
www.sciencedirect.com

c o r t e x 1 5 5 ( 2 0 2 2 ) 3 4 7e3 5 6
Available online at
ScienceDirect

Journal homepage: www.elsevier.com/locate/cortex
Research Report
Impaired sensitivity to spatial configurations in
healthy aging
James Chard a,*, Richard Cook a and Clare Press a,b

a Department of Psychological Sciences, Birkbeck, University of London, London, UK
b Wellcome Centre for Human Neuroimaging, University College London, London, UK
a r t i c l e i n f o

Article history:

Received 3 June 2021

Reviewed 16 January 2022

Revised 16 March 2022

Accepted 16 May 2022

Action editor Giuseppe Iaria

Published online 6 August 2022

Keywords:

Aging

Face perception

Visual perception

Configural processing
* Corresponding author. Birkbeck, University
E-mail addresses: jhchard@gmail.com,

(C. Press).
https://doi.org/10.1016/j.cortex.2022.05.026
0010-9452/© 2022 The Authors. Published
creativecommons.org/licenses/by-nc-nd/4.0/
a b s t r a c t

Healthy aging is associated with decline in social, emotion, and identity perception, which

is frequently attributed to deterioration of structures involved in social inference. It is

believed that this decline is unlikely to be a result of perceptual aberrations due to intact

(corrected) visual acuity. Nevertheless, the present studies examine whether more

particular perceptual aberrations may be present in healthy aging, that could in principle

contribute to such difficulties. The present study examined the possibility that particular

deficits in configural processing impair the perception of faces in healthy aging. Across two

signal detection experiments, we required a group of healthy older adults and matched

younger adults to detect changes in images of faces that could differ either at the local,

featural level, or in configuration of these features. In support of our hypothesis, older

adults were particularly impaired in detecting configural changes, relative to detecting

changes in features. The impairments were found for both upright and inverted faces and

were similar in a task with images of inanimate objects (houses). Drift diffusion modelling

suggested that this decline related to reduced evidence accumulation rather than a ten-

dency to make configural judgments based on less evidence. These findings indicate that

domain-general problems processing configural information contribute to the difficulties

with face processing in healthy aging, and may in principle contribute to a range of higher-

level social difficulties e with implications also for other groups exhibiting similar patterns

in perception and understanding.

© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
of London, UK.
jchard01@mail.bbk.ac.uk (J. Chard), richard.cook@bbk.ac.uk (R. Cook), c.press@bbk.ac.uk

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cortex.2022.05.026&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jhchard@gmail.com
mailto:jchard01@mail.bbk.ac.uk
mailto:richard.cook@bbk.ac.uk
mailto:c.press@bbk.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cortex.2022.05.026&domain=pdf
www.sciencedirect.com/science/journal/00109452
www.elsevier.com/locate/cortex
https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


c o r t e x 1 5 5 ( 2 0 2 2 ) 3 4 7e3 5 6348
1. Introduction

A range of studies have indicated age-related difficulties in

tasks involving face processing, including identity recognition

(e.g., Boutet& Faubert, 2006; Megreya& Bindemann, 2015) and

inferring affective and other internal states from facial ex-

pressions (e.g., Calder et al., 2003; Keightley et al., 2006;

Kessels et al., 2014; see Ruffman et al., 2008 for a review). It has

been proposed that such deficits produce a cascade of social

difficulties, contributing to health and social problems in the

aging population (Szanto et al., 2012). However, it is not known

what underlies age-related deficits in face processing, and

such understanding is a first step towards developing effective

interventions.

Neurophysiological differences in the ‘social brain’ are

frequently taken to explain particular difficulties with face

perception and other social tasks in healthy aging (Fischer

et al., 2010; Ruffman et al., 2008; Ziaei et al., 2019). The ‘so-

cial brain’ is a postulated network involving regions such as

the orbitofrontal cortex, cingulate cortex and amygdala, and is

implicated in the ‘accurate perception of the dispositions and

intentions of other individuals’ (p. 28; Brothers, 1990). While

changes in these circuits are likely to account for many social

differences observed in healthy aging, there may be more

domain-general perceptual loci that could alternatively or

additionally explain difficulties with social tasks. Of course, if

one finds it difficult to process perceptual cues (e.g., eye sep-

aration) necessary for deriving social information (e.g., that

Henry is standing in front of me), social difficulties will

necessarily ensue. Studies examining the nature of these

difficulties frequently control for global perceptual acuity but

these controls may be insufficient.

