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Perceptual Similarity Can Drive
Age-Related Elevation of
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Isabelle Boutet* , Khalil Dawod, Félix Chiasson, Olivier Brown and Charles Collin

School of Psychology, University of Ottawa, Ottawa, ON, Canada

Older adults consistently show elevated rates of false recognition of new items that are
related to studied items. This finding has been largely attributed to a greater tendency
for older adults to rely on conceptual gist during memory recognition tasks. However,
perceptual factors may also be implicated considering that related items are not only
conceptually but also perceptually similar. While some findings do suggest that age-
related increases in false recognitions can be driven by perceptual factors, little is
known about the nature and circumstances under which these factors operate. To
address this gap, we measured basic visual ability as well as false recognition for four
different image categories (upright faces, inverted faces, chairs, houses) in younger
(n = 34) and older (n = 34) adults. Each image category represented different levels
of variability in perceptual similarity and pre-experimental exposure. Perceptual similarity
was objectively defined on the basis of the low-level properties of the images. We found
evidence that perceptual similarity can contribute to elevated rates of false recognition
in older adults. Our results also suggest that declines in basic visual abilities influence
elevated false recognition in older adults for perceptually similar but not perceptually
dissimilar items. We conclude that both perceptual and conceptual similarity can drive
age-related differences in false recognition.

Keywords: aging, false recognition errors, face recognition, object recognition, memory

INTRODUCTION

Healthy aging is associated with a decline in recognition memory that is particularly salient for
items that share similar characteristics, such as when they are exemplars of the same category
(Koutstaal and Schacter, 1997; Koutstaal et al., 1999; Lövdén, 2003; Taconnat and Rémy, 2006;
Pidgeon and Morcom, 2014). When study and test items are related, older adults are more
likely than younger adults to falsely recognize new items as old. These errors have important
implications for cognitive functioning in older adults, where memory deficits are often diagnosed
using neuropsychological tests that rely on false recognitions (e.g., Dementia Questionnaire for
Persons with Mental Retardation [DMR], Evenhuis, 1996; California Verbal Learning Test [CVLT],
Delis et al., 1987; Doors and People, Baddeley et al., 1994; Benton Facial Recognition Test [BFRT],
Benton et al., 1994). Different theories exist in the literature to explain age-related increases
in false recognition (Rémy et al., 2008), including inefficient pattern separation (Toner et al.,
2009) and a bias toward gist processing (Koutstaal and Schacter, 1997; Schacter et al., 1997a;
Koutstaal et al., 1999).

Pattern separation is a process whereby stimuli produce distinct neuronal representations
at encoding to support later mnemonic discrimination between studied and new items
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(Wilson et al., 2006; Stark et al., 2013). Aging is thought to lead
to inefficient pattern separation, whereby the distinctiveness or
pattern separation between neuronal representations is reduced,
leading to false recognition of items similar to those presented
at study (Wilson et al., 2006; Yassa et al., 2011a,b). Behavioral
and imaging studies in humans, as well as studies with
animals, support the notion that aging leads to a reduction in
pattern separation in the hippocampus and visual cortical areas
(Koutstaal et al., 2001b; Chouinard et al., 2008), which may
account for increased false recognition in older adults (Wilson
et al., 2006; Toner et al., 2009).

Age-related differences in false recognition for related items
have also been attributed to a greater reliance on gist, and in
particular conceptual gist (e.g., Koutstaal and Schacter, 1997;
Tun et al., 1998). Gist representations are global in the sense
that they capture the essential meaning of the information
presented but lack detailed information (Reyna and Brainerd,
1991; Schacter et al., 1997a). Using this framework, it has been
proposed that older adults rely more heavily on gist information
when performing mnemonic operations and hence are more
likely to make errors for related items because their gist traces’
overlap (Koutstaal and Schacter, 1997; Tun et al., 1998; Brainerd
and Reyna, 2002). As a result, older adults would be particularly
prone to false recognitions when studied and tested items are
related because gist information does not differentiate between
exemplars of a given category. However, because within-category
exemplars share both conceptual and perceptual similarity,
perceptual factors may also be at play (Koutstaal, 2003). To
examine this question, researchers have measured age differences
in false alarms for study and test items that are conceptually
and/or perceptually similar (Rankin and Kausler, 1979; Trahan
et al., 1986; Koutstaal and Schacter, 1997; Searcy et al., 1999;
Koutstaal, 2003; Sommers and Huff, 2003; Pidgeon and Morcom,
2014; Stahl et al., 2016; Burnside et al., 2017; for verbal stimuli
see also e.g., Brainerd et al., 1995; Shiffrin et al., 1995; Schacter
et al., 1997c; Arndt and Hirshman, 1998; Budson et al., 2003;
Ly et al., 2013). For example, Kouststaal et al. (2003) found age-
related differences in false recognition for study and test items
that were members of the same basic-level category (e.g., candles)
and hence were conceptually similar, but not for “abstract”
visual images that were perceptually similar. While Pidgeon
and Morcom (2014) replicated this finding, they also found
that repeated presentations of visually similar abstract shapes
heightened false recognitions in older adults. More recently,
Burnside et al. (2017) showed that older adults are just as likely to
falsely recognize semantically vs. perceptually related new words
from studied words.

