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A B S T R A C T

Falsely remembering information can have negative consequences for day-to-day functioning and can be espe
cially problematic for older adults who often experience higher rates of false memory. Because there is 
considerable variability between older adults in memory and cognition, it is essential that we understand the 
factors that place older individuals at risk for developing false memories. Whereas lower frontal functioning has 
previously been related to false memory in general, prior research suggests that there may also be domain- 
specificity in the factors associated with false memory. To test this possibility, 211 young adults and 152 
older adults completed tasks measuring semantic false memory, perceptual false memory, frontal functioning, 
semantic discrimination, and perceptual discrimination. Factor analyses revealed that – contrary to predictions – 
individual differences in semantic and perceptual false memory were best represented by a single, overarching 
false memory factor. Although cognitive abilities were generally not related to false memory when assessed 
together, semantic discrimination, perceptual discrimination, and frontal functioning were all negatively asso
ciated with false memory in isolation, and jointly predicted 37% of the variance in younger adults and 40% in 
older adults. Importantly, the extent to which these cognitive abilities protected against false memory did not 
differ between older and younger adults. Results suggest that for both older and younger adults, individual 
differences in the tendency to falsely remember information are captured by a single overarching construct that 
has negative (yet redundant) associations with various cognitive abilities.

Because human memory is imperfect, memory errors are a reality of 
everyday life. One type of memory error that has received considerable 
empirical attention is false memory, where individuals remember events 
differently than they occurred or remember events that never occurred 
(Roediger & McDermott, 2000). Although false memory is a concern for 
individuals of all ages, they are both increasingly common and prob
lematic for older adults (McCabe et al., 2009). Even in the absence of 
pathological disorders of aging such as Alzheimer’s disease, false 
memories may pose a critical threat to otherwise healthy older adults’ 
independence, safety, and well-being. For instance, older adults may fall 
victim to the harmful effects of false memory when attempting to 
remember a loved one’s name, or whether they have taken an important 
medication. Given these concerns, it is essential that memory re
searchers understand the factors associated with false memory 

formation in older adults.
Another important consideration is that older adults are not equally 

susceptible to false memory. In light of these individual differences, as 
well as research demonstrating that older adults are more variable in 
terms of cognition generally speaking (Hertzog, 1985; Lindenberger & 
Oertzen, 2006; Morse, 1993; Nyberg et al., 2012), there is a pressing 
need to identify the factors that make certain older individuals vulner
able to false memories. Although prior research has revealed much 
about the neural and cognitive processes underlying false memory in 
older adults (Dennis et al., 2008, 2014; for a review, see Devitt & 
Schacter, 2016), relatively little is known about how aging affects the 
individual-level factors associated with false memory. Critically, it is 
also unknown whether the cognitive factors associated with false 
memory in older adults are the same or different for semantic and 
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perceptual content. The goal of the current study was to address this gap 
by investigating the cognitive correlates of false memory across a variety 
of memory tasks and stimulus domains in both older and younger adults.

To date, memory researchers interested in understanding the factors 
associated with individual variation in long-term memory have suc
cessfully applied a cognitive correlates approach (Pellegrino & Glaser, 
1979). Using this approach, researchers collect measures of cognitive 
abilities and memory performance and conduct analyses aimed at 
uncovering sources of individual variability in latent memory con
structs. Such research has revealed much about the cognitive correlates 
of long-term memory performance (for a review, see Unsworth, 2019). 
For example, it is now well-established that different tasks measuring 
accurate (i.e., true) memory load onto a common higher-order memory 
factor (Malmi et al., 1979; Nyberg, 1994; Underwood et al., 1978; 
Unsworth, 2010; Unsworth & Brewer, 2009). In terms of cognitive 
correlates, a best-evidence synthesis of the extant literature by Unsworth 
(2019) revealed that memory accuracy is positively associated with 
cognitive abilities such as working memory capacity, fluid intelligence, 
and attentional control (e.g., Brewer & Unsworth, 2012; Robison et al., 
2023; Unsworth et al., 2009; Unsworth & Spillers, 2010).

Although much is known about the factors associated with individual 
differences in true memory, relatively little is known about individual 
differences in false memory. Some prior research suggests that – as with 
true memory – false memory rates on different tasks tend to be reliable 
within individuals (Blair et al., 2002; Ost et al., 2013; Salthouse & 
Siedlecki, 2007) and load onto a single latent false memory factor (Ball 
et al., 2022; Lövdén, 2003; Unsworth & Brewer, 2010a). For example, 
Lövdén (2003) found that false memory rates on tasks of category cued 
recall, recall of omitted critical words belonging to semantically related 
lists (i.e., the DRM paradigm, Roediger & McDermott, 1995), and 
recognition of semantically related images loaded onto a single false 
memory factor. This study also found that individuals high in false 
memory tended to be low in long-term memory ability (see also, Zhu 
et al., 2010) and inhibition. Similar research has shown that individual 
differences in false memory are negatively associated with factors 
implicated in frontal functioning (i.e., working memory capacity and 
attentional control, Ball et al., 2022; Butler et al., 2004; Chan & 
McDermott, 2007; Colombel et al., 2016; Gerrie & Garry, 2007; Leding, 
2012; Lövdén, 2003; McCabe et al., 2009; Peters et al., 2006, 2007; 
Unsworth & Brewer, 2010a, 2010b; Watson et al., 2005; for a review, see 
Festini & Katz, 2021), source monitoring ability (Ball et al., 2022; 
Unsworth & Brewer, 2010a), and perceptual ability (Zhu et al., 2010).

