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Abstract 21 

 22 

Older adults are more likely to falsely recognize novel events than young adults, and recent 23 

behavioral and neuroimaging evidence points to a reduced ability to distinguish overlapping 24 
information due to decline in hippocampal pattern separation. However, other data suggest a 25 
critical role for semantic similarity. Koutstaal et al. [(2003). False recognition of abstract versus 26 

common objects in older and younger adults: Testing the semantic categorization account, J. 27 
Exp Psychol. Learn, 29(4), 499-510] reported that older adults were only vulnerable to false 28 

recognition of items with pre-existing semantic representations. We replicated Koutstaal et al.’s 29 
(2003) second experiment and examined the influence of independently rated perceptual and 30 
conceptual similarity between stimuli and lures. At study, young and older adults judged the 31 

pleasantness of pictures of abstract (unfamiliar) and concrete (familiar) items, followed by a 32 
surprise recognition test including studied items, similar lures, and novel unrelated items. 33 
Experiment 1 used dichotomous ‘old/new’ responses at test, while in Experiment 2 participants 34 
were also asked to judge lures as ‘similar’, to increase explicit demands on pattern separation. 35 

In both experiments, older adults showed a greater increase in false recognition for concrete 36 
than abstract items relative to the young, replicating Koutstaal et al.’s (2003) findings. 37 
However, unlike in the earlier study, there was also an age-related increase in false recognition 38 

of abstract lures when multiple similar images had been studied. In line with pattern separation 39 
accounts of false recognition, older adults were more likely to misclassify concrete lures with 40 
high and moderate, but not low degrees of rated similarity to studied items. Results are 41 
consistent with the view that older adults are particularly susceptible to semantic interference 42 
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in recognition memory, and with the possibility that this reflects age-related decline in pattern 43 

separation. 44 

1. Introduction 45 

 46 

Older adults are more prone to false recognition than young adults, particularly when novel 47 
events are similar to those previously encountered (Koutstaal and Schacter, 1997; Yassa et al., 48 

2011a). This suggests that a fundamental feature of recognition impairments in older 49 
individuals is reduced ability to discriminate in memory (mnemonic discrimination) between 50 
similar representations (Stark et al., 2013; Yeung et al., 2013). Electrophysiological and 51 
neuroimaging data support proposals that age-related impairments of mnemonic discrimination 52 
reflect reduced capacity to pattern separate (orthogonalise) incoming representations, leading 53 

to greater overlap between memory representations (Wilson et al., 2006). Pattern separation 54 

accounts predict that many kinds of representational overlap are less efficiently discriminated 55 

in older age, without specifying a unique role for semantic overlap. However it has also been 56 
suggested that increased false recognition with age is due to greater emphasis on processing of 57 
gist, particularly semantic gist (Tun et al., 1998; Koutstaal and Schacter, 1997). Koutstaal et 58 
al.’s (2003) semantic categorization account makes the specific proposal that increases in false 59 

recognition are due to greater emphasis by older adults on semantic processing at encoding 60 
(Koutstaal et al., 2003). To evaluate these accounts it is critical to establish whether the age-61 

related increase in false recognition is in fact driven specifically by semantic similarity. 62 

False recognition of words and images increases markedly with age. In the Deese-Roediger-63 

McDermott paradigm (Deese, 1959; Roediger and McDermott, 1995), older adults falsely 64 
recognize up to 80% of critical lure words which are strongly associated with lists of studied 65 

words, compared to up to 65% among young adults (Norman and Schacter, 1997). In paradigms 66 
employing visual images, older adults falsely recognize perceptually similar images from the 67 

same basic-level conceptual category as studied images (e.g. cats) up to 35% more often than 68 
young adults (Koutstaal and Schacter, 1997; Koutstaal et al., 1999a). Such findings have been 69 

described in terms of greater reliance among older adults on semantic gist (general 70 
representations of meaning; Brainerd and Reyna, 2002), leading to heightened false recognition 71 
where lure items overlap with studied items in meaning or conceptual category (Norman and 72 
Schacter, 1997; Tun et al., 1998; Reyna and Brainerd, 1998). In support of this, Dennis et al. 73 

(2007; 2014) report fMRI evidence of increased semantic processing among older adults at 74 
encoding and during recognition. Moreover, studying multiple category exemplars is thought 75 
to strengthen semantic gist representations: larger effects of category size on false recognition 76 
have been reported in older adults, supporting the notion of increased reliance on semantic gist 77 
representations with age (Koutstaal and Schacter, 1997). 78 

Although most gist-based accounts emphasise the role of overlapping semantic information 79 

in driving false recognition, they do not discount the notion that other kinds of similarity can 80 

contribute to recognition outcomes. Perceptual gist representations (general perceptual 81 
representations based on overall shape, color etc.) are also thought to be strengthened with 82 
exposure to multiple visually similar items (Koutstaal et al., 1999b), but effects of perceptual 83 

similarity on false recognition have been considered to be equivalent in young and older adults 84 
(Koutstaal et al., 1999b; Schacter et al., 1997; see also Budson et al., 2003). To our knowledge 85 
only one study has compared perceptual and semantic similarity effects on false recognition in 86 
healthy aging (Koutstaal et al., 2003). Noting that in recognition studies employing visual 87 
images, lures typically show both conceptual (category membership) and perceptual (shape, 88 
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color) overlap with studied items, Koutstaal et al. (2003) employed unfamiliar abstract shapes 89 

grouped into categories based on visual similarity to examine whether age-related increases in 90 
false recognition result only from semantic gist, or can be driven by perceptual similarity. 91 
When verbal conceptual labels were assigned to abstract categories at both study and test, older 92 
adults were more likely to show false recognition than when no labels were provided. In a 93 

second experiment, older adults were more likely to falsely recognize concrete, meaningful 94 
images sharing basic-level category membership with studied images, but were not more likely 95 
to falsely recognize abstract lures (sharing only perceptual features with studied items). This 96 
effect of conceptual information was present even when many perceptually similar abstract 97 
category members were presented, suggesting age-related increases in false recognition are 98 

influenced by semantic but not perceptual gist, consistent with the semantic categorization 99 
account (Koutstaal et al., 2003). 100 

Pattern separation accounts do not place special emphasis on semantic information, instead 101 
pointing to age-related impairments in mnemonic discrimination along multiple dimensions of 102 

similarity. This is proposed to be due to decline in hippocampal pattern separation; the 103 
formation of unique neural representations from incoming sensory input, minimizing overlap 104 
with existing representations (Wilson et al., 2003; 2006). Rodent electrophysiological and 105 
human fMRI data suggest advancing age is associated with rigidity of hippocampal neuronal 106 

responses, with a shift from a tendency to pattern separate incoming representations towards a 107 
tendency for pattern completion, i.e., reinstatement of existing representations based on 108 

incomplete cues. It has been suggested that this decline in pattern separation contributes to age-109 
related reductions in the capacity for mnemonic discrimination (Wilson et al., 2003; Yassa et 110 
al., 2011a; Yassa et al., 2011b). Although by definition an encoding process, pattern separation 111 

can be elicited at retrieval if there is interference between incoming information and to-be-112 
retrieved representations, and therefore can contribute to mnemonic discrimination outcomes 113 

at encoding and/or retrieval (Yassa and Stark, 2011). Behavioral investigations suggest that 114 
older adults are less likely to correctly reject as ‘similar’ lures which are perceptually and 115 
conceptually similar to studied items, and more likely to falsely recognize lures as ‘old’ (Toner 116 

et al., 2009; Stark et al., 2013). The degree of this impairment in mnemonic discrimination has 117 

been found to correlate with age-related structural and functional changes in the hippocampus, 118 
supporting assumptions that less efficient pattern separation contributes to decline in 119 

mnemonic discrimination (Yassa et al., 2011a,b). Age-related impairments have also been 120 
demonstrated in mnemonic discrimination of lure and studied items presented in close temporal 121 
or spatial proximity over short retention intervals of less than 1 minute (Holden et al., 2012; 122 

Tolentino et al., 2012; Stark et al., 2010), and Reagh et al. (2014) showed spatial discrimination 123 
deficits over delays up to 12 minutes, similar to intervals typically employed in recognition 124 

studies. Spatial discrimination is also impaired in aged rodents (e.g., Wilson et al., 2003). A 125 
study employing visually presented verbal stimuli reported age-related impairments in 126 
mnemonic discrimination of perceptually similar, but not conceptually similar words (Ly et al., 127 
2013).  128 

Age-related decline in pattern separation with increased bias towards pattern completion has 129 

been proposed as a potential mechanism for the age-related increase in gist-based false 130 

recognition as well as for reductions in mnemonic discrimination along multiple dimensions 131 

of overlap (Schacter et al., 1998; Yassa et al., 2011a). However, any integration of pattern 132 

separation and gist accounts requires specification of the role of semantic information, which 133 

is central to gist accounts (Norman and Schacter, 1997; Tun et al., 1998; Reyna and Brainerd, 134 

1998). Moreover, the semantic categorization account (Koutstaal et al., 2003) proposes a 135 

specific mechanism for greater gist reliance in aging. If older adults explicitly process 136 
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conceptual information at encoding at the expense of perceptual detail, false recognition 137 

increases will be driven specifically by semantic relatedness, and perceptual similarity will 138 

have, if anything, a reduced effect. Conversely, a decline in neural pattern separation predicts 139 

a more general impact on mnemonic discrimination and gist reliance in older adults which 140 

extends beyond semantic gist. Human behavioral investigations of mnemonic discrimination 141 

have suggested such a general decline, unlike Koutstaal et al.’s (2003) findings, but it is 142 

possible that use of images of meaningful objects (Yassa et al., 2011a; Stark et al., 2010), or 143 

nameable shapes (Tolentino et al., 2012) has meant that estimates of age-related impairments 144 

in spatial, temporal, or perceptual discrimination are influenced by semantic content.   145 

The present study investigated whether age-related increases in false recognition are 146 
dependent on overlapping conceptual representations, as well as evaluating the relative 147 
contributions of perceptual and conceptual similarity. In two experiments, we sought to 148 
replicate and extend findings of Koutstaal et al. (2003), using the original study’s abstract and 149 

concrete images. Experiment 1 employed an ‘old/new’ recognition paradigm in a direct 150 
replication of Koutstaal et al.’s (2003) Experiment 2, with one modification. In the earlier 151 
study, multiple exemplars from each studied category were presented at test and at study, 152 

making it difficult to separate study phase and test phase interference, and possibly leading to 153 
elevated false recognition in both age groups by increasing bias towards responding ‘old’, 154 

lessening age differences. Thus, during the test phase we included a single studied item and 155 
single lure for each category which was encountered in the study phase. Age-related increases 156 
in false recognition of concrete but not abstract lures would provide support for a uniquely 157 

semantic gist-based account of false recognition in aging, such as the semantic categorization 158 
account (Koutstaal et al., 2003). Increased false recognition of abstract as well as concrete lures 159 

would however indicate impaired mnemonic discrimination along multiple domains of 160 
similarity, as proposed by pattern separation models and also consistent with a more 161 
generalized gist-based account. If perceptual gist as well as semantic gist influences false 162 

recognition in old age, effects of study phase category size would be expected to be larger 163 

among older adults for both stimulus types.  164 

Experiment 2 was identical to Experiment 1, but participants were asked to respond ‘old’, 165 
‘similar’ or ‘new’ to studied, lure and novel items respectively, instead of simply ‘old/new’. 166 

The additional ‘similar’ response option has been found to reduce gist-based false recognition 167 
in young and older adults (Koutstaal et al., 1999a), and is thought to place greater demands on 168 
pattern separation (Stark et al., 2013). Based on previous findings, it was predicted that older 169 
adults would show greater false recognition and reduced correct rejection of lures (Stark et al., 170 
2013). As in Experiment 1, if older age is associated with general mnemonic discrimination 171 

decline, this pattern was expected for abstract and concrete items, whereas the semantic 172 
categorization account predicted age differences only for concrete items.  173 

We also sought to investigate the prediction from pattern separation models that older adults 174 

require greater change in input in order to successfully discriminate lures from studied items 175 

(Wilson et al., 2006), using measures of subjectively rated within-category perceptual and 176 

conceptual similarity (Konkle et al., 2010). These measures provided a further test of the role 177 

of conceptual similarity in age-related increases in false recognition. If this is critical in driving 178 

age-related increases in false recognition, as assumed by the semantic categorization account, 179 

older adults would be expected to show greater effects of conceptual similarity on false 180 

recognition, while perceptual similarity effects would be equivalent in the two age groups. 181 
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2. Methods 182 

