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Abstract 
 
It is usually assumed that sensory adaptation is a universal property of human vision. 

However, in two experiments designed to measure adaptation without bias, we have 

discovered a minority of participants who were unusual in the extent of their 

adaptation to motion. One experiment was designed so that targets would be invisible 

without adaptation; the other, so that adaptation would interfere with target detection.  

In the first, participants adapted to a spatial array of moving Gabor patches.  On each 

trial the adapting array was followed by a test array in which but all of the test patches 

except one were identical to their spatially corresponding adaptors; the target moved 

in the opposite direction to its adaptor. Participants were required to identify the 

location of the changed target with a mouse click. The ability to do so increased with 

the number of adapting trials. Neither search speed nor accuracy was affected by an 

attentionally-demanding conjunction task at the fixation point during adaptation, 

suggesting low-level (pre-attentive) sites in the visual pathway for the adaptation. 

However, a minority of participants found the task virtually impossible. In the second 

experiment the same participants were required to identify the one element in the test 

array that was slowly moving: reaction times in this case were elevated following 

adaptation.  The putatively weak adapters from the first experiment found this task 

easier than the strong adapters.  
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Introduction 

Our experiment was designed to develop a performance-based (i.e. “Type 1,” 

Sperling, Dosher, & Landy, 1990) measure of motion adaptation. Performance-based 

measures have many applications, but we specifically wanted to learn whether	the	

motion	aftereffect	(MAE)	is	reduced	when	observers’	attention	is	distracted	

away	form	the	adapting	stimulus,	as	reported	by	Chaudhuri	(1990),	Rees,	Frith,	

and	Lavie	(1997),	and	Taya,	Adams,	Graf,	and	Lavie	(2009).	This	possibility	is	

theoretically	interesting	because	there	is	good	evidence	that	the	locus	of	

adaptation	underlying	the	MAE	is	visual	area	V1	(Kohn & Movshon, 2003).	An	

effect	of	attentional	distraction	on	the	MAE	would	thus	imply	a	top-down	effect	

of	attention	on	visual	processing	in	V1	or	earlier.	 

	

To	date,	almost	all	prior	investigations	of	this	question	used	phenomenological		

(“Type	2”)	measures	of	the	MAE.	Prolonged inspection of a moving image such as a 

waterfall causes subsequently viewed, stationary stimuli to appear as if they are 

moving in the opposite direction (Addams, 1834; Wohlgemuth, 1911; Mather, 

Verstraten, & Anstis, 1998).	The	measurement	of	this	effect	by	its	duration	is	

potentially	subject	to	criterion	and	expectation	effects	(Sinha,	1952).	It	is	difficult	

to	decide	when	a	stimulus	has	stopped	moving,	particularly	if	it	is	known	not	to	

be	moving	in	the	first	place.			

	

Wohlgemuth	(1911;	see	Wade,	Thompson,	&	Morgan,	2014)	measured	the	MAE	

by	its	apparent	duration.	He	employed	a	task	involving	random,	serial,	visual	

presentations	(RSVP)	that	was	designed	to	distract	observers	from	the	adaptor.	

This	task	did	not	affect	MAE	duration	in	Wohlgemuth’s	study.	Chaudhuri	(1990)	

and	Rees	et	al.	(1997),	on	the	other	hand,	reported	positive	results	with	similar	

methods.		A	positive	result	was	also	reported	by	Taya	et	al.	(2009),	who	

measured	the	MAE	by	the	speed	of	test	motion	required	to	compensate	for	(or	

“null”)	it,	which	has	the	same	problems	as	the	measurement	of	duration.	Nishida	

&	Ashida	(2000)	found	no	effect	of	distraction	on	MAE	duration,	but	did	they	did	

find	an	effect	of	distraction	on	the	contrast	assigned	to	a	moving	test	pattern	that	

was	required	to	null	the	interocular	MAE	only	(i.e.	there	was	no	effect	on	the	

monocular	MAE).			
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Morgan	(2011,	2012,	2013)	has	repeatedly	found	no	effect	of	distraction	on	the	

MAE.	The	2012	study	used	naïve	students	and	MAE	duration.	It	also	used	more	

experienced	obsevers	and	the	nulling	paradigm.		The	2013	study	measured	the	

MAE	by	its	effect	on	perceived	speed	(Thompson,	1981),	interleaving	various	

pedestals	to	defeat	any	simple	decision	strategy	(e.g.	“when	in	doubt	respond	

that	the	adapted	stimulus	is	slower”).	However,	even	the	2013	experiment	is	in	

essence	a	Type	2	measure.		The	2011	study	is	the	only	one	to	date	to	use	a	Type	

1	measure,	namely	the	direction-specific	loss	of	contrast	sensitivity	following	

adaptation.		However,	the	measurement	of	contrast	sensitvity	is	lengthy	and	not	

well	suited	to	measuring	the	growth	of	adaptation	over	time,	and	consequently	

may	obliterate	attentional	effects	during	the	build-up	of	adaptation.	Bartlett,	

Taya,	and	Graf	(2016)	have	suggested	that	attentional	distraction	might	affect	

the	rate	of	growth	of	adaptation	to	asymptote	without	affecting	the	asymptote	

itself.	The	purpose	of	the	experiments	we	report	here	was	to	develop	a	rapid,	

simple	Type	1	measure	of	adaptation	that	could	track	the	growth	of	adaptation	

over	trials.	

	

Our	new	Method	is	based	on	visual	search	(Wissig, Patterson, & Kohn, 2013).	

Observers	adapted	to	an	array	of	Gabor	patches,	some	of	which	moved	upwards	

and	some	downwards	(Fig.	1).	Periods	of	adaptation	alternated	with	the	

presention	of	a	brief	test	stimulus,	with	a	1-s	temporal	gap	between	adaptor	and	

test	to	prevent	transient-based	detection.	The	test	array	was	identical	to	the	

adapt	array	except	that	one	of	the	patches	(the	"target’)	reversed	its	direction	

from	the	adapting	direction	(the	"Target-change"	condition).	All	the	other	

patches	(the	"distractors"	)	moved	in	the	same	direction	as	their	spatially	

corresponding	adaptors.	Morgan	&	Hauperich	(2017)	reported	that	in	these	

circumstances	the	target	can	pop	out	from	the	distractors,	and	its	position	can	be	

detected.	In	the	present	series	of	experiments	we	measure	the	growth	of	

performance	with	the	duration	of	prior	adaptaton,	and	the	effects	of	distracting	

attention	from	the	adapting	stimulus	with	a	difficult	central	RSVP	task.	
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General	Method	

Apparatus	and	Subjects	

Stimuli were presented on a 60-Hz frame-rate Sony Trinitron monitor in a darkened 

room, viewed from 0.75 m, so that one pixel subtended 1.275 arcmin at the observer’s 

eye. Viewing was binocular through natural pupils, with observers wearing their 

normal correcting lens for the viewing distance if necessary.  A total of 12 observers 

participated in the experiments, comprising the three authors and a number of 

postgraduates/undergraduate students from City, University of London and the Max-

Planck Institute for Metabolism Research at Cologne, all of whom were naïve to the 

purpose of the experiment. Two of the participants were paid volunteers. 