Although such research suggests that individual differences in false 
memory are associated with various cognitive abilities, this is not always 
found. For example, Salthouse and Siedlecki (2007, Experiment 2) 
measured false recognition for words, faces, and dot formations, as well 
as cognitive abilities such as fluid intelligence, memory ability, and 
perceptual speed in an adult lifespan sample. The authors found that 
false memory rates were not correlated between tasks and were gener
ally unrelated to cognitive abilities. These results stand in contrast to the 
results reviewed above, including studies linking false memory to 
cognitive abilities specifically within older adults (Butler et al., 2004; 
Chan & McDermott, 2007; Colombel et al., 2016; Lövdén, 2003; McCabe 
et al., 2009).

What might explain these discrepant results? One possibility is that 
the factors associated with false memory may be partially domain- 
specific, with differences arising between false memories for semantic 
versus perceptual content. This possibility is supported by a neuro
imaging meta-analysis of young adult data which demonstrated that, 
regardless of memoranda, false memories were associated with activa
tion in frontal-parietal regions, including the ventromedial prefrontal 
cortex (vmPCF; Kurkela & Dennis, 2016). This result suggests that 
processes mediated by frontal regions such as failures of retrieval 
monitoring (McDonough et al., 2013; Thomas & McDaniel, 2013) may 
underly false memory formation regardless of the stimulus domain. 
Critically, this meta-analysis also found evidence of activation that was 

content-specific, such that false memories for semantic content were 
associated with activation in areas including the left inferior and middle 
frontal gyri, whereas false memories for perceptual content were asso
ciated with activation in the left inferior and middle occipital gyri. 
Because false memory is thought to be due in part to failures to use item- 
specific (i.e., verbatim) information to differentiate between studied and 
novel items during retrieval (Brainerd & Reyna, 2002), it is possible that 
these regions play an important role in the distinctive representation of 
semantic and perceptual items in memory, respectively. Thus, in addi
tion to domain-general processes such as retrieval monitoring, domain- 
specific processes such as semantic and perceptual discrimination may 
protect against false memory.

Another basis for predicting that false memory is partially domain- 
specific comes from prior research demonstrating dissociations be
tween semantic and perceptual false memories for lexical stimuli using 
the DRM paradigm. As reviewed by Chang and Brainerd (2021), many 
prior studies have investigated the question of whether different pro
cesses underly false memories on DRM tasks in which lures are seman
tically related to targets (e.g., doctor as a lure for nurse, sick, hospital, etc.) 
vs DRM tasks in which lures are orthographically (i.e., perceptually) 
similar to targets (e.g., beat as a lure for heat, bet, beat, etc.). In support of 
the proposition that false memories on semantic and perceptual mate
rials tasks are mediated by different retrieval processes, Chang and 
Brainerd highlight evidence that these tasks exhibit different develop
mental trajectories (for review, see Brainerd & Reyna, 2012), and are 
differentially influenced by factors such as depth of processing (Chan 
et al., 2005; Thapar & McDermott, 2001), presentation duration 
(Ballardini et al., 2008; McDermott & Watson, 2001), emotional valence 
(Howe et al., 2010; Pesta et al., 2001), and presentation modality (Gallo 
et al., 2001; Smith & Hunt, 1998). Taken together, such research sug
gests that semantic and perceptual false memories as measured using 
lexical DRM tasks are governed by different principles.

These results have several implications related to individual differ
ences in false memory. First, to the extent that semantic and perceptual 
false memory depend in part on separate processes, it may be that in
dividual differences in semantic and perceptual false memory are best 
understood as two related – but distinct – constructs rather than as a 
single overarching construct. If true, then one’s tendency to experience 
false memories, as well as the factors related to this tendency, may 
depend on the stimulus domain in question. Such a possibility would 
explain Salthouse and Siedlecki’s (2007, Experiment 2) finding that false 
memory rates from a variety of stimulus categories did not correlate 
with one another, as well as other research which has found that false 
memory rates for critical words from the DRM paradigm are unrelated to 
the tendency to incorporate suggestive misinformation into visually 
encoded memories (Calvillo & Parong, 2016; Ost et al., 2013; Patihis 
et al., 2018). From a practical standpoint, determining whether indi
vidual differences in semantic false memory are distinct from individual 
differences in perceptual false memory is important in that such 
knowledge could be used to inform targeted interventions for in
dividuals deficient in factors that protect against false memories for a 
specific type of stimuli. The current study aimed to test these possibil
ities by identifying the factors associated with semantic and perceptual 
false memory.

Another important consideration is that it is currently unclear 
whether the cognitive correlates of false memory differ across the adult 
lifespan. Given research demonstrating age differences in the neural 
correlates of false memory (Bowman et al., 2019; Bowman & Dennis, 
2015; Chamberlain et al., 2022; Dennis et al., 2007, 2008, 2014; Devitt 
& Schacter, 2016; Tsukiura, 2014) as well as the finding that cognitive 
abilities tend to be less differentiated in older adults (La Fleur et al., 
2018, but see Koen & Rugg, 2019), one might wonder whether the 
factors associated with false memory are the same or different in older 
and younger adults. Investigating this issue is both theoretically and 
practically meaningful, as understanding whether there are age differ
ences in the extent to which certain cognitive abilities are protective 
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against false memory is critical in determining which deficits should be 
prioritized as intervention targets when attempting to improve cognitive 
functioning in older adults.