Specifically, face perception difficulties cannot be primarily

ascribed to simple acuity decline because they are frequently

observed with relative preservation in other perceptual tasks,

while there are also substantial individual differences in face

perception amongst those with normal or corrected-to-

normal vision (Wilmer, 2017). One possibility however is that

older adults exhibit impaired processing of configurations e

difficulties extracting ‘second-order’ information about the

relationships between local features (Farah et al., 1998; Maurer

et al., 2002). A deficit in this domain has been proposed to

underlie face processing difficulties in other populations, such

as in some individuals with developmental prosopagnosia

(Avidan et al., 2011; Barton et al., 2003) and autism (Behrmann

et al., 2006; Wallace et al., 2008), and therefore it represents a

possible explanation of the perceptual difficulties seen in

aging populations. While configural processing is of course

required for a range of perceptual inferences, face perception

is known to be especially reliant on it (Maurer et al., 2002). For

instance, we can determine that the individual in front of us is

Henry because of the particular eye separation, whereas we

mightmost commonly recognise our friend's house due to the

door colour.

There are reasons to hypothesise that older adults have

relative deficits in processing configural compared with fea-

tural information, based on studies examining their percep-

tion of objects. For instance, the speed advantage observed in

recognising global form in comparisonwith local features (the
‘global precedence’ effect) has been found to be reduced or

even reversed in older adults (e.g., Lux et al., 2008; see also

Wiese et al., 2013). At the neural level, the ‘retrogenesis hy-

pothesis’ would also predict age-related alterations in cir-

cuitry involved in such processing. This hypothesis postulates

that late-myelinatedwhitematter is particularly vulnerable to

decline (Brickman et al., 2012), which includes the inferior

longitudinal fasciculus connecting occipital and temporal re-

gions. Changes in the inferior longitudinal fasciculus have

been noted in some individuals with developmental proso-

pagnosia (Thomas et al., 2009), who e as noted above e may

have problems with configural processing, and it is thought to

play a crucial role in a range of social and non-social percep-

tual processes (Benson et al., 1974).

To test whether older adults have a relative deficit in con-

figural processing, Experiment 1 presented participants with

pairs of face stimuli and required them to judge whether the

configurations were the ‘same’ or ‘different’. They also per-

formed a control task where they made the same judgments

about the features themselves. To test the domain-specificity

of any impairments, we presented the same task with house

stimuli, as well as inverted versions of all stimulus sets (note

that recent studies have found featural processing to be dis-

rupted by inversion, in the sameway as configural processing;

Murphy et al., 2020). We adopted a signal detection paradigm

to allow us to isolate sensitivity from response bias. We

hypothesised that, compared with younger adults, older

adults' sensitivity to differences in configuration would be

impaired relative to their sensitivity to featural differences. If

this deficit was reflective of a domain-general problem with

configural processing, it may be expected to apply across face

and house stimuli, and across upright and inverted orienta-

tions (e.g., Rossion, 2008; Susilo et al., 2013). We also examined

the precise nature of group differences with drift diffusion

modelling of the data. Experiment 2 determined whether the

effect in Experiment 1 replicated in an online setting and

checked that the particular trial ordering was not responsible

for effects.
2. Experiment 1

2.1. Method

2.1.1. Participants
Two groups participated, 30 younger adults aged 35 or under

(Mage ¼ 23.50, SDage ¼ 4.27, 20 females) and 30 older adults

aged 60 or older (Mage ¼ 71.07, SDage ¼ 6.32, 23 females). Data

on ethnicity and cultural background were not collected. The

sample size was determined such that we would have at least

80% power to detect amedium-sized group� visual difference

interaction effect (hp
2 ¼ .06, a ¼ .05). Participants had normal

or corrected-to-normal vision. The experiments were carried

out in accordance with the ethical standards laid down in the

1964 Declaration of Helsinki and approved by the local Ethics

Committee.

We obtained Weschler Abbreviated Scale of Intelligence

(WASI) scores for two subtests (matrix reasoning and vocab-

ulary) for all participants. Raw older adult scores (M ¼ 75.34/

https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026


c o r t e x 1 5 5 ( 2 0 2 2 ) 3 4 7e3 5 6 349
100, with each test standardised to/50; SD¼ 8.45) did not differ

from raw younger adult scores (M ¼ 72.60/100, SD ¼ 5.07),

t(58) ¼ 1.52, p ¼ .13, indicating that any deficits observed in

older adults in themain task are unlikely to have arisen from a

decline in overall intellectual capabilities (note that raw scores

provide amore appropriate comparison in the present context

because FSIQ2 scores are normalised by age).