2.1. Participants 183 
 184 

Demographic and cognitive test data for participants in Experiments 1 and 2 are shown in Table 185 
1. We estimated that 24 participants per group were required to replicate Koutstaal et al.’s 186 
(2003) critical Stimulus Type x Age interaction with 95% power (G*Power; Erdfelder et al., 187 
1996), following correction for bias true effect size estimation (Tversky and Kahneman, 1971; 188 

http://www.john-uebersax.com/stat/bpower.htm). Twenty-four young adults (YAs; aged 18-26 189 
years) and 24 older adults (OAs; aged 60-79) took part in Experiment 1. A further YA was 190 
excluded from analyses due to incomplete data. Twenty-six YAs (aged 18-28) and 26 OAs 191 
(aged 62-79) participated in Experiment 2. Data from one additional OA were excluded due to 192 
failure to use the ‘similar’ response during the test phase. All participants completed the 193 

following baseline cognitive tests: the Wechsler Test of Adult Reading (WTAR; Wechsler, 194 
2001), and the Digit Symbol Coding and Digit Span Forward and Backward subscales of the 195 

Wechsler Adult Intelligence Scale IV (WAIS-IVUK; Wechsler, 2008). Raw WTAR scores were 196 
converted to Standard Scores based on the UK Standardization Sample. 197 

A separate sample of 24 OAs (aged 60-75) and 24 YAs (aged 18-25) provided subjective 198 

ratings of stimuli employed in Experiments 1 and 2. Half gave perceptual similarity ratings and 199 
half gave conceptual similarity ratings for all categories. Two YAs and one OA were excluded 200 
from analyses of conceptual and perceptual ratings respectively, as the average correlation of 201 

their ratings with the remainder of the sample was > 2 SDs from the mean sample correlation 202 

Table 1. Demographic and cognitive test data for participants from Experiments 1 & 2. 

Mean (Standard Deviation). a Denotes significant within-experiment age difference (p < .05). 
b denotes significant difference between Experiments 1 & 2. WTAR = Wechsler Test of Adult 

Reading. WTAR scores for non-native English speakers were excluded. See 3.2 for details of 

statistical analyses. 

 

Experiment 1 Experiment 2 

YA 

(n = 24) 

OA 

(n = 24) 

YA 

(n = 26) 

OA 

(n = 26) 

Age 20.6 (2.0) a 70.5 (5.6) a 21.6 (2.8) a 69.2 (4.4) a 

Sex (N female) 13 12 21 a 14 a 

Years of 

education 
15.6 (1.6) 16.6 (3.5) 16.0 (2.0) 15.9 (4.2) 

WTAR 

(Standard 

Score) 

122 (5.7) 

(n = 19) 120 (7.1) 
117 (6.8) 

(n = 16) 118 (6.3) 

Digit Symbol 63.5 (10.4) a 46.5 (10.8) a 67.5 (8.7) a 50.7 (13.4) a 

Digit Span 

Forwards 
7.6 (1.0) 7.3 (1.0) 7.2 (1.1) 7.5 (1.1) 

Digit Span 

Backwards 
5.8 (1.1) b 5.6 (1.1) 4.9 (1.2) b 5.3 (1.2) 

 

 

http://www.john-uebersax.com/stat/bpower.htm
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(Konkle et al., 2010). Conceptual ratings were therefore based on 10 YAs and 12 OAs, and 203 

perceptual ratings on 12 YAs and 11 OAs. 204 

All experimental procedures were approved by the Psychology Research Ethics Committee 205 
of the University of Edinburgh, and informed consent was obtained.  206 

2.2 Stimuli 207 

 208 

Stimuli were colored line drawings of categorised abstract and concrete items, employed by 209 
Koutstaal et al. (2003; see Figure 1 for examples). Abstract items were unfamiliar shapes 210 
grouped into categories based on perceptual features, e.g., shape, color. Concrete items were 211 
drawings of familiar objects and animals grouped into categories according to basic-level 212 
conceptual category, e.g., hats, ducks. Categories consisted of 2 or 13 exemplars. Thirteen-213 

exemplar categories were employed during the study phase as either single or large categories 214 

and exemplars were presented as studied items and lures during the test phase. Two-exemplar 215 

categories were employed as novel categories during the test phase. 216 

In both experiments, concrete items presented at study included 12 large categories (9 items 217 
presented per category) and 12 single-item categories (1 exemplar). Thus, a total of 72 large 218 

category concrete items (9 exemplars from 12 categories) and 8 single category concrete items 219 
(1 exemplar from 12 categories), were presented at study. The same distribution applied to 220 
abstract items (72 large category items; 8 single category items).  Test phase lists comprised 221 

48 studied items (of which 24 had been presented as part of large categories at study; 24 as 222 
single exemplars); 48 similar lures, i.e., novel images from studied categories (24 from large 223 

categories; 24 from single categories), and 48 novel items from 48 novel categories. Half of 224 
the items in each of these stimulus conditions were abstract, half were concrete. The stimulus 225 
condition of exemplars (studied or lure) was counterbalanced across participants. During study 226 

and test phases, abstract and concrete stimuli were intermixed and a unique pseudorandom 227 

order of presentation was generated for each participant. 228 

< Insert Figure 1 > 229 

2.3. Procedure 230 

2.3.1. Experiment 1 231 

 232 

Experiment 1 consisted of a study phase, followed by a 10 minute filled interval, before a 233 
surprise recognition test. Study and test procedure followed Koutstaal et al.’s (2003) 234 

Experiment 2. During the study phase, participants viewed 240 images, and were asked to rate 235 

how pleasant they found each image from 1 to 5 (1 = very unpleasant; 5 = very pleasant). 236 

Images were approx. 350 x 350 pixels and were viewed at a distance of around 50 cm on a PC 237 
screen, against a white background. Images were presented for 3 s, with a black fixation cross 238 
presented for 1.5 s between trials. 239 

The test phase followed a 10 minute interval during which cognitive tests were completed 240 
(see 2.1). During the test phase, participants viewed 144 images, and judged each as ‘old’ or 241 
‘new’ using key presses (Figure 1). Images were presented for 3.5 s, followed by a fixation 242 
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cross for 1 s. Following each trial, participants were prompted to rate their confidence in their 243 

response, from 1 (just guessing) to 5 (very confident) using number keys. The prompt was 244 
presented for 4 s followed by a fixation cross for 0.8 s before the start of the next trial. 245 

2.3.2. Experiment 2 246 

 247 

Experiment 2 differed from Experiment 1 only in the test phase task instructions and response 248 
options; stimuli and study phase procedure were as in Experiment 1. Participants were 249 
informed that during the recognition test, items would either be identical to studied items, novel 250 
but similar to studied items, or novel and unrelated to studied items. Participants were asked to 251 
respond ‘old’, ‘similar’ or ‘new’ accordingly (Figure 1). As in Experiment 1, participants then 252 

rated their confidence in their responses. Study phase timings were as in Experiment 2. During 253 
the test phase, stimulus presentation timings were as in Experiment 1 for all YAs. However, as 254 

the initial three OAs struggled to give recognition responses within 3.5 s, on average 255 
responding to only 65% of trials, presentation time was increased to 4.5 s for the remaining 256 
OAs. For the first 3 OAs, responses given within 4.5 s were retrieved from log files and 257 
recorded: their pattern of performance did not differ from the other OAs. For both age groups, 258 

the confidence rating prompt was presented for up to 4 s, or until 0.8 s after a response was 259 
made, followed by a fixation cross for 0.8 s before the next trial.  260 

2.3.3. Ratings task 261 

 262 

Participants in the ratings task gave either perceptual or conceptual similarity ratings for all 263 
categories (abstract and concrete). Images were reduced to ~ 150 x 150 pixels, and all 264 
exemplars of a given category were presented simultaneously, against a white background. 265 

During the perceptual task, participants rated the overall visual similarity of items in each 266 

category from 1 (very similar) to 5 (very distinctive) using the number keys. Participants were 267 
asked to base judgements on visual features only, e.g., shape, color. Abstract and concrete 268 

categories were presented together in a single block, with the order of category presentation 269 
randomised across participants. Images remained on screen until a response was made. 270 

In the conceptual task, concrete and abstract images were presented in separate blocks, the 271 
order of which was counterbalanced across participants. For concrete images, participants were 272 
asked to rate categories according to how many kinds of object were present (1 = few kinds; 5 273 
= many kinds), following Konkle et al. (2010). For example, a category of ducks comprising 274 

several distinct breeds of duck would be considered to contain more kinds than a category of 275 
apples containing only red apples. This provided a measure of within-category conceptual 276 
similarity. As abstract items by definition were not necessarily conceptually meaningful, for 277 
these items a modified conceptual ratings task was used. Participants were presented with 278 

abstract categories in sequence, and were asked firstly to provide a verbal label of a concrete 279 
object which they perceived some or all category members to resemble, and secondly to rate 280 
from 1 to 5 the ease of assigning a label that fit all category exemplars. This measure was 281 

assumed to reflect the fit of conceptual labels within each abstract category, equivalent to 282 
conceptual similarity. Ratings were inverted so that low scores reflected greater similarity, in 283 
line with the perceptual scale.  284 
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The 13-exemplar categories used as studied or lure items at test were divided into tertiles 285 

representing high, medium and low conceptual and perceptual similarity on the basis of average 286 
ratings, separately for abstract and concrete items. For both experiments, mean proportion of 287 
lures falsely recognized by each participant at each level of similarity was calculated, 288 
separately for abstract and concrete stimuli and for perceptual and conceptual ratings. In each 289 

experiment, proportions for each participant were calculated across 9 high, 8 medium, and 7 290 
low perceptual similarity abstract lures, and across 7 high, 9 medium and 8 low perceptual 291 
similarity concrete lures. For conceptual similarity, mean proportions were calculated from 8 292 
abstract and 8 concrete lures at each level of similarity.  293 

3. Results 294 

 295 

In all analyses of variance (ANOVAs), Greenhouse-Geisser corrected degrees of freedom and 296 

p values are reported in cases where Mauchly’s test for violation of the assumption of sphericity 297 

was significant. In analyses of recognition performance, ‘highly confident’ refers to responses 298 

receiving a confidence rating of 4 or 5.  299 

To allow comparison of the critical effects of age on concrete and abstract false recognition, 300 

Cohen’s d (Cohen, 1988) measures of effect size are given for differences in mean false 301 

recognition between young and older adults for each stimulus type. Effect sizes are also 302 

reported for F-tests of similarity effects, permitting comparison of the magnitude of perceptual 303 

and conceptual similarity effects, using partial eta-squared (ηρ
2; Cohen, 1973). Large effects 304 

are defined as d of > .8 and ηρ
2 of > .14.  305 

3.1. Similarity ratings  306 

 307 

The raw ratings data are not included in this report but are available from the first author on 308 
request. ANOVAs examined effects of Rater Age (young, older) and Category Type (abstract, 309 

concrete) on perceptual and conceptual ratings for each category. Within categories, exemplars 310 
were rated as more perceptually similar by YAs than OAs, and concrete items were rated as 311 

more perceptually similar than abstract items (Age: F(1, 46) = 63.34; Category Type: F(1, 46) = 312 
71.35, ps < .001). Effects of Age and Category Type interacted (F(1, 46) = 34.40, p < .001), such 313 
that only abstract items were rated as more perceptually similar by YAs (abstract: t(23) = 9.57, 314 

p < .001; concrete: t(23) = .72, p = .48). Conceptual ratings did not differ by Rater Age or 315 
Category Type (Age: F(1, 46) = .02, p = .89; Category Type: F(1, 46) = .05, p = .83; interaction: 316 
F(1, 46) = .88, p = .35), although it should be noted that as the conceptual task differed for 317 
concrete and abstract items, these ratings are not directly comparable. Perceptual and 318 
conceptual ratings of abstract categories did not correlate reliably in young or older raters 319 

(young: r = .36, p = .08; older: r = .23, p = .29), indicating the scales were indeed measuring 320 
distinct stimulus qualities. For concrete categories, perceptual and conceptual ratings were 321 

positively correlated in both age groups (young: r = .66, p < .001; older: r = .45, p = .03).  322 