What little research exists regarding the cognitive correlates of false 
memory in older adults suggests that – as with younger adults – older 
adults with lower frontal functioning (Butler et al., 2004; LaVoie et al., 
2005; McCabe et al., 2009; Meade et al., 2012; for a review, see Devitt & 
Schacter, 2016) and inhibitory capacity (Colombel et al., 2016; Lövdén, 
2003) are more susceptible to false memory. Such research suggests 
consistency in the factors associated with false memory between age 
groups, but does not speak to whether the relationship between these 
factors and false memory differs depending on age. In the only study to 
our knowledge to directly test whether the relationship between false 
memory formation and its cognitive correlates differs between older and 
younger adults, Chan and McDermott (2007) found that age did not 
moderate the relationship between frontal functioning and decreased 
false memory. Although this result suggests similarity between older and 
younger adults with respect to the factors that protect against false 
memory, because this study did not differentiate between semantic and 
perceptual false memory, it remains possible that the factors associated 
with false memory in older adults differ from those in younger adults in 
domain-specific ways.

The goal of the current study was to identify the cognitive factors 
associated with individual differences in semantic and perceptual false 
memory in older and younger adults. To this end, participants from both 
age groups completed multiple tasks assessing semantic and perceptual 
false memory, as well as frontal functioning, semantic discrimination, 
and perceptual discrimination. Based on prior research demonstrating 
differences in the neural bases of semantic and perceptual false memory 
(Kurkela & Dennis, 2016) as well as behavioral research demonstrating 
that false memories across different stimulus domains are sometimes 
uncorrelated (Calvillo & Parong, 2016; Ost et al., 2013; Patihis et al., 
2018; Salthouse & Siedlecki, 2007), we predicted that these constructs 
would be captured by related yet distinct individual difference factors. 
Additionally, we predicted that semantic and perceptual false memory 
would have domain-specific, negative relationships with semantic and 
perceptual discrimination, respectively, which would remain significant 
after controlling for the effects of domain-general processes related to 
frontal functioning. In line with research linking false memory to low 
levels of frontal functioning (Ball et al., 2022; Butler et al., 2004; Chan & 
McDermott, 2007; Colombel et al., 2016; Festini & Katz, 2021; Gerrie & 
Garry, 2007; Leding, 2012; Lövdén, 2003; McCabe et al., 2009; Peters 
et al., 2006, 2007; Unsworth & Brewer, 2010a, 2010b; Watson et al., 
2005) as well as neuroimaging research implicating frontally-mediated 
processes in the formation of false memories regardless of stimulus 
domain (Kurkela & Dennis, 2016), we predicted that both semantic and 
perceptual false memory would be negatively related to frontal func
tioning above and beyond the effects of semantic and perceptual 
discrimination. We also tested whether the relationship between false 
memory and its cognitive correlates differed between older and younger 
adults. Because older adults are more susceptible to false memory 
(McCabe et al., 2009) and more variable in their cognition compared to 
younger adults (Hertzog, 1985; Lindenberger & Oertzen, 2006; Morse, 
1993; Nyberg et al., 2012), we predicted that the protective effects of 
these cognitive abilities on false memory would be stronger in older 
adults compared to younger adults.

As a secondary issue, we also investigated age differences in the 
variability and differentiation of our false memory factors. Prior 
research suggests that, compared to younger adults, older adults exhibit 
greater interindividual variability in cognitive performance (Hertzog, 
1985; Lindenberger & Oertzen, 2006; Morse, 1993; Nyberg et al., 2012). 
For example, Morse et al. (1993), synthesizing individual differences 
data, found that older adults were more variable than younger adults 
with respect to their reaction times, memory, and fluid intelligence. 
Based on such findings, we predicted that older adults would exhibit 
greater variability than younger adults in semantic and perceptual false 

memory. Additionally, some prior research suggests that that certain 
cognitive abilities tend to become more intercorrelated (i.e., dediffer
entiated) in later life. For example, La Fleur et al. (2018) analyzed data 
from 11 cognitive batteries and found that the positive association be
tween constructs such as processing speed and mental rotation ability 
increased linearly with age across the adult lifespan (but see Koen & 
Rugg, 2019). Given these results, we planned to investigate age-related 
dedifferentiation within the context of semantic and perceptual false 
memory, and predicted that these constructs would be more strongly 
correlated in older compared to younger adults.

Methods

Data availability

The preregistration, materials, data, analysis code, and rendered 
analysis output for the current study are available at https://osf. 
io/x45ju/.

Participants

Two-hundred and thirty-four young adults between the ages of 18 
and 24 were recruited from the psychology department’s participant 
pool at The Pennsylvania State University. Additionally, 165 older 
adults between the ages of 60 and 89 were recruited from the commu
nities surrounding the Pennsylvania State University. Participants were 
excluded if they reported using English for less than half their life (6 
younger adults, 2 older adults) or if they did not complete both testing 
visits (17 younger adults). The final dataset included 211 younger adult 
participants and 152 older adult participants (see Table 1 for de
mographic information). All participants had normal or corrected-to- 
normal vision. All participants provided written informed consent as 
approved by The Pennsylvania State Institutional Review Board. Young 
adult participants were compensated for their participation with course 
credit and older adults were paid $45.

As indicated in the preregistration, we initially planned to collect 
200 participants per age group. This sample size was chosen based on a 
simulation using pilot data from 58 older adults in which the simsem R 
package was used to estimate 80 % power based on 10,000 Monte Carlo 
simulations assuming a single false memory factor with conservative 
factor loadings (Pornprasertmanit et al., 2016). However, due to logis
tical issues with data collection related to the COVID-19 pandemic, we 
fell short of this goal for the older adult age group. Regardless, our final 
sample size of 152 older adults and 211 younger adults meets 

Table 1 
Participant Demographics by Age Group.

