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 A B S T R A C T

The human visual environment is complex in its spatial, temporal, and spectral properties and, consequently, 
in the way it activates retinal photoreceptors. While laboratory studies have advanced our understanding of 
eye movements, how visual behavior unfolds in naturalistic settings remains less well characterized. In this 
study, we recorded eye movements and pupil size while participants viewed indoor and outdoor scenes under 
naturalistic conditions while remaining unaware of the eye-movement recordings. During the initial phase 
of viewing, saccade frequency, amplitude, and peak velocity were higher indoors and were accompanied by 
larger pupil size. Saccade metrics converged after this early exploration phase, whereas pupil size remained 
consistently larger indoors. Over the full viewing period, indoor and outdoor conditions exhibited distinct 
correlations between eye-movement metrics and subjective scene ratings. By minimizing task constraints and 
participant awareness of eye tracking while maintaining a controlled workflow, this study provides a dataset 
that reflects natural viewing behavior with reduced confounds. These findings suggest that eye-movement 
dynamics are particularly sensitive during initial scene exploration, whereas pupil size reflects persistent 
environmental differences. The present dataset offers a useful reference point for future research on eye 
movements in real-world contexts.
1. Introduction

Eye-movement control has been a topic of scientific discussion 
for decades. Classical eye-tracking studies demonstrated that visual 
exploration is strongly influenced by experimental context and task 
demands, as elegantly shown in pioneering work in the field (Buswell, 
1935; Yarbus, 1967). This dependence of outcome measures on tasks 
and instructions is also apparent when more recent eye-movement 
datasets are compared (Henderson & Hollingworth, 1999; Zwierko 
et al., 2023). Since then, a large body of research has built on these 
foundational observations, mostly within highly controlled laboratory 
environments. Such studies have yielded valuable insights into gaze 
behavior, but their ecological validity remains limited. Laboratory-
based eye tracking typically constrains participants with fixed head 
positions, artificial lighting, and predefined tasks. These restrictions 
may alter visual exploration patterns substantially, making it difficult 
to generalize findings to real-world behavior (Foulsham et al., 2011). 
Moreover, participants are usually aware of the monitoring process, 
which can further influence their gaze. More recent work has moved 
toward more naturalistic paradigms, for example by tracking eye move-
ments during daily activities such as driving, sports, walking through a 
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supermarket, making a sandwich, navigating through a building, or in-
teracting with complex environments (Kapitaniak et al., 2015; Hayhoe 
et al., 2012; Land, 2009; Gidlöf et al., 2017; Kredel et al., 2023; Drewes 
et al., 2021; Evans et al., 2012). While these approaches have greater 
ecological validity, they often remain task-driven and still suffer from 
methodological confounding factors that can shape gaze behavior in 
subtle ways.

In contrast, free visual exploration in real-world environments is 
shaped by complex interactions between the observer and the dynamic 
properties of the scene. One fundamental physiological mechanism 
influencing visual behavior is the pupillary light reflex (PLR): pupil 
size adjusts automatically to changes in luminance, constricting under 
bright light and dilating in dimmer environments, but is also affected 
by cognitive factors (DiCriscio et al., 2018). Additionally, while rapid 
pupil size adaptations are dependent on general photopic illumination, 
a delayed pupil response was found to be induced by intrinsic photo-
sensitive retinal ganglion cells (ipRGC) (Lucas et al., 1999; Lucas et al., 
2001), containing the photopigment melanopsin which is primarily 
activated at around 480 nm wavelength. The (PLR) helps regulate 
https://doi.org/10.1016/j.visres.2026.108801
Received 20 August 2024; Received in revised form 26 February 2026; Accepted 2
vailable online 6 April 2026 
042-6989/© 2026 The Authors. Published by Elsevier Ltd. This is an open access ar
 March 2026

ticle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://www.elsevier.com/locate/visres
https://www.elsevier.com/locate/visres
https://orcid.org/0000-0002-8572-9268
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30518291
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520733
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520892
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520829
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520925
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://doi.org/10.6084/m9.figshare.30520979
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://github.com/tscnlab/HirschEtAl_VisRes_2026
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
https://doi.org/10.5281/zenodo.19434785
mailto:manuel.spitschan@tum.de
mailto:manuel.spitschan@tuebingen.mpg.de
https://doi.org/10.1016/j.visres.2026.108801
https://doi.org/10.1016/j.visres.2026.108801
http://crossmark.crossref.org/dialog/?doi=10.1016/j.visres.2026.108801&domain=pdf
http://creativecommons.org/licenses/by/4.0/


A. Hirsch et al. Vision Research 244 (2026) 108801 
retinal illumination and provides a sensitive index of environmental 
light exposure during natural viewing.

Beyond environmental factors, task structure remains a central con-
sideration in naturalistic designs, since the direction of high-acuity 
foveal vision is motivated by behavioral goals (Tatler et al., 2011). 
Without such a goal or task, the participant is likely to generate their 
own intrinsic motivations and tasks, often subconscious in origin and 
impossible to predict for the investigator (Kay et al., 2023). An eye-
tracking approach, with the ambition of naturalistic conditions, must 
therefore decide carefully on this matter. In recent studies that have not 
imposed specific tasks on their participants, the subjects were viewing 
specific scenes in a more artificial context (e.g., art works in a museum) 
(Fontoura & Menu, 2021; Stein et al., 2022). Other forms of naturalistic 
eye tracking involved looking at pictures of naturalistic scenes in the 
laboratory (Scott et al., 2020).

Another important consideration for naturalistic eye-tracking ap-
proaches is participant awareness of monitoring. Studies in this field 
often do not attempt to conceal the specific oculomotor measures being 
recorded (e.g., Drewes et al., 2021; Foulsham et al., 2011; blinding or 
deception are not mentioned in the eye tracking reporting guidelines 
by Holmqvist et al. (2022) & Dunn et al. (2023)). Such awareness 
may itself influence gaze behaviour, because participants can become 
conscious of their own gaze patterns (Risko & Kingstone, 2011; Na-
siopoulos et al., 2015) and of their potential influence on the integrity 
of the results. For this reason, studies aiming to approximate natural 
viewing may benefit from minimizing participants’ awareness of the 
specific eye-movement measures of interest, even though complete 
concealment is difficult when wearable eye-tracking equipment is used.

To the best of our knowledge, no systematic examination of how eye 
movement behavior unfolds in real-world settings without explicit task 
constraints has been performed yet, despite rapid advances in mobile 
eye tracking technology. In particular, little is known about how gaze 
dynamics differ between indoor and outdoor environments; likewise, 
evidence remains limited on how they behave during the initial phase 
of scene exploration, when the visual system rapidly extracts global 
information. Most existing datasets either focus on a small subset of 
metrics, are collected under task conditions, or lack sufficient con-
trol to minimize awareness of tracking (Henderson & Hollingworth, 
1999; Zwierko et al., 2023).

Here, we address these gaps by performing eye tracking in naturalis-
tic indoor and outdoor real-world scenes while minimizing experimen-
tal constraints and awareness of the specific eye-movement measures of 
interest. We recorded saccade and fixation metrics, pupil size, photopic 
and melanopic irradiance during measurements, as well as subjective 
scene ratings. By contrasting the initial exploration phase with the 
full viewing period, we aim to identify how environmental context 
shapes early and sustained visual behavior. Our approach is designed 
to provide a reference dataset for controlled yet naturalistic eye move-
ment research, offering insights into how luminance, environmental 
structure, and visual exploration interact outside the laboratory.