While these findings suggest that false recognitions can be
driven by perceptual similarity, little is known about the nature
and circumstances under which perceptual factors contribute to
age-related elevation in false recognition. To address this gap, we
examined the influence of perceptual factors using two strategies.
Our first strategy was to measure the relationship between basic
visual abilities and performance on the memory task in all of our
participants. Healthy aging is associated with a loss of acuity and
contrast sensitivity, losses which arise from optical and cortical
factors (e.g., Owsley et al., 1981; Spear, 1993; Wang et al., 2005;

Norton et al., 2009; Monge and Madden, 2016). Poor perceptual
encoding of study images in older adults may negatively impact
processing of perceptual details and heighten errors arising from
a reliance on gist (Kouststaal et al., 2003). If this is the case,
then basic visual ability may explain some of the variance in false
recognition for perceptually similar items.

Our second strategy was to compare age-related differences
across four different image categories that differed with respect
to perceptual similarity of within-category items and pre-
experimental exposure: upright faces, inverted faces, chairs and
houses. Faces offer a unique opportunity to examine the factors
that drive false recognitions because they are the only stimulus
category that humans memorize and recognize at the individual
level on a daily basis (Tanaka and Gauthier, 1997). Exposure and
attention to individual faces is essential for social interactions,
resulting in an increasingly large number of traces of individual
faces stored in memory with age (Chaby and Narme, 2009). As
such, we assumed that faces had higher levels of pre-experimental
exposure and familiarity than the other stimulus categories
tested. Moreover, faces may be more susceptible than other
stimulus categories to confusions arising from perceptual gist
and/or to tax pattern separation because of their high degree of
homogeneity (Gauthier et al., 1998; McKone et al., 2006). Like
other within-category memory tasks, unfamiliar faces elicit large
age-related differences in false recognition alongside preserved
true recognition (e.g., Smith and Winograd, 1978; Flicker et al.,
1990; Lamont et al., 2005; reviewed by Searcy et al., 1999).
However, few studies have directly compared age effects for faces
vs. other visual images to examine if they elicit larger elevations
in false recognition in older adults (Boutet and Faubert, 2006;
Meinhardt-Injac et al., 2014b, Boutet and Meinhardt-Injac,
2018). There is evidence that age-related differences in memory
recognition are more pronounced for faces than other matched
stimuli (Boutet and Faubert, 2006; Meinhardt-Injac et al., 2014b).
However, it is unclear whether these results would generalize to
memory recognition because forced-choice testing procedures
rely on different underlying mechanisms than old-new testing
procedures (Norman and O’Reilly, 2003).

The second image category consisted of inverted faces, which
represent a very low level of familiarity and pre-experimental
exposure. However, because upright and inverted faces are
perceptually identical, they serve as a control for perceptual
similarity of the images. If false memories are mainly driven
by perceptual similarity, then age differences in false alarms
should be comparable in upright and inverted face conditions.
The third image category consisted of chairs matched to the
faces in terms of perceptual similarity, which was defined as
homogeneity between every possible pair of studied and new
items with regards to low-level properties of the images such as
luminance and contrast (see section “Materials and Methods”
for more details). This definition of perceptual similarity offers
two advantages: (i) it is objective rather than being based on
subjective ratings used elsewhere (Bastin and Van der Linden,
2003; Pidgeon and Morcom, 2014) and (ii) it parallels the
response properties of neural networks in the visual cortex
(Zeki, 1978) and is therefore is well-matched to the notion
of overlapping neural representations. Because impoverished
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perceptual representations would negatively impact mnemonic
discriminations of perceptually similar items, we predicted
that these three image categories, which were matched with
respect to perceptual similarity, would be similarly, associated
to basic visual abilities. The fourth image category consisted of
houses which contained more individuating details such trees,
windows, and roof peaks, and hence were more perceptually
dissimilar than the other image categories. If perceptual similarity
drives age-related elevations in false recognition, then our
house stimuli should produce the smallest age differences in
false recognition.

MATERIALS AND METHODS

Participants
Demographic details for our younger and older adult participants
are provided in Table 1. Younger adults were recruited from
the University of Ottawa and were awarded class credit for
participation. Older adults were recruited from the community
using newspaper ads and received a $25 compensation for
their time. The University of Ottawa’s Research Ethics Board
approved the study.

Materials
Freiburg Visual Acuity Test (FrACT) (Bach, 1996)
This test was used to measure high contrast visual acuity. The
FrACT uses an adaptive method (Best PEST, Lieberman and
Pentland, 1982) to assess a visual threshold, producing acuity
ratios ranging from 0.05 (lowest possible score, 20/400 ft. ≈
6/120 m) to 2.0 (highest possible score, 20/10 ft., ≈ 6/3 m). In
the version of the test we used, participants had to identify the
orientation of tumbling-E stimuli across 24 trials. Participants
completed this test from a viewing distance of 140 cm. One YA
and one OA were excluded because their visual acuity ratios were
less than 0.5 (i.e., 20/40 ft or 6/12 m).

