
Seven myths on crowding

Crowding research has become a hotbed of vision research and some fundamentals are

now widely agreed upon. You would agree with the following statements – wouldn’t you?

1) Bouma’s Law can be sensibly stated as saying that ‘critical distance for crowding is

about half the target’s eccentricity’. 2) Crowding is a peripheral phenomenon. 3) Crowding

increases drastically with eccentricity (as does the minimal angle of resolution, MAR). 4)

Crowding asymmetry: For the nasal-temporal asymmetry of crowding, Bouma’s (1970)

paper is the one to cite. 5) The more peripheral flanker is the more important one in

crowding. 6) Critical crowding distance corresponds to a constant cortical distance in V1.

7) Except for Bouma (1970), serious crowding research pretty much started in the

noughties. I propose the answer is ‘no!’ to all these questions. So should we care? I think

we should, before we write the textbooks for the next generation.
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Why talk about 7 trivialities?

Today, crowding is a vision-research household item; every VR student knows about it.

That was different back in the nineties: it was a niche interest then (and my seniors advised 
me to do “something interesting” instead).

However, and surprisingly, crowding is not yet in most textbooks, and that will be the next 
step. (Exception: Basic Vision)

Instead, when we open Goldstein e.g. (a standard perception book), we find things like 
this:

Hashtag
#Lehrbuchente
#textbook duck

Important German Duck

Why we use cone vision
for details

To demonstrate how foveal is superior 
to peripheral vision, fixate the X …

So, to prevent further hoaxes (canards, ducks, Enten) …
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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Myth 1: Bouma’s Law says d =½ E
Well, that’s what he said, right? To quote Bouma:

“an open distance of roughly 0.5 ° is required for complete isolation.”

But there is a catch …
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vs.
No difference, 
right?
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Myth 1: Bouma’s Law says d =½ E, cont.

• Proportionality, in contrast, is ridiculous in the 
center fovea: 

• It would imply that target and flankers are at 
the same location there.
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However, in the fovea …

• In today’s terminology, Bouma described a 
linear law, not proportionality.

• Formally this is equivalent to M-scaling.

• Bouma’s phrasing is well-defined in the 
center

Bouma‘s d

today‘s d

Weymouth (1958) already pointed out the importance of that difference;
(and myself, 2011, p. 34).)

a+xx
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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•Agreed, crowding is bombastic in the periphery – and is still underrated.

Let’s go from outward to inward:

• In the periphery, we don’t know: crowding has only been tested up to 25° ecc.,
yet the periphery extends to ~107° (not 90° – another myth!).

•1°(?) – 25° crowding overrides acuity and is most easily tested.

• In the fovea, crowding is the bottleneck for reading and pattern recognition.
Pelli and coworkers have pointed that out most explicitly (Pelli et al., 2007; Pelli 
& Tillman, 2008).

•Most people underestimate the fovea’s size: its diameter is about 5°.
•Crowding is present at the very center! Up to 6’ target size (=0.1°), critical 

spacing is fixed (“hockey stick model”: Coates & Levi, 2014; Siderov, Waugh, & 
Bedell, 2014).

Myth 2: Crowding is a peripheral phenomenon

So crowding is not just peripheral, it’s everywhere

•But what happens at 6’ eccentricity ??
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Foveal crowding effect

“contour interaction of foveal acuity 
targets occurs within a fixed angular zone 
of a few min arc“ (~6’) 
(Siderov, Waugh, Bedell, 2013)

“Hockey stick model”:
“a simple 2-mechanism model in which the 
critical spacing for foveal contour interaction 
is fixed for S<5’ and proportional to target 
size for S>5’ (Coates & Levi, 2014)

Letter size!

Question to Siderov, Waugh, Bedell, Coates, 
and Levi:
What happens at 5’ eccentricity?

Foveal center
data!

Foveal center
data!
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Bouma‘s Law (1970) & Siderov/Coates
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Question to Siderov, Waugh, Bedell, 
Coates, and Levi:
What happens at 0’― 5’ eccentricity?
Is Bouma’s law a straight line or a 
hockey stick?
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Crowding (is peripheral?), Middle Ages and later

Given that crowding can be so easily demonstrated …

– one just needs to show a word in the periphery and compare it to a single letter –

… how come it has been discovered so late?

