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Spatial extent of crowding
The invariance of critical spacing demonstrated here (Fig. 5) is found
when the target and flankers have similar features (for example, black
letters flanking a black letter target). These typical cases produce
maximum crowding. Flankers that have features that are different
than those of the target (for example, white letters flanking a black letter
target on a gray background) produce much less crowding or none at
all. This weaker effect is usually reported as a reduction in critical
spacing, but perhaps the spatial extent of crowding is unchanged and
the effect is only reduced in amplitude. It seems that the reported
reduction of critical spacing may be an artifact of defining critical
spacing by a performance criterion. Compared with the effect of

target-like flankers, dissimilar flankers may simply have a weaker effect
over the same spatial extent (see Supplementary Discussion for more
on similarity and effects of salience, grouping, and observer practice).
At present, the simplest account is that the spatial extent of

crowding for any given location and direction is independent of the
particular target and flanker. That conclusion is tentative because the
majority of published studies have not disentangled the amplitude and
extent of crowding, but it is supported by all the studies that have done
a two-parameter analysis. For the rest of this review, we revert to using
‘critical spacing’, asking the reader to bear in mind that special cases
demand a two-parameter (amplitude and extent) characterization
of crowding.

The uncrowded window
Most of our visual field is crowded most of the time, sparing only a
central uncrowded window. This window and the limitation it places
on recognition are especially clear in the case of reading. To read text,
we must identify letters. The rate at which we read depends on how
many letters we take in on each fixation (Fig. 7), which is limited by
crowding. The spacing of letters in text is uniform, but the observer’s
critical spacing increases with distance from fixation. Beyond some
eccentricity, the reader’s critical spacing exceeds the spacing of the text
and the letters crowd each other, spoiling recognition. Peripheral
vision, beyond that eccentricity, is crowded. Central vision, within
that eccentricity, is uncrowded: the uncrowded window. Inside of the
window, letters are uncrowded and we can read them. Outside of the
window, letters are crowded and we cannot. To read the letters that now
lie outside of the window, we must move our eyes to bring our window
to those letters. The number of character positions in a line of text that
fit inside the uncrowded window is the uncrowded span28. Incidentally,
note that letters at the ends of words are much less crowded24 and have
a larger uncrowded window.
Figure 8 demonstrates the uncrowded window by simulating

crowding in the periphery. The corruptions outside the uncrowded
window are undetectable when you fixate on the center of the window.
It seems that each observer’s critical spacing for crowding is the same

for all objects. Together, the observer’s critical spacing and the spacing
of the viewed objects determine the size of the uncrowded window.
Inside of the window, we can recognize objects, and outside of it, we
cannot32. When the spacing is uniform, as in text, then the window will
be central, where the critical spacing is smallest. When spacing is not
uniform, the window need not be central, and there may be more than
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Figure 6 Critical spacing is proportional to eccentricity. The observer fixated
on the point indicated by a plus in the upper right and identified the
orientation of a target T (right-side up or upside down?) presented (in blocks)
at one of the nine locations indicated by the dots. Two flanking Ts were shown
symmetrically displaced from the target in opposite directions, –451, 01, 451
or 901 relative to horizontal. Each vertex in the roughly elliptical contours
represents the measured critical spacing of the pair of flanking letters for
75% correct identification of target orientation. Note that the critical spacing
contours are not circles; the direction from target to flanker matters. These
were measured with one letter size at each eccentricity. Changing letter size
has no effect on the results28 (figure adapted from ref. 47).

xuncrowdedx
Figure 7 What is your uncrowded span? Fixate on the o in the center of the
word. Your uncrowded span is 3 if you can read ‘row’, 4 for ‘crow’, 5 for
‘crowd’ and a whopping 9 for ‘uncrowded’, which many observers achieve.
The variation in the uncrowded span reflects the substantial individual
differences in critical spacing reported previously47. The Bouma law says
that critical spacing is invariant across objects, not subjects (for reviews of
uncrowded and visual spans, see refs. 28,32,39). Image reprinted from
ref. 28 and adapted from ref. 33.

Crowded peripheryUncrowded centerCrowded periphery

Figure 8 The uncrowded window. This figure simulates crowding in reading
by substituting letters in the peripheral field. Crowding spoils letter
recognition, making reading impossible outside of the uncrowded window.
Note that the substitutions are undetectable when you fixate on the center of
the circle. As you read this caption, the words are clear and legible near your
chosen point of fixation and illegibly crowded beyond that clear region. That
central uncrowded field is a window through which we read (figure adapted
from ref. 28).
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METHODS

§ Psychophysical experiments in humans
§ Eyetracking
§ Computational models
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EXAMPLE THESES TITLES
Bachelor Master

Influence of Top-Down Scene Understanding on 
Sensitivity to Local Natural Image Structures 

Supramodal regularities of human visual behavior

Orientation bar code structures in facial emotion 
recognition 

A neural style transfer approach to studying scene 
perception

Human Similarity Judgements and their 
Representation in Psychological Space

Preference, expectation and tonality for short melodies 
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PROJECTS: MAHNCKE
§ How do scene categories perceptually 

overlap? (experiment)
§ How well do simple generative models of 

scenes capture aspects of natural images? 
(simulation + theory)
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PROJECTS: TURON
§ Adaptive sampling of stimuli in high-dimensional 

spaces
§ Under which conditions does uncertainty 

sampling work for adaptive experiments?
§ How can sampling sequences be interpreted? 

