the tendency to fixate faces or text is linked to more 

distinctive and extended neural representations of those categories in the individual VTC, and to 

corresponding behavioral skills. This suggests that VTC may inform gaze by signaling the representational 

relevance of depicted content. Study 2 demonstrated that individual gaze patterns reliably predicted how 

observers described the same scenes, particularly in their use of nouns and their tendency to refer to people 

and text. Together, these findings reveal a systematic covariation of gaze tendencies, individual neural 

organization, behavioral performance, and perceptual interpretations of scenes. Hence, we argue that 

considering individual differences is crucial for a more comprehensive understanding of visual perception. 

More precisely, it enriches our understanding of how the visual system represents and makes sense of the 

visual environment. These results align with a broader shift in vision science away from the average observer 

toward the individual as a meaningful unit of analysis. Beyond the theoretical implications of the findings 

presented in this thesis, they raise a practical possibility: that eye movements may serve as a non-invasive, 

behavioral signature of individual differences in neural organization and perception. 
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