VisTech Near Contrast Sensitivity Test (VCTS 6000)
This test was used to measure contrast sensitivity. The test
consists of a small hand-held chart containing five rows and
nine columns of circular patches of sinusoidal gratings. The

TABLE 1 | Participant characteristics and results for tests of visual ability.

Younger Adults Older Adults

(n = 34) (n = 34)

Age 18.9 (1.36) 71.26 (5.91)

Education Level 13.3 (0.65) 15.2 (2.15)

Gender (N female) 25 24

FRACT 1.32 (0.34) 0.90 (0.26)

VisTech 1.5 cpd 5.84 (0.81) 5.24 (0.66)

VisTech 3 cpd 6.06 (0.93) 5.58 (0.56)

VisTech 6 cpd 5.97 (0.93) 4.36 (0.74)

VisTech 12 cpd 6.06 (0.91) 3.82 (1.31)

VisTech 18 cpd 5.88 (1.18) 3.21 (1.58)

Means and (standard deviations) are provided. cpd: Cycles per degree.

gratings increase in frequency as one descends the rows, and
decrease in contrast from left to right across each row. The
orientation of the grating varies arbitrarily, being either upright,
tilted left 30◦, or tilted right 30◦. Participants were tasked to
indicate the orientation of the gratings (i.e., upright, tilted left,
or tilted right) for each patch, from left to right and top to
bottom. The last correct indication of each row is considered
their contrast threshold for that particular spatial frequency, or
row. The contrast threshold for each row is then connected
on an assessment chart to create a contrast sensitivity curve,
which is compared to a normal sensitivity curve indicated on the
assessment chart. This procedure establishes an estimate of the
participant’s contrast sensitivity across five spatial frequencies:
1.5, 3, 6, 12, and 18 cycles per degree (cpd).

Montreal Cognitive Assessment (MoCA)
See Lawton et al. (2016) for details. This test was used to screen
participants for possible mild cognitive impairment. Participants
who scored below a 26/30 were to be excluded from the study (no
participant was excluded based on this criterion).

Old/New Recognition Task
The task was programmed in MATLAB (the mathworks.com)
and presented on a 28′′ iMac computer. Chair and house stimuli
were obtained online. Faces were obtained from the Glasgow
Unfamiliar Face Database (Burton et al., 2010). Viewing distance
was approximately 65 cm. The images covered approximately
10.5◦ of visual angle. Chairs were selected on the basis of
perceived similarity in an attempt to equate physical homogeneity
with upright faces. A co-author, KD, created pairs of chairs to be
used as target/distractor on the basis of subjective resemblance
of individual images. The set of 20 houses was chosen with
the goal of producing similar performance to that obtained
with upright faces. However, more variability was present in
the original house stimuli than other stimuli because of the
presence of distinctive features such as trees that varied in
shape, size, and location. We chose to keep these features
because recognition of houses in everyday life relies on the
use of such information. We measured the homogeneity of
basic visual information present in faces, chairs, and houses
via three objective metrics: in situ correlation, cross-correlation,
and image difference. These and similar metrics have been
used previously to assess image information similarity in ideal
observer studies (e.g., Gold et al., 1999; Näsänen, 1999; Sekuler
et al., 2004). All metrics yielded similar results, so we focus on
the in situ correlation here (although all three are presented
in Figure 1 for the reader’s reference). In situ correlation
involves calculating the Pearson product-moment correlation
between two paired images’ pixels’ gray levels. This was done
for every possible pair of studied and new item across all of
the images used for a given image category (for chairs, houses,
and male faces and female faces separately). This metric yields
a value of 1 for identical images, 0 for completely unrelated
ones, and –1 for images with opposite luminance polarity. We
then calculated means across every possible pair of studied
and new item and 95% CI values for all the indices for all
the stimulus categories. Figure 1 shows the results of this
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FIGURE 1 | (A) illustrates sample target/distractor pairs used for the recognition task. (B,C) Illustrates the results of metrics used to calculate physical similarity of
the images. Similarity was higher for male faces, female faces and chairs than for houses. Details are provided in the text. Face images were taken from the Glasgow
Unfamiliar Face Database (Burton et al., 2010). All individuals whose images appear in the database gave written consent for their images to be used in the context
of academic research and publication.

analysis as well as examples of the stimulus pairs used in
this study. As can be seen in the figure, male faces, female
faces, and chairs were equivalent with respect to basic physical
homogeneity of target/distractor pairs. In contrast, houses were
more heterogeneous.