Across both item types, YAs and OAs showed high, positive correlations for both perceptual 323 
and conceptual ratings (perceptual: r = 0.83, p < .001; conceptual: r = 0.6, p < .001). Therefore, 324 
to obtain perceptual and conceptual similarity scales which were equally applicable to both age 325 
groups, ratings from YAs and OAs were averaged. In the averaged scale, perceptual and 326 
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conceptual ratings again did not correlate for abstract items (r = 0.32, p = .12), but were 327 

positively correlated for concrete items (r = 0.69, p < .001). Concrete items were rated more 328 
perceptually similar than abstract items (Mconcrete = 2.89, SD = .50; Mabstract = 3.65, SD = .37; 329 
t(46) = 8.45, p < .001; lower figures represent greater similarity), while no difference in mean 330 
conceptual rating was found between item types (Mconcrete = 2.92, SD = .40; Mabstract = 2.77, SD 331 

= .25; t(46) = .22, p = .83). Proportions of participants assigning the same conceptual label to 332 
abstract categories ranged from 0 (each gave a different label) to 0.45 (10/22 gave the same 333 
label), with a mean proportion of 0.23 (5/22). 334 

3.2. Cognitive tests 335 

 336 

Cognitive test results for participants in Experiments 1 and 2 are summarised in Table 1. In 337 
Experiment 1, one OA did not complete the Digit Span Backwards task, and WTAR Standard 338 

Scores were excluded for 5 YAs who were non-native speakers of English. YAs and OAs did 339 
not differ in years of education, WTAR (Standard Scores), or Digit Span Forward or Backward 340 
(education: t(41) = 1.10, p = .28; WTAR: t(41) = 1.21, p = .23; Digit Span Forward: t(46) = 1.02, 341 
p = .31; Digit Span Backward: t(46) = .82; p = .42).  YAs outperformed OAs on the Digit Symbol 342 

task (t(46) = 5.56, p < .001) as expected. Chi-squared test of independence confirmed that the 343 
sex distribution did not differ between age groups (χ2(1, N = 48) = 0.08, p  = .77). 344 

In Experiment 2, one OA was unable to complete the Digit Symbol test due to an injury, 345 
and one YA was excluded from this test due to failure to follow procedure. WTAR scores were 346 

disregarded for 10 YAs who were not native speakers of English. The proportion of females 347 
was higher in the young group (Chi-squared test of independence: χ2(1, N = 52) = 4.28, p < 348 

.05). However, rates of veridical recognition, lure false recognition, or lure correct rejections 349 
did not differ by sex for either abstract or concrete stimuli, suggesting bias of results was 350 
unlikely. YAs again scored more highly on the Digit Symbol task (t(48) = 5.28; p < .001). No 351 

age differences were observed in years of education, WTAR (Standard Score), or Digit Span 352 

Forward or Backward (education: t(50) = .06, p = .95; WTAR: t(40) = .71, p = .48; Digit Span 353 
Forward:  t(50) = .74, p = .46; Digit Span Backward: t(50) = 1.1, p = .29). 354 

Comparing samples for the two experiments, 2 (Age) x 2 (Experiment) ANOVAs showed 355 
an effect of Experiment for Digit Symbol Backwards, with participants in Experiment 1 356 
outperforming those in Experiment 2 (F(1,95) = 6.77, p = .011). No further differences between 357 
samples were observed in age, years of education, sex or cognitive test performance, and there 358 

were no interactions of Experiment x Age (max F = 1.82; Table 1).  359 

In both experiments, memory performance results (including effects of similarity) were 360 
equivalent when non-native speakers of English were excluded from analyses, and so only 361 
results from the full samples are reported. 362 

3.3. Experiment 1 – memory performance 363 

3.3.1. Baseline false recognition of novel items 364 

 365 

We examined effects of Stimulus Type (abstract, concrete) and Age (young, old) on baseline 366 
novel false recognition. More abstract items were falsely recognized than concrete (F(1,46) = 367 
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52.41, p < .001; Mabstract = .12, SD = .17; Mconcrete = .03, SD = .04), but this effect did not differ 368 

by age (F(1, 46) = 0.06, p = .82), and no overall effect of age was observed (F < 1). Findings did 369 
not differ when analyses were restricted to novel items falsely recognized with high confidence, 370 
(Stimulus Type: F(1,46) = 12.53, p = .001; Age: F(1,46) = .32, p = .57; interaction: F(1,46) = .56, p 371 
= .46; Mabstract = .04, SD = .07; Mconcrete = .01, SD = .03). 372 

3.3.2. Corrected false recognition of lures 373 

 374 

Following Koutstaal et al. (2003), lure false recognition was corrected for baseline false 375 
recognition of novel items. Proportions of false recognition of abstract and concrete novel items 376 
were subtracted from proportions of false recognition of abstract and concrete lures, 377 

respectively. Corrected false recognition is shown in Figure 2A. ANOVA with factors of Age 378 
(young, older), Category Size at study (single, large) and Stimulus Type (abstract, concrete) 379 

revealed significant main effects of all three variables (Age: F(1,46) = 13.88, p = .001; Category 380 
Size: F(1,46) = 123.41, p < .001; Stimulus Type: F(1,46) = 81.48, p < .001), reflecting greater false 381 
recognition among OAs, for large category items, and for concrete items. Crucially, the 382 
predicted Age x Stimulus Type interaction was significant (F(1,46) = 8.41, p = .006), with greater 383 

false recognition among OAs compared to YAs for concrete items, but no difference for 384 
abstract items (concrete: t(46) = 5.29, p < .001, d = 1.53; abstract: t(46) = 1.12, p = .27, d = .32). 385 

The effect of Category Size interacted with Stimulus Type (F(1,46) = 4.84, p = .03), with a larger 386 
effect of Category Size (greater false recognition of large category lures) for concrete items, 387 
but neither this interaction or the main effect of Category Size differed by Age (Category Size 388 

x Stimulus Type x Age: F(1,46) = .73, p = .4; Category Size x Age: F(1, 46) = .92, p = .34). 389 
Following Koutstaal et al. (2003), we also assessed novel-corrected false recognition of single 390 

and large category abstract items alone, to determine whether age-related differences were truly 391 
unique to concrete items. As predicted by the semantic categorization account, no age 392 
differences were observed (single: t(46) = 1.1, p = .28; large: t(46) = .78, p = .44).  393 

 394 

 395 

 396 

<Insert Figure 2> 397 

 398 

 399 

 400 

Restricting analyses to highly confident false recognition, corrected for highly confident 401 

novel false recognition (Table 2), similar results were observed. OAs showed greater confident 402 
false recognition than YAs (F(1,46) = 25.94, p < .001), concrete lures were more often 403 
confidently falsely recognized than abstract lures (F(1, 46) = 66.09, p < .001), and large category 404 
lures attracted more highly confident false recognition responses than single item categories 405 
(F(1,46) = 92.14, p < .001). A Stimulus Type x Category Size interaction (F(1, 46) = 13.71, p = 406 

.001) reflected a greater effect of Category Size for concrete items. A greater effect of Category 407 
Size was also observed in OAs compared to YAs (F(1,46) = 11.34, p = .002). The predicted 408 
Stimulus Type x Age interaction was again observed (F(1,46) = 7.34, p = .009; Category Size x 409 
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Stimulus Type x Age:, F(1,46) = .55, p = .46) however unlike in the overall analysis OAs showed 410 

greater false recognition for abstract (t(46) = 2.93, p = .005, d = .85) as well as concrete items 411 
(t(46) = 5.28, p < .001, d = 1.52) with age effects larger for concrete items. Planned tests of age 412 
differences among abstract items alone revealed greater highly confident false recognition in 413 
OAs of large but not single category abstract lures (single: t(46) = 1.14, p = .26; large: t(46) = 414 

2.66, p = .01). 415 

3.3.3. Corrected veridical recognition 416 

 417 

As for false recognition, proportions of hits (correctly identified old items) were corrected for 418 
baseline novel false recognition (Figure 2B) equivalent to Snodgrass and Corwin’s (1988) Pr 419 
measure. Proportion of novel-corrected hits did not vary by age (F(1,46) = 0.75, p = 0.39), but 420 

effects of Stimulus Type and Category Size were greater in OAs (Stimulus Type x Age: F(1,46) 421 

= 4.39, p = .04; Category Size x Age: F(1,46) = 4.41, p = .04). Main effects of Category Size 422 

(F(1, 46) = 79.21, p < .001) and Stimulus Type (F(1,46) = 132.46, p < 0.001) were modified by a 423 
Stimulus Type x Category Size interaction (F(1,46) = 7.27,  p = .01), reflecting a greater 424 
increment in hit rate with larger Category Size for abstract (25%) compared to concrete (15.5%) 425 
items. This interaction did not however differ by age (3-way interaction: F(1,46) = .12, p = .73).  426 

For highly confident hits corrected for highly confident novel false recognition (Table 2), 427 

the Stimulus Type x Age interaction was not reliable (F(1,46) = 2.41, p = .13), nor was the 428 
Category Size x Stimulus Type interaction (F(1,46) = 2.47, p = .12). However the remaining 429 

effects were equivalent to those for total hits (Age: F(1,46) = .72, p = .4; Stimulus Type: F(1,46) = 430 
119.64, p < .001; Category Size: F(1,46) = 38.85, p < .001; Category Size x Age: F(1,46) = 13.18, 431 

p = .001).  432 

 433 

3.3.4. Effects of stimulus perceptual and conceptual similarity 434 

 435 

 

Table 2 | Mean proportions (SD) of novel-corrected highly confident lure false 

recognition and novel-corrected highly confident hits to studied items in Experiment 1. 

FR = false recognition. 

  
Abstract Concrete 

Single Large Single Large 

YA OA YA OA YA OA YA OA 

 Lure FR 
-0.02 

(0.05) 

-0.003 

(0.05) 

0.05 

(0.10) 

0.16 

(0.19) 

0.02 

(0.04) 

0.09 

(0.12) 

0.16 

(0.11) 

0.37 

(0.16) 

 Hits 
0.35 

(0.23) 

0.20 

(0.18) 

0.46 

(0.22) 

0.44 

(0.24) 

0.65 

(0.26) 

0.54 

(0.23) 

0.65 

(0.26) 

0.75 

(0.26) 
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Novel-corrected false recognition of abstract and concrete images according to within category 436 

conceptual and perceptual similarity is illustrated in Figure 3. For each rating (perceptual and 437 
conceptual), ANOVAs examined effects of Age (young, older) and Similarity (high, medium, 438 
low) on novel-corrected false recognition of abstract and concrete lures, combining across both 439 
category sizes. As the perceptual similarity ratings task was equal for abstract and concrete 440 

stimuli, Stimulus Type was included as a factor in perceptual similarity analyses. However as 441 
conceptual ratings tasks differed for abstract and concrete images, separate ANOVAs were 442 
conducted for each stimulus type. Planned comparisons of age effects at each level of similarity 443 
were conducted to test pattern separation predictions in all cases where there were significant 444 
effects of similarity. 445 

3.3.4.1. Perceptual similarity  446 

 447 

False recognition rates differed according to within-category Perceptual Similarity (F(2,92) = 448 
32.67, p < .001, ηρ

2 = .42), with highly perceptually similar lures attracting more false 449 
recognition responses than the most perceptually distinctive lures. This effect was modified by 450 
Stimulus Type (F(2,92) = 14.92, p < .001) and was reliable for concrete lures only (concrete: 451 

F(2,92) = 39.08, p < .001, ηρ
2 = .46; abstract: F(2,92) = 1.39, p = .26, ηρ

2 = .03). Across both age 452 
groups, false recognition was greater for high vs. both medium and low similarity concrete 453 

lures, but did not differ between medium and low similarity concrete lures (high vs. medium: 454 
t(47) = 7.28, p < .001; high vs. low: t(47) = 8.16, p < .001; medium vs. low: t(47) = .56, p = .58; 455 
Perceptual Similarity x Age: F(2,92) = 1.28, p = .28; 3-way interaction: F(2,92) = .43, p = .65). In 456 

the main ANOVA, the interaction of Stimulus Type x Similarity did not differ by Age (3-way 457 
interaction: F(2,92) = .43, p = .65). 458 

Predictions from pattern separation models that OAs require greater change in input (i.e., 459 
less similarity) to support successful discrimination were tested among concrete items (for 460 

which a significant effect of Perceptual Similarity was observed) via planned contrasts of group 461 

differences at each level of similarity. OAs were more likely than YAs to falsely recognize 462 
concrete lures at all levels of Perceptual Similarity (high: t(46) = 4.24, p < .001; medium: t(46) = 463 
3.01, p = .004; low: t(46) = 3.43, p = .001).  464 