 

Stimuli 

The stimuli (e.g. Fig. 1) consisted of rectangular arrays of Gabor patches, each of 

which comprised a sinusoidal grating multiplied by a circular Gaussian envelope. The 

grating had spatial frequency 3.75 cyc/deg drifting at 7.5 Hz and the Gaussian 

envelope had a spread (s) of 0.21 deg.  The mean luminance and contrasts of the 

Gabors were 70 cd/m2 and 0.6 (60%) respectively. The envelope did not move.  In 

most of the experiments it was truncated at ±2s, so that it had a just-noticeable edge.  

In Experiment 2 truncation was at ±3s.  Unless otherwise stated the array comprised 

4 × 4 equally spaced Gabor patches, with a centre-to-centre spacing of 1.87 deg (8.75 

s).    
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Fig. 1.  The figure shows a representation of two successive trials from Experiment 1. 
The arrows symbolize the direction of motion of each patch and were not visible 
during the experiment.  Observers adapted to the array shown the top left panel while 
inspecting coloured crosses appearing at fixation at a rate of 1.5 Hz, and looking for 
rare combinations of shape (upright vs inverted) and colour (red, green, blue, or 
yellow). Here, an upright, red cross is illustrated. Each 2-s adapt period is followed by 
a 1-s test in which all the patches move in the same direction as their respective 
adaptors except the target, which moves in the opposite direction. The test is followed 
by presentation of circular placeholders, the observer’s task being to click on the 
position of the target. The placeholders remain visible until the mouse is clicked. In 
the experiment illustrated here the adapt and test arrays contained the same number of 
elements and the Gabor patches were all horizontal.  
 

Procedure 

Adaptation was produced by presenting one of these Gabor arrays for an initial 2, 3 or 

5 s (in different experiments), during which the observer was instructed to fixate a 

stationary point in the centre of the display, and to carry out a task based on additional 

stimuli presented there.  In Experiments 1 and 3, all Gabors were horizontal. Half 

moved upwards and the other half downwards. The spatial distribution was 

randomized but held constant within each session (see Fig. 1). In Experiment 2 

Gabors could have any orientation (and thus move in any direction; e.g. Fig. 6). 

Nonetheless, their spatial distribution was always held constant within each session. 

Trial	1

Trial	2	(note	that	adapt	is	the	same)
Adapt	2	sec																																						Test	1	sec																																							Click	Mouse	on	target
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The first adaptation period was followed, after 0.3 or 1 s (in different experiments), by 

a test, the duration of which varied in different experiments between 0.25 and 2 s. 

With drifting adapters, change was introduced by reversing the direction of drift. With 

flickering adapters, it was introduced by rotating the carrier grating. After the test, the 

stimuli were replaced by a set of circular placeholders, and the observer used a mouse 

to click on the position of the target.  To give feedback, the target’s placeholder was 

switched off to show the target’s position after the mouse click. 

 

The first adapt-test cycle was followed after a blank interval of 0.5 sec, during which 

the screen was grey. It was then followed by other cycles of the same kind, in which 

the top-up adaptation period was 2, 5, or 15 s (in different experiments).  The 

condition (Target-change or Distractors-change) was constant within a session. 

 

All	observers	were	given	several	sessions	of	practice	before	the	main	experiment	

in	order	to	accustom	them	to	the	task,	the	aim	being	to	start	the	main	experiment	

only	when	they	were	detecting	the	target	at	above	chance	levels.	However,	this	

was	not	possible	in	observer	EL	who	failed	to	show	convincing	evidence	of	

detection.	Two	other	subjects	(DP,	TP)	also	found	he	task	difficult.	EL,	DP,	and	TP	

were	included	in	the	main	experiments	anyway,	to	see	if	they	would	eventually	

learn.	 

 

The Central Attentional Distracting Task 

To take attention away from the adapting stimulus during adaptation, observers in 

some conditions carried out a demanding RSVP task based on stimuli appearing at 

fixation. In the centre of the adapting array, superimposed on the white fixation point, 

a series of asymmetrical, coloured crosses were presented at a frequency of 1.5 Hz (2 

crosses per trial in Experiment 1; 6 per trial in Experiment 2, and 3 per trial in 

Experiment 3).  In the high-load (i.e. attentionally demanding) version of the task (see 

Morgan, 2011; Schwartz, Vuilleumier, et al., 2005), the observer’s task was to press a 

button when there was a rare conjunction of colour and orientation. On all but 9.75% 

of the trials in Experiments 1 & 3 and 4.94% of the trials in Experiment 2, upright 

crosses were either red or green, and inverted crosses were yellow or blue. The four 

combinations were equally probable. On the remaining trials the first and following 
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crosses were exceptions to this rule, for example the cross was red and inverted.  

Observers were instructed to press a key as soon as they saw an exception. As soon as 

they did so, the rule was reinstated. The observer was told that the exceptions were 

rare and that they should not produce false-positives.  In the low-load versions of the 

task, the observer was instructed merely to maintain fixation on the crosses, or the 

crosses were absent.  

 

Experiment 1 

Methods 

The stimulus configuration is shown in Fig. 1. The adapting duration, blank interval 

between adaptation and test, and the test interval were 3 s, 1 s, and 1 s. Each session 

began with 5 trials in which the adapting and test stimuli were absent, to accustom the 

observer to using the mouse to click on a placeholder, and to the appearance of the 

crosses. These initial trials were followed by 32 trials, with a total of 2 targets in each 

of the 16 positions, randomly interleaved without replacement. There were three 

attentional load conditions during adaption: crosses absent, high load, and low load 

(Conditions 1-3 respectively). In the low-load condition the crosses were present, but 

the observer had no task to perform. The colors were red, green, yellow and blue.  All 

observers carried out at least 2 blocks of 32 trials each in each of the 3 Attentional 

Load conditions (6 blocks; 192 trials). Some observers did more. The actual total 

number of blocks performed by each of the observers (in order of their appearance in 

Fig. 2) was as follows: {25, 9, 13, 7, 6, 11, 18, 9, 6, 52, 10}.  A total of 12 observers 

took part, but one of them (LP) did only the low-load conditions and her results are 

not presented in this section, although they are included in Fig. 9. 

 

Results 

Fig. 2 shows that there was no systematic effect of attentional load during adaption on 
the overall success rate combined over trials and sessions, such as might arise from 
differences either in growth rate or asymptote of performance. To see specifically if 
load affected the build-up of adaptation during a session (as suggested by Bartlett	et	
al.,	2016), growth curves over 8 successive 4-trial blocks (combined over sessions) 
were fit with the two-parameter function 
 
   𝑃 𝑥 = H

HI
16𝑎 − 1 erf 𝑏𝑥 + 1 ,    (1) 
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where 𝑃(𝑥) is the probability correct on trial x, and parameters a and b describe the 
asymptote of performance and the growth rate, respectively (1/16 ≤ a ≤ 1, 0 ≤ b). The 
fits of the growth curves are shown in Fig. 3.  
 