2. Methods

In preparing the methodology section, we drew on the minimal re-
porting guidelines for eye-tracking research by Holmqvist et al. (2022) 
and Dunn et al. (2023).

2.1. Participants

2.1.1. Study sample
The study sample consisted of 18 participants (13 female; mean age 

24.2 years, range 20–29 years) who gave full consent for data use after 
debriefing. The mean refractive error across participants was −1.1 dpt 
(range −3.75 to 0 dpt). The larger number of female participants 
reflected the larger number of applications from women. Although 
we aimed for a numerically balanced gender distribution, we do not 
2 
consider data quality to have been compromised as a result. Coors 
et al. (2022) reported gender differences in certain eye-movement 
characteristics (blink rate, smooth-pursuit gain), but these differences 
were small in magnitude.

2.1.2. Recruitment
The first instance of participant recruitment was self-selection

through advertisements, which included the attachment of flyers in 
Tübingen and a circular mail through the newsletter of the University 
of Tübingen. Individuals interested in participating in the study were 
asked to fill out an online questionnaire on REDCap (Harris et al., 
2019, 2009), an online data-collection tool, to assess inclusion and 
exclusion criteria. Participants were compensated at the end of the 
study according to their compliance with the experimental procedure: 
for every hour that the volunteers participated in the study procedure 
(measurement session + preceding screening), they received €10. All 
participants agreed to make their eye movement data accessible.

2.1.3. Screening procedure
Eligible participants were selected according to inclusion and ex-

clusion criteria based on mental and physical health information. 
The age limit of the adult participants was 40 years due to the 
increase in optical density of the lens with age (Pokorny et al., 1987), 
which causes different spectral sensitivities of retinal photopigment 
melanopsin (Spitschan, 2019). Participants were required to have nor-
mal binocular vision and color vision, as well as normal or corrected 
to normal visual acuity between + 5 and −5 diopters. People with 
impairments, diseases or previous surgeries of their ocular apparatus 
were excluded from participation in the study. Moreover, individuals 
suffering from diagnosed sleep or psychiatric disorders were excluded 
from participation. Additionally, sleep quality was assessed via self-
report on the (PSQI) (Pittsburgh Sleep Quality Index) questionnaire. 
Participants who exceeded a total PSQI score of 5 were excluded from 
study participation.

The intake of any drugs and/or medications known to influence 
photosensitivity, pupil responses or the ability to concentrate was 
considered a criterion for exclusion.

2.2. General measurement procedure

Participants were scheduled individually or in pairs, based on the 
availability of the participants and investigators. For an overview, a 
workflow chart of the study and individual appointments visualizes 
this procedure (Fig.  1). At each scene, participants first completed 
5 min of on-site light adaptation while wearing a custom diffusing 
face shield (Luminit Light Shaping Diffuser, polycarbonate 0.010‘‘, 40◦, 
85%–95% transmission), which preserved retinal illumination while 
blurring scene details. This was done to account for the sluggish in-
fluence of ipRGC photoreceptors on pupil size (McDougal & Gamlin, 
2010) and the saccade behavior (Lee & Yeh, 2021). Despite the shield 
obscuring fine details, participants were likely still picking up the low-
frequency gist – for example, overall green hues suggesting vegetation – 
providing some limited prior knowledge. The shield was then removed, 
and the eye tracker was calibrated immediately before each recording 
(∼25−−40 s). The participants viewed each scene freely for 4 min 
with the simple instruction to keep their attention on the environment 
in front of them; spectral irradiance/illuminance were measured with 
the spectroradiometer 10 s after recording onset, and high-definition 
video was recorded continuously. Participant and instrument positions 
were standardized with floor markings to maintain geometry across 
sessions (see Fig.  3); during outdoor recordings, a brimmed hat mini-
mized direct sunlight on the eyes and tracker. After each measurement, 
the setup was disassembled, the team moved to the next location, 
and participants completed a post-measurement questionnaire. The 
eye tracker and face shield were kept on between measurements to 
maintain habituation to the devices.
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Fig. 1. Schematic overview of the study workflow (top) and of individual appointments (bottom).
2.3. Deception approach

Before and during data collection, certain information about the 
scope of the study was withheld from participants. Participants were 
informed that their pupil size would be monitored, but not that their 
eye movements would also be tracked. The purpose of this procedure 
was to reduce the potential influence of monitoring awareness on gaze 
behavior. Accordingly, all advertisement materials, information sheets 
used during screening, and instructions given during the measurement 
procedure referred only to pupil-size monitoring while participants 
viewed different indoor and outdoor scenes.

2.4. Outdoor and indoor environments

Participants were exposed to six real-world measurement environ-
ments, comprising three indoor environments (IME) and three outdoor 
environments (OME) (Fig.  2). All scenes were selected to reflect ev-
eryday settings commonly encountered by individuals in and around 
Tübingen. The indoor scenes were located within the Cyberneum build-
ing of the Max–Planck Institute for Biological Cybernetics and rep-
resented typical work-related environments (basement, hallway, of-
fice). The outdoor scenes similarly reflected everyday surroundings, 
including views toward institutional buildings and open urban-natural 
landscapes. During indoor recordings, all available ceiling lights were 
turned on to ensure stable artificial illumination. IME 1 (basement) 
contained no windows, IME 2 (hallway) included a single window, 
and IME 3 (office) featured multiple windows directly within the 
participants’ field of view. When present, windows were double-glazed, 
closed, and uncovered.

To enable objective comparison across scenes, we characterized 
viewing geometry, light properties, composition, and dynamics (see 
Table  A.6). All indoor scenes were located at ground level and did 
not include a visible horizon from the participant’s point of view, 
whereas outdoor scenes varied in elevation and horizon presence. 
3 
Scene depth was defined as the ratio between the furthest and clos-
est salient surfaces within the scene (excluding floors), with outdoor 
scenes generally exhibiting much greater depth. Photopic illuminance 
and melanopic irradiance were substantially higher outdoors, while 
the photopic-to-melanopic ratio was comparatively higher indoors. In 
terms of composition, indoor scenes were largely dominated by arti-
ficial structures, with window presence documented only for indoor 
environments. Outdoor scenes displayed more heterogeneous compo-
sition, including vegetation, sky, and built elements. Finally, outdoor 
environments were considered more dynamic overall, given the possi-
bility of pedestrians, vehicles, or animals entering the scene, whereas 
indoor scenes were comparatively static. 

2.5. Measurement instruments

The spectroradiometer and camera were mounted on a fixed holder 
that was positioned at the scenes with a tripod. This was done in 
order to guarantee the same geometry between instruments for every 
measurement (see Fig.  3).