Young Adults 
(N = 211)

Older Adults 
(N = 152)

Age; Mean (SD) 18.89 (1.09), 
Range: 18–24

72.91 (6.00), 
Range: 60–89

Education (years); Mean (SD) 12.61 (0.96) 16.72 (2.61)
MMSE − 29.59 (0.71)
Sex

Female 143 101
Male 67 51
Non-binary 1 0

Race
Asian 34 0
Black or African American 9 2
White 148 144
More than one race 15 1
Other, unknown, or prefer not to answer 5 5

Ethnicity
Hispanic or Latino 20 1
Not Hispanic or Latino 186 144
Other, unknown, or prefer not to answer 5 7

Note. MMSE = Mini Mental State Examination
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recommendations regarding the minimum number of participants 
needed for structural equation modeling in that our multiple-groups 
analyses well exceed 100 participants per group and both groups have 
more than 140 participants (i.e., 10 participants for every indicator 
variable; Wang & Wang, 2019).

Materials, stimuli, & task procedures

Recognition memory tasks
There were four recognition memory tasks, two of which were pre

dominantly reliant on semantic processing and two which were pre
dominantly reliant on perceptual processing. All tasks were created 
using Psychopy (Peirce et al., 2019) and administered using Pavlovia. 
org. Stimuli across all tasks were standardized for size and presented 
sequentially in the center of the screen. The order in which stimuli were 
presented within all encoding phases was randomized prior to data 
collection, then held constant across all participants. During the 
encoding phases, participants were informed that they were to view 
items and remember them for a later memory test. For the categorical 
false memory task, object similarity task, and abstract images task, the 
encoding phase was separated into three blocks in which to-be- 
remembered items were presented for two seconds with a one second 
interstimulus interval (ISI). In these tasks, each encoding block was 
followed by a recognition block. For the schematic memory task, the 
encoding phase was separated into two sequential blocks in which 
presented scenes containing to-be-remembered items were shown for 
10 s with a one second ISI, followed by a single recognition phase.

During the recognition phases, participants were shown items from 
the encoding phase (targets), items that were either semantically or 
perceptually related to items from encoding (lures), and unrelated novel 
items (foils). Participants were made aware of the presence of lures and 
foils prior to each recognition phase. Across the four memory tasks, 
items presented during the recognition phases were pseudorandomized 
to ensure that no more than four items of a given trial type were pre
sented sequentially. Participants were instructed to indicate whether a 
given item was old or new and indicate to their confidence using the 
following four-response scale: definitely old, probably old, probably 
new, or definitely new. All items during recognition were presented for 
five seconds with a one second ISI. The key indicator of false memory for 
our individual differences analyses in these tasks was false alarm rates 
for semantically or perceptually related lures as opposed to false mem
ory rates for unrelated foils.

Semantic Memory Tasks. The categorical false memory task is a 
modified DRM task which consisted of 54 categorically-related word 
lists from Dennis et al. (2007). Each list consisted of six words, four of 
which were presented during the encoding phase and the remaining two 
during recognition as related lures (see Fig. 1A). Each block of encoding 
consisted of 72 words separated into 18 categories. Prior to viewing 
items from each category, participants were shown a prompt (e.g., 
“Types of Fruits”) for one second. Following this prompt, the four words 
associated with the respective category were presented one-at-a-time for 
two seconds (e.g., “banana”, “strawberry”, “apple”, “pear”). Presenta
tion order of both the categories and the words within each category 
were fixed across participants. The recognition phase consisted of 270 
words, with each category having two targets and two lures. The 
remaining 42 words were novel foils which were not related to any 
presented category.

The schematic memory task was modified from Webb et al. (2016). 
The encoding phase of this task consisted of drawings of 26 complex 
scenes, split into two sequential blocks, with 13 scenes presented in each 
block. Scenes were presented for 10 s each, allowing the participants to 
freely study the objects present within the scenes. Objects within the 
scenes were either exclusive or non-exclusive to the scene’s general 
schema (see Fig. 1B). An example of a schematic (i.e., schema-exclusive) 
object would be an image of a toilet within a bathroom, as toilets appear 
only within bathrooms but not within other settings. An example of a 

non-schematic (i.e., schema non-exclusive) object would be an image of 
a mirror within a bathroom scene, as mirrors appear in bathrooms but 
also appear in other settings as well (see Webb et al., 2016 for devel
opment and norming of the stimuli). The recognition phase was sepa
rated into 3 blocks. In total, 96 objects were presented during the 
recognition phase, including 26 schematically related targets, 26 non- 
schematic targets, and 26 schematic lures. The remaining 18 objects 
consisted of foils, which were unrelated to all presented scenes. In 
addition to ensuring that no more than three objects of a given trial type 
(e.g., targets, lures, and foils) were presented sequentially, items during 
the recognition phase were pseudorandomized to ensure that no two 
objects associated with a given scene appeared consecutively.

Perceptual Memory Tasks. The object similarity task consisted of 
216 images of everyday objects from Dennis et al. (2014). Images were 
separated into 54 image categories, with four object exemplars per 
category (see Fig. 1C). The encoding phase was separated into three 
blocks, with each block consisting of 72 object images across 18 cate
gories. Prior to viewing a given category, participants were provided 
with a one-second category prompt (e.g., “Types of Bouquets”) that was 
followed by the sequential presentation of the four associated exemplar 
images. The presentation order of both the categories and exemplars 
within each category was fixed across all participants. A recognition 
phase followed each encoding phase, and consisted of 12 targets, 12 
related lures, and 6 unrelated foils. Across all three recognition phases, 
36 targets, 36 related lures, and 171 novel foils were presented.