Data from each observer were fit with Equation (1). Generalized likelihood-ratio tests 
(Mood, Graybill, & Boes, 1974) indicate that the fits did not improve significantly [in 
all cases 𝜒2(2)	<	5.99;	p	>	0.05] when parameters a and b were allowed to vary 
between conditions relative to the case where only a was allowed to vary between 
conditions, or relative to the case where only b was allowed to vary between 
conditions. At the group level (i.e. when responses were pooled across the first 6 
sessions for each observer), fits did not improve when either parameter was allowed 
to vary over load conditions [𝜒2(2)	<	0.18	;	p	>	0.05].	This	did	not	change	when	
the	three	most	poorly	performing	observers	(EL,	DP,	TP)		were	excluded	[Group 
Level 𝜒2(2)	<	0.95;	p	>	0.05].	We	conclude	that	any	effect	of	attentional	load	is	
small	and	inconsistent	over	observers,	as	is	clear	from	inspection	of	both	Figs.	2	
and	3.	
	
As	a	simple	test	of	improvement	during	a	block	of	trials,	we	used	the	generalized	
likelihood	ratio	test	to	compare	the	fit	of	Equation	(1)	when	parameter	b	was	
free	to	vary	with	a	fit	with	parameter	b	fixed	at	10	(producing	asymptotic	
performance	for	all	trials,	i.e.	x	≥	1).	Using	this	criterion	[𝜒2(1)	>	3.84;	p		<	0.05],	
significant	improvement	occurred	in	the	cases		indicated	by	colored	asterisks	on	
Figure	3.	At	the	group	level,	combining	data	over	the	same	number	of	trials	(64)	
for	each	obsever,	the	improvement	was	significant	in	all	three	conditions	[𝜒2(1)	
>	7.25	;	p		<	0.01].	
	
An	even	simpler	test	is	to	subtract	the	mean	success	rate	on	trials	2–32	from	the	
first-trial	success	rate.	At	the	group	level	this	difference	score	was	negative	
(indicating	improvement)	in	all	conditions	(-0.30,	-0.28,	and	-0.20)	for	
Conditions	1–3,	respectively).	It	was	also	negative	for	all	observers	in	Condition	
1,	10	of	11	observers	in	Condition	2,	and	9	of	11	observers	in	Condition	3.		This	is	
strong	evidence	that	improvement	was	taking	place,	but	it	provides	no	clear	
evidence	for	a	difference	due	to	perceptual	load.	Of	course,	the	improvement	
could	be	general	rather	than	due	to	adaptation,	although	all	observers	had	been	
given	several	sessions	of	practice	before	the	main	experiment	in	order	to	
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accustom	themselves	to	the	task.		To	check	this	point,	we	analyzed	performance	
in	only	the	second	block	of	32	trials.		This	did	not	alter	the	situation:	difference	
scores	remained	negative	at	the	group	level	(-0.23,	-0.31,	and	-0.37),	for	
Conditions	1–3,	respectively),	and	the	numbers	of	observers	with	negative	
scores	were	11,	10,	and	10.		We	conclude	that	performanace	improved	during	
individual	blocks	of	32	trials,	and	we	conjecture	that	this	was	due	to	the	build-up	
of	adaptation. 
 

 
Fig. 2.  Performances of all 11 observers who completed Experiment 1 under three 
conditions of attentional load during adaptation (1: crosses absent, 2: high load, 3: low 
load). Observer LP is excluded from this analysis because she completed only the 
low-load condition.  Error bars for individual observers contain binomial 95% 
confidence intervals. The bottom right panel shows the mean performance ± 1 SE 
over observers.  
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Fig. 3.  Growth curves in performance in Experiment 1 fit with the 2-parameter 
Equation (1) in the text.  Each panel shows results for a different observer. The three 
curves are for the different conditions (magenta: crosses absent, blue: high load, 
black: low load). The colored symbols next to the observer’s initials indicate 
conditions in which the growth curve was significantly [𝜒2(1)	>	3.84;	p	<	0.05]	
shallower than a step function (i.e. parameter b << 10); brackets indicate [𝜒2(1)	>	
5.64;	p	<	0.01]. 
 
Experiment 2 

A possible criticism of Experiment 1 is that the adaptation periods were kept 

deliberately brief (2 s) in order to follow the build-up of adaptation over trials (32 per 

session).  The periods may have been too brief to allow full deployment of selective 

attention to the crosses.  Against this, we shall show later that detection rate for the 

exceptions (see General Methods) was high. However, as an additional precaution, in 

Experiment 2 the adaptation periods were lengthened to 5 s (6 crosses per trial). The 

high load condition was the same as in Experiment 1, and the low load was the same 

as Condition 3, i.e. crosses were present but required no response. The initial 5 trials 

of pre-adaptation in Experiment 1 were not used, as the observers were well used to 

the procedure. A further change from Experiment 1 is that the adapting array 

consisted of 6 x 6 elements of which only the central 4 x 4 were used for the test. This 

was in anticipation of a later experiment (not described here) in which the observers 
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moved their eyes between adapt and test to demonstrate that the adaptation is 

retinotopic. The participants were the same as in Experiment 1, with the exception of 

LR and LP who did not take part. 

 

Methods 

The general arrangement of the display is shown in Fig. 4, taken from screen-shots of 

the stimuli.  The orientations of the patches were randomised between sessions, but 

constant within each 32-trial session.  In anticipation of Experiment 4, we made the (6 

× 6) adapting array larger than the (4 × 4) test array. We also truncated each Gabor’s 

Gaussian envelope at ±3s to give it a softer edge than those used in Experiment 1. 

The initial and top-up adaptation periods were 5 s. These were followed by a 1-s 

blank, a 1-s test, and finally the 4 × 4 array of circular placeholders in the positions of 

the test patches. One of the moving patches changed direction through 180 deg 

between the adaptor and the test. The other patches continued in the same direction. 

Ten observers participated in the experiment, including authors MM and JS. The 

others were a mixture of postgraduates, colleagues, and paid subjects, all of whom 

were naïve as to the purpose of the study. One observer (AJ) was available for only 4 

sessions (2 of each Load Condition). The others, in order of their appearance in Fig. 5 

performed {12, 11, 12, 11, 7, 10, 14, 17, 17} sessions. 
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Fig. 4.  Stimuli used in Experiment 4. The central cross changed color and orientation 
6 times during each adapting exposure.  
 
Results 

The results summarised in Fig. 5 show that most observers performed the task with an 
accuracy between 0.4 and 0.6. Growth curves (Fig. 6) from each observer were fit 
with Equation (1). The only significant improvement [𝜒2(1)	>	3.84;	p	<	0.05] when 
either parameter a was allowed to vary between attentional load conditions or when 
parameter b was allowed to vary between conditions, was found for slope in Observer 
KS [𝜒2(1)	=	5.55;	p	<	0.05]. Nor did fits improve significantly at the group level, 
when either parameter was allowed to vary with load [in both cases 𝜒2(1)	<	3.84;	p	
>	0.05].   
 