2.5.1. Eye tracker
Eye movements and pupil size were recorded with Tobii Pro Glasses 

3, a pupil-centred corneal-reflection (P-CR) mobile eye tracker with 
eight infrared illuminators (∼850 nm) and two cameras in each lens 
sampling alternately at an effective 100 Hz. The device records both 
eyes simultaneously, provides a field of view of 95◦ (horizontal) × 63◦
(vertical), and spatial accuracy of ∼0.6◦. Participants with refractive 
error used device-specific corrective lenses (+5 to −5 dpt). The manu-
facturer’s one-point calibration procedure was used, involving fixation 
on a standardized calibration card at 50–100 cm eye level; nose pads 
were used to stabilize the device, minimize slippage and position the 
eyes centrally in the lenses. Slippage was further minimized by a thin 
and adjustable headband.
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Fig. 2. GoPro Hero 10 images (lens mode: wide) of all measurement environments. The images show only the part of each scene that was directly in front of 
the participants. Because head movements were unrestricted, participants could also view parts of the scene that are not depicted here.
al 
2.5.2. Spectroradiometer
For the purpose of this study, the spectroradiometer MSC15 from 

Giga-hertz-Optik was used to capture photopic illuminance (lux) and 
melanopic irradiance. During data acquisition, the calibration certifi-
cate of the device was active, meaning the device was producing 
accurate results with high confidence.

2.6. Questionnaires

2.6.1. Post-measurement questionnaire
After each eye-tracking measurement, participants completed a 

questionnaire (see Appendix). The questionnaire assessed subjective 
characteristics of the scene on rating scales from 1 to 10, including 
beauty, brightness, visual comfort, sleepiness, and complexity. In ad-
dition, the Karolinska Sleepiness Scale (KSS) was included to quantify 
participants’ sleepiness during the measurements.

2.6.2. Post-experimental questionnaire
The effectiveness of the deception was assessed by a post-experiment

inquiry (see Appendix) immediately after the last measurement. The 
questionnaire was completed on a tablet rather than in a face-to-
face verbal interview because this format is likely to increase the 
honesty of participants’ responses in such inquiries (Blackhart et al., 
2012). Among other things, participants were asked whether they had 
engaged in cross-talk, that is, whether they had divulged important 
experimental details to other individuals who might participate in the 
study. Cross-talk could have been detrimental to the study procedure 
if one participant had already been debriefed while another had not 
yet completed all measurements. Before participants answered the 
post-experimental inquiry, the experimenter emphasized the scientific 
4 
rationale and integrity of the study, because such a statement has also 
been suggested to increase the truthfulness of responses (Blackhart 
et al., 2012).

To eliminate the risk of cross-talk entirely, participants would have 
had to be debriefed later by phone call or email after the data-
acquisition phase. However, this would have increased the interval 
between participation and explanation of the study procedure, es-
pecially because some participants would have been debriefed more 
than a week after their participation had ended. We therefore chose 
immediate debriefing as a pragmatic compromise between limiting 
cross-talk and maintaining transparency with participants.

2.7. Data processing and analysis

Eye-tracking data were exported from Tobii Pro Lab (v1.217) using 
the I-VT (Attention) filter (velocity threshold = 100 ◦/s; fixations <
60 ms removed; effective sampling 100 Hz), specialized to analyze 
dynamic eye movement data during head movements. For each record-
ing we computed: average saccade frequency (s−1), amplitude (◦), 
peak velocity (◦/s); average fixation frequency (s−1), duration (ms); 
and average pupil size (mm). Saccade amplitudes were computed as 
head-centered angular displacements between successive gaze posi-
tions, rather than world- or scene-referenced coordinates. Moreover, 
under the operational definition of fixations in Tobii’s I-VT gaze fil-
ter, fixations correspond to sequences of gaze samples with estimated 
velocities below the threshold (100◦/s) and may therefore include 
periods of smooth pursuit or tracking movements, particularly in more 
dynamic environments. Velocity-based classification of fixations and 
saccades is a widely established approach in eye-movement research, 
relying on the distinct velocity profiles of these events (Duchowski, 
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Fig. 3. Example of the setup and a participant in IME 2 (A & B) and OME 1 (C & D). Panels A and C show the participant during the light-adaptation phase, 
during which the face shield preserved retinal adaptation while diffusing scene details. Panels B and D show the measurement itself. In outdoor measurement 
environments, participants wore a hat to shield themselves and the eye tracker from direct sunlight. The blue arrows and red circles on the ground indicate 
standardized distances and positions.
2011; Holmqvist et al., 2011; Stuart, Parrington, et al., 2019). Sac-
cades typically exhibit peak velocities well above 100 ◦/s (e.g., a 5◦
saccade often exceeds 240 ◦/s), whereas fixations are characterized by 
substantially lower velocities. The chosen threshold therefore lies far 
below typical saccadic peak velocities and allows robust discrimination 
between saccade and fixation events in dynamic recordings (Stuart, 
Parrington, et al., 2019; Stuart, Hickey, et al., 2019), without artificially 
reducing the frequency of saccades. Light data (spectral irradiance/illu-
minance) were processed to obtain photopic illuminance and melanopic 
measures. Quality control followed an ETSSR ≥ 70% rule; recordings 
below this threshold were excluded. Due to spectroradiometer data 
loss, the original 18 datasets were reduced to 16 OMEs and 17 IMEs, 
yielding 15 complete datasets (eye + light) for combined analysis. After 
ETSSR filtering, usable OME datasets were 14 (OME1), 13 (OME2), 
12 (OME3); no IME recordings were discarded for ETSSR. Primary 
comparisons tested indoor vs outdoor over the entire 4-min viewing 
period (independent-samples t-tests; Cohen’s d reported) and across the 
six scenes (one-way ANOVA per metric; Bonferroni-adjusted 𝛼 = 0.01 
for the five gaze metrics). To probe early exploration, the first 15 s 
were analyzed in three 5-second bins with independent-samples t-tests 
for each metric.

Pairwise Pearson’s correlations (𝜌) among eye-movement metrics, 
pupil size, light measures, and questionnaire ratings were computed 
separately for indoor, outdoor, and combined conditions, as well as for 
individual scenes. Multiple testing was controlled with Bonferroni (𝛼
set to 0.0045 based on the number of pairs).

Questionnaire ratings (beauty, brightness, visual comfort, complex-
ity, sleepiness) were evaluated with Tukey’s HSD for post-hoc contrasts 
to investigate differences between individual scenes (𝛼 = 0.01); in-
door vs outdoor differences in ratings used Welch’s t-tests (𝛼 = 0.05). 
The post-experimental inquiry included all 18 participants to assess 
deception effectiveness and subjective experience.
5 
Because sample size was constrained by the logistics of the multi-
location field protocol, we conducted a sensitivity analysis to estimate 
the range of effect sizes that could be detected with the final analyzable 
sample. The primary inferential contrast of interest was the indoor–
outdoor condition difference at the participant level, while accounting 
for repeated measurements across scenes in the statistical models. To 
provide an interpretable approximation of inferential sensitivity, we 
therefore estimated power under a paired-samples framework with n 
= 15 participants and a two-sided 𝛼 = 0.05. Under this approximation, 
standardized mean differences of approximately Cohen’s d ≈ 0.70–0.80 
correspond to ∼80% power, whereas large effects (d ≥ 1.1) correspond 
to ≤99% power. Accordingly, moderate effects (d ≈ 0.55–0.60), such 
as those observed for early exploration saccade measures, fall within a 
region of moderate sensitivity, whereas the observed pupil-size effects 
(d ≈ 1.1–1.4) lie in a range of high statistical sensitivity.