 465 

<Insert Figure 3> 466 

3.3.4.2. Conceptual similarity 467 

 468 

For abstract items, no reliable effect of Conceptual Similarity was observed (F(2,92) = .48, p = 469 
.62, ηρ

2 = .01; Age x Similarity: F(2,92) = 1.22, p = .30). For concrete items, false recognition 470 

varied according to Conceptual Similarity (F(2,92) = 28.44, p < .001, ηρ
2 = .38). Lures from 471 

highly conceptually similar categories were falsely recognized more often than medium or low 472 

similarity lures, and more medium than low similarity lures were falsely recognized (high vs. 473 
medium: t(47) = 3.45, p = .001; high vs. low: t(47) = 8.63, p < .001; medium vs. low: t(47) = 3.61; 474 
p = .001; adjusted alpha = 0.017). Although OAs showed a numerically greater increment in 475 
false recognition from low to high similarity (OA: 29.6%, YA: 18%), the Similarity x Age 476 
interaction was not reliable (F(2, 92) = 1.74, p = .18). For concrete items, planned contrasts 477 
revealed greater false recognition in OAs than YAs for highly conceptually similar lures (t(46) 478 
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= 3.5, p = .001), but not medium or low similarity lures (medium: t(46) = 2.05, p = .046; low: 479 

t(46) = 1.67, p = .1; adjusted alpha = 0.017).  480 

3.4. Experiment 2  481 

3.4.1. Memory performance 482 

 483 

With the added ‘similar’ response option in Experiment 2, there were 9 possible response 484 
outcomes. Studied items could be correctly recognized (hits), judged ‘similar’, or missed 485 

(judged ‘new’). Lures could be falsely recognized as ‘old’, correctly rejected as ‘similar’, or 486 
incorrectly judged ‘new’. Novel items could be falsely recognized as ‘old’ (novel false 487 
recognition); incorrectly judged ‘similar’, or correctly rejected as ‘new’. Raw proportions of 488 

responses in each of these categories are displayed in Table 3. Analyses focused on novel-489 
corrected hits, and lure false recognition and correct rejection, illustrated in Figure 4. 490 

3.4.1.1. Baseline false recognition of novel items 491 

 492 

ANOVA examining effects of Stimulus Type and Age on proportions of baseline false 493 
recognition (Table 3) showed that this was more likely for abstract than concrete novel items 494 

(F(1,50) = 8.78, p = .005). There was no main effect of Age (F(1,50) = .67, p = .42), and no 495 
Stimulus Type x Age interaction (F(1,50) < .001, p = 1). Among highly confident responses, 496 
rates of novel false recognition no longer differed according to Stimulus Type (F(1, 50) = 1.12, 497 

p = .30), but there remained no effects involving Age (Age: F(1,50) = .48, p = .49; Stimulus Type 498 
x Age (F(1,50) = .50, p = .48).  499 

 500 

 501 

<Insert Figure 4> 502 
 503 
 504 

3.4.1.2. Corrected false recognition of lures 505 

 506 

Proportions of abstract and concrete lure false recognition were corrected for baseline false 507 
recognition of novel abstract and concrete items as in Experiment 1, and are displayed in Figure 508 
4A. For lure false recognition, ANOVA with factors of Stimulus Type, Category Size and Age 509 
revealed significant main effects of each (Stimulus Type: F(1,50) = 55.07; Category Size: F(1,50) 510 

= 94.04; Age: F(1,50) = 17.93, ps < .001), with greater false recognition of concrete lures relative 511 
to abstract, of large category items vs. single, and in OAs. As expected, the effect of Stimulus 512 
Type was modulated by Age (F(1,50) = 5.49, p = .023). There was a clear age difference for 513 

concrete items (t(50) = 4.25, p < .001, d = 1.18), with OAs 12.2% more likely to falsely recognize 514 
concrete lures, and a smaller but significant age difference for abstract items (4.5%; t(50) = 2.02, 515 
p = .049, d = .56). The effect of Category Size also differed by Age (F(1,50) = 8.64, p = .005). 516 
In both age groups, large category lures attracted more false recognition responses than single 517 
category lures (YAs: t(25) = 5.65; OAs: t(25) = 8.95, ps < .001), but the effect of Category Size 518 
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was larger in OAs. The effect of Stimulus Type was modulated by Category Size (F(1,50) = 519 

13.24, p = .001), with a larger effect of Category Size for concrete items. No three-way 520 
interaction was observed (F(1,50) = .63, p = .43). Age differences among abstract lures alone 521 
were again tested. OAs were more likely than YAs to falsely recognize large but not single 522 
category abstract lures (single: t(50) = .51, p = .61; large: t(50) = 2.07, p = .043). 523 

Similar effects were observed for novel-corrected highly confident false recognition (Table 524 
4), i.e., main effects of Stimulus Type, Category Size and Age (Stimulus Type: F(1,50) = 47.16; 525 
Category Size: F(1,50) = 73.89; Age: F(1,50) = 18.01, ps < .001), and interactions of Category 526 
Size with Stimulus Type and Age (Category Size x Stimulus Type: F(1,50) = 12.51, p = .001; 527 
Category Size x Age: F(1,50) = 11.04, p = .002; Category Size x Stimulus Type x Age: F(1,50) = 528 

.63, p = .43). As in Experiment 1, the effect of Stimulus Type was modulated by Age (F(1,50) = 529 
8.07, p = .007), but the age difference in false recognition was now reliable for concrete items 530 
only (concrete: t(50) = 4.30, p < .001, ηρ

2 = 1.19; abstract: t(50) = 1.93, p = .059, ηρ
2 = .54). 531 

However, in planned analysis of abstract lures, OAs again showed higher confident false 532 
recognition of large but not single abstract lures (single: t(50) = .50, p =.62; large: t(50) = 2.28, p 533 

= .027).  534 

3.4.1.3. Correct rejection of lures 535 

 536 

Table 3 | Proportions of raw ‘Old’, ‘Similar’ and ‘New’ responses to Studied, Lure 

and Novel items, collapsed across single and large category conditions. Means (SD).  

  Abstract Concrete 

  YA OA YA OA 

Studied 

‘Old’ 
0.38  

(0.17) 

0.35 

(0.20) 

0.66 

(0.11) 

0.71 

(0.15) 

‘Similar’ 
0.35 

(0.13) 

0.41 

(0.19) 

0.19 

(0.08) 

0.17 

(0.11) 

‘New’ 
0.20 

(0.14) 

0.19 

(0.08) 

0.08 

(0.05) 

0.08 

(0.08) 

Lure 

‘Old’ 
0.06 

(0.09) 

0.12 

(0.11) 

0.12 

(0.08) 

0.25 

(0.15) 

‘Similar’ 
0.43 

(0.18) 

0.42 

(0.14) 

0.53 

(0.21) 

0.37 

(0.18) 

‘New’ 
0.44 

(0.19) 

0.41 

(0.17) 

0.30 

(0.19) 

0.33 

(0.13) 

Novel 

‘Old’ 
0.04 

(0.06) 

0.05 

(0.06) 

0.02 

(0.04) 

0.03 

(0.07) 

‘Similar’ 
0.32 

(0.22) 

0.36 

(0.18) 

0.06 

(0.10) 

0.04 

(0.06) 

‘New’ 
0.59 

(0.24) 

0.54 

(0.21) 

0.89 

(0.16) 

0.91 

(0.14) 
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Proportions of lure correct rejections were corrected by subtracting proportions of ‘similar’ 537 

responses to novel items of the same stimulus type (equal to Stark et al.’s 2013 behavioral 538 
pattern separation score), and are displayed in Figure 4B. Main effects of Stimulus Type, 539 
Category Size and Age were observed (Stimulus Type: F(1,50) = 108.21, p < .001; Category 540 
Size: F(1,50) = 79.31, p < .001; Age: F(1,50) = 5.56, p = .022), with YAs 14.1% more likely than 541 

OAs to correctly reject concrete lures, and only 5.7% more likely to correctly reject abstract 542 
lures, but the predicted Age x Stimulus Type interaction was non-significant (F(1,50) = 1.98, p 543 
= .17), and did not vary by Category Size (3-way interaction: F(1,50) = 3.14, p = .08), suggesting 544 
OAs were impaired in correct rejection of both abstract and concrete lures. Planned contrasts 545 
for abstract items alone did not show reliable age-related differences for correct rejection of 546 

either single or large category abstract lures (single: t(50) = .09, p = .93; large: t(50) = 1.75, p = 547 
.09). 548 

Rates of novel-corrected highly confident correct rejection are shown in Table 4. A three-549 
way Stimulus Type x Category Size x Age interaction was observed (F(1,50) = 11.21, p = .002), 550 

as well as the predicted Stimulus Type x Age interaction (F(1,50) = 4.88, p = .03). Lure correct 551 
rejection was more likely in YAs than OAs for both large and single category concrete lures 552 
(large: t(50) = 2.07, p = .04; single: t(50) = 4.31, p < .001), and for large category abstract lures 553 
(t(50) = 2.67, p = .01), but not for single category abstract lures (t(50) = .05, p = .96).  554 

 555 

3.4.1.4. Corrected veridical recognition 556 

 557 

Novel-corrected hits to studied items are shown in Figure 4C. Concrete images were correctly 558 
recognized more often than abstract (F(1,50) = 186.26, p < .001), and more large than single 559 
category items were recognized (F(1,50) = 14.19, p < .001), though there was no main effect of 560 

Age (F(1,50) = .002; p = .96). A marginally significant 3-way interaction (F(1,50) = 4.0, p = .05) 561 

reflected presence of a Category Size x Age interaction for concrete (F(1,50) = 8.66, p = .005) 562 

but not abstract items (F(1,50) = .11, p = .74). OAs were more likely than YAs to recognize large 563 
category concrete items (t(50) = 2.43, p = .019), but no age difference was present for single 564 

items (t(50) = 1.10, p = .28).  565 

Similar effects were found for novel-corrected highly confident responses, shown in Table 566 

4 (Age: F(1,50) = .04, p = .84; Stimulus Type: F(1,50) = 198.45, p < .001; Category Size: F(1,50) = 567 
14.58, p < .001; Category Size x Age: F(1, 50) = 11.06; p = .002). A three-way interaction (F(1,50) 568 
= 8.64, p = .005) again reflected a Category Size x Age interaction among concrete items only 569 

(concrete: F(1,50) = 18.60, p < .001; abstract: F(1,50) = .13, p = .72), with OAs more likely than 570 
YAs to recognize large category concrete items (t(50) = 2.72, p = .009). 571 

 572 
 573 

Table 4 | Mean proportions (SD) of novel-corrected highly confident lure false 574 
recognition, novel-corrected highly confident correct rejections and novel-corrected 575 
highly confident hits in Experiment 2. FR = false recognition (lures judged ‘old’); CR = 576 
correct rejection (lures judged ‘similar’). 577 

  Abstract Concrete 

  Single Large Single Large 
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  YA OA YA OA YA OA YA OA 

 Lure FR 
-0.002 

(0.04) 

-0.02 

(0.03) 

0.04 

(0.09) 

0.12 

(0.15) 

0.03 

(0.04) 

0.09 

(0.10) 

0.14 

(0.11) 

0.33 

(0.21) 

 Lure CR  
0.01 

(0.12) 

0.01 

(0.11) 

0.25 

(0.23) 

0.12 

(0.14) 

0.37 

(0.24) 

0.14 

(0.12) 

0.47 

(0.22) 

0.34 

(0.24) 

 Hits 
0.27 

(0.19) 

0.24 

(0.17) 

0.33 

(0.20) 

0.31 

(0.19) 

0.64 

(0.15) 

0.53 

(0.19) 

0.60 

(0.18) 

0.74 

(0.18) 

 578 

<Insert Figure 5> 579 

 580 

<Insert Figure 6> 581 

 582 

3.4.2. Effects of stimulus perceptual and conceptual similarity 583 

 584 

Proportions of novel-corrected lure false recognition and correct rejection according to input 585 

similarity are shown in Figure 5 and Figure 6, respectively. Analyses followed the same 586 

strategy as in Experiment 1, but examined lure correct rejections as well as false recognition. 587 

3.4.2.1. Perceptual similarity 588 

 589 

ANOVA revealed a significant effect of rated Perceptual Similarity on false recognition (F(2,100) 590 

= 39.81, p < .001, ηρ
2 = .44) modified by an interaction with Stimulus Type (F(2,100) = 19.39, p 591 