To	test	for	a	gradual	build-up	in	adaptation	over	trials,	we	used	the	generalized	
likelihood	ratio	test	to	compare	the	fit	of	Equation	(1)	when	parameter	b	was	
free	to	vary	with	a	fit	with	parameter	b	fixed	at	10	(producing	asymptotic	
performance	for	all	trials,	i.e.	x	≥	1).	Using	this	criterion	[𝜒2(1)	>	3.84	;	p		<	
0.05],	significant	improvement	are	indicated	by	colored	asterisks	on	Figure	6.	At	
the	group	level,	combining	data	over	the	same	number	of	trials	(64)	for	each	
obsever,	improvement	was	significant	in	the	high	load	condition	[𝜒2(1)	=	6.62;	p		
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<	0.025]	but	not	in	the	low	load	condition	[𝜒2(1)	=	1.85;	p		>	0.05].		The	overall	
evidence	for	growth	is	thus	not	very	strong.		This	may	be	because	each	
adaptation	period	lasted	for	5	s	rather	than	the	2	s	in	Experiment	1,	so	that	most	
of	the	build-up	may	have	occurred	on	the	first	trial.		To	test	this	we	carried	out	
the	same	test	as	in	Expt	1,	taking	a	difference	score	between	the	first	trial	in	each	
block	and	the	mean	of	the	remaining	31	trials.	Although	the	difference	scores	at	
the	group	level	were	negative	in	both	load	conditions	(-0.19	and	-0.14)	and	was	
also	negative	for	all	observers	in	the	high	load	condition,	it	was	negative	for	just	
6	of	10	observers	in	the	low	load	condition.	(NB:	Just	by	chance,	we	would	expect	
it	to	be	negative	in	5	of	10	observers.)	A	similar	pattern	was	found	when	only	the	
second	block	of	trials	was	analyzed	(group-level	difference	scores:	-0.26	and	-
0.07,	number	of	obervers	with	negative	scores:	9	of	10	and	7	of	10).	
 
Three of the observers (DP, TP, and EL) found the task very difficult and reported 

seeing no pop-out. Their scores barely reached the 0.25 level.  DP and TP are siblings, 

and had performed normally in other psychophysical experiments, including motion 

direction discrimination (cf. Morgan, Schreiber & Solomon, 2017, where DP goes by 

the initials DW).  Before concluding that these observers had reduced levels of 

adaptation, we wished to design an inverse task, where such a deficit would make the 

observer better, not worse. This was the purpose of Experiment 3. 
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Fig. 5. Performance of observers in Experiment 2 under two conditions of attentional 
load during adaptation (1: high load, 2: low load). Crosses were present in both 
conditions. Error bars for individual observers contain binomial 95% confidence 
intervals. The bottom right panel shows the mean performance ± 1 SE over observers.  
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Figure 6. Growth curves in performance in Experiment 2 fit with the 2-parameter 
Equation (1) in the text.  Each panel shows results for a different observer. The two 
curves are for the different attentional load conditions (blue: high load, black: low 
load). The coloured symbols next to the observer’s initials indicate conditions in 
which the growth curve was significantly (𝜒2(1)	>	3.84;	p	<	0.05)	shallower than a 
step function (i.e. parameter b << 10); brackets indicate [𝜒2(1)	>	5.64;	p	<	0.01].  
 
 
 
Experiment 3 
 
In the Ishihara pseudo-isochromatic tests for colour deficiency, one of the plates 

contains numerals that should be invisible to normal trichromats but visible to 

dichromats (cf. Morgan, Adam & Mollon, 1992).  We wished to develop an 

analogous test of adaptation, capable of identifying individuals whose efforts might 

be allocated more in accordance with their expectation (e.g. high load impairs search) 

than with task demands.  

 

Our solution to this problem was suggested by the observation in Experiments 1 and 2 

that the stationary, circular placeholders following the adaptation and test appeared to 

move, because of the well-known waterfall illusion (a. k. a. the motion aftereffect or 

MAE). We reasoned that this apparent movement of all the placeholders would 
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camouflage real movement of one of them (analogous to Morgan, Adam & Mollon, 

1992 for textural camouflage). Therefore, individuals with genuinely weak or absent 

adaptation should perform better than “strong adapters” in detecting the moving 

target. Amongst observers whose adaptabilities genuinely differ, we predicted a 

negative correlation between performances in the current experiment and those in 

Experiments 1 & 2. 

 

Methods	

The adapting array and placeholder array were the same as in Experiment 2, but the 

test array was omitted.  The adapting duration was 3 s, followed by a 1-s blank screen, 

and finally the placeholder array, which remained on until the observer clicked on the 

moving target.  The measure of performance was the reaction time (RT) before the 

click; shorter RTs indicate better performances.  During the display one of the circular 

placeholders moved vertically at a slow speed of 8.75 arcmin/s, either in the same 

direction as its spatially corresponding adaptor or in the opposite direction. The 

target-same and target-opposite conditions were randomly interleaved within a block, 

with an equal number of each. Because all the placeholders seemed to move initially, 

the observer had to wait for the MAE to die down before deciding which one was 

really moving. Typically, this took a few seconds.  In a control condition, the patches 

in the adapting array were stationary.  In this case, the distinction between target-same 

and target-opposite conditions was purely notional. 

 

Attentional load was manipulated with central crosses, as in Experiment 2.  

In the high-load task there were 3 crosses in each adapting interval. In the low-load 

condition there were no crosses, as in Condition 1 of Experiment 1. The initial 5 trials 

of pre-adaptation in Experiment 1 were not used, as the observers were well used to 

the procedure. The observers were the same as in Experiment 1 

 

Results 

A simple summary of the individual RTs in Fig. 7 is that the all the conditions are 

equivalent, except for the case where the adaptor is moving and the target is moving 

in the same direction as the adaptor. Detection was slower for targets moving in the 

same direction (T. same) as its corresponding adaptor than for targets moving in the 

opposite direction (T opp.).  Of course, this difference was not found in the case 
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where the adaptor was static (Stat.); only when it was moving (Mov.). The asymmetry 

is easily explained if adaptation to a moving Gabor patch causes a perceived 

movement of the spatially corresponding placeholder circle in the opposite direction.  

If the real movement is in the same direction as the adaptor, the aftereffect will slow it 

down and make the movement harder to detect. If it is in the opposite direction, the 

aftereffect and real motion will add and make it easier to detect.  Note, however, there 

seem to be genuine individual differences. Observers EL, DP, and TP do not show the 

predicted longer reaction times in the target-same condition. These are the same three 

observers who found the task particularly difficult in Experiment 2, where pop-out 

was based on prior adaptation. We therefore conjecture that these observers are “weak 

adapters.”   

 

The error rate in target selection was low (grand mean over all observers and 

conditions: 0.088) and not significantly different between conditions. Observer AJ 

was unusual in having a relatively high error rate (0.2891). 

 

The effects of attentional load were not consistent over observers. However, if we set 

aside the results for the three weak adapters, we find that 7 out of the 8 remaining 

observers show longer reaction times in the low-load condition, consistent with the 

combined data (bottom right panel in Fig. 8).  The exception is JS. However, it must 

be acknowledged that the effect of load is also miniscule in observers MM and AJ.  

Overall, the effect of load is not very convincing. 

 

To investigate possible effects of attentional load on the build-up of adaptation we 

first fitted negative exponential growth curves to the median RTs over observer (Fig. 