3. Results

3.1. Comparison of eye tracking metrics between conditions

Statistical analysis of the initial 5 s of eye tracking revealed higher 
saccade metrics and larger pupil size in the ‘‘Indoor’’ conditions (IME 
1–3) than in the ‘‘Outdoor’’ conditions (OME 1–3) (Table  1 & Fig. 
4B). None of the fixation metrics displayed corresponding differences 
between indoor and outdoor conditions. While pupil size remained 
significantly larger indoors, the indoor–outdoor differences in saccade 
metrics were no longer significant in the subsequent bins (Fig.  4B).

Pairwise comparisons of the time bins did not yield significant 
changes in any metric over time (0.17 ≤ 𝑝-value ≤ 0.63). Across 
the entire 4-minute measurement duration, no significant differences 
in saccade or fixation metrics between the indoor and outdoor con-
ditions were detected (Table  2 & Fig.  4A). The only exception was 



A. Hirsch et al. Vision Research 244 (2026) 108801 
Table 1
Summarized data of initial 5 s of eye tracking. CI: Confidence interval, AFS: Average frequency of saccades, AAS: Average 
amplitude of saccades, APVS: Average peak velocity of saccades, ADF: Average duration of fixations, AFF: Average frequency 
of fixations.
 Metric (Unit) Mean ‘‘Indoor’’ CI ‘‘Indoor’’ Mean ‘‘Outdoor’’ CI ‘‘Outdoor’’ p-value Cohen’s d 
 AFS (s−1) 1.63 [1.45, 1.81] 1.27 [1.04, 1.50] 0.04 0.55  
 AAS (◦) 8.23 [7.40, 9.06] 6.75 [5.99, 7.52] < 0.01 0.56  
 APVS (◦/s) 251.38 [234.47, 268.28] 217.85 [200.54, 235.16] < 0.01 0.60  
 ADF (ms) 400.56 [342.84, 458.28] 418.76 [313.89, 523.63] 0.75 0.07  
 AFF (s−1) 2.43 [2.21, 2.65] 2.28 [1.99, 2.57] 0.40 0.19  
 Pupil size (mm) 2.91 [2.64, 3.18] 2.01 [1.98, 2.20] < 0.01 1.11  
Table 2
Summarized eye tracking data of whole 4-minute measurement period. CI: Confidence interval, AFS: Average frequency of 
saccades, AAS: Average amplitude of saccades, APVS: Average peak velocity of saccades, ADF: Average duration of fixations, 
AFF: Average frequency of fixations.
 Metric (Unit) Mean ‘‘Indoor’’ CI ‘‘Indoor’’ Mean ‘‘Outdoor’’ CI ‘‘Outdoor’’ p-value Cohen’s d 
 AFS (s−1) 1.07 [0.97, 1.17] 1.03 [0.93, 1.13] 0.56 0.13  
 AAS (◦) 7.35 [7.02, 7.68] 6.94 [6.49, 7.39] 0.14 0.33  
 APVS (◦/s) 220.41 [214.8, 226.01] 217.80 [210.94, 224.66] 0.55 0.13  
 ADF (ms) 653.73 [535.29, 772.17] 524.01 [454.48, 593.52] 0.08 0.37  
 AFF (s−1) 1.59 [1.44, 1.74] 1.73 [1.58, 1.91] 0.15 0.31  
 Pupil size (mm) 2.88 [2.68, 3.09] 2.07 [1.96, 2.17] < 0.01 1.41  
‘‘Average Pupil Size’’, which remained larger indoors throughout the 
measurement period (Fig.  4A).

Across the six scenes, no statistically significant difference was 
detected for any eye-movement metric over the full 4-minute measure-
ment duration (0.08 ≤ 𝑝-value ≤ 0.58; 0.76 ≤ F-value ≤ 2.03), with 
‘‘Average Pupil Size’’ again being the only exception (F = 63.47; p <
0.01) (one-way ANOVA; Fig.  4A). In addition, Fig.  5 shows that pupil 
size decreased with increasing luminance across environments, consis-
tent with the well-established inverse relationship between luminance 
and pupil size.

3.2. Pairwise correlations of metrics

The pairwise correlation analysis of 11 metrics amounted to 66 
correlation pairings (Fig.  6). For each pair of metrics, a separate cor-
relation analysis of indoor, outdoor and combined conditions was 
performed. The number of significant pairwise correlations amounted 
to 16 for the indoor condition, 12 for the outdoor condition and 13 for 
the combination of indoor & outdoor conditions.

Several of the observed correlations were unsurprising because the 
corresponding metrics are reciprocal (e.g. duration of fixations and 
frequency of fixations (Indoor: 𝜌 = −0.75; Outdoor: 𝜌 −0.78)). Other 
correlations differed between indoor and outdoor conditions. For in-
stance, average saccade peak velocity and average saccade amplitude 
were positively correlated in the outdoor condition (𝜌 = 0.65) but not 
in the indoor condition (𝜌 = 0.09) (Fig.  A.11). Because our dataset 
generated only mean values of saccade peak velocities and amplitudes, 
this pattern should be interpreted cautiously and not as a direct test of 
the classical main sequence at the level of individual saccades. Simi-
larly, a strong positive correlation between peak velocity of saccades 
and saccade frequency was observed only in the outdoor setting (𝜌 = 
0.56). Additionally, we found a significant correlation of pupil size and 
light metrics in the indoor condition (𝜌 = −0.80 & −0.81) but not for 
outdoor environments (𝜌 = −0.01 & −0.03), although the measured 
light intensity was much higher outdoors. Interestingly, the subjective 
perception of scene beauty showed a strong positive correlation with 
perceived brightness, a finding that was consistent in both indoor (𝜌
= 0.51) and outdoor conditions (𝜌 = 0.60). Corresponding correlations 
between perceived beauty and measured light metrics were found only 
for the indoor environment (𝜌 = 0.41 & 0.42). Correlation matrices 
6 
of the individual scenes can be found in the supplementary material 
(Fig.  A.10). Additionally, principal component analysis (PCA) suggested 
separation between indoor and outdoor conditions (Fig.  7). The first 
two components explained 44.5% of the total variance and were mainly 
driven by oculomotor (PC1) and luminance-related (PC2) metrics, indi-
cating that both eye movement control and visual scene characteristics 
contributed to the observed clustering. 

3.3. Post-measurement questionnaire

The post-measurement questionnaire was completed by participants 
immediately after each recording and included several questions about 
their subjective experience of the measurement environment. The re-
sponses are visualized in Fig.  8. Results for perceived visual comfort 
are not shown because several participants later reported that they had 
misunderstood the rating scale for this item.

Perceived beauty differed significantly between indoor and outdoor 
scenes (Welch’s t-test: p < 0.05; d = 0.93). Tukey’s HSD revealed 
that the highest beauty rating was attributed to OME 2 (p-adj <
0.01); however, the difference between OME 2 and OME 3 is not 
statistically significant (Tukey’s HSD: p-adj = 0.13). Moreover, IME 1 
was significantly less beautiful than any other scenes (Tukey’s: p-adj <
0.01).

Although the photopic illuminance and melanopic irradiance mea-
sured during the experiments varied substantially between environ-
ments, the subjective differences in perceived brightness were minor. 
The only significant difference in brightness ratings occurred between 
IME 1 and OME 2 (Tukey’s: p-adj < 0.01). In summary, the perceived 
brightness of IMEs and OMEs was not significantly different (Welch’s 
t-test; p = 0.11).