Procedure
All participants were tested in the following order: MOCA (for
OA only), FrACT, VisTech, recognition task. For the recognition

task, four blocks were tested in random order, one for each
stimulus category. Each block consisted of the presentation of 10
study targets and 20 test stimuli, in random order. During study,
each image was presented for 5 s. During test, each image was
presented until the participants indicated via a keyboard press
whether the image was old or new. Participants were instructed to
take as much time as necessary to provide a correct answer. The
test phase immediately followed the study phase. Which image in
a pair was to be shown as in the study list vs. in the test list was
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randomly determined for each participant. At the end of a block,
participants were given an optional break, and after the second
block, a mandatory 5-minute break. This procedure was chosen
on the basis of a pilot study. Our goal was to find an adequate
number of learned images and presentation time that would
yield neither chance nor ceiling performance in older adults and
younger adults across the different image categories tested.

RESULTS

Participant Characteristics
For older adults, mean level of cognitive function as measured
by the MoCA was 27.80 (SD = 1.53). Descriptive statistics for
our measures of visual ability can be found in Table 1. VisTech

scores were missing from one YA and one OA. When Levene’s
test revealed unequal variances, we report results for Welch’s
t-test instead of Student’s t-test. Significant age differences were
found for FrACT acuity [t(60.56) = 5.71, p < 0.001, d = 1.41] as
well as for contrast sensitivity in all spatial frequencies [1.5 cpd:
t(64) = 3.36, p = 0.001, d = 0.84; 3 cpd: t(64) = 2.49, p = 0.015,
d = 0.62; 6 cpd: t(64) = 7.59, p < 0.001, d = 1.91; 12 cpd:
t(56.68) = 8.11, p < 0.001, d = 2.02; 18 cpd: t(59.19) = 7.70,
p < 0.001, d = 1.92].

Description of Analyses
Upon visual inspection of our results, we detected differences in
speed-accuracy trade-off across the image categories tested. These
were most notable for faces, where a lower rate of false alarms
was accompanied by longer RTs (see Figure 2). As a result, we

FIGURE 2 | Performance of older and younger adults measured using hits (A), false alarms (B), reaction time (C), false alarms efficiency (D), sensitivity (E) and
response bias (F). Error bars represent ± 1 standard-error. Asterisks represent significant age differences as revealed by contrast analyses.
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added a sixth dependent variable, false alarm efficiency, which
was calculated as follows:

EFA =
(C − A)

R

Where EFA is the false alarm efficiency, C is the chance level of
performance (0.5 in this case), A is the rate of FAs, and R is
the reaction time in seconds. This score reflects the amount by
which false alarms are reduced per second relative to chance-
level performance. The higher the efficiency, the better the
individual is at using their response time to reduce error. This
measure is derived from other studies which employed efficiency
measures to combine results obtained on performance and RT
(e.g., Townsend and Ashby, 1978; Ramon and Rossion, 2012;
Vandierendonck, 2017).

We characterized age-related differences for each image
category and dependent variable using planned contrasts
(Rosenthal and Rosnow, 1985). We adopted this approach
because we stated specific hypotheses regarding age differences
in the Introduction and because the means by which aging
influences the face inversion effect remains controversial (Chaby
et al., 2001; Hildebrandt et al., 2010; Obermeyer et al., 2012;
Boutet et al., 2015). Planned contrasts were calculated using
the error terms for each relevant interaction derived from the
six ANOVAs with Age Group (young adult, older adult) as
independent-groups variables and Image Category (upright faces,
inverted faces, chairs, houses) as repeated-measures variables
computed for each of our dependent variables (Table 2) using
SPSS (version 25). While Rosenthal and Rosnow (1985) do not
mention the minimum number of comparisons required in order
to adjust the alpha level when conducting multiple planned
contrasts, the example provided (p. 45) stipulates 8. Therefore,

we did not adjust the alpha level when computing contrasts for
age differences. Planned contrasts were computed using Excel.
Because contrasts are meant to improve statistical power when
testing a priori hypotheses, we focus on contrasts in our verbal
description of the results with the exception of the main effect of
Image Category which is reported below because of its relevance
for differences in task difficulty.

To explore the influence of visual ability on behavioral
performance, we combined visual acuity and contrast sensitivity
for the five spatial frequencies tested using a regression-based
method in order to create an overall z-score for each participant
(Davidson et al., 2018). Because VisTech scores were missing
from one YA and one OA, data from these participants was
not included for these analyses. This combined visual score
was then used to compute bivariate correlations to explore
the relationship between visual ability and performance on
the memory task.

Assumptions of sphericity and normality were checked using
Mauchly’s Test of Sphericity and Shapiro-Wilk tests, respectively.
The assumption of normality was met for some image categories
and dependent variables but not others. Because exploratory
analyses carried on log-transformed values and non-transformed
values yielded essentially identical results, we only report analyses
of the original data in Tables 3, 4. The assumption of sphericity
was met for all measures. The total required sample size
estimated with G-power (Faul et al., 2007) for F-test repeated-
measures, within-between interaction using two groups, four
measurements, a power of 0.90 and an effect size of 0.25 was 36.
A conservative effect size of f = 0.25 was chosen on the basis
of previous research where effect sizes ranging from f = 0.29
(Lamont et al., 2005) to f = 0.87 (Meinhardt-Injac et al., 2017)
have been reported.