< .001). The effect of Perceptual Similarity was significant for concrete items only (concrete: 592 
F(2,100) = 42.16, p < .001, ηρ

2 = .46; abstract: F(2,100) = 2.15, p = .12, ηρ
2 = .04). Highly 593 

perceptually similar concrete lures were more often falsely recognized than medium or low 594 
similarity lures, but false recognition of medium and low similarity lures did not differ (high 595 

vs. medium: t(51) = 8.46; high vs. low: t(51) = 7.22; ps < .001; medium vs. low: t(51) = .77, p = 596 
.45). The effect of Perceptual Similarity did not vary with Age (F(2,100) = 1.98, p = .14; 3-way 597 
interaction, F(2,100) = 2.27, p = .11). As in Experiment 1, planned contrasts examined age-related 598 
differences at each level of Perceptual Similarity for concrete items, for which the overall effect 599 
of similarity was reliable. OAs were more likely to falsely recognize high and medium 600 

perceptual similarity concrete lures, but not the most distinctive lures (high: t(50) = 2.74, p = 601 

.008; medium: t(50) = 3.49, p = .001; low: t(50) = 1.18, p = .24).  602 

For lure correct rejections, we observed a main effect of Perceptual Similarity and a 3-way 603 

interaction (Perceptual Similarity: F(1,50) = 3.17, p = .046; Perceptual Similarity x Stimulus 604 
Type x Age: F(2,100) = 3.09, p = .05; Similarity x Stimulus Type, F(2,100) = .60, p = .55). Post 605 
hoc tests showed an Age x Stimulus Type interaction for highly perceptually similar lures only 606 
(high: F(1,50) = 10.53, p = .002; medium: F(1,50) = .18, p = .67; low: F(1,50) = 2.10, p = .15). This 607 
reflected higher correct rejection among YAs of highly similar concrete lures, but no age 608 



Pidgeon and Morcom  False recognition in aging: perceptual and 
conceptual similarity 

17 
 

difference for highly similar abstract lures (concrete: t(50) = 3.09, p = .003; abstract: t(50) = .90, 609 

p = .37). Planned tests of age differences at each level of similarity were conducted for both 610 
abstract and concrete lures. Abstract lures did not show reliable age differences at any level of 611 
similarity (high: t(50) = .90, p = .37; medium: t(50) = .96, p = .34; low: t(50) = 1.30, p = .20; alpha 612 
= 0.017). For concrete lures, YAs showed greater correct rejection than OAs of the most 613 

perceptually similar and most perceptually distinctive lures, but no difference for medium 614 
similarity lures (high: t(50) = 3.09, p = .003; medium: t(50) = 1.40, p = .17; low: t(50) = 2.77, p = 615 
.008; alpha = 0.017).  616 

3.4.2.2. Conceptual similarity 617 

 618 

Conceptual Similarity had a significant effect on novel-corrected false recognition of abstract 619 
lures (F(2,100) = 6.75, p = .002, ηρ

2 = .12). Highly conceptually similar lures were falsely 620 

recognized more often than medium or low similarity lures (high vs. medium: t(51) = 2.66, p = 621 
.01; high vs. low: t(51) = 3.01; p = .004). The similarity effect did not differ by age (F(2,100) = 622 
.20, p = .82), and there were no age differences at any level of similarity (high: t(50) = 1.40, p = 623 
.17; medium: t(50) = 1.12, p = .27; low: t(51) = 1.50, p = .14).  624 

False recognition of concrete lures also differed according to Conceptual Similarity (F(2,100) 625 

= 26.41, p < .001, ηρ
2 = .35), with the most conceptually similar lures attracting the highest 626 

levels of false recognition. Crucially, Age interacted with Conceptual Similarity (F(2,100) = 3.87, 627 
p = .024), as there was a significantly greater drop in false recognition from high to low 628 

similarity lures among OAs (24.5%) compared to YAs (11.5%; t(50) = 2.98, p = .004; Figure 5). 629 
OAs showed higher false recognition than YAs for high and medium, but not low similarity 630 

lures (high: t(50) = 3.13, p = .003; medium: t(50) = 3.17, p = .003; low: t(50) = .82, p = .42; adjusted 631 
alpha = 0.017).  632 

Conceptual Similarity did not reliably affect correct rejection of either abstract or concrete 633 

lures (abstract: F(2, 100) = 1.39, p = .25; concrete: F(2,100) = 2.12, p = .13), and did not interact 634 

with Age for either stimulus type (abstract: F(2,100) = 1.73, p = .18; concrete: F(2,100) = .71, p = 635 
.50).  636 

3.5. Comparison of false recognition in Experiments 1 & 2 637 

 638 

We conducted combined analyses of false recognition in Experiments 1 and 2 in order to assess 639 
whether addition of a ‘similar’ response option altered false recognition rates, and whether age 640 

effects on abstract false recognition were robust across all participants. ANOVAs examining 641 
effects of Stimulus Type, Category Size and Age in addition to a between-subjects factor of 642 
Experiment (1, 2) were conducted for total and for highly confident false recognition. Only 643 
significant effects involving Experiment, or Stimulus Type and Age are reported, and age 644 

effects for abstract items alone. 645 

Corrected false recognition was lower in Experiment 2 for concrete items only (Experiment: 646 
F(1,96) = 9.26, p = .003; Experiment x Stimulus Type: F(1,96) = 6.93, p = .01; abstract: t(98) = .75, 647 
p = .45; concrete: t(98) = 3.38, p = .001). Effects of Experiment also differed by Category Size 648 

(F(1,96) = 15.18, p < .001): false recognition was lower for large category lures in Experiment 2 649 
than in Experiment 1, but Experiment had no effect on false recognition of single lures (large: 650 
t(98) = 3.67, p < .001; single: t(98) = .12, p = .90). None of these effects differed by Age 651 
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(Experiment x Age: F(1,96) = .41, p = .52; Experiment x Stimulus x Age: F(1,96) = .76, p = .39; 652 

Experiment x Category Size x Age: F(1,96) = .72, p = .40). For highly confident false recognition, 653 
no effects involving Experiment were significant (max F = 2.36).  654 

The three-way interactions of Stimulus Type x Category Size x Age were not significant 655 
across experiments for either total (F(1,96) = 1.37, p = .25) or highly confident corrected false 656 
recognition (F(1,96) = 1.05, p = .31). Across experiments, the predicted Stimulus Type x Age 657 

interaction was reliable for both total and highly confident corrected false recognition (total: 658 
F(1,96) = 14.14; confident: F(1,96) = 15.23, ps < .001). Although larger age effects were observed 659 
for concrete lures (total: t(98) = 6.27, p < .001, d = 1.25; confident: t(98) = 6.74, p < .001, d = 660 
1.35), age effects were also significant for abstract lures (total: t(98) = 2.03, p = .045, d = .41; 661 
confident: t(98) = 3.48, p = .001, d = .70). Stimulus Type x Age interactions did not differ by 662 

Experiment (total: F(1, 96) = .76, p = .39; confident: F(1, 96) = .08, p = .78). 663 

Consistent with findings from each experiment, age differences in abstract false recognition 664 

were not reliable for either total or highly confident false recognition of lures from single-item 665 

categories (total: t(98) = 1.18, p = .24; confident: t(98) = .66, p = .51), but either approached 666 

significance or were highly significant for large category abstract lures (total: t(98) = 1.77, p = 667 
.08; confident: t(98) = 3.52, p = .001).  668 

4. Discussion  669 

 670 

The current study investigated whether age-related increases in false recognition are driven by 671 
overlapping semantic information between studied items and lures (Koutstaal et al., 2003), or 672 

whether as suggested by models of pattern separation decline, older adults are impaired in 673 
discrimination along multiple dimensions of similarity (Wilson et al., 2006; Stark et al., 2010). 674 
In two experiments, age differences in false recognition of exemplars of previously studied 675 

categories of concrete and abstract images were examined, replicating and extending Koutstaal 676 

et al.’s (2003; Experiment 2) earlier study. Despite equivalent or greater veridical recognition 677 

of studied items, older adults were less able than young adults to discriminate between studied 678 
items and similar lures, showing heightened lure false recognition. The age-related increase in 679 

false recognition was particularly evident for concrete images, in line with results of Koutstaal 680 
et al. (2003), and as predicted by their semantic categorization account which proposes that 681 
older adults emphasise semantic information at encoding, to the detriment of item-specific 682 
information. However, in contrast with Koutstaal et al.’s (2003) findings, abstract lure false 683 

recognition was also significantly increased in older relative to young adults in both 684 
experiments, particularly when multiple abstract category exemplars had been encountered at 685 
study. This is consistent with an age-related reduction in mnemonic discrimination across 686 
multiple dimensions of similarity, as predicted by models of pattern separation decline (e.g., 687 
Yassa et al., 2011a). We consider below how semantic gist and pattern separation views can 688 

account for these results. 689 

Findings of larger effects of age on false recognition of concrete images are consistent with 690 
proposals that semantic overlap leads to particularly heightened false recognition in older 691 

adults (Koutstaal et al., 2003). Older adults’ increased false recognition of concrete relative to 692 
abstract lures was a robust finding in both experiments and was reflected in highly confident 693 
as well as overall recognition responses, again replicating Koutstaal et al.’s earlier study. In 694 
Experiment 2, the requirement to explicitly classify lures as ‘similar’ led to reduced overall 695 
false recognition, but this effect was equivalent in both age groups (Koutstaal et al., 1999), and 696 
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importantly did not affect the magnitude or direction of the critical Age x Stimulus Type 697 

interaction. 698 

We found evidence of increased veridical as well as false recognition in older relative to 699 
young adults for large category concrete items, implying comparable effects of semantic 700 
similarity on both true and false recognition in older age. In this regard our findings differ from 701 
those of Koutstaal et al. (2003), who report non-significant age effects on true recognition, with 702 

trends to a slight reduction in veridical recognition in older adults. However, parallel effects of 703 
gist on veridical and false recognition are predicted by Fuzzy Trace Theory and other gist 704 
accounts, which assume that gist traces can support both veridical and false memory, but that 705 
verbatim traces are often required for veridical memory (Brainerd and Reyna, 2002; Koutstaal 706 
and Schacter, 1997; Verfaellie et al., 2002). According to gist accounts, including the semantic 707 

categorization account, encoding of multiple meaningful exemplars leads to stronger semantic 708 
gist representations (Koutstaal et al., 1999). If older adults rely to a greater extent on gist, this 709 
should result in the tendency we observed to endorse more studied items as well as semantically 710 

similar lures as ‘old’ on the basis of accurately recognized semantic gist. This is also consistent 711 
with evidence that intact semantic knowledge can facilitate episodic memory in older age 712 
(Reder et al., 2007; see Umanath and Marsh, 2014 for review). From a pattern separation 713 
perspective, presence of multiple overlapping representations in memory (as when multiple 714 

similar category exemplars have been encoded), results in increased likelihood of pattern 715 
completion of further similar representations, particularly in older adults (Wilson et al., 2006). 716 

This too may result in age-related increases in both true and false recognition. Unlike gist 717 
accounts however, pattern separation models as currently specified do not predict a specific 718 
impact of semantic overlap on true or false recognition. 719 

Despite replication of Koutstaal et al.’s (2003) findings regarding differential effects of age 720 

on concrete and abstract false recognition, our findings diverge from theirs in another important 721 
respect. In the present study older adults showed reliably increased confident false recognition 722 
of abstract lures in both experiments, as well as increased total false recognition of abstract 723 

lures in Experiment 2. These effects were smaller than those among concrete items, and were 724 

restricted to abstract lures for which multiple category exemplars were presented at study. In 725 
analyses collapsing across both experiments, the age effects were highly robust for confident 726 
responses. This difference between the two studies may be due to increased power in the current 727 
experiments (Experiment 1: n = 24 per age group; Experiment 2: n = 26, combined analysis: n 728 