The perceived complexity of indoor and outdoor environments was 
not significantly different (Welch’s t-test; p = 0.07). The only signifi-
cant difference in perceived complexity between individual scenes was 
observed for the comparison between IME 2 and OME 2 (Tukey’s: p-adj 
< 0.01).

The comparison of sleepiness ratings between indoor and outdoor 
conditions did not reveal a statistically significant difference (Welch’s 
t-test; p = 0.06). Scene-specific comparisons of sleepiness (Tukey’s HSD: 
p-adj = 0.17) likewise did not reveal significant differences.
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Fig. 4. Visualization of all analysed gaze metrics (average frequency of saccades, average pupil size, average peak velocity of saccades, average amplitude of 
saccades, average duration of fixations, and average frequency of fixations). Boxplots show the median, 25th and 75th percentiles (box edges), and 1.5× the 
interquartile range (IQR; whiskers). Data points beyond 1.5× IQR are outliers. A: Each subplot depicts one metric for all six measurement environments and for 
the pooled indoor and outdoor conditions. B: Each subplot depicts the first 15 s of one metric for the pooled indoor and outdoor conditions, shown in three 5-s 
bins.
3.4. Light metrics

Light intensity varied substantially across scenes, particularly be-
tween indoor and outdoor conditions (Fig.  A.9). Outdoor measure-
ment environments were generally more brightly illuminated, exhibit-
ing higher photopic illuminance (mean = 8883 lux; range 1395–56290 
lux) and higher melanopic irradiance (mean = 8812 W/m2; range 
1297–49360 W/m2) compared to indoor environments (mean photopic 
illuminance = 520 lux; range 120–1149 lux; mean melanopic irradiance 
= 388 W/m2; range 65–894 W/m2). Although absolute photopic and 
melanopic values were higher outdoors, the photopic-to-melanopic 
ratio was comparatively higher in indoor environments than in outdoor 
environments (Table  A.6).

3.5. Eye tracking quality in different conditions

Here, we investigated the relationship between ETSSR and the 
present levels of photopic illuminance during the measurements (Fig. 
A.9). For this analysis, only OME were considered since illuminance 
7 
and ETSSR varied much more in the outdoor condition (in the in-
door condition, every eye tracking measurement amounted to > 85
%ETSSR). Outdoor measurements conducted at photopic illuminances 
below 10000 lux (∅ETSSR = 90.54%) were significantly more suc-
cessful than measurements during which the equipment was subjected 
to photopic illuminance above 10000 lux (∅ETSSR = 77.86%) (two 
independent samples t-test with 𝛼 = 0.05; p = 0.02; d = 0.68).

3.6. Post-experimental inquiry

A total of five participants reported that they had suspected eye-
movement recordings during the experiment. In addition, five par-
ticipants reported physical discomfort and one participant reported 
psychological discomfort during the measurements. The physical dis-
comfort was always attributed to pain on the nose and ears caused 
by the pressure of the glasses, while the psychological discomfort was 
based on people being in the same room as the participant during the 
measurement. Participants who stated that the task felt unnatural (n 
= 2) specified that either the four-minute measurement procedure of 
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Fig. 5. Relationship between pupil size and luminance across all participants. Each point represents a single recording, colour-coded by environment and shaded 
by scene. The inverse trend shows that pupil size decreases systematically with increasing luminance, indicating that pupil diameter was closely related to 
luminance across environments.

Fig. 6. Heatmaps that visualize pairwise correlations between all analyzed metrics in three different conditions. Correlations of statistical significance are signified 
with a black frame around the square.
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Fig. 7. Principal component analysis (PCA) of eye-tracking metrics across indoor and outdoor viewing conditions. Each data point corresponds to one 
measurement. The first two principal components (PC1 and PC2) capture 24.6% and 19.9% of the total variance, respectively. Partial separation is visible 
for indoor (gray shades) and outdoor (green shades) conditions, with each shade representing a different scene type. Filled convex hulls outline the distribution 
of measurements within each subgroup, illustrating the clustering of eye movement behavior by environmental context.

Fig. 8. Ratings from the post-measurement questionnaire for perceived beauty, perceived brightness, perceived complexity, and sleepiness across all measurement 
environments. Boxplots show the median, 25th and 75th percentiles (box edges), and 1.5× the interquartile range (IQR; whiskers). Data points beyond 1.5× IQR 
are outliers. Each subplot depicts one rating for all six measurement environments and for the pooled indoor and outdoor conditions.
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Fig. A.9. A: Photopic illuminance and melanopic irradiance in the six mea-
surement environments. B: Percentages of eye tracking sampling success rate 
(ETSSR) in relation to outdoor illuminance levels above and below/equal 
10000 lux.

sitting and viewing felt unusual or wearing glasses was foreign to them. 
Moreover, participants were asked whether the glasses affected their 
viewing experience. If they did not answer ‘‘Not at all’’ (n = 12), they 
were asked to describe the effect. Most commonly, the given reason for 
an altered viewing experience was the weight and physical feeling of 
the glasses on the nose and ears (n = 3), as well as the fear of impairing 
the success of the measurement by larger head movements (n = 2). The 
post-experimental inquiry responses of all 18 participants are presented 
in Table  A.3.

4. Discussion

In this study, we performed eye tracking under naturalistic con-
ditions to investigate potential differences between indoor and out-
door environments. Overall, descriptive analyses of the recorded eye-
movement metrics did not reveal substantial differences between con-
ditions. The only notable descriptive divergence was an elevation of 
saccade-related metrics in indoor environments during the first 5 s of 
measurement, suggesting differences in the initial exploration phase. 
Beyond this early effect, metrics were largely comparable across con-
ditions. An additional exploratory analysis of pairwise relationships 
between metrics, however, revealed condition-specific differences in 
correlation structure between indoor and outdoor environments.

4.1. Comparison of eye tracking metrics between conditions

We analyzed the first 15 s of our measurements to compare ex-
ploratory eye movement patterns between indoor and outdoor envi-
ronments. Similar strategies for binning the initial eye movements to 
assess information processing during scene perception had been done 
before in less naturalistic and task-dependent approaches (Unema et al., 
2005; Pannasch et al., 2008; Guo et al., 2022). These approaches 
investigated exploratory eye movements with varying lengths (3–20 s) 
10 
and bin sizes (200–1000 ms). Interestingly, our measurements did not 
reveal changes for any eye movement characteristic over time. This 
comes as a surprise, since a time-dependent increase in fixation dura-
tion and decrease in saccade amplitudes have been reported previously 
(Unema et al., 2005; Pannasch et al., 2008). The lack of this characteris-
tic exploratory eye movement pattern in our dataset, could be explained 
by the eye tracker calibration, during which the participant’s gaze could 
briefly explore the scene without being measured. Future studies should 
aim to reduce or abolish the time required for eye tracker calibration to 
minimize this confounding factor. In addition, we observed a compara-
tively low saccade frequency both during the initial viewing phase and 
across the entire 4-minute recording period. In laboratory-based free-
viewing paradigms, typical saccade rates range from approximately 2–3 
𝑠−1 (Yarbus, 1967; Gray et al., 2014), making the present values (∼ 1 
𝑠−1) notably lower. However, the applied velocity threshold of 100◦/s 
lies well below typical saccadic peak velocities (Stuart, Parrington, 
et al., 2019), and is therefore unlikely to miss voluntary saccades. 
Beyond methodological factors, the reduced saccade rate may reflect 
behavioral adaptation: following an initial exploratory phase (including 
brief pre-calibration exposure), gaze behavior may stabilize once the 
global structure of the scene has been extracted, resulting in fewer 
exploratory saccades. This is indicated by a slightly elevated saccade 
frequency within the initial 5 s of measurement. Additionally, within 
this first time bin of recording, indoor environments showed signifi-
cantly elevated saccade metrics. This pattern suggests that the earliest 
phase of scene exploration differs systematically between indoor and 
outdoor environments. Although not reflected in the subjective com-
plexity ratings, indoor scenes may have contained more salient targets. 
As early saccades are known to be influenced by image salience (Ander-
son et al., 2015), this pattern may reflect that mechanism. Furthermore, 
over the course of the entire measurement duration, we did not find 
significant differences between the indoor and outdoor conditions, as 
well as between the individual scenes. This suggests that, despite large 
differences in scene content, eye movement patterns are largely similar 
over an elongated exploration period.