I have no answer, but here are two examples that come close:

•Alhazen (al-Haytham) (11th century)

• James Jurin (1684–1750)

Strasburger & Wade, 2015, i-Perception
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Alhazen (Ibn al-Haytham, ca. 965–1039)

“The experimenter should then gently move the strip [with a word written on it] 
along the transverse line in the board, making sure that its orientation remains the 
same, and, as he does this, direct his gaze at the middle strip while closely con-
templating the two strips. He will find that as the 
moving strip gets farther from the middle, the 
word that is on it becomes less and less clear.... 
and decreases in clarity until [the observer] 
ceases to comprehend or ascertain its form. Then 
if he moves it further, he will find that the form 
of that word becomes more confused and 
obscure.”

(Ibn al-Haytham, translated in Sabra, 1989, pp. 
244–245, cit. after Strasburger & Wade, 2015)

(For more on al-Haytham: ask Gül Russell)

Had he compared it to a single letter, he 
would have got it!

N. Wade (2015)
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James Jurin (1738)

“The more compounded any 
object is, or the more parts it 
consists of, it will, ceteris
paribus, be more difficult for 
the eye to perceive and 
distinguish its several parts.”
(Jurin, 1738, p. 150)

Wade (2015)

Jurin got very close to describing crowding

Strasburger & Wade (2015). James Jurin (1684–1750): A pioneer of crowding research?” JOV
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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Myth 3: Crowding increases drastically with eccentricity
(as does the MAR)

I owe this insight to a great paper by Ruth Rosenholtz (2016, Ann Rev Vis Sci)

Yes, crowding increases with eccentricity − that’s Bouma’s Law.

But only moderately. People over-estimate it by 10-fold (myself included)!

• The reason is this nice demo from Anstis (1974).

• To increase visibility, letters were enlarged by ×10.

• But distance was kept constant!

• The same overestimation applies to the MAR.

• And is repeated in textbooks.

Hashtag
#Lehrbuchente
#textbook duck
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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Myth 4: For the crowding asymmetry cite Bouma (1970)

A long-standing puzzle: The peripheral flanker often masks more.

People like to cite Bouma’s paper for that asymmetry. And indeed, Bouma 
mentions it in his short 1970 Nature letter …
… but only from pilot data and only as an aside. 
The credit must go to Mackworth (1965). He reported the asymmetry earlier. And 
it is him whom Bouma refers to (both in his 1970 and his 1973 paper).

x   a     x+

fixation target flanker can
be farther

away
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Myth 4: For the crowding asymmetry cite Bouma (1970)

Bouma (1970):

A pilot experiment indicated that, in the /xa/ 
situation, the adverse interaction is stronger if 
the interfering /x/ is at the peripheral side of 
the unknown letter rather than the foveal 
side. The area of interaction is thus not quite 
circular around the position of the unknown 
letter but, rather, egg‐shaped towards the 
retinal periph‐ery (compare Mackworth, 
Psychon. Sci., 3, 67, 1965).

Macworth (1965):

This end‐of‐the‐line effect was followed up in 
another study with 20 further Harvard and 
Radcliffe Ss. The tachistoscopic conditions were 
identical except that now only five letters were 
presented in 100 msec. Even two extra noise 
letters can drastically reduce recognition scores 
for three wanted letters provided the two 
noise letters are added just outside the wanted 
letters. They have much less effect when they 
are placed just inside the wanted letters; the 
recognition score doubles when the wanted 
letters are outside the unwanted. This suggest 
that the scanning of the visual image … may be 
untertaken from the outside inward …

End‐of‐the‐line effect, 
e.g. Haslerud & Clark (1957)
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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Myth 5: Peripheral flanker is the more important one

There seems consensus: The peripheral flanker causes more crowding.

• Well, yes, Mackworth (1965) finds that;

• Bouma (1970) says it as an aside, from pilot data
(but has not really followed up much on it; it’s a different asymmetry he writes about later).