TABLE 2 | Results of 2 × 4 analyses of variance (ANOVA) with Age (young adults vs. older adults) and Image Category (upright faces, inverted faces, chairs, and houses)
as variables.

df F ηp2 p

False Alarm Age 1 13.61 0.171 < 0.001∗

Image Category 3 27.05 0.291 < 0.001∗

Image Category × Age 3 3.22 0.046 0.024∗

Hits Age 1 0.30 0.004 0.588

Image Category 3 12.38 0.158 < 0.001∗

Image Category × Age 3 0.31 0.005 0.822

Reaction Time Age 1 6.92 0.095 0.011∗

Image Category 3 26.75 0.288 < 0.001∗

Image Category × Age 3 2.23 0.033 0.086

d’ Age 1 2.34 0.034 0.131

Image Category 3 13.41 0.169 < 0.001∗

Image Category × Age 3 2.01 0.030 0.114

Bias Age 1 9.37 0.124 0.003∗

Image Category 3 24.94 0.274 < 0.001∗

Image Category × Age 3 0.90 0.013 0.444

FA Efficiency Age 1 22.90 0.258 < 0.001∗

Image Category 3 1.07 0.016 0.364

Image Category × Age 3 0.52 0.008 0.667

n (ANOVA) = 34. ∗ significant results.
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TABLE 3 | Planned contrasts comparing younger to older adults for each image
category and dependent variable separately.

F p Effect size (r)

Upright Faces

False Alarm 3.31 0.070 0.130

FA Efficiency 6.41 0.012∗ 0.177

Hits 0.10 0.750 0.023

Reaction Time 17.31 < 0.001∗ 0.284

d’ 0.50 0.481 0.050

Bias 1.77 0.185 0.094

Inverted Faces 0.366

FA Efficiency 13.61 < 0.001∗ 0.254

Hits 0.00 1.000 0.000

Reaction Time 28.56 < 0.001∗ 0.355

d’ 10.19 0.002∗ 0.221

Bias 13.09 < 0.001∗ 0.249

Chairs

False Alarm 12.60 < 0.001∗ 0.245

FA Efficiency 7.36 0.007∗ 0.189

Hits 0.10 0.750 0.023

Reaction Time 6.77 0.010∗ 0.182

d’ 3.63 0.058 0.134

Bias 4.68 0.032∗ 0.152

Houses

False Alarm 3.00 0.085 0.122

FA Efficiency 3.67 0.057 0.135

Hits 1.63 0.204 0.090

Reaction Time 36.10 < 0.001∗ 0.393

d’ 0.00 0.967 0.003

Bias 5.53 0.020∗ 0.165

n (ANOVA) = 34. ∗significant results.

TABLE 4 | Pearson Correlation coefficients between combined vision score and
performance for each image category.

Upright Faces Inverted Faces Chairs Houses

False Alarm −0.32∗∗ −0.35∗∗ −0.38∗∗ 0.02

FA Efficiency −0.30∗ −0.18 −0.30∗ 0.03

Reaction Time −0.16 −0.16 −0.08 −0.24

d’ 0.10 0.33∗∗ 0.24 −0.10

∗∗p = < 0.01, ∗p = < 0.05.

Performance Differences Across Image
Categories
The main effect of Image Category was significant for false
alarms. Post hoc paired samples t-tests revealed that the
following comparisons were significantly different: upright faces
vs. inverted faces [t(67) = −6.05, p < 0.001], chairs vs. houses
[t(67) = 6.19, p < 0.001], upright faces vs. chairs [t(67) = −6.77
p < 0.001], inverted faces vs. house [t(67) = 6.12, p < 0.001]. In
all these comparisons, chair and inverted faces always had the
highest number of false recognitions. The main effect of Image
Category was also significant for hits. Post hoc paired samples
t-tests revealed that the following comparisons were significantly
different: upright faces vs. inverted faces [t(67) = 3.04, p = 0.003],