= 50; Koutstaal et al., 2003; n = 18). Koutstaal et al. (2003) found numerically (though not 729 
significantly) greater large category abstract false recognition in older adults, and referred to 730 
unpublished data showing a similar pattern. It is therefore likely that our findings reflect a 731 
genuine trend towards heightened false recognition of large category abstract lures, and this 732 
suggests age-related increases in false recognition may not be entirely driven by greater 733 

reliance on semantic information. This finding presents a challenge to the semantic 734 
categorization account, and suggests that older adults may show pervasive effects of similarity 735 
on memory, consistent with a decline in pattern separation along multiple dimensions. 736 
However the pattern separation account as currently specified does not explain why age-related 737 

differences for abstract items were restricted to large category lures. 738 

One possibility is that older adults indeed rely more on gist representations than young 739 
adults but that these gist representations extend beyond the semantic domain. Representations 740 
of image perceptual features (e.g., overall shape, color) can form a perceptual gist 741 
representation corresponding to the average of an image’s global perceptual features (Oliva, 742 
2005; Oliva and Torralba, 2006). Perceptual similarity between exemplars of abstract 743 
categories can drive false recognition in a similar manner to semantic similarity (Koutstaal et 744 
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al., 1999b; Budson et al., 2001), as can phonological similarity (Budson et al., 2003), 745 

suggesting older adults may be more vulnerable to interference from non-semantic as well as 746 
semantic gist (Koutstaal and Schacter, 1997). Our false recognition findings are consistent with 747 
this: older adults showed larger effects of category size on false recognition than young adults, 748 
across both stimulus types. However, some alternative possibilities must be considered in 749 

interpreting findings for abstract lure false recognition. One is that repeated exposure to 750 
abstract category exemplars may prompt formation of a concept for these categories, i.e. they 751 
become meaningful. This is consistent with the observation that age differences in abstract 752 
false recognition emerged only for large categories. The null result for single abstract items 753 
might however have reflected a floor effect, or a failure on the part of older adults to perceive 754 

the similarity between studied items and lures without presentation of multiple exemplars, 755 
consistent with their lower ratings of perceptual similarity among abstract items. A related 756 
alternative is that abstract images resembled real-world objects sufficiently to drive increased 757 
false recognition directly through increased semantic categorization (Koutstaal et al., 2003). 758 
Although abstract categories were designed and normed to be novel and not conceptually 759 

meaningful (Koutstaal et al., 2003), our ratings data demonstrated that raters were able to assign 760 
conceptual labels to abstract categories to some degree, with modest inter-rater agreement in 761 

conceptual labels (0.23). Both explanations are compatible with the semantic categorization 762 
account, in that semantic gist representations are either formed for, or extracted from, abstract 763 
category exemplars, and both may have contributed to current findings. Therefore, although 764 
our findings run counter to predictions of this account, further data are required to more clearly 765 

establish a role of non-semantic similarity.  766 

Regardless of whether non-semantic overlap played a role, enhanced veridical and false 767 

recognition for concrete items is assumed to reflect their stronger and pre-existing conceptual 768 
representations, resulting in stronger or more readily extracted gist representations (see 769 

Umanath and Marsh, 2014). Our replication of Koutstaal et al.’s (2003) finding of larger age 770 
differences among concrete items suggests that age-related increases in false recognition are 771 
driven principally by strong, pre-existing, rather than recently formed, semantic representations 772 

(Buchler and Reder, 2007). Future studies examining mnemonic discrimination in young and 773 

older adults before and after learning of membership criteria for novel categories of objects, 774 
e.g., ‘species’ of greebles and fribbles (Gauthier and Tarr, 1997; Barry et al., 2014), compared 775 

with familiar categories, may aid in elucidating whether pre-existing conceptual 776 
representations are necessary to elicit age-related deficits in discrimination, and whether 777 
formation of a concept leads to similar patterns. It may also be informative to examine age-778 

related differences in the influence of semantic information on recognition for other classes of 779 
stimuli for which familiarity can be manipulated, e.g., scenes, words and faces (see Smith et 780 

al., 1990; Lee et al.. 2014), particularly in light of recent evidence that older adults show a 781 
benefit of prior experience in discrimination of perceptually similar faces (Lee et al., 2014).  782 

A caveat to the present findings is that the ratings sample judged concrete items as more 783 
perceptually similar than abstract items, unlike raters in Koutstaal et al.’s (2003) iterative 784 
procedure used to match complexity and perceptual comparability between abstract and 785 

concrete items. Although this discrepancy may be due to differences between ratings samples, 786 
it is perhaps more likely that here, despite ratings task instructions, concrete items were rated 787 
as more perceptually similar due to their being both perceptually and conceptually similar. In 788 

future studies it will be important to reduce the correlation between ratings of the two 789 
dimensions, for example using separate ratings of color and shape similarity (Konkle et al., 790 
2010). It is important to note that older raters were not more prone to perceive category 791 
members as more similar than young adults; the only age difference in ratings was that young 792 
adults rated abstract stimuli as more perceptually similar than older adults. This implies that 793 
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current findings are not attributable to older adults being less able to discriminate similar items 794 

perceptually. 795 

As outlined in the Introduction, pattern separation models predict age-related decline in 796 
discrimination ability across multiple dimensions of similarity, but previous investigations of 797 
mnemonic discrimination using ‘old/similar/new’ recognition tasks have typically employed 798 
meaningful stimuli or familiar shapes. Use of this task with concrete and abstract stimuli in 799 

Experiment 2 permitted examination of whether age-related reductions in lure correct rejection 800 
and increases in false recognition in this task depend on conceptual overlap. Consistent with 801 
age-related decline in discrimination across multiple dimensions, findings of greater overall 802 
correct rejection performance among young adults did not reliably differ according to stimulus 803 
type, suggesting older adults were impaired in discrimination of both concrete and abstract 804 

images. Across both levels of confidence, there were numerically larger effects of age (14% 805 
vs. 5.7%) on correct rejection of concrete lures, which may suggest a tendency to a greater age-806 
related reduction in discrimination of meaningful items, although the Stimulus Type x Age 807 

interaction was not significant. However, this tendency was driven by effects for the single 808 
categories, as reflected in the 3-way interaction for highly confident correct rejection. Unlike 809 
for false recognition, older adults were equally impaired in correctly rejecting abstract and 810 
concrete lures if multiple category exemplars had been encountered. When a single category 811 

exemplar had been studied they were significantly more impaired in concrete than abstract 812 
correct rejection. However this latter finding should be interpreted with caution as lure rejection 813 

as ‘similar’ was at floor in both groups in the single category abstract condition. Therefore the 814 
data are not conclusive with respect to whether semantic overlap had parallel effects on lure 815 
rejection and false recognition, but as in the pattern separation studies, overall age-related 816 

differences were present for both. 817 

Parametric measures of perceptual and conceptual similarity permitted testing of a specific 818 
prediction of the pattern separation account; that older adults require greater reduction in 819 
similarity before lures can be successfully discriminated (Wilson et al., 2006). Findings for 820 

concrete items were in line with this: older adults showed greater false recognition than the 821 

young for lures with high and medium conceptual (Experiment 1) and conceptual and 822 
perceptual (Experiment 2) similarity to studied items, while for the most distinctive lures, false 823 
recognition did not differ according to age. Although the predicted pattern dominated for false 824 
recognition, group differences were present at all levels of perceptual similarity in Experiment 825 

1. In Experiment 2, group differences for lure correct rejection also did not follow the predicted 826 
pattern. Across both age groups, overall effects of perceptual and conceptual similarity on 827 
concrete false recognition were of comparable magnitude, butas conceptual and perceptual 828 
ratings were correlated among concrete items, it is difficult to determine whether the reduction 829 
in the effectiveness of pattern separation was driven by one or both dimensions of similarity. 830 

We also note that although planned tests followed practice in the earlier pattern separation 831 
studies (e.g., Lacy et al., 2011), effects were relatively modest, an interaction of Similarity with 832 
Age being observed only in Experiment 2. Future studies using a similar manipulation can 833 
maximise ability to detect age differences in effects across the range of possible item similarity 834 

by using a larger number of levels of input similarity (Lacy et al., 2011; Reagh et al., 2014). It 835 
would be of interest also to examine mnemonic discrimination of abstract and concrete lures 836 
parametrically varied in perceptual features such asangle of rotation or spatial location (Motley 837 

and Kirwan, 2012; Stark et al., 2010).  838 

Lack of clear similarity effects for abstract items in both experiments may be due to a 839 
combination of substantial variance in abstract false recognition at each level of similarity 840 
(compared to concrete lures), very low rates of false recognition of single category abstract 841 
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lures, and the need to combine single and large category items for similarity analyses to obtain 842 

sufficient trials in each bin. However, similarity effects for concrete items are generally 843 
consistent with the pattern separation prediction that older adults require greater reduction in 844 
similarity in order to successfully discriminate lures from studied items. It should be noted that 845 
similarity ratings were based on raters’ perception of the perceptual/conceptual similarity of all 846 

thirteen exemplars presented concurrently, whereas for participants in the recognition 847 
experiments, representations of within-category similarity were formed gradually over the 848 
course of the study phase. It is possible that greater correspondence between subjectively rated 849 
similarity and false recognition rates, and thus clearer age differences, would be obtained if 850 
ratings were based on pairs of images and their corresponding lures.  851 

Our findings contrast with those of Ly et al. (2013), who report age-related deficits in 852 

mnemonic discrimination of perceptually (phonologically) but not conceptually similar words. 853 
However this apparent discrepancy may be due to use of a different measure of lure 854 
discrimination. Ly et al. (2013) examined age differences in the proportion of ‘new’ responses 855 

to lures minus the proportion of ‘new’ responses to studied items, a measure which, as 856 
dichotomous old/new responses were employed, could not differentiate ‘new’ responses to 857 
lures resulting from forgetting of studied items from those resulting from their successful 858 
discrimination as similar and therefore ‘new’. We instead opted to examine novel-corrected 859 

false recognition and correct rejection measures which are more typically employed in studies 860 
of false recognition (e.g. Schacter et al., 1997; Abe et al., 2011; Dubuisson et al., 2012) and 861 

pattern separation (e.g. Stark et al., 2013; Yassa et al., 2011a), respectively, and which are 862 
arguably more able to isolate the cognitive process under examination (i.e., unsuccessful or 863 
successful mnemonic discrimination, respectively). It in fact appears from raw results reported 864 

by Ly et al. (2013) that examination of novel-corrected false recognition would reveal a trend 865 
in the opposite direction, with numerically increased conceptual false recognition, and 866 

perceptual false recognition reduced relative to young adults.  867 

The current results are largely consistent with predictions derived from models of declining 868 

hippocampal pattern separation ability in older age (Wilson et al., 2006). However, we did not 869 

measure neural pattern separation directly: future neuroimaging investigations are needed to 870 
assess modulation of hippocampal and cortical functional activity by semantic and non-871 
semantic overlap independently, and assess whether this changes with age. Converging 872 
neuroimaging studies are also essential to test predictions about the specific roles of pattern 873 

separation and completion during episodic encoding and retrieval (Yassa and Stark, 2011). This 874 
would also aid in clarifying whether our findings reflect age-related differences during initial 875 
encoding of category exemplars, during the explicit retrieval phase, or both, and in testing 876 
specific predictions that semantic categorization at encoding is more pronounced in older adults 877 
(Koutstaal et al., 2003). Although behavioral studies are relatively poor at distinguishing 878 

between encoding and retrieval effects (Fletcher et al., 1997), task manipulations unique to 879 
each phase such as those used by Koutstaal et al. (2003; Experiment 1) may also yield useful 880 
information about the locus of age-related differences. 881 

According to dual process models of recognition, older adults are impaired in recollection, 882 
and rely to a greater extent on a general feeling of familiarity (Yonelinas, 1999). It has been 883 

proposed that strengthened gist representations lead to increased familiarity (Yonelinas, 2002; 884 
Duarte et al., 2010), and that increased gist-based false recognition with age reflects greater 885 
influence of familiarity (Koutstaal et al., 1999; Pierce et al., 2005; Dennis et al., 2014). 886 
However, medial temporal lobe amnesics showing intact familiarity alongside severely 887 
impaired recollection (Turriziani et al., 2008; Addante et al., 2012) have demonstrated reduced 888 
conceptual and perceptual gist-based false recognition relative to age-matched controls 889 
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(Schacter et al., 1997; Verfaellie et al., 2005) suggesting gist-based false recognition is 890 

associated with recollection rather than familiarity (Dodson and Krueger, 2006). Consistent 891 
with this, conceptually-driven false recognition in older age has been more strongly linked to 892 
recollection than familiarity (Schacter et al., 1997; Dennis et al, 2014). In young adults, there 893 
is increasing evidence of the importance of misrecollection in false memory paradigms (see 894 