8). Surprisingly, in view of the results of the first two experiments, there was little 

evidence for an increase in RT, as would be expected from build-up of adaptation, 

even in the crucial condition where the test and adapting stimulus moved in the same 

direction (Panel 1 in Fig. 8), except possibly from Trial 1 to Trial 2. It was not 

possible to test for growth using the same likelihood tests used in Experiments 1 and 2 

because the data were RTs rather than probabilities, so we used the extra-sum of 

squares F-test (Mood,	Graybill	&	Boes,	1974):	
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𝐹(DF1, DF2) = (mnnHomnnp
qrH

)/(mnnp
qrp

),  (2)	

 
 

	

where	RSS2	is	the	residual	sum	of	squares	after	fitting	with	the	more	

complicated	model	with	two	free	parameters	(an	asymptote	a	and	slope	s),	and	

RSS1	is	for	the	nested	model,	with	the	slope	fixed	at	s	=	10	and	a	single	free	

parameter	(a).	The	degrees	of	freedom	are	DF1	=	1,	the	difference	in	free	

parameters,	and	DF2	=	30,	the	difference	between	the	number	of	data	points	(32	

in	this	case)	and	the	the	number	of	free	parameters	in	the	more	complicated	

model.		Tests	on	individual	observers	in	the	crucial	condition	where	we	expected	

adaptation	(see	above)	revealed	no	case,	in	either	condition,	where	the	nested	

model	fit	significantly	worse	than	the	more	complicated	model	[in	all	cases					

F(1,	30)	<	2.19,	where	the	critical	value	for	p	<	0.05	is	4.11).		At	the	group	level,	

testing	the	median	RTs	over	observers,	no	F	was	greater	than	1.006	(NS).		The	

difference	scores	between	the	first	trial	and	the	median	of	trials	2-32	were	

negative	in	6	of	10	and	4	of	10	observers	in	the	high	and	low	load	conditions,	

respectively	(group	data	shown	in	top	right	panel	of	Fig.	8).		We	conclude	that	

the	evidence	for	growth	of	adaptation	is	weak,	despite	the	fact	that	adaptation	

clearly	had	an	effect	(as	shown	in	the	top	left	panel	of	Fig.	8,	for	example).	

	

We	next	used	the	same	F-test	to	test	the	significance	of	the	differences	in	

asymptote	(or	slope)	between	the	pairs	of	conditions	in	each	of	the	4	panels	of	

Fig.	8.		At	the	group	level,	using	medians	over	observers	as	data,	the	differences	

in	asymptote	were	significant	for	the	effect	of	movement	direction	[top	left	panel	

in	Fig.	8;	F(1,	30)	=	40.6,	p	<	0.001]	and	for	the	effect	of	moving	vs	static	adaptor	

[F(1,	30)	=	30.66,	p	<	0.001]	but	not	for	the	effect	of	load	[top	right	panel	F(1,	30)	

=	1.08,	p	>	0.05]	nor	for	the	contrast	in	the	lower	right	panel	[F(1,	30)	=	0.06,	p	>	

0.05].		None	of	the	differences	in	slope	between	pairs	of	conditions	in	Fig.	8	were	

significant	(F	<	0.36	in	all	cases).	These	statistics	confirm	the	visual	impressions	

from	Fig.	8,	and	the	results	of	analyzing	individual	observers,	for	none	of	whom	

was	the	effect	of	load	significant	(all	Fs	<	1.53;	p	>	0.05).	
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To investigate further the differences between observers, we assigned each observer a 

score in Experiment 1 (the detection probability, or hit rate) and plotted this against 

the difference score between median reaction times in the target-same and control (i.e. 

static adaptors, in the notional ‘target-same’ condition) conditions in the present 

experiment (data from both high and low-load conditions were pooled).  The 

difference score on trial t was computed as (RT1(t)-RT2(t))/(RT1(t)+RT2(t)), where t 

is the trial number and RT1(t) and RT2(t) are the individual reaction times on that 

trial in the two conditions respectively. The points Fig. 9 are the medians of the set of 

difference scores and the error bars contain 95% of the set over all trials. We expected 

low detection probabilities in Experiment 1 to correlate with low difference scores in 

Experiment 3, because both imply weak adaptation.  The results shown in Fig. 9, 

comparing Experiments 1 and 3 confirm this conjecture. The three putatively weak 

adapters (EL, DP, and TP) form a distinct cluster in the bottom left of the figure. The 

overall correlation (𝜌) is 0.67. A similar analysis of Experiments 1 & 2 showed the 

same clustering (Fig. 10) for 12 observers. 

 
 

Fig. 7.  The figure shows the data from Experiment 3, in which observers identified a 
slowly moving target circle amongst 15 stationary distractors, as quickly as possible, 
after adapting to a 4 × 4 array of Gabor patches (see Fig. 1).  The key to the 
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conditions is given in Panel EL. The adapting patches were either static or moving 
(Stat. vs Mov.). In the adaptor-moving conditions, the target moved either in the same 
direction as its preceding adapting patch (Condition 1) or in the opposite direction 
(Condition 2). In the adaptor-static conditions, the target was randomly assigned to 
the target-same or target-opposite condition. The * symbol indicate that the adaptation 
was carried out under a high attentional load condition. Observer LP carried out the 
low load condition only; her data for this condition have been repeated. The vertical 
axes show the individual median times taken by the observer to click on the target. 
The error bars contain 50% of the data.  
 

 
Fig. 8.  Each panel in the figure shows the median reaction times over observers 
(ordinate) plotted against trial number in the session (abscissa). The solid lines are fits 
to the data points of the same colour using the negative exponential growth curve 
described in the Text. Each panel shows a different set of conditions, as follows: 
Top Left: Contrasts targets moving in the same direction as their adaptor with targets 
moving in the opposite direction. Only trials with a moving adaptor are included. 
Load conditions are combined. 
Top Right: Contrasts the two conditions of attentional load.  Only moving adaptor + 
target-same conditions are included. 
Bottom Left: Contrasts the moving-adaptor and static-adaptor conditions, when the 
target moves in the same direction as the adaptor. Load conditions are combined. 
Bottom Right: Contrasts the moving-adaptor and static-adaptor conditions, when the 
target moves in the opposite direction from the adaptor. Load conditions are 
combined. 
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Fig 9. Median (±47.5 percentiles) difference scores for 10 observers in Experiment 3 
(ordinate) plotted against hit rate for the same subjects in Experiment 2. Observers 
DP, EL, and TP (green square, blue circle, and blue star) form a distinct cluster, 
indicated by the dotted circle) in the bottom left of the space. Horizontal error bars 
contain binomial 95% confidence intervals. The straight line shows the best-fitting 
linear relationship between Task A probability and Task B RT difference. Data have 
been combined across Load Conditions in both experiments. 
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Fig. 10. Difference scores for 12 observers in Experiment 3 plotted against hit rate for 
the same subjects in Experiment 1. Layout analogous to Fig. 9. Observers DP, EL, 
and TP (green square, blue circle, and blue star) again appear in the bottom left of the 
space. A data point for LP (magenta star) is included, although she experienced only 
low-load conditions in both experiments.  
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discovered after the data had been collected, data were not available for all subjects in 

all sessions, but the remaining data were sufficient to show that detection was indeed 

occurring. The mean hit rates over observers and the mean RT are shown in Table 1, 

with the standard deviations in parentheses. The longer RTs and higher hit rates in 
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the difference in RT between high and low loads in the condition where the target 

moved in the same direction as the adaptor.  The Kendall Correlation coefficients 

between these three measures and the overall hit rates were 0.11, -0.09 and 0.14 

respectively, giving no evidence for an association. 