2.1.2. Stimuli
Stimuli were a set of nine images of faces and nine of houses,

all based on the same two original images (stimulus set

mirrored precisely that used by Yovel & Kanwisher, 2004).

From each base image, four additional versions were pro-

duced in which the features (eyes and mouth in the case of

faces; windows and door in the case of houses) were replaced

with those from other images while retaining the same

second-order configuration. A further four additional images

were produced where the features were unchanged from the

original image, but second-order configuration was altered

(increasing or reducing the horizontal distance between the

eyes and vertical distance between the mouth and nose for

faces; and the equivalent between windows and the door for

houses; see Fig. 1). All face stimuli had a neutral expression.

In Signal Absent trials, participants were presented with

two identical images. In Signal Present trials, images differed

either in respect of features or configuration. Given the

number of images as described above, there were ten possible

pairings of faces (and ten of houses) that differed in configu-

ration, and a further ten that differed in features.

2.1.3. Procedure
Participantswere seated in a dimly lit room at an approximate

distance of 40 cm from a 24 inch LCD computer monitor

(resolution ¼ 1920 � 1200 pixels; refresh rate ¼ 60 Hz). Given

the on-screen size of the stimuli and seating position, the vi-

sual angle was approximately 10�. The experiments were

conducted in MATLAB® using the Cogent graphics toolbox.

Before taking part, participants were informed of the basic

procedure and were told that, where the images differed, they

would do so only subtly. They were not, however, told any-

thing about the nature of the differences that they may see.

The task was calibrated via piloting by Yovel and Kanwisher

(2004) to seek to achieve performance above chance levels

whilst avoiding ceiling effects, and so involved relatively rapid

presentation of images. In each trial, participants were shown

a fixation dot in the centre of the screen (500msec) followed by

a blank screen (100 msec). The first image then appeared

(250 msec), followed by a fixation dot (500 msec), blank screen

(100 msec), and second image (250 msec). Finally, they were

asked whether the images were the ‘same or different’. Par-

ticipants responded using left and right keys, respectively.

Participants received no feedback about whether individual

responses were correct.

Participants completed 320 trials in total, consisting of 80

trials of each condition (upright face, inverted face, upright

house and inverted house). Within each condition, 40 of the

trials were Signal Present, of which half differed featurally and

half configurally, and the remainder were Signal Absent. Half

of the participants were presented with face blocks followed

by house blocks, and the other half undertook the house
blocks first. They undertook six trials before each new stim-

ulus type to provide the opportunity to ask questions of the

experimenter. These were randomly selected from the

experimental set. Each block of 160 trials (houses or faces) was

further divided into eight mini-blocks of 20 trials. Before each

mini-block, participants were told whether images would

appear upright or inverted. The start of each new block was

controlled by the participant, enabling them to rest their eyes

as required before continuing. Whether the first block was

upright or inverted was counterbalanced between partici-

pants and thereafter the orientation of blocks alternated.

Within the constraints described, presentation order was

random. No feedback on participant performance was pro-

vided at any point in the experiment.
2.2. Results

d0 was calculated as an index of sensitivity, reflecting the

extent to which participants were more likely to report the

presence of a probed stimulus when it was present thanwhen

it was absent, i.e., the difference between the z-scores of the

hit rate (HR; proportion of Signal Present trials correctly

identified) and false alarm rate (FAR; proportion of Signal

Absent trials wrongly identified as Signal Present; d0 ¼
q�1ðHRÞ� q�1ðFARÞ; Kingdom & Prins, 2010).

A mixed ANOVA was conducted on the d0 data (Fig. 1; all

ps > .17 in Levene's tests) with stimulus type (face or house),

inversion (upright or inverted), and visual difference (featural

or configural) as within-participants factors, and age group

(younger adult or older adult) as a between-participants

factor.

We found some age-independent stimulus effects.