Previous research has demonstrated that tasks exert a significant 
influence on eye movement (Kay et al., 2023). The aim of the study, 
creating conditions for unbiased eye movement behavior, could be 
achieved solely with a very naturalistic task and careful instructions. 
As expected, the metrics that we have chosen to analyze in this study 
deviated from the results of different studies, since every study imposes 
different instructions and tasks on its participants. The utilization of a 
naturalistic task (‘‘View the scene that is in front of you and feel free to 
look wherever you want’’) gives this dataset the advantage of reduced 
susceptibility to confounding by specific task instructions. While data 
collection with loosely defined task instructions may present additional 
challenges (e.g., drift of attention; emergence of intrinsic tasks or 
motivations), we assert that this dataset holds substantial value for the 
domain of eye movement research.

4.2. Pairwise correlations of metrics

This exploratory correlation analysis highlights several pairwise cor-
relations that were either exclusive to indoor or outdoor condition, or 
universally present in both conditions. Correlations between reciprocal 
metrics will not be discussed in further detail, as their origins are 
evident.

Several strikingly different gaze-metric correlations between indoor 
and outdoor conditions were revealed by this analysis. For instance, 
despite the robustness of the saccadic main sequence in laboratory 
paradigms (Bahill et al., 1975; Gibaldi & Sabatini, 2021), we did not 
observe a clear amplitude–peak velocity relationship in the indoor 
condition. To further examine this unexpected finding, we plotted 
‘‘Average Saccade Peak Velocity’’ against ‘‘Average Saccade Amplitude’’ 
separately for indoor and outdoor environments. A linear relationship 
consistent with the classical main sequence (Bahill et al., 1975) was 
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Fig. A.10. Heatmaps that visualize pairwise correlations between all analyzed metrics in all scenes individually. Correlations of statistical significance are signified 
with a black frame around the square.
apparent in the outdoor condition but largely absent indoors. However, 
this result should be interpreted with caution. Our analysis relied on 
averaged saccade metrics across the entire measurement period rather 
than on individual saccade events. The main sequence relationship is 
known to be most robust within a limited amplitude range, particularly 
below approximately 10◦ (Bahill et al., 1975). It is therefore conceiv-
able that, in the indoor condition, especially very large exploratory 
saccades may have obscured the expected relationship when only mean 
values were considered. Averaging across heterogeneous saccade dis-
tributions could attenuate the underlying amplitude–velocity coupling. 
Consequently, confirmation of this finding will require analyses at the 
11 
level of individual saccades using an eye-tracking system capable of 
reliably capturing event-wise amplitude and velocity under comparable 
naturalistic conditions.

Furthermore, despite substantially higher light intensities outdoors, 
we did not observe a strong correlation between pupil size and light 
metrics in outdoor environments. A plausible explanation is a ceiling ef-
fect: once luminance exceeds a certain level, further increases produce 
little additional constriction, attenuating the correlation at high inten-
sities. In addition, squinting and the generally lower ETSSR outdoors 
may have introduced measurement artifacts that contributed to this 
counterintuitive result. Another interesting finding is the rather strong 
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Table A.3
Answers in the post-experimental inquiry used to assess the experiences of the participants during the experiment. Q1: Did you experience physical and/or 
psychological discomfort during either the first or second appointment?; Q2: To what extent do you believe that wearing the glasses modified how you looked at the 
indoor scenes?; Q3: How likely would you be exposed to indoor scenes similar to the ones you were exposed to in your daily life?; Q4: How likely would you be exposed 
to outdoor scenes similar to the ones you were exposed to in your daily life?; Q5: How natural was the task to you?; Q6: Were the instructions by the study personnel 
clear?; Q7: Do you know what types of data were collected throughout the study?; Q8: Are you aware of anyone you know, who participated in the study (besides your 
team partner)?; Q9: Did you and the other person share information about the purpose of the study?.
 ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 
 1 No Not at all Likely Neutral Unnatural Yes Yes No No 
 2 Yes Little Neutral Likely Natural Yes Partly yes No No 
 3 No Little Neutral Likely Natural Yes Yes No No 
 4 No Little Likely Very likely Neutral Yes Partly yes No No 
 5 Yes Little Neutral Very likely Natural Yes Partly yes Yes No 
 6 No Not at all Neutral Very likely Natural Yes Partly yes No No 
 7 Yes Not at all Likely Likely Very natural Yes Partly yes No No 
 8 No Not at all Neutral Very likely Unnatural Yes Partly yes No No 
 9 No Not at all Very likely Very likely Natural Yes Yes No No 
 10 Yes Not at all Likely Likely Natural Yes Yes No No 
 11 Yes A bit Likely Very likely Natural Yes Yes Yes No 
 12 No Not at all Very likely Likely Natural Yes Partly yes No No 
 13 No A bit Likely Likely Natural Yes Partly yes No No 
 14 No Not at all Likely Very likely Natural Yes Yes No No 
 15 No Not at all Likely Neutral Natural Yes No No No 
 16 No Little Likely Very likely Neutral Yes Partly yes No No 
 17 Yes A bit Unlikely Neutral Neutral Yes Partly yes No No 
 18 No Little Unlikely Likely Natural Yes Partly yes No No 
Table A.4
Metadata for all appointments conducted indoors. IME3 p.p. stands for people present at the scene.
 Appointment Number of 

participants
Date Time Temperature 

[◦ C]
Notes  

 1 One 14.07.23 08:30 n.a. IME 3 03:45: Person walked into 
the field of view; IME3 p.p.

 

 2 Two 15.07.23 09:30 n.a. IME 2: Measurement had to be 
stopped and repeated after 45 s 
due to loss of connection

 

 3 Two 17.07.23 09:00 n.a. IME 3 people present (p.p.)  
 4 One 18.07.23 09:30 n.a. IME 3 p.p.  
 5 Two 19.07.23 10:30 n.a. OME 2&3: Calibration issues with 

both participants; IME 3 p.p.
 