Arndt, 2012 for review), and a recent study showed lure false recognition in a mnemonic 895 
discrimination task to be largely mediated by recollection (Kim and Yassa, 2013). Although an 896 
imperfect measure of recollection (Wixted and Mickes, 2010), confident responses are more 897 
strongly linked to recollection than familiarity (Mickes et al., 2009). In the current study, as in 898 
Koutstaal et al.’s 2003 experiment, age differences in false recognition were substantial and 899 

robust for high confidence responses as well as overall, suggesting the impact of semantic 900 
interference on age-related increases in false recognition cannot be explained by increased 901 
reliance on familiarity, and instead may be mediated by recollection.  902 

Our results support the view that older adults are more susceptible than young adults to 903 

memory errors based on conceptual, and to a lesser extent, perceptual gist. They suggest that 904 
explicit semantic categorization cannot fully explain this effect, although it may contribute to 905 
gist formation. As indicated in the Introduction, although gist accounts assume a central role 906 
of semantic similarity in driving increased false recognition with age, while pattern separation 907 

models currently do not, the two types of account are likely complementary in other respects 908 
(Schacter et al., 1998; Yassa et al., 2011a). A synthesis between these views may explain our 909 

findings of substantial age differences in both false recognition and correct rejection of concrete 910 
lures, as well as older adults’ greater sensitivity to input interference, and greater false 911 
recognition of abstract lures for which multiple perceptually similar images have been viewed. 912 

For meaningful items, pre-existing conceptual representations are assumed to be supported by 913 
traces stored in semantic memory. Wilson et al. (2006) proposed that prior memories contribute 914 

to older adults’ bias towards pattern completion. The present results suggest the presence of 915 
semantic overlap between incoming and existing representations may specifically enhance this 916 
bias. This would however not apply in the same way to abstract items, which possess no or few 917 

links to existing traces and as such may be less likely to drive pattern completion. However, if 918 

recent encoding of multiple similar abstract items permits formation of a perceptual or weak 919 
conceptual gist representation, the resulting overlapping traces may drive pattern completion, 920 

particularly among older adults. This view is consistent with the complementary learning 921 
systems account of memory, which describes the hippocampus as engaged in pattern 922 
separation, while the neocortex extracts commonalities between episodes by integrating 923 

overlap over experiences (Norman & O’Reilly, 2003; McClelland et al., 1995). As 924 
hippocampal function declines with age, the older brain may be more likely to rely on 925 

neocortical contributions to memory, emphasising overlap with previous episodes via pattern 926 
completion (Wilson et al., 2006; see also Buchler and Reder, 2007).  927 

Conclusion 928 

 929 

In the present study, older adults showed impaired mnemonic discrimination, evidenced by 930 
reduced lure correct rejection and heightened lure false recognition. These impairments were 931 

particularly heightened when lures were conceptually as well as perceptually similar to studied 932 
items. However, increased false recognition was also observed for abstract lures for which 933 
multiple perceptually similar images had been viewed. Convergent patterns of results were 934 
observed in a typical ‘old/new’ recognition paradigm and an ‘old/similar/new’ recognition task. 935 
Our data support the view that older adults are particularly vulnerable to conceptual similarity, 936 
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as proposed by the semantic categorization account, but are not fully consistent with this view. 937 

They also suggest that their false recognition may be increased by perceptual or conceptual gist 938 
representations formed for previously unfamiliar “abstract” items. In line with predictions that 939 
older adults require greater change in input to successfully pattern separate similar 940 
representations, age-related increases in concrete item false recognition were most likely to be 941 

observed for highly perceptually or conceptually similar lures, but older adults often performed 942 
at the same level as young adults for the most distinctive lures. Together, findings are consistent 943 
with a view that the shift in the older brain from a tendency for pattern separation towards 944 
pattern completion of input is particularly evident where strong, easily extracted similarities 945 
exist between incoming and existing traces, as in the case of frequently encountered common 946 

concepts.  947 

Acknowledgements 948 

 949 

LMP was supported by a PhD studentship from the University of Edinburgh Centre for 950 
Cognitive Ageing and Cognitive Epidemiology (CCACE), part of the cross-council Lifelong 951 
Health and Wellbeing Initiative, Grant number G0700704/84698. AMM is a member of 952 
CCACE and was supported by an RCUK Academic Fellowship at the University of Edinburgh. 953 

The authors are grateful to Wilma Koutstaal for use of the picture stimuli. The authors thank 954 
Andrew McIntyre, Jamie McGhee, Katrina Rowe and Hui Qing Chim for assistance with data 955 

collection. 956 

References 957 

 958 

Abe, N., Fujii, T., Nishio, Y., Iizuka, O., Kanno, S., Kikuchi, H., . . . Mori, E. (2011). False 959 

item recognition in patients with Alzheimer's disease. Neuropsychologia, 49(7), 1897-960 
1902. doi: 10.1016/j.neuropsychologia.2011.03.015 961 

Addante, R. J., Ranganath, C., & Yonelinas, A. P. (2012). Examining ERP correlates of 962 
recognition memory: Evidence of accurate source recognition without recollection. 963 
Neuroimage, 62(1), 439-450. doi: 10.1016/j.neuroimage.2012.04.031 964 

Arndt, J. (2012). False recollection: Empirical findings and their theoretical implications. 965 

Psychol. Learn. Motiv., 56, 81-124. doi: 10.1016/b978-0-12-394393-4.00001-7 966 
Barry, T. J., Griffith, J. W., De Rossi, S., & Hermans, D. (2014). Meet the Fribbles: novel 967 

stimuli for use within behavioural research. Front. Psychol., 5(103). doi: 968 
10.3389/fpsyg.2014.00103 969 

Brainerd, C. J., & Reyna, V. F. (2002). Fuzzy-trace theory and false memory. Curr. Dir. 970 

Psychol. Sci., 11(5), 164-169. doi: 10.1111/1467-8721.00192 971 
Buchler, N. E. G., & Reder, L. M. (2007). Modeling age-related memory deficits: A two-972 

parameter solution. Psychol. Aging, 22(1), 104-121. doi: 10.1037/0882-7974.22.1.104 973 

Budson, A. E., Desikan, R., Daffner, K. R., & Schacter, D. L. (2001). Perceptual false 974 
recognition in Alzheimer's disease. Neuropsychology, 15(2), 230-243. doi: 975 
10.1037/0894-4105.15.2.230 976 

Budson, A. E., Sullivan, A.L., Daffner, K.R., & Schacter, D.L. (2003). Semantic versus 977 

phonological false recognition in aging and Alzheimer’s Disease. Brain and Cognition, 978 
51(3), 251-261.  979 

Cohen, J. (1973). Eta-squared and partial eta-squared in fixed factor ANOVA designs. Educ. 980 

Psychol. Meas, 33, 107-112.  981 



Pidgeon and Morcom  False recognition in aging: perceptual and 
conceptual similarity 

25 
 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, 982 

NJ: Lawrence Earlbaum Associates. 983 
Deese, J. (1959). Influence of inter-item associative strength upon immediate free-recall. 984 

Psychol. Rep., 5(2), 305-312.  985 
Dennis, N. A., Bowman, C. R., & Peterson, K. M. (2014). Age-related differences in the neural 986 

correlates mediating false recollection. Neurobiol. Aging, 35(2), 395-407. doi: 987 
10.1016/j.neurobiolaging.2013.08.019 988 

Dennis, N. A., Kim, H., & Cabeza, R. (2007). Effects of aging on true and false memory 989 
formation: An fMRI study. Neuropsychologia, 45(14), 3157-3166. doi: 990 
10.1016/j.neuropsychologia.2007.07.003 991 

Dodson, C. S., & Krueger, L. E. (2006). I misremember it well: Why older adults are unreliable 992 
eyewitnesses. Psychon. B. Rev., 13(5), 770-775. doi: 10.3758/bf03193995 993 

Duarte, A., Graham, K. S., & Henson, R. N. (2010). Age-related changes in neural activity 994 
associated with familiarity, recollection and false recognition. Neurobiol. Aging, 995 
31(10), 1814-1830. doi: 10.1016/j.neurobiolaging.2008.09.014 996 

Erdfelder, E., Faul, F., & Buchner, A. (1996). GPower: A general power analysis program. 997 
Behav. Res. Meth., Ins. & C., 28, 1-11. 998 

Fletcher, P. C., Frith, C. D., & Rugg, M. D. (1997). The functional neuroanatomy of episodic 999 
memory. Trends Neurosci., 20(5), 213-218. doi: 10.1016/s0166-2236(96)01013-2  1000 

Gauthier, I., & Tarr, M. J. (1997). Becoming a ''greeble'' expert: Exploring mechanisms for 1001 
face recognition. Vision Res., 37(12), 1673-1682. doi: 10.1016/s0042-6989(96)00286-6 1002 

Guzowski, J. F., Knierim, J. J., & Moser, E. I. (2004). Ensemble dynamics of hippocampal 1003 
regions CA3 and CA1. Neuron, 44(4), 581-584. doi: 10.1016/j.neuron.2004.11.003 1004 

Holden, H. M., Hoebel, C., Loftis, K., & Gilbert, P. E. (2012). Spatial pattern separation in 1005 
cognitively normal young and older adults. Hippocampus, 22(9), 1826-1832. doi: 1006 
10.1002/hipo.22017 1007 

Kim, J., & Yassa, M. A. (2013). Assessing recollection and familiarity of similar lures in a 1008 
behavioral pattern separation task. Hippocampus, 23(4), 287-294. doi: 1009 

10.1002/hipo.22087 1010 

Konkle, T., Brady, T. F., Alvarez, G. A., & Oliva, A. (2010). Conceptual distinctiveness 1011 

supports detailed visual long-term memory for real-world objects. J. Exp. Psychol. –1012 
Gen., 139(3), 558-578. doi: 10.1037/a0019165 1013 

Koutstaal, W., Reddy, C., Jackson, E. M., Prince, S., Cendan, D. L., & Schacter, D. L. (2003). 1014 

False recognition of abstract versus common objects in older and younger adults: 1015 
Testing the semantic categorization account. J. Exp. Psychol -Learn, 29(4), 499-510. 1016 

doi: 10.1037/0278-7393.29.4.499 1017 
Koutstaal, W., & Schacter, D. L. (1997). Gist-based false recognition of pictures in older and 1018 

younger adults. J. Mem. Lang., 37(4), 555-583. doi: 10.1006/jmla.1997.2529 1019 

Koutstaal, W., Schacter, D. L., Galluccio, L., & Stofer, K. A. (1999a). Reducing gist-based 1020 
false recognition in older adults: Encoding and retrieval manipulations. Psychol. Aging, 1021 
14(2), 220-237. doi: 10.1037/0882-7974.14.2.220 1022 

Koutstaal, W., Schacter, D. L., Verfaellie, M., Brenner, C., & Jackson, E. M. (1999b). 1023 

Perceptually based false recognition of novel objects in amnesia: Effects of category 1024 
size and similarity to category prototypes. Cogn. Neuropsychol., 16(3-5), 317-341.  1025 

Lacy, J. W., Yassa, M. A., Stark, S. M., Muftuler, L. T., & Stark, C. E. L. (2011). Distinct 1026 

pattern separation related transfer functions in human CA3/dentate and CA1 revealed 1027 
using high-resolution fMRI and variable mnemonic similarity. Learn. Mem., 18(1), 15-1028 
18. doi: 10.1101/lm.1971110 1029 

Lee, Y., Smith, C. R., Grady, C. L., Hoang, N., & Moscovitch, M. (2014). Broadly tuned face 1030 
representation in older adults assessed by categorical perception. J. Exp. Psychol 1031 



Pidgeon and Morcom  False recognition in aging: perceptual and 
conceptual similarity 

26 
 

Human, 40(3), 1060-1071. doi: 10.1037/a0035710 1032 

Ly, M., Murray, E., & Yassa, M. A. (2013). Perceptual versus conceptual interference and 1033 
pattern separation of verbal stimuli in young and older adults. Hippocampus, 23(6), 1034 
425-430. doi: 10.1002/hipo.22110 1035 

McClelland, J. L., McNaughton, B. L., & Oreilly, R. C. (1995). Why there are complementary 1036 

learning systems in the hippocampus and neocortex - Insights from the successes and 1037 
failures of connectionist models of learning and memory. Psychol. Rev., 102(3), 419-1038 
457. doi: 10.1037/0033-295x.102.3.419 1039 

Mickes, L., Wais, P. E., & Wixted, J. T. (2009). Recollection is a continuous process: 1040 
Implications for dual-process theories of recognition memory. Psychol. Sci., 20(4), 1041 