Namely, there were significant main effects of stimulus type

[F(1,58) ¼ 39.69, p < .001, hp
2 ¼ .41] and inversion

[F(1,58)¼ 120.30, p < .001, hp
2 ¼ .68], qualified by an interaction

between stimulus type and inversion [F(1,58) ¼ 77.02, p < .001,

hp
2 ¼ .57]. Specifically, while sensitivity for upright faces and

houses did not differ [t(59) ¼ 1.27, p ¼ .21], sensitivity towards

inverted faces was lower than towards inverted houses

[t(59) ¼ 9.36, p < .001].

There was also a significant main effect of age group

[F(1,58)¼ 19.82, p < .001, hp
2 ¼ .26], and a borderline interaction

between age group and inversion [F(1,58) ¼ 4.00, p ¼ .05,

hp
2 ¼ .06], but no three-way interaction between stimulus, age

group, and inversion [F(1,58) ¼ .02, p ¼ .89]. Specifically, whilst

older adult sensitivity was lower for both upright stimuli

[t(58)¼ 2.81, p¼ .01] and inverted stimuli [t(58)¼ 5.24, p < .001],

the impairment was relatively greater for inverted stimuli.

Most importantly for our hypotheses, there was an inter-

action between age group and visual difference

[F(1,58) ¼ 10.99, p < .001, hp
2 ¼ .16]. Whilst older adult sensi-

tivity was lower for both featural differences [t(58) ¼ 2.76,

p ¼ .01] and configural differences [t(58) ¼ 5.06, p < .001], older

adults showed greater impairment in the configural task.

There were no higher order interactions involving age group

and visual difference (all Fs < 2.13, all ps > .15).

In a signal detection paradigm, sensitivity differences

could reflect a range of different perceptual processes that we

https://doi.org/10.1016/j.cortex.2022.05.026
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Fig. 1 e Sensitivity (d′) in Experiment 1 of younger adults and older adults to featural and configural differences in (clockwise

from top left): (i) upright faces; (ii) inverted faces; (iii) inverted houses; (iv) upright houses. Example stimuli are shown below

each chart, with the base image in the centre, featurally different image to the left and configurally different image to the

right. The stimulus set was originally developed by Yovel and Kanwisher (2004) (the face stimuli are illustrative due to lack

of written consent for the use of images from the original model in publications).

c o r t e x 1 5 5 ( 2 0 2 2 ) 3 4 7e3 5 6350
aimed to distinguish with hierarchical drift diffusion model-

ling. Drift diffusion models (Ratcliff et al., 2016) treat decision

making in a two-alternative forced choice procedure as

involving sequential sampling of sensory evidence to compute

a decision variable. When this accumulated decision variable
meets a response boundary, the appropriate response is

triggered.

We fitted a hierarchical drift diffusion model (hDDM) to

responses using a package implemented in Python (Wiecki

et al., 2013). This approach treats model parameters for each

https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026
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participant as being drawn from group level distributions, and

uses BayesianMarkov Chain Monte Carlo (MCMC) sampling to

estimate group and participant level parameters simulta-

neously. It parameterizes drift rate (v), representing efficiency

of evidence accumulation; threshold (a), representing the

extent of separation of decision making boundaries; and non-

decision time (t), representing processes not directly involved

in stimulus discrimination, such as motor preparation to

press the relevant response key.We allowed these parameters

to vary based on age group and whether differences were

featural or configural. We estimated models with 30,000

samples (‘burn in’ ¼ 7500), and models were compared using

deviance information criteria as an approximation of

Bayesian model evidence. Estimated parameters were then

compared using a Bayesian significance test implemented in

hDDM, which computes the posterior probability that group

level parameters differ across conditions.

In both configural and featural trials, older adults exhibited

lower drift rates, as well as greater boundary separation and

non-decision time (all posterior probabilities for group dif-

ferences >.99; higher values indicate a greater difference be-

tween conditions). Older adults exhibited a slower rate of

accumulation of evidence relative to younger adults, but this

was particularly marked for the configural task (mean drift

rates: older adult configural ¼ .402; younger adult

configural ¼ .998; older adult featural ¼ .459; younger adult

featural ¼ .636). This slower evidence accumulation resulted

in lower d0s despite more conservative decision thresholds,

and longer non-decision times (noting that more conservative

thresholds would tend to increase d0 in this model). Further-

more, a partial correlation analysis showed a significant

relationship between sensitivity and drift rate in the config-

ural task, controlling for age and sensitivity and drift rate in

the featural task (r ¼ .596, N ¼ 60, p < .001; see Fig. 2, and note

that a correlation of the featural-configural difference be-

tween these parameters was similarly strong; r ¼ .626, N ¼ 60,

p < .001). In other words, the d0 deficits reported in older adults

reflect lower efficiency of extracting the perceptual evidence,

rather than closer decision boundaries (e.g., greater prioriti-

sation of speed than accuracy in the task e given that the

boundaries were wider rather than closer).