The abstract images task consisted of 270 images of abstract art pieces 
collected from Internet searches (Fig. 1D). These searches were limited 
to only include paintings and sculptures that had perceptually similar 
counterparts that could serve as lures. To norm selected images, eight 
participants were individually shown the image pairs and were asked to 
rate each pair for relatedness to one another, image quality, and 
abstractness using five-point Likert scales. For the image relatedness, a 
response of one indicated that the images were nothing alike whereas a 
response of five indicated that the images were similar to one another 
(M = 4.55, SD = 0.74). For image quality, a response of one indicated 
that image quality was poor, whereas a response of five indicated that 
image quality was good (M = 4.51, SD = 0.86). For image abstractness, a 
response of one indicated that the participant could generate a label for 
the image given pair, whereas a response of five indicated that they 
could not generate a label for the image pair (M = 4.67, SD = 0.86). If an 
image pair fell below an average of three across all three scales, the pair 
was replaced. The encoding phase of the abstract images task consisted 
of 216 images separated into three blocks of 72 images. Following each 
encoding phase, there was a recognition phase consisting of 36 targets, 
36 perceptually related lures, and 18 foils. Across all three recognition 
phases all 270 images were presented.

No category from a given memory task was used in a different 
memory task. For example, if the category “farm animals” was used in 
the categorical false memory task, then items related to the concept of 
“farm” were not used in any other memory task. Prior to analyses, key 
responses made during the memory tasks were evaluated to address 
accidental shifts of participants’ hands on the keyboard. Key presses 
were evaluated by two raters to identify responses where a participant 
shifted within one key of the keys associated with the four response 
options. When both raters agreed that a participant shifted their hand, 
their responses were corrected.

Cognitive assessments
The administration of all cognitive assessments adhered to their 

respective administration guidelines, including provided instructions, 
scoring guidelines, and adaptive task termination rules when applicable. 

1 Due to experimenter error, one novel foil was presented twice during the 
retrieval phase of the object similarity task. The second presentation of this item 
was removed and was not included in any final analyses.
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These procedures are briefly reported below.
Frontal Functioning Tasks. Four cognitive assessments were cho

sen to evaluate frontal functioning: the digital, short form of the Berg 
Card-Sorting Test-64 (pBCST-64; Fox et al., 2013) and the arithmetic, 
backwards digit span, and letter-numbering sequencing from the 
Wechsler Adult Intelligence Scale-IV (WAIS-IV; Wechsler, 2008). 
Administration of the pBCST-64 (Piper et al., 2012) and the three 
measures from the WAIS-IV (Wechsler, 2008) have been validated to 
capture changes in executive function across the lifespan.

The pBCST-64 was administered via computer using The Psychology 
Experimental Building Language (PEBL; Mueller & Piper, 2014) 
following standardized task procedure. Participants were required to 
sort a virtual deck of 128 cards according to the color, shape, or quantity 
printed on the card (Berg, 1948). The “sorting rule” was unknown to 
participants throughout the duration of the task and would change after 
participants correctly sorted 10 cards (i.e., one “set”). Participants had 
to rely solely on trial-by-trial feedback to determine the sorting rule. The 
task continued until the participant either 1) sorted all 128 cards 
regardless of accuracy, or 2) completed nine sets of the task. As such, the 
minimum number of trials a participant could experience if they did not 
make any errors was 90 trials and the maximum number of trials was 
128. In the current study, younger adult participants completed an 
average of 122.70 trials (SD = 7.15) and older adult participants 
completed an average of 125.40 trials (SD = 5.72). Participant’s per
formance on the pBCST-64 was calculated as the total number of sorting 
errors made following a rule switch (i.e., “perseverative errors”), with 
lower values indicating better performance. Due to experimenter error, 
data from seven younger adults and eight older adults were lost.

The arithmetic task consisted of 22 timed mental arithmetic prob
lems. Answers to problems were only considered correct if the answer 
matched the expected answer and were given before the time limit was 

reached. If a participant did not provide an answer before the time limit, 
their mental calculations were not cut off by researchers, but their an
swers were counted as incorrect. The task was terminated once a 
participant either produced four consecutive incorrect responses or 
answered all 22 problems. Performance was calculated by totaling the 
number of correct responses. Thus, possible scores on the arithmetic task 
ranged from 0 to 22. Due to experimenter error, data from one younger 
adult were lost.

The backwards digit span consisted of seven sets of digit sequences 
that were read aloud to participants by the researcher. Following each 
sequence, participants were instructed to repeat the digits in backwards 
order. Sequences were separated into sets of two trials. The task was 
terminated once a participant either incorrectly repeated both se
quences within a given set or provided answers to all seven sets. Per
formance was calculated by totaling the number of correct responses. 
Thus, scores on this task ranged from 0 to 14.

The letter-number sequencing task consisted of seven sets of letter- 
number sequences that were read aloud to participants. At the end of 
each sequence, participants were instructed to repeat the sequence back 
in a particular order. First, participants were instructed to repeat the 
digits in numerical order, starting with the lowest number. Next, par
ticipants were instructed to repeat the letters in alphabetical order. Se
quences were separated into sets of three trials. The task was terminated 
once a participant either incorrectly repeated all three sequences within 
a given set or provided answers to all seven sets. Performance was 
calculated by totaling the number of correct responses. Thus, scores for 
the letter-number sequencing task ranged from 0 to 21.