 

 

Experiment P(hit) RT (s) 
1 0.609 (0.117) 1.39 (0.18) 
2 0.78 (0.22) 2.7 (0.86) 

3 0.72 (0.15) 1.79 (0.42) 
 

 

Eye Movement Recording 

Eye-movement recordings were carried out to verify that observers maintained 

fixation during the adaptation top-ups (Fig. 11).  These recordings also showed that 

the three putatively weak adapters (EL, DP, and TP) were just as accurate at fixating 

during adaptation as the other observers. 
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Fig. 11.  The data show mean gaze positions on separate trials, for 8 observers during 
adaptation top-ups (red) and during tests (blue).  The centre circle is centred on the 
position of the FP during adaptation and is of similar size to the placeholders used in 
the experiments. 
 
Discussion  

	

Individual	Differences	

Exceptional	individuals	can	help	us	to	understand	the	physiological	mechanism	

of	sensory	processing	(Mollon,	Bosten	et	al	,	2017).	Dalton’s	anomolous	colour	

vision,	for	example,	greatly	influenced	the	theory	of	trichomacy.	However,	for	an	

exceptional	individual	or	individuals	to	be	informative,	it	is	important	that	they	

be	subject	to	rigorous	testing;	simply	being	poor	in	one	particular	test	is	not	

sufficient,	because	this	could	arise	from	many	motivational	and	cognitive	factors	

having	little	or	nothing	to	do	with	the	mechanisms	of	sensory	processing.		

Particular	care	must	be	taken	to	disguise	from	the	particants	to	purpose	of	the	

experiment	and	the	result	expected	from	the	experimenter’s	hypothesis	

(Manning,	Morgan	et	al,	2017;	Gheri,.	Chopping	&	Morgan,	2008)	

	

	

We	found	three	observers	who	showed	small	or	non-existent	effects	of	

adaptation	in	a	visual	search	task.	Crucially,	this	was	not	because	they	were	poor	

at	search	tasks	in	general;	they	were	faster	than	most	observers	in	searching	for	

the	moving	placeholder	in	Experiment	3,	a	task	that	was	impeded	by	adaptation.		

Nor	was	it	because	these	observers	were	relatively	poor	at	fixating	the	centre	of	

the	adapting	stimulus	(Fig.	11).		We	conclude	that	these	observers	most	likely	

have	a	weaker	MAE	than	the	norm.		Large	individual	differences	in	the	duration	

of	the	MAE	have	previously	been	reported	by	Granit	(1928)	and	Sinha	(1952),	

including	the	remarkable	and	neglected	case	noted	by	Grindley	(1930)	of	an	

observer	who	saw	no	movement	aftereffect	whatsoever.	The	exciting	possibility	

of	a	basic	polymorphism	in	adaptation	between	human	observers	deserves	

further	investigation.		The	advantage	of	the	method	we	have	described	in	this	

paper	is	that,	unlike	the	duration	or	P50	measures	of	the	MAE	(Morgan,	

Dillenburger,	Raphael,	&	Solomon,	2012),	it	is	performance–based	and	criterion	

free.	It	is	a	“Type	1”	task,	for	which	there	is	a	right	answer	(Sperling	et	al.	1990),	
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and	which	therefore	could	be	used	to	measure	adaptation	in	non-human	species.			

	

The	number	of	participants	in	our	experiments	(n=12),	although	large	by	the	

normal	standards	of	psychophysical	experiments,	does	not	permit	very	accurate	

estimates	for	the	prevalence	of	weak	adapters	within	the	university	population,	

which	may	not	be	representative	of	the	general	population.	Given	our	3-out-of-

12	incidence,	the	95%	binomial	confidence	interval	extends	from	0.07	to	0.57.	

Nor	can	we	be	confident	that	weak	adapters	form	a	distinct	cluster,	rather	than	

being		at	one	end	of	a	continuous	distribution.	Nor	can	we	say	anything	about	the	

generality	of	the	trait	with	respect	to	forms	of	adaptation	other	than	the	motion	

after-effect.		To	overcome	these	limitations,	it	would	be	necessary	to	run	a	larger	

scale	study,	with	many	more	particpants	and	different	kinds	of	adaption,	such	as	

orientation	and	contrast.	

	

The effect of attentional load 

As	noted	in	the	Introduction,	there	are	conflicting	claims	regarding	whether	the	

MAE	is	decreased	when	observers’	attention	is	distracted	away	form	the	

adapting	stimulus.	Bartlett	et	al.	(2016)	recently	suggested	that	the	discrepency	

between	these	results	might	be	because	attention	affects	only	the	growth	of	

adaptation	to	asymptote	rather	than	the	final	level.	Negative	studies	may	have	

missed	the	growth	effect.	Specifically	for	this	reason,	we	looked	at	the	growth	of	

the	adaptation	effect	in	Experiments	1	&	2.	Within-subjects	analyses	of	our	

objective	(or	“Type	1”)	measure	of	adaptation	produced	no	convincing	evidence	

for	differences	in	growth	rate	or	asymptote.		A	small	effect	of	load	was	found	in	

Experiment	3,	but	only	at	the	population	level	and	when	weak	adapters	were	

excluded.	Contrast	in	this	experiment	was	between	crosses-present	(high	load)	

and	crosses-absent	(low	load)	so	we	cannot	exclude	the	possibility	that	any	small	

effect	was	due	to	the	crosses	rather	than	to	attentional	distraction	per	se.	

	

It	seems	reasonable	to	conclude,	taking	into	account	the	literature	as	a	whole,	

and	the	negative	effects	reported	in	this	paper,	that	the	effect	of	attention	on	

motion	adaptation	is	at	best	small	and	inconsistent.		Even	if	a	recipe	for	

producing	the	effect	consistently	were	eventually	found,	it	would	be	necessary	to	
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eliminate	the	possibility	that	it	was	due	to	peripheral	effects	of	attention,	such	as	

microsaccade	frequency,	pupil	size,	and	blinking,	before	we	could	conclude	that	

it	is	a	direct	effect	of	attention	on	V1.		Our	view	is	that	the	effect,	if	it	exists,	is	so	

small	and	variable	over	observers	that	it	is	not	worth	pursuing	further	in	any	

detail.			

	

	

Acknowledgements	

This	work	was	supported	in	part	by	RPG-2016-124	from	the	Leverhulme	Trust.	

	 	



 

	 28	

	 	
	

References 

Addams,	R.	(1834).	An	account	of	a	peculiar	optical	phenomenon	seen	after	
having	looked	at	a	moving	body	etc.	London	and	Edinburgh	Philosophical	
Magazine	and	Journal	of	Science,	5,	373–374	(3rd	series).		

Barlow,	H.	B.,	&	Hill,	R.	M.	(1963).	Evidence	for	a	physiological	explanation	of	the	
waterfall	phenomenon	and	figural	after-effects.	Nature,	200,	1345–1347.		