To examine further whether the age-related configural

deficit was likely domain-general, we carried out correlation

analyses to investigate how individual differences in each

condition related to each other. Demonstrating that percep-

tual sensitivity towards configural differences in one condi-

tion related to that in others, there was a correlation between

sensitivity towards configural differences in faces and in

houses, when controlling for age and sensitivity towards

featural differences in both stimuli types (r ¼ .485, N ¼ 60,

p < .001). There was also a correlation between sensitivity to

configural differences in upright and inverted stimuli, when

controlling for age and sensitivity towards featural differences

in both orientations (r ¼ .785, N ¼ 60, p < .001).
3. Experiment 2

Experiment 1 demonstrated lower sensitivity towards second-

order configurations between features in older relative to
younger adults, which was accounted for by reduced evidence

accumulation in this group rather than narrower response

boundaries. Experiment 2 was mainly designed to ensure the

findings in Experiment 1 were robust. It also aimed to deter-

mine that a particular feature of the trial ordering in Experi-

ment 1 was not responsible for the absence of face-specific

deficits. Specifically, in Experiment 1, trials were blocked such

that participants either completed all 160 trials with the house

stimuli or all 160 with the face stimuli first. While the block

type undertaken first was counterbalanced, it is possible that

there is a domain-specific impairment to be found in older

adults but that it is hard to detect in Experiment 1 due to

differential fatigue or practice effects between groups.

Experiment 2 therefore altered the procedure to involve short

mini-blocks containing each stimulus type. It was carried out

online due to the COVID pandemic.

3.1. Method

3.1.1. Participants
Two groups participated, 30 younger adults aged 35 or under

(Mage ¼ 24.17, SDage ¼ 4.16, 17 females) and 30 older adults

aged 60 or older (Mage ¼ 68.00, SDage ¼ 4.76, 21 females). Par-

ticipants were recruited using Prolific (www.prolific.co) and

were selected on the basis of age group, having normal or

corrected-to-normal vision, and having English as a first lan-

guage. Data on ethnicity and cultural background were not

collected.

3.1.2. Stimuli
Stimuli were identical to those used in Experiment 1.

3.1.3. Procedure
The experiment was created and hosted using the Gorilla

Experiment Builder (www.gorilla.sc, Anwyl-Irvine et al., 2020).

Given the constraints of online recruitment, it was not

possible to control the conditions in which participants un-

dertook the experiment as closely as in Experiment 1, but

participants were required to use a desktop or laptop com-

puter and were instructed to complete the tasks in one sitting.

Data on device used, screen resolution, and overall comple-

tion times were consistent with participants following these

instructions. In relation to the reaction time data used for drift

diffusion modelling, studies have indicated that online plat-

forms including Gorilla provide a reliable measure (Anwyl-

Irvine et al., 2021; Bridges et al., 2020).

The instructions and procedure for Experiment 2 reflected

Experiment 1 except that practice trials were not included due

to no experimenter being present to answer questions, and

the 16 blocks of 20 trials were in a random order for each

participant e with a message being shown before each block

to inform participants whether the block would feature up-

right faces, inverted faces, upright houses, or inverted houses.

3.2. Results

We analysed Experiment 2 in the same way as Experiment 1,

namely carrying out a mixed ANOVA with stimulus type,

inversion, and visual difference as within-participants fac-

tors, and age group as a between-participants factor (see

http://www.prolific.co
http://www.gorilla.sc
https://doi.org/10.1016/j.cortex.2022.05.026
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Fig. 2 e Experiment 1 modelling parameters (top) and individual differences between tasks (bottom). The top left panel

illustrates the drift diffusion model parameters, whereby evidence is accumulated in the presence of Gaussian noise until a

boundary is reached and response made. The positive drift rate (v) towards the (correct) upper boundary represents the

efficiency of evidence accumulation. The top right panel shows the correlation between sensitivity (d′) and drift rate (v)

towards configural differences in Experiment 1. The bottom left panel shows the correlation between sensitivity towards

