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The	influence	of	face	identity	noise	on	face	recognition	in	healthy	subjects	and	patients	with	mild	
traumatic	brain	injury	- an	equivalent	noise	approach.
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We	aimed	to	investigate	the	influence	of	mTBI on	face	
recognition	using	an	equivalent	noise	paradigm.

• Face	identity	sensitivity	was	measured	as	a	function	of	external	
noise,	defined	as	face	identity	noise	

• Face	identity	thresholds	were	measured	between	a	mean	face	
two	different	identities

• Synthetic	face	stimuli	were	generated	using	a	software	
(FaceGen Modeller 3.5;	Singular	Inversions	Inc.,	2016),	which	
allowed	us	to	precisely	control	the	amount	of	identity	noise	for	
a	given	face	identity.	

• Various	face	identity	noise	levels,	e.g.	a	twin,	sibling,	cousin	or	
distant	relative	(four	noise	levels)	were	created	for	each	morph	
level	between	a	mean	face	and	the	two	individual	identities	
(Kyle	&	Lea)

• To	estimate	the	amount	of	internal	noise	and	
efficiency,	we	applied	the	equivalent	noise	paradigm	
and	fit	a	Linear	Amplifier	Model	(LAM)	to	the	data	
(Baldwin	et	al.,	2016;	Lu	&	Dosher,	2008)

• Results	show	that	face	identity	thresholds	increase	
with	increasing	face	identity	noise	in	both	groups.

• Thresholds	are	significantly	increased	for	all	noise	
levels	in	mTBI patients	compared	to	control	
subjects.

• Compared	to	the	control	group,	TBI	patients	have	
significantly	lower	efficiency	in	this	task.

• However,	internal	noise	is	not	increased	in	the	TBI	
group.
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• Thresholds	– Univariate	ANOVA	(Group):	F1,175 =	8.349, p=.004,		
• Shapiro-Wilk	Test:	internal	noise:	pc=.229,	pi=.541;	efficiency:	pc=.157,	pi=.446
• One-Way	ANOVA	(Control	vs.	TBI):	internal	noise:	F1,32 =	2.924, p=.097,	efficiency:	F1,32 =	5.937,

p=.021
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DISCUSSIONControl	Group	(N=20) TBI	Group	(N=14)

Control	Group
TBI	Group
I =	SEM

• mTBI affects	the	ability	to	recognize	faces.
• Thresholds	are	increased	for	all	noise	levels.
• According	to	LAM,	internal	noise	is	not	increased	in	

TBI	patients.
• The	efficiency	is	decreased	in	the	TBI	group.
• The	efficiency	parameter	β indicates	how	well	the	

visual	system	makes	use	of	the	noisy	input	
information.	

• i.e.	better	processing	strategies	applied	to	the	input	
give	higher	efficiencies,	approaching	the	ideal	
observer	which	uses	the	best	possible	strategy	
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Valid contour Invalid contour

Figure 1. Examples of the valid and invalid contour stimuli used in our experiments. The modulation amplitude (A)
determining the curvature of the contour is set to 0.25.

a) orientation noise b) position noise c) contrast noise

Figure 2. Examples of the different types of noise stimuli used in our experiments. The amplitude of the curvature of the
contour for each case is approximately twice that required for threshold performance: a) 0.25, b) 0.25, c) 0.18.

observers reflects the internal noise of their contour integration process (see below).
The discrimination shown in Fig 1 is easy. To make the task difficult one can reduce the curvature of the contour by using a

smaller amplitude (A) in the cosine function that determines its shape. In the previous contours-in-noise task curved contours
were more difficult to locate in the noise background. In our task, it is straighter contours that make the discrimination of
good continuation more difficult. We used a four-alternative forced-choice task where single contours were briefly presented at
2.8 degrees of visual angle from fixation in four quadrants. Observers had to respond with which of the four was the valid
contour. Control experiments allow us to compare performance in this task against a non-contour task based on discriminating
orientation or position independently. Further details are provided in our methods section. Subjectively, the contour task itself
is simple to perform. When the valid contour is detectable it usually “pops out” in an obvious way (giving a smooth continuous
impression). This helps observers quickly learn the task.

Having established our basic task, we now extend it to measure noise-masking functions. We added three types of noise to
our contours: a) orientation noise that added a random rotation to each of the wavelets in both the valid and invalid contours,
b) position noise implemented by adding a random positional offset to each wavelet, and c) contrast noise implemented by
adding a random contrast jitter to each wavelet. These are shown in Fig 2, with the contour curvatures at twice that required for
threshold performance. Measuring thresholds in different levels of this external (stimulus) noise gives a noise-masking function.
From this one can determine the equivalent internal noise in each domain. This is found by seeing how much external noise
must be added to the stimulus before performance changes.

Noise masking functions can be interpreted using the Linear Amplifier Model11, 12 (LAM). The signal to noise ratio (d0) is

d0 =
bAq

s2
ext +s2

int

, (1)

where sext is the standard deviation of the external noise added to the stimulus, sint is the standard deviation of the equivalent
internal noise in the visual system, and b represents the efficiency of the processing performed on the input. The amplitude at
threshold (Athreshold) can be found by solving for A when d0 = 1

Athreshold =

q
s2

ext +s2
int

b
. (2)

From Eq 2 one can see that when sint � sext behaviour will be determined by the internal noise in the system (and the
efficiency), and so thresholds will not be affected by the external noise. Once that noise level increases and sint ⌧ sext however,

2/12

• σext is	the	standard	deviation	of	the	external	noise	
added	to	the	stimulus,	σint is	the	standard	deviation	
of	the	equivalent	internal	noise	in	the	visual	system,	
and	β represents	the	efficiency	of	the	processing	
performed	on	the	input.	