Semantic Discrimination Tasks. The PPVT-4 tested participant’s 
receptive vocabulary knowledge (Dunn & Dunn, 2007). This task con
sisted of 228 trials separated into sets of 12 trials. Participants aged 18 
started the task on trial 145, while participants ages 19 and older started 

Note. For the abstract images task, we have provided both example target and lure items which 

correspond to the abstract image presented during encoding for demonstration purposes only. In 

reality, a given image presented during encoding for this task was only ever matched to either a 

target repetition or a perceptually similar lure during the recognition phase.
Fig. 1. Examples of the Encoding and Recognition Items for the Categorical False Memory (A), Schematic Memory (B), Object Similarity (C), and Abstract Images (D) Tasks. 
Note. For the abstract images task, we have provided both example target and lure items which correspond to the abstract image presented during encoding for 
demonstration purposes only. In reality, a given image presented during encoding for this task was only ever matched to either a target repetition or a perceptually 
similar lure during the recognition phase.
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on trial 157. On each trial, the researcher read a vocabulary word and 
presented four pictures and participants were instructed to choose the 
picture that best described the vocabulary word. The test began by first 
identifying a participant’s basal score, which was determined based on 
the first set where a participant was able to answer at least 11 of the 12 
trials correctly. If the participant answered two or more trials incorrectly 
within a given set, the participant moved to a less difficult set until they 
answered at least 11 trials correctly. Once a participant’s basal score was 
established, the participant advanced through increasingly difficult sets 
until they incorrectly answered eight trials within a set or reached the 
end of the task. Performance on the PPVT-4 was calculated by sub
tracting the total number of incorrect trials from the last trial number a 
participant received before the task was terminated. Thus, scores on this 
task ranged from 0 to 228. Due to experimenter error, data from five 
younger adults was lost.

The PPT assessed participants’ ability to derive semantic meaning 
and relationships from pictures (Howard & Patterson, 1992). The 52- 
trial task was adapted to be administered via computer using Qualtrics 
(Qualtrics, https://www.qualtrics.com). On each trial, participants were 
provided a test image (e.g., a pyramid) and were asked to match the 
image to one of two image responses: a conceptually-related target 
image (e.g., a palm tree) or a conceptually-unrelated distractor image (e. 
g., a fir tree). All images in the task were simple, black-and-white line 
drawings. Participants were asked to provide an answer to every trial 
but were able to indicate that they did not know the answer to a 
particular question by selecting “Not Sure”. Participants received all 52 
trials regardless of task performance. All correct responses were awar
ded one point and “Not Sure” responses were awarded a half of a point. 
Thus, scores on this task ranged from 0 to 52.

Perceptual Discriminability Assessments. The MVPT-4 tested 
participant’s visual discrimination, spatial relationship discrimination, 
visual memory, figure-ground discriminability, and visual closure 
perception (Colarusso & Hammill, 2015).The task consisted of 45 test 
trials and eight practice trials. On each trial, participants were shown a 
page with an item and four response options. On each trial, researchers 
read participants a question and participants were expected to choose 
which response option best answered the given question. Participants 
were shown all 45 test trials regardless of task accuracy. Performance on 
the MVPT was calculated by totaling the number of accurate responses 
to test trials. Thus, scores on this task ranged from 0 to 45.

The (Odd-One-Out) OOO was adapted from four tasks from Barense 
and colleagues’ (2007) perceptual discriminability task: the low ambi
guity familiar objects task, high ambiguity familiar objects task, the size 
task, and the color task. These tasks were selected given their reliance on 
perceptual feature discrimination processes (Barense et al., 2007). Tasks 
were presented through Psychopy (Peirce et al., 2019) and Pavlovia.org. 
The four tasks were presented in the following order across all partici
pants: low ambiguity, high ambiguity, size, color task. Prior to receiving 
a given task, participants received three practice trials to familiarize 
themselves with the specific requirements of a given task. For all four 
OOO tasks, participants were shown four images and were instructed to 
select the image that was “different” from the others. In the low and high 
ambiguity familiar objects tasks, four pictures of everyday objects were 
presented per trial, with the differing object varying in its perceptual 
details compared to the other objects but not in its size or orientation (i. 
e., the “odd” object would not be the exact same object presented 
smaller or angled differently than the other three objects, it would be a 
new, yet similar object). Ten trials of the low ambiguity task were used 
solely to familiarize participants with the general procedures of the OOO 
tasks and data for this task were not used in our analyses. The high 
ambiguity task consisted of 35 trials where the differing object was 
highly similar to the three distractor objects. In the size task, four rect
angles were presented, with the “odd” rectangle differing in size from 
the others. Lastly, in the color task, four colored squares were presented 
with the differing square appearing in a slightly different hue. Unlike the 
high ambiguity task, the size and color OOO tasks consisted of 17 trials. 

Participants were allowed unlimited time to respond to each trial. Per
formance on the high ambiguity task, the size task, and color OOO task 
was calculated as the proportion of correct responses.

Experimental procedures

The current study took place over two sessions, occurring within one 
week of each other. All testing procedures were conducted in-person via 
computer or paper-and-pencil. During the first session, participants 
provided consent, self-reported demographics, and completed the Short 
Form Health Survey (SF-12;Ware et al., 1996). Older adult participants 
also completed the Mini-Mental State Examination (MMSE; Folstein 
et al., 1975). Next, participants completed a general memory practice 
test that included example stimuli from the four memory tasks they were 
to complete over the course of the two visits. This practice was provided 
to allow participants to familiarize themselves with the memory task 
procedures that were common across the four tasks, including presen
tation time, task phases, and recognition response options. Following 
this practice task, participants completed two false memory tasks and 
four cognitive assessments during their first session. During the second 
session, participants completed the remaining two false memory tasks 
and cognitive assessments.