How can this be visualized in higher-dimensional 
spaces? 
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PROJECTS: EICKE-KANANI
§ How does perceptual uncertainty relate to 

causal impressions in “launching events”?
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PROJECTS: DUAN
§ Factors that influence odd-one-out detection in 

cluttered visual search (color, motion, other 
cues; eye movements)

§ Modelling perception of launching events from 
a cue-combination perspective 
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THESES IN INDUSTRY
§ https://www.humanw.tu-

darmstadt.de/studienbuero_humanw/infos_und_formulare_studiengaenge_humanw/artikel_deta
ils_humanw_6272.de.jsp

20.12.23 10

https://www.humanw.tu-darmstadt.de/studienbuero_humanw/infos_und_formulare_studiengaenge_humanw/artikel_details_humanw_6272.de.jsp
https://www.humanw.tu-darmstadt.de/studienbuero_humanw/infos_und_formulare_studiengaenge_humanw/artikel_details_humanw_6272.de.jsp
https://www.humanw.tu-darmstadt.de/studienbuero_humanw/infos_und_formulare_studiengaenge_humanw/artikel_details_humanw_6272.de.jsp


Faculty of Human Sciences | Institute of Psychology | Wallis

EXAMPLE: CONTINENTAL

20.12.23 11

2023 KARLI 2Auf einen Blick: Das KARLI-Projekt

Gesamtziel des Vorhabens 8 wissenschaftliche Teilprojekte

• 100 Theoriebildung

• 200 Erzeugung einer Datenbasis 
für KI-Algorithmen

• 300 Entwicklung Levelkonformes Verhalten

• 400 Entwicklung KI-Interaktion

• 500 Entwicklung Motion Sickness

• 600 Integration und Absicherung des 
KI-Gesamtsystems

• 700 Abschließende Evaluation und 
Demonstration

• 800 Projektmanagement und 
Ergebnisverbreitung

Das Ziel des KARLI-Projekts ist die Entwicklung einer adaptiven, responsiven und 
levelkonformen Interaktion im Fahrzeug der Zukunft. 

Dafür werden in KARLI kundenrelevante KI-Applikationen entwickelt, die für 
unterschiedliche Stufen auf dem Weg zum automatisierten Fahrzeug (Automationslevel) 
Fahrerzustände erfassen und Interaktionen gestalten.

Diese KI-Applikationen werden in KARLI aus empirischen und synthetisch erzeugten 
Daten entwickelt. Die Daten werden in KARLI so erhoben und verwendet, dass die 
Projektergebnisse skalierbar sind, auf zukünftig verfügbare Big Data aus Serienfahrzeugen.

Förderaufruf: 

Levelkonformes Fahrerverhalten

KI-Interaktion 

Motion Sickness

„Künstliche Intelligenz (KI) als Schlüsseltechnologie
für das Fahrzeug der Zukunft“

Drei Applikationen

Konsortialpartner:

Projektförderung:

Projektvolumen: 15,6 Mio. €

Projektförderung: 9,7 Mio €

Projektkoordination:

Heiko Schnieders
Continental Automotive 
Technologies GmbH

Dr. Frederik Diederichs
Fraunhofer IOSB

Projektträger:

TÜV Rheinland Consulting GmbH

Projektzeitraum:

01.07.2021 – 30.06.2024

Künstliche Intelligenz für 
Adaptive
Responsive und
Levelkonforme 
Interaktion im Fahrzeug der Zukunft

karli-projekt.de

STADT:UP
SOLUTIONS AND TECHNOLOGIES FOR AUTOMATED 
DRIVING IN TOWN: AN URBAN MOBILITY PROJECT

Automationsstufen
SAE Level 0 … SAE Level 5

Insassenzustände und Adaptivität
Aufmerksamkeit, Wohlbefinden, Komfort, Empathie…

Komplexe Situationen
Mixed Traffic, Fußgänger, Radfahrer, viele Agenten …

Interaktionskanäle
iHMI, dHMI, eHMI, …

Steuerungsstrategien
Automatisiertes Fahren, Shared Control, Teleoperation …

Nutzerzentrierte 
Lösungen für 
durchgängige 
Automation

TEILPROJEKT 
HUMAN FACTORS

stadtup-online.de

Public

Themen für Abschlussarbeiten
Continental Automotive Technologies GmbH, Standort Babenhausen

Kontakt:
Carmen Freitag, carmen.freitag@continental-corporation.com
Sebastian Weiß, sebastian.2.weiss@continental-corporation.com

Continental Automotive Technologies GmbH, Standort Babenhausen
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YOUR IDEAS
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CONTACT
thomas.wallis@tu-darmstadt.de
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