 6 One 20.07.23 09:30 n.a. IME 3 p.p.  
 7 Two 21.07.23 09:30 n.a. IME 3 p.p.  
 8 Two 22.07.23 09:00 n.a.  
 9 One 24.07.23 09:30 n.a.  
 10 One 25.07.23 09:30 n.a.  
 11 One 26.07.23 09:30 n.a.  
 12 One 28.07.23 09:00 n.a.  
 13 One 29.07.23 09:30 n.a.  
   
positive correlation between perceived scene beauty and perceived 
scene brightness in both conditions, implying that the brightness of a 
scene is a major driver of perceived beauty. Several previous studies 
have shown that brighter appearance of colors (lightness) positively 
correlates with perceived beauty/pleasantness of colors (Guilford & 
Smith, 1959; McManus et al., 1981), but to the best of our knowledge, 
the present study is the first to suggest this in real-world environ-
ments. In addition, the strong negative correlation between pupil size 
and beauty is likely a by-product of the positive correlation between 
12 
beauty and brightness. Beyond individual metric differences, the ob-
served divergence in correlation structure between indoor and outdoor 
conditions suggests environment-dependent coupling between oculo-
motor control, luminance regulation, and subjective scene appraisal. 
Rather than reflecting isolated metric changes, these patterns indicate 
that visual environments may shape how eye-movement dynamics 
interact with perceptual and evaluative processes. Importantly, such 
coupling structures may be less apparent in tightly controlled labo-
ratory paradigms, where task demands constrain gaze allocation and 
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Table A.5
Metadata for all appointments conducted outdoors. Temperature data for Tübingen were added retrospectively to the 
dataset using the website (Meteostat, 2024).
 Appointment Number of 

participants
Date Time Temperature 

[◦ C]
Notes  

 1 One 14.07.23 15:00 min:13.9 
max:28.0 
avg:21.2

 

 2 Two 15.07.23 15:00 min:18.0 
max:33.3 
avg:25.5

OME 2 02:10: Protective hat 
blown off by wind

 

 3 One 17.07.23 15:30 min:15.3 
max:25.2 
avg:20.4

 

 4 One 18.07.23 15:00 min:13.3 
max:25.3 
avg:20:0

 

 5 Two 19.07.23 15:00 min:17.9 
max:26.5 
avg:21.9

OME 2&3: Calibration issues with 
both participants

 

 6 Two 20.07.23 15:00 min:15.9 
max:24.1 
avg:19.9

OME 2: Gathering of 5-7 people 
ca. 10 m behind us

 

 7 One 21.07.23 14:00 min: 13.8 
max:23.9 
avg: 18.8

 

 8 Two 22.07.23 15:00 min:11.5 
max:23.6 
avg:18.3

 

 9 Two 23.07.23 15:00 min:15.6 
max:26.5 
avg:21.0

OME 2&1: Calibration issues; 
01:55: participant was bothered 
by flying insect

 

 10 One 27.07.23 15:00 min:11.4 
max:21.4 
avg:16.4

OME 1 loud noise from 
construction site

 

 11 One 28.07.23 16:00 min:14.8 
max:23.0 
avg:17.9

 

 12 One 29.07.23 15:00 min:15.1 
max:24.6 
avg:19.2

 

 13 One 30.07.23 15:00 min:15.7 
max:21.6 
avg:18.3

 

   
reduce variability in scene-driven behavior. Naturalistic approaches 
therefore provide an opportunity to examine how oculomotor con-
trol, physiological regulation, and subjective valuation co-vary under 
conditions that more closely resemble everyday visual experience.

4.3. Eye tracking quality in different conditions

Generally, in an indoor environment, eye tracking was more suc-
cessful than outdoors. The reasons underlying this were lower in-
tensities of light and more stable lighting circumstances during the 
measurements. In the outdoor environment, eye tracking was signif-
icantly more successful at lower light levels (<10000 lux). Although 
the spectroradiometer did not measure infrared light, we assume much 
higher irradiances of infrared light in outdoor conditions due to the 
composition of sunlight. This was likely an important influence on 
the tracking ability of our video-based eye tracker, which illuminates 
the pupil with infrared light at approximately 850 nm wavelength. 
Furthermore, some participants reported that they squinted their eyes 
when subjected to high illuminance in the outdoor condition. Other 
potential issues with mobile eye tracking data like head-set slippage 
(Niehorster et al. 2020) or variable luminance (Evans et al. 2012) could 
be largely reduced in this study. Here, the participants did not walk 
during measurements and individually fitted nose pads and head-bands 
13 
minimized slippage of the eye tracker. Other methodological adapta-
tions, like the protective hat and stationary measurement positions, 
reduced the effects of variable light conditions.

4.4. Post-measurement questionnaire

In the present study, outdoor environments were perceived as sig-
nificantly more beautiful than indoor environments. This is consistent 
with previous studies showing that people generally believe beauty to 
lie more in nature than in artificial objects (Brielmann et al., 2021) and 
that ratings of beauty/attractiveness are increased when spatial struc-
tures of images resemble structures found in natural scenes (Palmer 
et al., 2012). Especially OME 2, which offered a wide-ranging view 
with heterogeneous content, was perceived as attractive. Contrary to 
that, the windowless room in IME 1 was considered to be significantly 
more unattractive. Interestingly, the rating of brightness did not sig-
nificantly differ between indoor- and outdoor conditions, even though 
the measured light metrics varied drastically. The likely reason for 
that is the high surface reflectance of the predominantly white indoor 
surfaces. The visual system factors out the physical properties of the 
light (illumination), and the awareness shifts toward the nature of the 
observed objects, rather than its physical properties (proximal mode of 
perception).
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Table A.6
Scene feature table allowing for objective scene comparison. All indoor scenes display no elevation from the ground floor as seen 
from the point of view, while the outdoor scenes show variability in this parameter. Similarly, indoor scenes did not include a 
horizon. Scene depth was assessed by the ratio between the furthest salient surface and the closest salient surface within the scene 
(except floors). Outdoor scenes generally showed higher scene depth than indoor scenes. Photopic illuminance and melanopic 
irradiance were much higher in the outdoor scenes, but the ratio between the two was higher in indoor scenes. Composition of 
outdoor scenes was heterogeneous, while indoor scenes were largely dominated by artificial objects (presence of windows was only 
accounted for in indoor scenes). In terms of scene dynamics, outdoor scenes were considered to be generally more dynamic, with 
the possibility of cars, humans, or animals entering the scenes)

Scene parameters Indoor 1 Indoor 2 Indoor 3 Outdoor 1 Outdoor 2 Outdoor 3
Semantic scene description

Basement 
storage 
room

Office 
building 
hallway

Office 
space

Urban 
vegetation

Panoramic 
view

Cross road 
with 

vegetation

Viewing Geometry
Elevation 0 m 0 m 0 m 0 m 15 m 7 m

Horizon visible (yes/no) no no no no yes yes
Scene depth 7/3= 2.33 8/2= 4 7/2= 

3.5 60/3= 20 900/20= 
45

250/10= 
25

Light
Mean photopic 
illuminance (lux) 147.6 840.6 572.2 9378.4 10219.9 8659
Mean melanopic 
irradiance (W/m2) 77.4 628.3 458.1 8270.4 9906.6 8206.3
Photopic/Melanopic 

ratio 1.91 1.34 1.25 1.13 1.03 1.05

Scene composition (%)
Vegetation/Plants 0 3 1 79 14 46

Sky 0 0 0 3 46 27
Artificial features 100 95 95 18 40 27
Windows (Indoor 

scenes) 0 2 4 - - -

Dynamics
Moving entities 

(yes/no) no no no yes yes yes
Human presence 
possible (yes/no) no no yes yes yes yes
Noise (yes/no) no no no yes no yes
Interestingly, participants did not report a significant difference in 
sleepiness between indoor and outdoor conditions. Given the cognitive-
enhancing effects of bright light (Vandewalle et al., 2006; Shishe-
gar & Boubekri, 2016) and the reported increase in alertness under 
blue-enriched light (Chellappa et al., 2011), we had expected lower 
sleepiness ratings in the outdoor condition.