The order in which the four false memory tasks and cognitive as
sessments were administered was counterbalanced both between and 
within sessions. The four false memory tasks were distributed evenly 
between the two sessions, with one perceptual and one semantic 
memory task in each session. Administration of the cognitive assess
ments was also segmented, with two frontal functioning assessments 
occurring during each session. Administration of the domain-specific 
cognitive tasks was grouped, such that semantic and perceptual 
discrimination tasks occurred on separate days.

Data analysis

Exclusions and missing data
As pre-registered, a participant’s data for a given false memory task 

were excluded from analyses based three criteria: consecutive fast re
sponses, low hit rate, and high rates of non-responses (see Table 2). 
During each recognition test, if a participant made six or more consec
utive responses in 400 ms or less, their data were excluded for that task. 

Table 2 
Data Removed from Each False Memory Task by Age Group.

Young Adult Excluded Older Adult Excluded

​ Categorical False Memory Task
Consecutive Fast Responses 2 0
Low Hit Rate 6 1
High Non-Response Rate 0 1
Total 8 2

​ Schematic Memory Task
Consecutive Fast Responses 3 0
Low Hit Rate 53 42
High Non-Response Rate 0 4
Total 56 46

​ Object Similarity Task
Consecutive Fast Responses 1 0
Low Hit Rate 4 1
High Non-Response Rate 0 1
Total 5 2

​ Abstract Images Task
Consecutive Fast Responses 1 0
Low Hit Rate 7 1
High Non-Response Rate 1 0
Total 9 1
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If a participant’s hit rate was at or below chance (i.e., 50 %) on a specific 
memory task, their data were excluded for that task. Finally, data for a 
given task were excluded if a participant failed to respond to over 10 % 
of the recognition trials.

Modeling approach
For all latent variable models, we report several model fit indices. 

Based on existing recommendations (Hu & Bentler, 1999; Kenny, 2020; 
MacCallum et al., 1996), acceptable model fit is indicated by a non- 
significant chi-squared test,2 TLI and CFI values greater than 0.90, and 
RMSEA and SRMR values below 0.08.

Prior to testing our hypotheses about the structural relationships 
between our latent factors, it was necessary to first establish the 
appropriate measurement model given our data within each age group. 
We did this by fitting a series of stratified Confirmatory Factor Analysis 
(CFA) models within to the older and younger adult data. Decisions 
about CFA model selection were made primarily on the basis of chi- 
squared difference tests, which indicate whether the fit of a more 
restrictive model which has been trimmed by eliminating free parameter 
(s) is significantly worse than the fit of a less restrictive nested model 
which retains said parameter(s). Given that chi-squared difference tests 
evaluate the significance of decrements in model fit due to model 
trimming, a significant chi-squared test indicates a preference for the 
less restrictive model whereas a non-significant chi-squared test in
dicates a preference for the more restrictive and parsimonious model 
(Kline, 2016). However, additional information was also considered as 
part of the model selection process including inter-factor correlations, 
overall model fit, and suggested model modifications (i.e., modification 
indices).

After establishing the appropriate measurement model for each 
group using CFA, group differences in the relationship between false 
memory and cognitive ability variables between older adults and 
younger adults were tested using multiple-groups structural equation 
modeling (MG-SEM, Hirschfeld & Brachel, 2019).3 Provided that both 
groups have the same general factor structure, this analysis allows one to 
test whether various model parameters are equivalent between groups 
(i.e., measurement invariance) by constraining these parameters to be 
equal between groups and testing whether fit decreases substantially as 
a result. Following the recommendations of Hirschfeld and Brachel 
(2019), our decisions about whether to retain the more constrained 
model were informed by whether the nested likelihood ratio test 
comparing model fit was significant and whether the change in the CFI 
fit index was greater than 0.01, with both of these outcomes indicating 
worse fit in the more constrained model.

We assessed three levels of measurement invariance: configural 
invariance (where the same general factor structure but none of the 
specific parameters are the same between groups), weak invariance 
(where the configural invariance model is constrained by forcing item 
loadings to be equal), and strong invariance (where the weak invariance 
model is further constrained by forcing intercepts to be equal).4

Importantly, establishing weak invariance allows one to test for group 
differences in latent covariances and regression paths, and establishing 

strong invariance allows one to test for group differences in latent 
means.

All analyses were conducted using RStudio (Posit team, 2024) and 
were rendered into reproducible research reports using Quarto which 
are available on the OSF repository (Allaire et al., 2024). Structural 
equation modeling and confirmatory factor analysis were carried out 
using the lavaan R package (Rosseel, 2012). Participants missing data on 
indicators were retained through maximum-likelihood estimation, 
which enables participants with missing data to inform model estimates 
for indicators for which they have data provided that the missing data is 
assumed to be missing at random (Allison, 2003). Additionally, as in 
Robison et al. (2023) we supplemented several of our frequentist model 
comparisons with exploratory Bayesian analyses. For these Bayesian 
analyses, Bayes factors were computer using the bic_to_bf function in the 
bayestestR R package (Makowski et al., 2019), which computes Bayes 
factors based on differences between models in the Bayesian informa
tion criterion (BIC). These Bayes factors can be interpreted as the like
lihood of one model relative to another given their observed BIC values.

Results

Descriptive statistics and reliability for each task are presented in 
Tables 3 and 4 for younger and older adults, respectively. For each task, 
we computed odd–even reliability and applied a Spearman-Brown 
correction. False memory reliability was computed for related lure 
only, and was computed following the exclusions described in Table 2.