509-515. doi: 10.1111/j.1467-9280.2009.02324.x 1042 
Motley, S. E., & Kirwan, C. B. (2012). A parametric investigation of pattern separation 1043 

processes in the medial temporal lobe. J. Neurosci., 32(38), 13076-U13378. doi: 1044 
10.1523/jneurosci.5920-11.2012 1045 

Norman, K.A., & O’Reilly, R.C. (2003). Modeling hippocampal and neocortical contributions 1046 

to recognition memory: A complementary-learning-systems approach. Psychol. Rev., 1047 
110(4), 611-646. doi:  10.1037/0033-295x.110.4.611 1048 

Norman, K. A., & Schacter, D. L. (1997). False recognition in younger and older adults: 1049 
Exploring the characteristics of illusory memories. Mem. Cognit., 25(6), 838-848. doi: 1050 
10.3758/bf03211328 1051 

Oliva, A. (2005). Gist of the Scene. In L. Itti, G. Rees & J. K. Tsotsos (Eds.), Neurobiology of 1052 

Attention (pp. 251-256): Elsevier Academic Press Inc: CA, USA. 1053 
Oliva, A., & Torralba, A. (2006). Building the gist of a scene: the role of global image features 1054 

in recognition. Visual Perception, Pt 2: Fundamentals of Awareness: Multi-Sensory 1055 
Integration and High-Order Perception, 155, 23-36. doi: 10.1016/s0079-1056 
6123(06)55002-2 1057 

O'Reilly, R. C., & Norman, K. A. (2002). Hippocampal and neocortical contributions to 1058 
memory: advances in the complementary learning systems framework. Trends Cogn. 1059 

Sci., 6(12), 505-510. doi: 10.1016/s1364-6613(02)02005-3 1060 

Pierce, B. H., Sullivan, A. L., Schacter, D. L., & Budson, A. E. (2005). Comparing source-1061 

based and gist-based false recognition in aging and Alzheimer's disease. 1062 
Neuropsychology, 19(4), 411-419. doi: 10.1037/0894-4105.19.4.411 1063 

Reagh, Z. M., Roberts, J. M., Ly, M., DiProspero, N., Murray, E., & Yassa, M. A. (2014). 1064 

Spatial discrimination deficits as a function of mnemonic interference in aged adults 1065 
with and without memory impairment. Hippocampus, 24(3), 303-314.  1066 

Reder, L.M., Paynter, C., Diana, R.A., Ngiam, J., & Dickison, D. (2007). Experience is a 1067 
double-edged sword: A computational model of the encoding/retrieval trade-off with 1068 
familiarity. In Ross, B. & Benjamin, A.S. (Eds.), The Psychology of Learning and 1069 

Motivation, Academic Press, 271-312. 1070 
Reyna, V. F., & Brainerd, C. J. (1998). Fuzzy-trace theory and false memory: New frontiers. J. 1071 

Exp. Child Psychol., 71(2), 194-209. doi: 10.1006/jecp.1998.2472 1072 
Roediger, H. L., & McDermott, K. B. (1995). Creating false memories - Remembering words 1073 

not presented in lists. J. Exp. Psychol. –Learn., 21(4), 803-814. doi: 10.1037/0278-1074 
7393.21.4.803 1075 

Schacter, D. L., Norman, K. A., & Koutstaal, W. (1998). The cognitive neuroscience of 1076 

constructive memory. Annu. Rev. Psychol., 49, 289-318. doi: 1077 
10.1146/annurev.psych.49.1.289 1078 

Schacter, D. L., Verfaellie, M., & Anes, M. D. (1997). Illusory memories in amnesic patients: 1079 
Conceptual and perceptual false recognition. Neuropsychology, 11(3), 331-342. doi: 1080 
10.1037//0894-4105.11.3.331 1081 



Pidgeon and Morcom  False recognition in aging: perceptual and 
conceptual similarity 

27 
 

Smith, A. D., Park, D. C., Cherry, K., & Berkovsky, K. (1990). Age differences in memory for 1082 

concrete and abstract pictures. J. Gerontol., 45(5), 205-209. 1083 
Snodgrass, J. G., & Corwin, J. (1988). Pragmatics of measuring recognition memory - 1084 

Applications to dementia and amnesia. J. Exp. Psychol. –Gen., 117(1), 34-50. doi: 1085 
10.1037//0096-3445.117.1.34 1086 

Stark, S. M., Yassa, M. A., Lacy, J. W., & Stark, C. E. L. (2013). A task to assess behavioral 1087 
pattern separation (BPS) in humans: Data from healthy aging and mild cognitive 1088 
impairment. Neuropsychologia, 51(12), 2442-2449. doi: 1089 
10.1016/j.neuropsychologia.2012.12.014 1090 

Stark, S. M., Yassa, M. A., & Stark, C. E. L. (2010). Individual differences in spatial pattern 1091 

separation performance associated with healthy aging in humans. Learn. Mem., 17(6), 1092 
284-288. doi: 10.1101/lm.1768110 1093 

Tolentino, J. C., Pirogovsky, E., Luu, T., Toner, C. K., & Gilbert, P. E. (2012). The effect of 1094 
interference on temporal order memory for random and fixed sequences in 1095 
nondemented older adults. Learn. Mem., 19(6), 251-255. doi: 10.1101/lm.026062.112 1096 

Toner, C. K., Pirogovsky, E., Kirwan, C. B., & Gilbert, P. E. (2009). Visual object pattern 1097 
separation deficits in nondemented older adults. Learn. Mem., 16(5), 338-342. doi: 1098 

10.1101/lm.1315109 1099 
Tun, P. A., Wingfield, A., Rosen, M. J., & Blanchard, L. (1998). Response latencies for false 1100 

memories: Gist-based processes in normal aging. Psychol. Aging, 13(2), 230-241. doi: 1101 
10.1037//0882-7974.13.2.230 1102 

Turriziani, P., Serra, L., Fadda, L., Caltagirone, C., & Carlesimo, G. A. (2008). Recollection 1103 
and familiarity in hippocampal amnesia. Hippocampus, 18(5), 469-480. doi: 1104 

10.1002/hipo.20412 1105 
Tversky, A., & Kahneman, D. (1971). Belief in law of small numbers. Psychol. Bull., 76(2), 1106 

105-&. doi: 10.1037/h0031322 1107 

Umanath, S. & Marsh, E.J. (2014). Understanding how prior knowledge influences memory in 1108 
older adults. Perspect. Psychol. Sci., 9(4), 408-426. doi : 10.1177/1745691614535933 1109 

Verfaellie, M., Page, K., Orlando, F., & Schacter, D. L. (2005). Impaired implicit memory for 1110 

gist information in amnesia. Neuropsychology, 19(6), 760-769. doi: 10.1037/0894-1111 

4105.19.6.760 1112 
Verfaellie, M., Schacter, D. L., & Cook, S. P. (2002). The effect of retrieval instructions on 1113 

false recognition: exploring the nature of the gist memory impairment in amnesia. 1114 

Neuropsychologia, 40(13), 2360-2368. doi: 10.1016/s0028-3932(02)00074-x 1115 
Wechsler, D. (2001). Wechsler Test of Adult Reading (WTAR). San Antonio, Texas: Harcourt 1116 

Assessment. 1117 

Wechsler, D. (2008). Wechsler Adult Intelligence Scale – Fourth Edition (WAIS-IV). San 1118 

Antonio, Texas: Pearson.  1119 

Wilson, I. A., Gallagher, M., Eichenbaum, H., & Tanila, H. (2006). Neurocognitive aging: prior 1120 
memories hinder new hippocampal encoding. Trends Neurosci., 29(12), 662-670. doi: 1121 

10.1016/j.tins.2006.10.002 1122 
Wilson, I. A., Ikonen, S., McMahan, R. W., Gallagher, M., Eichenbaum, H., & Tanila, H. 1123 

(2003). Place cell rigidity correlates with impaired spatial learning in aged rats. 1124 
Neurobiol. Aging, 24(2), 297-305. doi: 10.1016/s0197-4580(02)00080-5 1125 

Wixted, J. T., & Mickes, L. (2010). A continuous dual-process model of remember/know 1126 
judgments. Psychol. Rev., 117(4), 1025-1054. doi: 10.1037/a0020874 1127 

Yassa, M. A., Lacy, J. W., Stark, S. M., Albert, M. S., Gallagher, M., & Stark, C. E. L. (2011a). 1128 
Pattern separation deficits associated with increased hippocampal CA3 and dentate 1129 
gyrus activity in nondemented older adults. Hippocampus, 21(9), 968-979. doi: 1130 



Pidgeon and Morcom  False recognition in aging: perceptual and 
conceptual similarity 

28 
 

10.1002/hipo.20808 1131 

Yassa, M. A., Mattfeld, A. T., Stark, S. M., & Stark, C. E. L. (2011b). Age-related memory 1132 
deficits linked to circuit-specific disruptions in the hippocampus. Proc. Natl. Acad. Sci. 1133 
U. S. A., 108(21), 8873-8878. doi: 10.1073/pnas.1101567108 1134 

Yassa, M. A., & Stark, C. E. L. (2011). Pattern separation in the hippocampus. Trends 1135 

Neurosci., 34(10), 515-525. doi: 10.1016/j.tins.2011.06.006 1136 
Yeung, L.-K., Ryan, J. D., Cowell, R. A., & Barense, M. D. (2013). Recognition memory 1137 

impairments caused by false recognition of novel objects. J. Exp. Psychol. –Gen., 1138 
142(4), 1384-1397. doi: 10.1037/a0034021 1139 

Yonelinas, A. P. (1999). The contribution of recollection and familiarity to recognition and 1140 

source-memory judgments: A formal dual-process model and an analysis of receiver 1141 
operating characteristics. J. Exp. Psychol.-Learn., 25(6), 1415-1434. doi: 1142 
10.1037/0278-7393.25.6.1415 1143 

Yonelinas, A. P. (2002). The nature of recollection and familiarity: A review of 30 years of 1144 
research. J. Mem. Lang., 46(3), 441-517. doi: 10.1006/jmla.2002.2864 1145 

 1146 

Conflict of interest statement: The authors declare that the research was conducted in the 1147 

absence of any commercial or financial relationships that could be construed as a potential 1148 

conflict of interest. 1149 

 1150 

Figure legends: 1151 

 1152 

FIGURE 1 | Examples of study and test stimuli employed in Experiment 1 (test response 1153 

options ‘Old’ and ‘New’) and Experiment 2 (test response options ‘Old’, ‘Similar’ and 1154 

‘New’, and the correct response associated with each image at test.  1155 

FIGURE 2 | Novel-corrected proportions of (A) lure false recognition (‘Old’ responses 1156 

to lures), and (B) hits (‘Old’ responses to studied items) by age, stimulus type and 1157 

category size at study in Experiment 1. Means ± SE.  1158 

FIGURE 3 | Proportions of novel-corrected false recognition (‘Old’ responses to lures) 1159 

to high, medium and low similarity lures in Experiment 1. (A) Abstract lures; high, 1160 

medium and low perceptual similarity; (B) Concrete lures; high, medium and low perceptual 1161 

similarity; (C) Abstract lures; high, medium and low conceptual similarity; (D) Concrete 1162 

lures; high, medium and low conceptual similarity 1163 

FIGURE 4 | Proportions of novel-corrected (A) lure false recognition (‘Old’ responses 1164 

to lures), (B) lure correct rejection (‘Similar’ responses to lures) and (C) hits  (‘Old’ 1165 

responses to studied items) by age, stimulus type and category size at study in 1166 

Experiment 2. All proportions are corrected for proportions of ‘old’ (for false recognition 1167 

and hits) or ‘similar’ (for correct rejection) responses to novel items. Means ± SE.  1168 

FIGURE 5 | Proportions of novel-corrected false recognition (‘Old’ responses to lures) 1169 

to high, medium and low similarity lures. (A) Abstract lures, perceptual similarity; (B) 1170 
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Concrete lures , perceptual similarity; (C) Abstract lures, conceptual similarity; (D) Concrete 1171 

lures, conceptual similarity. Means ± SE.  1172 

FIGURE 6 | Proportions of novel-corrected correct rejection (‘Similar’ responses to 1173 

lures) to high, medium and low similarity lures. (A) Abstract lures, perceptual similarity; 1174 

(B) Concrete lures , perceptual similarity; (C) Abstract lures, conceptual similarity; (D) 1175 

Concrete lures, conceptual similarity. Means ± SE.  1176 
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