But the nasal-temporal asymmetry has been investigated ― thoroughly ― by

• Estes & Wolford (1971), 

• Estes et al. (1976), 

• Krumhansl (1977), and 

• Chastain (1982, 1983),

• Bex, Dakin, & Simmers (2003) for moving targets.

They do find the above. Unfairly, these papers hardly ever get credit in the vast current 
crowding literature (see Strasburger & Malania, 2013, and Strasburger, 2014, for 
review).
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Myth 5: Peripheral flanker is the more important one, cont.

Adding insult to injury, the widely cited result that ‘the more peripheral flanker is the more 
important one’ – is controversial and not that clear-cut as current authors would like to 
suggest (ignoring the entire literature on the matter): 

• The opposite asymmetry was reported by Chastain (1982),

• was found in Krumhansl’s (1977) data by Chastain’s re-analysis, 

• and was recently reported by Strasburger & Malania (2013) and Strasburger (2014).

Chastain (1982): “confusability between members of a parafoveally exposed pair of 
letters affected accuracy of identifying the peripheral, but not the central, letter.”

• This implies that the similarity (to the target) of the flanker located centrally, not 
peripherally, plays a larger role for target identification.

• Chastain (1982) also points out that this result is incompatible with the explanation 
that interference results from feature movement from the peripheral to the central 
letter, since then similar flankers should exert less, not more, influence.

x   a   x+

confusability
No feature movement
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Myth 5: Peripheral flanker is the more important one, cont.

Adding insult to injury, the widely cited result that ‘the more peripheral flanker is the more 
important’ – is controversial and not that clear-cut as current authors would like to 
suggest (ignoring the entire literature on the matter): 

• The opposite asymmetry was reported by Chastain (1982),

• was found in Krumhansl’s (1977) data by Chastain’s re-analysis, 

• and was recently reported by Strasburger & Malania (2013) and Strasburger (2014).

Strasburger & Malania (2013):
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Reverse asymmetry of confusions

 Whole-letter confusions increase to the periphery for nasal flankers only

 Opposite of the literature

 It means, we recognize – but don’t know what

Strasburger & Malania (2013, JOV), Strasburger (2014, Perception)

0%

10%

20%

30%

40%

0 2 4 6
Eccentricity (deg)

%
 C

or
re

po
nd

en
ce

s

Corr. Left %
Corr.Right %

A

0.0

0.4

0.8

1.2

1.6

2.0

0 2 4 6

Eccentricity (deg)

Le
ft-

R
ig

ht
 R

at
io

 
of

 C
or

re
sp

on
de

nc
es

B

Flankers separately Left/right ratio

Peripheral
flanker!

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018

http://journals.sagepub.com/doi/abs/10.1068/p7726
http://www.journalofvision.org/content/13/1/24