Bartlett,	L.,	Adams,	W.	&	Graf,	E.	(2016).	Attention	and	the	Motion	After	Effect.	
Perception,	Abstracts	of	39th	meeting	of	the	European	Conference	on	Visual	
Perception,	2P011	doi:	10.1177/030100661273	

Becker,	M.	W.,	Pashler,	H.,	&	Anstis,	S.	M.	(2000).	The	role	of	iconic	memory	in	
change	detection	tasks.	Perception,	29,	273–286.		

Blakemore,	C.	&	Campbell,	F.	C.	(1969)	On	the	existence	of	neurones	in	the	
human	visual	system	selectively	sensitive	to	the	orientation	and	size	of	retinal	
images.	Journal	of	Physiology,	203,	237-260.	

Bosten, J. M. and Mollon, J. D. (2010) Is there a general trait of susceptibility to 
simultaneous contrast? Vision Research 50, 1656-1664  
Chaudhuri,	A.	(1990).	Modulation	of	the	motion	aftereffect	by	selective	attention.	
Nature,	344,	60-62.		

De	Valois,	R.	L.,	&	De	Valois,	K.	K.	(1991).	Vernier	acuity	with	stationary	moving	
Gabors.	Vision Research,	31(9),	1619-1626.  

Desimone,	R.,	&	Duncan,	J.	(1995).	Neural	mechanisms	of	selective	visual	
attention.	Annual	Review	of	Neuroscience,	18,	193–222.	
	
Duncan,	J.	(1996).	Cooperating	brain	systems	in	selective	perception	and	action.	
In	T.	Inui	&	J.	L.	McClelland	(Eds.),	Attention	and	performance	XVI	(pp.	549–578).	
Cambridge,	MA:	MIT	Press	

	
Dillenburger,	B.	&	Morgan,	M.J.	(2017)	Saccades	to	Explicit	and	Virtual	Features	
in	the	Poggendorff	Figure	show	Perceptual	Biases,	i-Perception,	March-April,	1-
21	
	
Foley,	J.	M.	(1994).	Human	luminance	pattern-vision	mechanisms:	Masking	
experiments	require	a	new	model.	Journal	of	the	Optical	556	Society	of	America	
A,	Optics,	Image	Science,	and	Vision,	11(6),	557	1710–1719.	

	Foley,	J.	M.,	&	Chen,	C.	C.	(1997).	Analysis	of	the	effects	of	pattern		adaptation	on	
pattern	pedestal	effects:	A	two-process	model.	Vision	560	Research,	37,	2781–
2788.		



 

	 29	

	
	
Friedman,	D.,	Cyowitz,	Y.M.	&	Gaeta,	H.	(2001)	The	Novelty	P3:	an	event-related	
Brain	Potential	(ERP)	sign	of	the	brain’s	evaluation	of	novelty.	Newuroscience	
and	Biobehavioural	Reviews,	25,	355-373	
	

Gheri,	C,	Chopping,	S	&	Morgan,	M.J.	(2008)	Synaesthetic	colours	do	not	
camouflage	form	in	visual	search.	Proc.	Roy.	Soc.	B,	275(2)841-246.		
	

Gibson, J. J.,	&	Radner,	M.	(1937)	Adaptation,	after-effect	and	contrast	in	the	
perception	of	tilted	lines.	I.	Quantitative	studies.	Journal	of	Experimental	
Psychology,	20(5),	453-467. 
 
Granit,	R.	(1928).	On	inhibition	in	after-effect	of	seen	movement.	British	Journal	
of	Psychology,	XIX.		

Grindely,	G.	(1930).	Rod	and	cone	aftereffects.	Journal	of	Physiology,	LXIX,	53–
59.	 

 
Ivry,	R.	and	Cohen,	A.	(1992).	Asymmetry	in	visual	search	for	targets	defined	by	
differences	in	movement	speed.	Journal	of	Experimental	Psychology:	Human	
Perception	&	Performance,	18,	1045-1057.		

Kohn,	A.,	&	Movshon,	J.	(2003).	Neuronal	adaptation	to	visual	motion	in	area	MT	
of	the	Macaque.	Neuron,	39,	681–691 

Kolb,	F.	C.,	&	Braun,	J.	(1995).	Blindsight	in	normal	observers.	Nature,	377,	336–
338. 	

Manning, C., Morgan, M. J., Allen, C. T. W., & Pellicano, E. (2017) Susceptibility to 
Ebbinghaus and MüllerLyer illusions in autistic children: a comparison of three 
different methods. Molecular Autism, 9(16`) DOI 10.1186/s13229-017-0127-y 
 

Mather,	G.,	Verstraten,	F.,	&	Anstis,	S.	(Eds.).	(1998).	The	motion	aftereffect:	A	
modern	perspective.	Cambridge,	MA:	MIT	Press.		

McGraw,	P.	V.,	Whitaker,	D.,	Skillen,	J.,	&	Chung,	S.	T.	(2002).	Motion	adaptation	
distorts	perceived	visual	position.	Current	Biology,	12(23),	2042-2047.		

Mollon, J.D. , Bosten, J.M.  , Peterzell, D. H. , Webster, M. A. (2017)� Individual 
differences in visual science: What can be learned and what is good experimental 
practice? Vision Research, 141,416. 
 
 
Mood,	A.,	Graybill,	F.	&	Boes,	D.	(1974).	Introduction	to	the	theory	of	statistics,	
3rd	edn.	New	York,	NY:	McGraw-Hill.		



 

	 30	

Morgan,	M.	J.	(2011).	Wohlgemuth	was	right:	distracting	attention	from	the	
adapting	stimulus	does	not	decrease	the	motion	after-effect.	Vision	Research,	
51(20),	2169-2175.	doi:	10.1016/j.visres.2011.07.018 

Morgan,	M.	J.	(2012).	Motion	adaptation	does	not	depend	on	attention	to	the	
adaptor.	Vision Research,	55,	47-51.	doi:	10.1016/j.visres.2011.12.009	 

Morgan	M	(2013)	Sustained	attention	is	not	necessary	for	velocity	adaptation.	
Journal	of	Vision,	13,	26	
	

Morgan	M. J. 	(2014)	A	bias-free	measure	of	retinotopic	tilt	adaptation.	Journal of 	
Vision, 	14(1),	7	. Published	online	2014	Jan	8.	doi:		10.1167/4.1.7	
	
Morgan,	M.J.,	Adam,	A.	&	Mollon,	J.D.	(1992)	Dichromats	break	colour-camouflage	
of	textural	boundaries.		Proc.	Roy.Soc.B.,	248,	291-295	
	
 
Morgan, M., Dillenburger, B., Raphael, S. & Solomon, J. A. (2012) Observers can 
voluntarily shift their psychometric functions without losing sensitivity. Attention, 
Perception & Psychophysics, 74, 185-193. 
 
Morgan, M.J. & Hauperich, A. (2016). Attentional distraction and the Motion After 
Effect. Experimental Psychology Society Meeting, Durham UK. 
 
 
Morgan, M. J., Mason, A. J. S., & Solomon, J. S. (1997). ‘‘Blindsight’’ in normal 
observers. Nature, 385, 401–402. 	

Morgan,	M.	J.,	Chubb,	C.	&	Solomon,	J.	A.	(2006)	Predicting	the	motion	after-effect	
from	sensitivity	loss.		Vision	Research.,	46,	2412-20.	