chairs vs. houses [t(67) = 5.13, p< 0.001], upright faces vs. houses
[t(67) = 3.74, p < 0.001], inverted faces vs. chairs [t(67) = −5.02,
p < 0.001]. For all these comparisons, upright faces and chairs
showed the highest amount of hits. Similarly, the main effect of
Image Category was significant for reaction time. Further paired
samples t-tests revealed significant differences in the following
comparisons: upright faces vs. inverted faces [t(67) = −5.73,
p < 0.001], chairs vs. houses [t(67) = −7.17, p < 0.001], upright
faces vs. houses [t(67) = −5.14, p < 0.001], inverted faces vs.
chairs [t(67) = 7.09, p < 0.001]. For all these comparisons,
inverted faces and houses showed the highest mean reaction time.
Sensitivity (d’) was also significantly different between Image
Category. Post hoc paired samples t-tests revealed significant
differences between the following comparisons: upright faces
vs. inverted faces [t(67) = 6.31, p < 0.001], upright faces
vs. houses [t(67) = 2.83, p = 0.006], inverted faces vs. chairs
[t(67) = −3.11, p = 0.003], upright faces vs. chairs [t(67) = 3.10,
p = 0.003], inverted faces vs. houses [t(67) = −3.59, p = 0.001].
Finally, the main effect of Image Category was significant for
response bias. t-tests revealed significant differences between
the following comparisons: upright faces vs. inverted faces
[t(67) = 2.76, p = 0.007], chairs vs. houses [t(67) = −7.80,
p < 0.001], inverted faces vs. chairs [t(67) = 3.82, p < 0.001],
upright faces vs. chairs [t(67) = 5.87, p < 0.001], inverted-houses
[t(67) =−5.32, p < 0.001]. Overall, participants responded more
liberally when shown the chair stimuli as opposed to other image
categories. While not as strong, inverted faces also had a more
liberal response bias.

Overall, these results suggest that task difficulty was not
equivalent across conditions. Focusing on our main dependent
variable of interest, false alarms, we found that inverted faces and
chairs produced a higher number of false alarms than upright
faces and houses. However, it is important to note that the
main effect of Image Category was not significant for false alarm
efficiency. This finding corroborates our suspicion that different
conditions produced different speed-accuracy trade-offs in false
alarms and underscores the importance of including the false
alarm efficiency measure in our subsequent analyses.

Age Differences
Table 3 describes the results of contrast analyses comparing
the two age groups for each stimulus category and
dependent variable.

Number of False Alarms
Significant moderate age differences were found for inverted faces
and chairs with older adults committing more false alarms than
younger adults. A tendency toward age effects was also found for
upright faces and houses, albeit not statistically significant.

False Alarm Efficiency
We turn now to false alarm efficiency, which provides a more
meaningful measure of false recognition because of differences in
speed-accuracy trade-off across conditions (e.g., Townsend and
Ashby, 1978; Ramon and Rossion, 2012; Vandierendonck, 2017).
Age differences were present and of comparable magnitude
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for upright faces, inverted faces and chairs. For houses, the
significance value was slightly above the alpha level.

Hits
There were no significant age differences for number of hits
across all four object categories.

Mean Reaction Time
Age differences were significant and of moderate magnitude for
all stimulus categories.

Sensitivity (d’)
Age differences were not significant for d’ for upright faces
and houses but significant for inverted faces. For chairs, there
was a tendency for sensitivity to be lower in older adults than
in young adults.

Response Bias (c)
While age differences in response bias were not significant for
faces, they were for inverted faces, chairs, and houses. These
findings are characterized by a more liberal bias in older adults
for all three object categories.

Correlations Between Performance and
Visual Ability
We computed Pearson Correlations (Table 4) to explore the
relation between false recognition and visual ability. The
combined measure of visual ability was strongly and significantly
correlated with the number of false alarms for upright faces,
inverted faces, and chairs but not houses. The measure of visual
ability was negatively and significantly correlated with false
alarm efficiency for upright faces and chairs, but not inverted
faces and houses.

DISCUSSION

We investigated the contribution of perceptual factors to
age-related differences in false recognition by comparing
performance of younger and older adults on within-category
recognition of upright faces, inverted faces, chairs, and houses.
Upright faces, inverted faces and chairs were comparable in
terms of their physical similarity. Houses were perceptually more
dissimilar than the other three categories. Perceptual similarity
was operationally defined as the similarity in the low-level
physical properties of our stimuli (contrast, luminance) using an
objective measure that parallels the response profile of neurons
in the visual cortex (Zeki, 1978). Because faces play an important
role in social interactions, we assumed that pre-experimental
exposure varied incrementally from upright faces, to chairs and
houses, to inverted faces. We also examined the influence of
perceptual factors by measuring the relationship between basic
visual abilities and false recognition. While several measures
of performance were included, we focus our discussion on
dependent variables that reflect false recognition errors, namely
false alarms and false alarm efficiency.

Upright faces elicited almost significant and significant
age-related differences for number of false alarms and false

alarm efficiency, respectively. This finding corroborates previous
evidence that older adults have a greater propensity to endorse
new faces as old (false alarms) and yet are comparable to
younger adults in their ability to recognize studied faces as
old (hits/true recognition) (reviewed by Searcy et al., 1999).
Age-related differences were comparable for inverted faces and
chairs. For these three image categories, false alarm and false
alarm efficiency significantly correlated with our measure of basic
visual ability. Taken together, these results support the notion
that perceptual similarity can drive age-related elevation in false
recognition of related items (Koutstaal and Schacter, 1997; Tun
et al., 1998; Koutstaal, 2003; Pidgeon and Morcom, 2014). Age-
related effects were weaker and non-significant for house stimuli,
which were perceptually more dissimilar than the other categories
tested. Moreover, false recognitions on this task did not correlate
with visual ability. There is evidence that stimuli that are rich
in distinctive information are more likely to elicit conceptual
encoding (e.g., Hunt, 2003; Mccabe et al., 2004; Taconnat et al.,
2006). It is possible that false recognition of house stimuli was not
influenced by perceptual factors because this condition elicited
conceptual encoding.