configural differences in faces and houses. The bottom right panel shows the correlation between sensitivity towards

configural differences in upright and inverted stimuli.
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Fig. 3; all ps > .20 in Levene's tests). The first point of note is

that the d0s are globally similar to those in Experiment 1

[t(118) ¼ .31, p ¼ .76], suggesting that differences between the

in-person and online contexts did not exhibit a major impact

on participants' sensitivities.
Replicating Experiment 1, there were significant main ef-

fects of stimulus type [F(1,58) ¼ 36.18, p < .001, hp
2 ¼ .38] and

inversion [F(1,58) ¼ 77.96, p < .001, hp
2 ¼ .57], qualified by an

interaction between stimulus type and inversion

[F(1,58) ¼ 31.79, p < .001, hp
2 ¼ .35]. Specifically, while sensi-

tivity for upright faces and houses did not differ [t(59) ¼ .66,

p ¼ .51], sensitivity towards inverted faces was lower than

towards inverted houses [t(59) ¼ 9.08, p < .001].

There was also a significant main effect of age group

[F(1,58) ¼ 14.33, p < .001, hp
2 ¼ .21]. There was a trend towards

an interaction between age group and inversion [F(1,58)¼ 3.35,

p ¼ .07], similar to that in Experiment 1.

Most importantly for our hypotheses, and again replicating

Experiment 1, therewas an interaction between age group and

visual difference [F(1,58)¼ 80.15, p < .001, hp
2 ¼ .58]. Sensitivity

towards featural differences did not differ between age groups

[t(58) ¼ .638, p ¼ .64] but older adults were significantly less

sensitive than younger adults to configural differences

[t(58) ¼ 6.68, p < .001]. It is noted that although the relative
deficit was the same as in Experiment 1, Experiment 1 re-

flected older adults having a deficit in the featural conditions

and a larger deficit in the configural condition whereas, in

Experiment 2, OAs showed no featural deficit. Speculatively,

this may be because older adults in the online study have

more experience with computer-based tasks than many of

their peers. Alternatively, it is possible that differences in

viewing conditions in the online version (where the partici-

pants themselves determined elements like screen position

and lighting) may have enabled older adults to improve their

sensitivity, which removed the weaker featural deficit while

leaving the interaction of interest intact. Regardless of the

nature of this difference, the core questions relate to the

relative difference between featural and configural processing

between groups e which is the same in Experiments 1 and 2.

There were no significant higher order interactions involving

age group and visual difference (all Fs < 3.45, all ps > .06).

We fitted a hDDM to responses using the same parameters

as described in Experiment 1. As in Experiment 1, older adults'
slower rate of evidence accumulationwas particularlymarked

for the configural task (mean drift rates: older adult

configural¼ .483; younger adult configural¼ 1.151; older adult

featural ¼ 1.047; younger adult featural ¼ 1.098) resulting in

lower d0s despite more conservative decision thresholds and

longer non-decision times. A partial correlation analysis

https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026


Fig. 3 e Sensitivity (d′) in Experiment 2 of younger and older adults to featural and configural differences in (clockwise from

top left): (i) upright faces; (ii) inverted faces; (iii) inverted houses; (iv) upright houses.
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showed a significant relationship between sensitivity and drift

rate in the configural task, controlling for age and sensitivity

and drift rate in the featural task (r ¼ .841, N ¼ 60, p < .001; see

Fig. 4).
4. Discussion

The present studies demonstrate difficulties processing

stimulus configurations in healthy aging. These difficulties

were found across perception of faces and houses, and across

upright and inverted orientations. They were also observed in
the context of relatively intact processing of features of both

faces and houses. Drift diffusion modelling suggested that

deficits in configural sensitivity arose from less efficient evi-

dence accumulation rather than from more liberal decision

thresholds.