23 / 39 Strasburger ECVP 2018

fixation point

Part of the 8  moves inwards

temporal 
flanker

nasal 
flanker

target

temporal 
flanker

nasal 
flanker

fixation point

temporal 
flanker

nasal 
flanker

target

fixation point

temporal 
flanker

nasal 
flanker

temporal 
flanker

nasal 
flanker

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



24 / 39 Strasburger ECVP 2018

fixation point

Part of the 8  moves inwards

temporal 
flanker

nasal 
flanker

target

temporal 
flanker

nasal 
flanker

fixation point

temporal 
flanker

nasal 
flanker

target

fixation point

temporal 
flanker

nasal 
flanker

temporal 
flanker

nasal 
flanker

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



25 / 39 Strasburger ECVP 2018

fixation point

Part of the 8  moves inwards

temporal 
flanker

nasal 
flanker

target

temporal 
flanker

nasal 
flanker

fixation point

temporal 
flanker

nasal 
flanker

target

fixation point

temporal 
flanker

nasal 
flanker

temporal 
flanker

nasal 
flanker

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



26 / 39 Strasburger ECVP 2018

fixation point

Part of the 8  moves inwards

temporal 
flanker

nasal 
flanker

target

temporal 
flanker

nasal 
flanker

fixation point

temporal 
flanker

nasal 
flanker

target

fixation point

temporal 
flanker

nasal 
flanker

temporal 
flanker

nasal 
flanker

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



27 / 39 Strasburger ECVP 2018

fixation point

The 9 moves outwards

temporal 
flanker

nasal 
flanker

target

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



28 / 39 Strasburger ECVP 2018

fixation point

The 9 moves outwards

temporal 
flanker

nasal 
flanker

target

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



29 / 39 Strasburger ECVP 2018

fixation point

The 9 moves outwards

temporal 
flanker

nasal 
flanker

target

No animation in pdf: Show rapidly

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



30 / 39 Strasburger ECVP 2018

fixation point

The 9 moves outwards

temporal 
flanker

nasal 
flanker

target

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27250v1 | CC BY 4.0 Open Access | rec: 3 Oct 2018, publ: 3 Oct 2018



31 / 39 Strasburger ECVP 2018

Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Cr. research pretty much started after 2000
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Myth 6: Critical crowding distance is constant in V1

• Crowding is a cortical phenomenon (Flom, Weymouth & Kahnemann, 1963).

• So: does Bouma’s Law have a cortical equivalent?

• Motter & Simoni (2007) proposed constant cortical critical distance 

• Pelli (2008) derives it mathematically from Schwartz’s (1980) simplified log location function.

• However, Schwartz’s simplified log law only holds above ~ 4° ecc.
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Critical crowding distance is not a constant in V1

• Cortical critical crowding distance (CCCD): A corrected rule that includes the central fovea is 
presented in Strasburger, submitted 2018 to JOV

• (For a new cortical location function see also there)
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Seven myths on crowding – Outline

• Myth 1: Bouma’s Law says d =½ E

• Myth 2: Crowding is peripheral 

• Myth 3: and increases drastically with eccentricity 

• Myth 4: Crowding asymmetry: cite Bouma (1970)

• Myth 5: Peripheral flanker is the more important one

• Myth 6: Critical distance is constant in the cortex (V1)

• Myth 7: Crowding research pretty much started after 2000
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Myth 7: Research pretty much started after 2000

There is Bouma (1970)

Then Pelli et al. (2004)

Yes, Pelli, Palomares & Majaj (2004) is a landmark.

But extensive work from the 60s and 70s (as well as Korte, 1923) are just 
mostly neglected. The main reason perhaps being that crowding was 
called something else1

― lateral masking, lateral inhibition, lateral interference, interaction 
effects, contour interaction, surround suppression ―

so these papers will not show up in search machines.

1 Strasburger et al. (JOV, 2011)
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Limits of measurement: Crowding

Crowding Limits of Measurement
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Crowding research, 1923 – 2004

‐‐1936/‘53Ehlers

01962Stuart & Burian

5.21983Wolford & Chambers

31982Chastain

1.71980Wolford & Shum

101979Jacobs

51979Banks et al.

8.51978Loomis

1.21977Krumhansl & Thomas

10.61976Estes, Allmeyer & Reder

121976Andriessen & Bouma

2.31975Wolford

2.61974Wolford & Hollingsworth

251974Anstis

51973Bouma

2.81971Townend, Taylor & Brown

2.61969Shaw

51965Mackworth

201923Korte

Limit °YearAutors

101985Levi, Klein & Aitsebaomo

Limit °YearAutors

41991Strasburger, Harvey & Rentschler

12.51992Geiger, Lettvin & Zegarra‐Moran

101992Toet & Levi

72004Huckauf & Heller

252004Pelli, Palomares & Majaj

82003Bex et al.

9.22002Tripathy & Cavanagh

52002Levi, Hariharan & Klein

72002Huckauf & Heller

2.52001Parkes, Lund, Agelucci, Solomon, Morgan

102001Fine

52001Chung, Levi & Legge

162000Xing & Heeger

0.22000Liu & Arditi

192000Hess, Dakin, Kapoor & Tewfik

71999Huckauf, Heller & Nazir

7.51996Higgins, Arditi & Knoblauch

251996He, Cavanagh & Intriligator
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