Our findings add to the increasingly large body of evidence
suggesting that age-related low-level perceptual decline can
influence higher level perceptual and cognitive tasks (e.g.,
Dupuis et al., 2014; Monge and Madden, 2016). However,
with the exception of faces, very few studies have examined
false recognitions for individual recognition of perceptually
homogeneous stimuli. The results of the current study do
not support the contention that unfamiliar face recognition is
particularly vulnerable to perceptual degradation (Owsley et al.,
1981; Cronin-Golomb et al., 2007; Norton et al., 2009; Boutet
and Meinhardt-Injac, 2018; Boutet et al., 2019). In the context
of faces, it has been proposed that age-related differences in
face recognition arise from older adults relying more heavily on
familiarity-based responding than younger adults. In our study,
older adults were more likely to adopt a liberal response bias,
which supports familiarity-based accounts of false memory (e.g.,
Trahan et al., 1986; Schacter et al., 1997b; Searcy et al., 1999;
Bastin and Van der Linden, 2003). Including remember/know
measures would provide a more direct evaluation of this
hypothesis. We were surprised to find that upright faces did
not elicit significant age differences in response bias, which is in
contradiction with past research (Meinhardt-Injac et al., 2014a,
2017; Boutet and Meinhardt-Injac, 2018). One possibility is that
ours is a spurious result arising from the high proportion of false
alarms and hits elicited by upright faces in our study, although
this was not found for houses, which elicited similarly, high
levels of performance1. While we are not aware of such measures,
perhaps calculating bias using both false alarm and RT would
have revealed significant age effects for faces.

Our findings are consistent with more recent investigations in
suggesting that perceptual similarity can drive false recognition
of pictorial images (Kouststaal et al., 2003; Yassa et al., 2011a;

1We remind the reader that near-ceiling performance with upright faces was due
to a speed-accuracy trade-off, which justified the addition of false alarm efficiency
as a dependent variable in our analyses.
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Pidgeon and Morcom, 2014). In contrast, there is a long
tradition of research using verbal stimuli which underscores
the role of conceptual similarity in age-related differences in
false recognition (Taconnat and Rémy, 2006) and we interpret
our findings with house stimuli in the same direction. Contrast
analyses, which afford more power when a small number
of pairwise comparisons are needed to answer focal research
questions (Rosenthal and Rosnow, 1985), revealed that houses
elicited weaker and non-significant age-related effects. We note,
however, that the omnibus interaction between Age and Image
Category was not significant (Table 2). House stimuli may have
elicited conceptual encoding because of their familiarity and
because they contained more distinguishing visual information
than the other categories. Parallel findings have been reported
with images containing distinctive features (reviewed by Hunt,
2003; Mccabe et al., 2004; Thomas and Sommers, 2005;
Taconnat and Rémy, 2006) and with abstract pictures that
had been repeatedly presented in the experiment (Pidgeon
and Morcom, 2014). Our study differs from previous efforts
in that we compared familiar image categories rather than
abstract images (Koutstaal, 2003; Weinstein and Shanks, 2008;
Pidgeon and Morcom, 2014).

As a whole, we interpret our results as supporting the
idea that both perceptual and conceptual similarity can drive
age-related differences in false recognition depending on the
circumstances under which they arise. Differences in visual ability
of the participants, perceptual similarity and means of measuring
it, presence of perceptual details and amount and nature
of pre-experimental exposure may all explain inconsistencies
reported in the literature (e.g., see Kouststaal et al., 2003 vs.
Pidgeon and Morcom, 2014). In the context of gist theories,
our results add to the increasing body of evidence suggesting
that older adults are more likely to rely on gist recollection
than younger adults when making mnemonic discriminations
among items that are related (Koutstaal and Schacter, 1997;
Schacter et al., 1997b; Tun et al., 1998; Koutstaal et al., 2001a).
Our study adds to this body of evidence by showing that
both conceptual and perceptual similarity can drive gist-based
recollection. In the context of pattern separation, Ly et al.
(2013) have suggested that perceptual, but not conceptual,
mnemonic discriminations are negatively affected by inefficient
pattern separation. In contrast, Pidgeon and Morcom (2014,
2016) have suggested that studied and test items that are
both perceptually and conceptually similar are more likely to
elicit elevated false recognition, perhaps because an overlap in
perceptual neural representations cannot be compensated with
a mnemonic discrimination of conceptual representations and
vice-versa. Additional research is needed to clarify the relative
importance and potential interaction between perceptual vs.
conceptual similarity in driving false recognitions, taxing pattern
separation, and gist processing.