Morgan,	M.	J.,	Chubb,	C.,	&	Solomon,	J.	A.	(2011).	Evidence	for	a	subtractive	
component	in	motion	adaptation.	Vision	Research,	51(21-22),	2312-2316.	
doi:	10.1016/	Vision	Research	s.2011.09.002	

	
Morgan	M. J.,	Schreiber	K.,	Solomon	J. A	.(2016)	Low-level	mediation	of	
directionally	specific	motion	aftereffects:	Motion	perception	is	not	necessary.	
Attention, 	Perception and 	Psychophysics	78:	2621-2632 
 

Morgan,	M.	J.,	&	Solomon,	J.	A.	(2006)	Attentional	capacity	limit	for	visual	search	
causes	spatial	neglect	in	human	observers.	Vision	Research.,	46,	1868-75	

Nishida,	S.,	&	Ashida,	H.	(2000).	A	hierarchical	structure	of	motion	system	
revealed	by	interocular	transfer	of	flicker	motion	aftereffects.	Vision	Research,	
40(3),	265-278.	 



 

	 31	

Nothdurft, H-C. (2000) Salience	from	feature contrast: additivity across dimensions. 
Vision Research, 40, 1183-1201. 

O’Regan,	J.	K.,	Rensink,	R. A.,	&	Clark,	J. J.	(1996).	“Mud	splashes”	render	picture	
changes	invisible.	Investigative	Ophthalmology	and	Visual	Science	(Suppl.),	39,	
213.		
 
Pashler,	H.,	Dobkins,	K.,	&	Huang,	L.	(2004).	Is	contrast	just	another	feature	for	
visual	selective	attention?	Vision	Research,	44(12),	1403-1410.		
	
Ramachandran,	V.	S.,	&	Anstis,	S.	M.	(1990).	Illusory	displacement	of	
equiluminous	kinetic	edges.	Perception,	19(5),	611-616.		
	
Rees,	G.,	Frith,	C.	D.,	&	Lavie,	N.	(1997).	Modulating	irrelevant	motion	perception	
by	varying	attentional	load	in	an	unrelated	task.	Science,	278,	1619-1619.		
	
	
Rensink, R. A., O’Regan, J. K., & Clark, J. J. (1997). To see or not to see: The need 
for attention to	perceive	changes	in	scenes.	Psychological	Science,	8,	368–373.	
	
Ross,	J.,	Speed,	H.,	&	Morgan,	M.	(1993).	The	effects	of	adaption	and	masking	on	
incremental	thresholds	for	contrast.	Vision	Research,	33,	615	2050–2056.		

 

Rosenholtz,	R.	(1999)	A	simple	saliency	model	predicts	a	number	of	motion	
popout	phenomena.	Vision	Research,	39,	3157–3163	 
Schwartz,	S.,	Vuilleumier,	P.,	Hutton,	C.,	Maravita,	A.,	Dolan,	R.	J.,	&	Driver,	J.	
(2005).	Attentional	load	and	sensory	competition	in	human	vision:	Modulation	of	
fMRI	responses	by	load	at	fixation	during	task-irrelevant	stimulation	in	the	
peripheral	visual	field.	Cerebral	Cortex,	15(6),	770–786. 	
	 
Scott-Brown,	K.	C.,	Baker,	M.	R.,	&	Orbach,	H.	S.	(2000).	Comparison	Blindness.	
Visual	Cognition,	7,	253–267.		
	
Scott-Brown,	K.	C.,	&	Orbach,	H.	S.	(1998).	Contrast	discrimination,	non-uniform	
patterns	and	change	blindness.	Proceedings	of	the	Royal	Society,	B.,	265,	2159–
2166.		
 
Sekuler,	R.,	&	Ganz,	L.	(1963).	Aftereffect	of	seen	motion	with	a	stabilized	retinal	
image.	Science,	139,	419–420.		
 
Simons,	D. J.	(1996).	In	sight,	out	of	mind:	when	object	representations	fail.	
Psychological	Science,	7,	301–305.		
	
Simons,	D.	J., & Levin, D. T.	(1997).	Failure to detect changes to attended objects. 
Investigative	Ophthalmology	and	Visual	Science,	38,	4,	3273		
 



 

	 32	

Sinha,	D.	(1952).	An	experimental	study	of	a	social	factor	in	perception:	The	
influence	of	an	arbitrary	group	standard.	Patna	University	Journal,	6(1),	7–16.		
 
Solomon, J. A.,	John,	A.	&	Morgan,	M. J. 	(2006)	Monocular	texture	segmentation	
and	proto-rivalry.	Vision	Research.,	46,	1488-92	
 
Solomon,	J. A.	&	Morgan,	M. J.	(2001)	Odd-men-out	are	poorly	localised	in	brief	
exposures.	Journal	of	Vision,	1,	9-17 
	
Sperling,	G.,	Dosher,	B.	A.,	&	Landy,	M.	S.	(1990).	How	to	study	the	kinetic	depth	
effect	experimentally. Journal	of	experimental	psychology.	Human	perception	
and	performance,	16(2),	445-450 	
 
Taya,	S.,	Adams,	W.,	Graf,	E.,	&	Lavie,	N.	(2009).	The	fate	of	task-irrelevant	visual	
motion:	Perceptual	load	versus	feature-based	attention.	Journal	of	Vision,	9(12),	
1-10.		
 
Theeuwes, J. & Lucassen, M. P. (1993). An adaptation-induced pop-out in visual 
search. Vision Research, 33, 2353-2357. 
	
Thompson,	P.	(1981).	Velocity	aftereffects:	The	effects	of	adaptation	to	moving	
stimuli	on	the	perception	of	subsequently seen moving stimuli. Vision Research,	
21,	337–345.	 
 
Turi, M., & Burr, D. (2012). Spatiotopic perceptual maps in humans: evidence from 

motion adaptation.  Proceedings. Biological sciences / The Royal Society, 
279(1740), 3091-3097. doi: 10.1098/rspb.2012.0637 

 
Wade N. J., Thompson P., & Morgan M. J. (2014) The after-effect of Adolf 
Wohlgemuth's seen motion. Perception. 2014;43(4):229-34. 
 
Wissig, S. C., Patterson, C. A. & Kohn, A. (2013) Adaptation improves performance 
on a visual search task.  Journal of Vision, 13, 1-15 
 
Wohlgemuth,	A.	(1911).	On	the	aftereffect	of	seen	movement.	British	Journal	of	
Psychology,	Monograph,	Supplement,	1,	1–117.		
	
Wolfe, J.M. (2001) Asymmetries in visual search: an introduction. Perception and 
Psychophysics, 63(3):381-389. 
	
Weigelt,	S.,	Muckli,	L.	&	Kohler,	A.	(2008)	Functional	magnetic	resonance	
adaptation	in	visual	Neuroscience.	Reviews	in	Neuroscience,	19,	363-80.	
	 
Wright, M., Green, A., & Baker, S. (2000) Limitations for change detection in 
multiple Gabor targets.  Visual Cognition, 7, 237-252. 
 
Wright,	M.	J.,	Alston,	L.,	&	Popple,	A.	V.	(2001).	Set	size	effects	for	spatial	
frequency	change	and	discrimination	in	multiple	targets.	Spatial	Vision,	15,	157–
170.	 