We excluded the results from question three (Perceived Visual Com-
fort) because three participants reported later in the experiment that 
they had misunderstood the rating scale for this question. We cannot 
confidently estimate how many other participants may have had the 
same issue without mentioning it to the investigators.

4.5. Post-experimental inquiry

The responses to this questionnaire help estimate the effectiveness 
of the deception approach and the extent to which participants may 
have been distracted during the measurements. Five of the eighteen 
participants suspected that eye tracking was being performed, even 
though it had not been mentioned to them explicitly. This may have 
been due to previous experience with eye-tracking studies, familiarity 
with the Tobii device, general suspicion about the acquired datasets, or 
a combination of these factors.

Out of 18 participants, one responded that they felt distracted by 
other people being in the same room as them during the measure-
ments. This situation occurred regularly in IME 2, especially during 
the weekdays, suggesting that more people could have felt distracted, 
although they did not point it out in the inquiry. This circumstance 
might have influenced the eye movement pattern of some participants 
in this particular scene (Risko & Kingstone, 2011). A related limita-
tion concerns the fluctuating number of participants present during 
measurement sessions. Depending on availability, participants com-
pleted the recordings either individually or in pairs. This variation 
may have influenced viewing behavior, an effect that remains poorly 
understood (Holmqvist et al., 2022). Future studies on similar topics 
should select measurement environments without other people present 
and only schedule participants individually to minimize potential social 
influences on gaze behavior.
14 
4.6. Limitations

While the study was designed to minimize major confounding fac-
tors associated with naturalistic eye tracking, several limitations should 
be considered. First, although analyses focused on the initial 15 s of 
viewing, participants had already been exposed to the scenes during the 
preceding calibration period (ca. 25–40 s), meaning this window does 
not represent fully naïve exploration. Moreover, the absence of an ex-
plicit task reduced task-driven bias but increased behavioral variability 
and limits causal attribution of effects to specific scene or physiolog-
ical mechanisms. Second, scene sampling was limited in number and 
heterogeneity. Only six environments were assessed, and variability 
existed within conditions—particularly among indoor scenes differing 
in window presence and view, which affected luminance and structural 
composition. Indoor and outdoor scenes also differed in expansiveness, 
with outdoor views generally having broader perspectives than eye-
level indoor views. Such structural differences, as well as potential 
variations in visual salience, may have influenced gaze patterns inde-
pendently of the indoor–outdoor categorization. Systematic manipula-
tion of scene parameters would be necessary to isolate the contribution 
of specific environmental features. Third, constraints inherent to mobile 
eye tracking must be acknowledged. Although participants were seated 
and movement was minimized, saccade amplitudes were computed in 
a head-centered reference frame, and residual head movements cannot 
be fully excluded as a source of variability. High outdoor luminance 
increased data loss and noise, leading to exclusion of recordings that 
did not meet the predefined ETSSR threshold of 70%, and resulting in 
unequal sample sizes across conditions. In addition, fixation detection 
relied on a velocity-based algorithm, meaning that fixation periods 
may have included smooth pursuit or other slow tracking components, 
particularly in dynamic outdoor settings. Fourth, analytical limita-
tions apply. Because only averaged saccade metrics were available, 
event-level amplitude–velocity coupling (main sequence) could not 
be directly assessed. Although sensitivity analysis indicated adequate 
power for large effects, moderate effects may be less reliably detectable 
given the sample size. Finally, social and contextual factors may have 
influenced gaze behavior. Despite the use of deception, some par-
ticipants suspected eye-movement recording, and variation in social 
context (e.g., presence of others) may have contributed to behavioral 
variability.
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Fig. A.11. Relationship between average saccade peak velocity and average 
saccade amplitude in indoor and outdoor environments. Each data point 
represents one measurement, and solid lines indicate linear regression fits. The 
upper panel shows combined indoor scenes, where no clear linear relationship 
between average peak velocity and amplitude is observable, despite the 
classical main-sequence prediction of a positive association between these 
metrics. In contrast, the lower panel depicts outdoor environments, where 
a positive linear relationship consistent with the saccadic main sequence is 
evident. These findings suggest that, when averaged metrics are considered, 
an amplitude–velocity association is evident in outdoor conditions but not in 
indoor recordings.

5. Conclusion and outlook

With this study, we set out to examine whether indoor and out-
door environments influence eye-movement behavior under naturalis-
tic conditions. In summary, our findings indicate differences in saccade 
behavior during the initial scene-exploration phase, which were not 
evident later in the viewing period, while fixation metrics showed no 
comparable pattern. Considering the whole measurement period, the 
two conditions differed primarily in terms of metric correlations and 
pupil size. The larger pupil size observed indoors is consistent with the 
substantial conditional differences in measured light characteristics.

Beyond its specific findings, the present study contributes method-
ologically to naturalistic eye-tracking research. It shows that oculomo-
tor metrics can be measured using wearable eye-tracking equipment 
while participants experience real-world indoor and outdoor stimuli, 
enabling physiological and behavioral investigations under controlled 
15 
field conditions. Using a reproducible workflow with reduced con-
founding variables under natural viewing conditions, this study illus-
trates an approach that balances ecological validity with experimental 
control, thereby helping to bridge laboratory and field research.
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List of abbreviations

AAS Average amplitude of saccades.

ADF Average duration of fixations.

AFF Average frequency of fixations.

AFS Average frequency of saccades.

APVS Average peak velocity of saccades.

CI Confidence interval.

dpt Diopters.

ETSSR Eye tracking sample success rate.

IME Indoor measurement environment.

ipRGC intrinsically photosensitive retinal ganglion cells.

KSS Karolinska Sleepiness Scale.

OME Outdoor measurement environment.

P-CR pupil-centred corneal reflection.

PLR Pupillary light reflex.

PSQI Pittsburgh Sleep Quality Index.
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Data availability

Data are available openly. Videos, images and metadata of each 
measurement are available on FigShare (Indoor scene 1: https://doi.
org/10.6084/m9.figshare.30518291; Indoor scene 2: https://doi.org/
10.6084/m9.figshare.30520733; Indoor scene 3: https://doi.org/10.
6084/m9.figshare.30520892; Outdoor scene 1: https://doi.org/10.60
84/m9.figshare.30520829; Outdoor scene 2: https://doi.org/10.6084/
m9.figshare.30520925; Outdoor scene 3: https://doi.org/10.6084/m9.
figshare.30520979). Code is available under the GPL-3.0 License on 
GitHub (https://github.com/tscnlab/HirschEtAl_VisRes_2026) and
archived on Zenodo (https://doi.org/10.5281/zenodo.19434785).
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