This study, along with others on false recognition of pictorial
images (Trahan et al., 1986; Koutstaal and Schacter, 1997;
Searcy et al., 1999; Kouststaal et al., 2003; Pidgeon and
Morcom, 2014, 2016), has important implications for living
activities and assessment of older individuals. For example, false
recognition of strangers as a result of poor vision may lead to

social misunderstandings with known negative consequences on
psychological and physical health (Berkman and Syme, 1979;
Berkman et al., 2000; Cohen, 2004; Umberson et al., 2006).
Our results also imply that identifications may be particularly
unreliable for witnesses with reduced vision, which represents
17.4% of the population aged 65 and over (Schiller and Peregoy,
2012). It is important to note here that all our participants had
normal-to-corrected vision and had underwent an eye exam
within the last year and yet showed significant reduction in
basic visual ability as compared to the younger adults (see
REFS for similar findings in Neargarder et al., 2003; Cronin-
Golomb et al., 2007; Rousselet et al., 2008). The use of corrective
lenses may therefore not be a safeguard against recognition
errors, albeit not wearing corrective lenses, which is common in
this population (Wang et al., 1994), would make matters even
worse. It should be noted, however, that age-related differences
in sensitivity (d’) were not modulated by visual ability for
faces, which is at odds with models of signal detection theory
(e.g., Macmillan and Creelman, 2005). Indeed, if perceptual
degradation leads to a weakened signal, then we would have
expected sensitivity to be related to visual ability for these
images. Sensitivity is not always reported in studies on false
recognition, making it difficult to draw inferences from the
literature for this finding. Finally, our results suggest that the
interpretation of neuropsychological tests that use faces and/or
other within-category exemplars to measure the integrity of
memory systems may be confounded by degraded visual ability
[e.g., DMR (Evenhuis, 1996), CVLT (Delis et al., 1987), Doors and
People (Baddeley et al., 1994), and BFRT (Benton et al., 1994)].
Accordingly, Davidson et al. (2018) have shown that performance
on the Mnemonic Similarity Test (MST) is influenced by age-
related perceptual decline.

Limitations
While we choose to employ familiar images that varied naturally
with respect to similarity and pre-experimental exposure to
enhance the external validity of our study, this approach
prevented us from systematically varying these factors. For
example, we did not include explicit measures of conceptual
encoding in this study but instead inferred that houses
elicited more conceptual processing because (i) the relationship
between visual ability and false recognitions of houses was
not significant, (ii) houses were more objectively dissimilar in
terms of the information content of the images, and (iii) houses
contained more distinctive details, which are known to encourage
conceptual processing (Hunt, 2003; Mccabe et al., 2004; Taconnat
et al., 2006). Another possibility is that differences in performance
across the different image categories do not arise due to a
distinction between perceptual versus conceptual encoding but
rather due to differences in perceptual encoding and hence the
type of representations formed and used in working memory. For
example, less homogeneous images containing more detail may
be encoded on the basis of distinguishing features rather than a
more holistic representation of the image’s identity. The notion
that faces, which are highly homogeneous and are recognized
at the individual level, may be encoded and recognized using
more holistic information has been extensively discussed in the
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literature (Maurer et al., 2002; Richler et al., 2008). Moreover,
some have argued that aging may impact this process (Chaby
et al., 2001; Obermeyer et al., 2012; but see Hildebrandt
et al., 2010; Boutet et al., 2015), which might explain why
aging had a greater effect on homogeneous as compared to
heterogeneous stimuli.

A second limitation which must be taken into account when
interpreting our findings is that comparisons with upright faces
are limited by the near-ceiling effect in number of false alarms
obtained for this condition, which arose from differences in
speed-accuracy trade-off across conditions. Older adults seem to
have adopted a strategy whereby they made fewer mistakes for
the upright faces but took more time to provide an answer. It is
unclear whether this tendency is driven by the social relevance
of faces, or to participant artifacts produced by their knowledge
that this was a study about “face recognition”. Either way, our
findings underscore the importance of including measures of
reaction time in studies on false recognition, especially in light
of processing speed theories of aging (e.g., see Salthouse, 1996
for general cognitive impairments and Rousselet et al., 2010
for upright faces). Our findings that visual ability and reaction
time were not correlated suggest that these two factors may
be independent. We note that results derived from false alarm
efficiency, which takes into account speed-accuracy trade-offs,
were not contaminated by this ceiling effect.

CONCLUSION

Our results suggest that perceptual similarity can contribute to
age-related differences in false recognition. Moreover, age-related
perceptual decline is related to elevated false recognition for
perceptually similar but not dissimilar items. Despite wearing
up-to-date corrective lenses, our participants still displayed
significant impairments in basic vision as compared to the

younger group, suggesting that visual ability should be measured
when neuropsychological tests that rely on memory are used to
measure the integrity of cognitive systems. We also encourage
seniors to wear corrective lenses during social interactions to
avoid exacerbating difficulties with face recognition. Finally,
more research is needed to clarify whether a decline in pattern
separation, or a reliance on gist, provides the best interpretative
framework for understanding the contribution of perceptual
factors to false recognition.
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