These results concur with observations that older adults

exhibit difficulties determining the distance between facial

features (e.g., Slessor et al., 2012) and determining horizontal

compared with vertical spatial manipulations (Chaby et al.,

2011). The present findings suggest that perceptual diffi-

cultiesmay emerge through impaired processing of the spatial

configuration of features, rather than in generalised decline in

https://doi.org/10.1016/j.cortex.2022.05.026
https://doi.org/10.1016/j.cortex.2022.05.026


Fig. 4 e The top left panel illustrates the drift diffusion model parameters. The top right panel shows the correlation

between sensitivity (d′) and drift rate (v) towards configural differences in Experiment 2. The bottom left panel shows the

correlation between sensitivity towards configural differences in faces and houses. The bottom right panel shows the

correlation between sensitivity towards configural differences in upright and inverted stimuli.
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visual processing that would be seen also when detecting

featural aspects of images (see also Lux et al., 2008). The

modelling further demonstrates that the atypicalities result

from difficulties in evidence accumulation for configural fea-

tures, rather than differential decision boundaries. The fact

that the deficit was similar with houses suggests that the

problemwith processing configurations is not specific to faces

(see also Chard et al., 2019), and also reduces the likelihood

that specific features of the face stimuli determined effects e

given that variation between faces and houses is greater than

that within the category of faces. Observation of the deficit

across upright and inverted images is consistent with evi-

dence that faces can recruit qualitatively similar perceptual

processing in both orientations (Murphy & Cook, 2017; Susilo

et al., 2013). This effect is also consistent with the idea that

late-myelinatedwhitematter is particularly vulnerable to age-

related decline (Brickman et al., 2012), such that degeneration

of the inferior longitudinal fasciculus connecting occipital and

temporal regions may impact configural perception across

domains. Further research into the pattern and rate of decline

in configural processing across age, rather than simply

comparing younger and older groups, could help in charac-

terising the nature of the identified deficit.

The age-related impairment found in this study bears

similarity to that proposed in autism (Behrmann et al., 2006;

Wallace et al., 2008) and some cases of developmental pro-

sopagnosia (Avidan et al., 2011; Gerlach et al., 2017) to explain

face-processing difficulties (although see Joseph & Tanaka,

2003; Thomas et al., 2009). Regardless of the nature of the
relative deficits in the different populations, difficulties pro-

cessing faces are accompanied by problems in relation to

communication and social isolation in autism and develop-

mental prosopagnosia, and studies have indicated analogous

problems in older populations (Szanto et al., 2012). Such issues

in older adults are, of course, likely related to a complex

combination of situational factors tending to reduce social

interaction (e.g. retirement, death of a partner, lowermobility;

Vink et al., 2008), but the present study highlights an impor-

tant contributor relating to cognitive decline. Traditionally,

theories of identity recognition have emphasised the role of

configural processing (Diamond & Carey, 1986; Richler et al.,

2011) and therefore difficulties with rapid and automatic

recognition of individuals in healthy aging may relate to

aberrant processing of configurations. Additionally, it is likely

that configural processing is helpful in judging the emotional

content of facial expressions, particularly those like anger and

sadness where individual features are less informative in

isolation (Bombari et al., 2013; Smith et al., 2005). Therefore,

the difficulties processing configural information from faces

may have a range of implications for the social understanding

and interactions of older adults. By extension, such wide-

spread social aberrations in other populations may be exac-

erbated, if not generated, by these quite particular perceptual

difficulties.

There are some limitations to the present studies that

should be noted. First, Experiment 2 was conducted online,

which gives little control over viewing conditions. In principle,

the lack of a featural deficit in older adults in Experiment 2

https://doi.org/10.1016/j.cortex.2022.05.026
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may be due to differences in viewing conditions between Ex-

periments 1 and 2. Nevertheless, the broad pattern of results

of interest for our hypotheses was replicated across in-person

and online studies, supporting a growing body of evidence

that online testing can be used effectively in cognitive science

e even for challenging psychophysical studies (Anwyl-Irvine

et al., 2021; Bridges et al., 2020). Second, all stimuli were

Caucasian and we did not collect ethnicity data pertaining to

our participants. It is therefore important for future research

to replicate these results with diverse face stimuli and diverse

samples of younger and older adults. Importantly however,

deficits in configural processing in the present studies were

seen for objects (houses) and faces, and across orientations,

and there was no reason to assume systematic differences in

ethnicity between our older and younger adult groups, so it is

unlikely that our findings are products of the so-called ‘other

race effect’ (Sangrigoli et al., 2005).

In conclusion, older adults exhibit reduced sensitivity to

visual configurations in faces and objects, reflecting reduced

evidence accumulation for such information. Given evidence

that configural processing plays a particular role in identity

and emotion recognition from faces, and given the similarities

with the patterns of deficits in autism and developmental

prosopagnosia, the contribution of low-level visual deficits to

social difficulties in healthy agingmerits further examination.
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