Correlations for our measured (i.e., manifest) variables are presented 
in Figs. 2–4. Generally, the observed pattern of correlations aligns with 
our hypothesized factor structure (Fig. 5) in that variables predicted to 
measure the same latent construct tend to be intercorrelated. An 
exception to this is seen in the correlations between the four false 
memory tasks, which – despite being correlated with one another – do 

Table 3 
Descriptive Statistics and Reliability in the Younger Adult Sample.

Measure n Mean SD Skew Kurtosis Reliability

​ False Memory Tasks
Categorical False 

Memory Task
203 0.27 0.19 0.82 0.02 0.911

Schematic Memory 
Task

152 0.48 0.15 − 0.04 − 0.48 0.500

Object Similarity 
Task

205 0.38 0.20 0.43 − 0.33 0.884

Abstract Image Task 201 0.52 0.15 − 0.15 − 0.44 0.777

​ Frontal Functioning Tasks
Letter-Number 

Sequencing
211 10.70 2.93 − 0.35 1.30 0.797

Backwards Digit 
Span

211 7.29 2.26 0.54 0.01 0.817

Arithmetic 210 9.09 3.54 − 0.15 − 0.96 0.848
pBCST perseverative 

errors
206 15.71 9.29 1.32 2.05 0.765

​ Semantic Discrimination Tasks
PPVT-4 206 195.51 12.67 − 0.41 − 0.19 0.914
PPT 211 47.07 2.83 1.02 0.19 0.640

​ Perceptual Discrimination Tasks
MVPT ​ ​ ​ ​ ​ ​
OOO (High) 211 0.63 0.19 − 0.52 − 0.49 0.845
OOO (Color) 211 0.80 0.16 − 1.22 1.89 0.682
OOO (Size) 211 0.58 0.21 − 0.10 − 0.78 0.730

Note. pBCST = PEBL Berg Card Sort Task, PPVT-4 = Peabody Picture Vocabulary 
Task (4th Ed.), PPT = Pyramids and Palm Trees Task, MVPT = Motor-free Visual 
Perception Task, OOO = Odd One Out task (high discriminability, color, and size 
components). Descriptive statistics for the false memory tasks reflect false 
recognition of related lures.

2 It should be noted that, being a significance test, the chi-squared test can be 
significant despite good fit at larger sample sizes, as in the current study 
(Bentler & Bonett, 1980).

3 Our use of MG-SEM was not preregistered. However, given that MG-SEM 
allows one to address important questions about differences in latent parame
ters between groups, we ultimately decided that such analyses were more 
appropriate given our research questions of interest. The decision to use MG- 
SEM as opposed to the more standard SEM occurred prior to data analysis.

4 In addition to configural, weak, and strong measurement invariance, it is 
also possible to test for strict invariance (where the strong invariance model is 
further constrained by forcing residual variances to be equal between groups). 
Because strong invariance was not established in the current study, we did not 
pursue strict invariance in any of our analyses.
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not show specificity with respect to our distinction between semantic 
and perceptual false memory tasks. If it were the case that semantic and 
perceptual false memories were captured by two distinct constructs, one 
would expect semantic false memory tasks to be more highly correlated 
with one another than with perceptual false memory tasks, and vice 
versa. This prediction is not supported by the observed correlations; the 
highest correlation for our false memory measures in both age groups is 
between the perceptual Object Similarity and semantic Categorical False 
Memory tasks, and Object Similarity false memory is also moderately 
correlated with semantic Schematic false memory.

Following Robison et al. (2023), we conducted exploratory tests of 
age differences for our observed correlations by applying a Fisher’s r-to- 
z transformation to the correlations in each age group and testing group 
differences using Fisher’s method (1925). Results of this analysis are 
reported in our rendered analysis output: https://osf.io/q46p2. Of the 
91 pair-wise correlations in Figs. 2–4, 8 differed significantly between 
older adults and younger adults (smallest p = 0.005). In all cases, these 
age differences reflected stronger correlations between measures in 
younger adults compared to older adults. However, it is important to 
note that none of these age differences were significant at a Bonferroni- 
corrected alpha threshold of 0.05/91.

Age differences in cognitive assessments

For the domain-general frontal functioning assessments, there was a 
significant difference in performance between the age groups on the 
pBCST-64, t(210.35) = 3.87, p < 0.001, d = 0.44, with older adults 
having significantly more perseverative errors than younger adults. 
There was also a significant difference in performance on the arithmetic 
task, t(334.23) = 4.87, p < 0.001, d = 0.52, with older adults performing 
better than younger adults. There was no difference in performance 
between the age groups on the backwards digit span task, t(323.13) =

1.32, p = 0.19, d = 0.14. Lastly, older adults performed significantly 
worse on the letter-number sequencing task compared to younger 
adults, t(346.53) = − 2.06, p = 0.04, d = 0.20.

For the domain-specific discriminability assessments, older adults 
performed significantly better than younger adults in the semantic 
domain, as captured by the PPVT-4, t(300.25) = 24.39, p < 0.001, d =
2.47, and the PPT, t(325.08) = 14.67, p < 0.001, d = 1.48. In contrast, in 
the perceptual domain assessments younger adults outperformed the 
older adults on nearly all assessments. In the Odd One Out subtasks, 
younger adults performed significantly better than older adults on the 
High discriminability subtest, t(326.90) = − 4.10, p < 0.001, d = 0.47, 
and on the Color subtest, t(283.35) = − 6.21, p < 0.001, d = 0.68. On the 
Size subtest, older adults performed significantly better than younger 
adults, t(359.06) = 2.12, p = 0.03, d = 0.27. Finally, on the MVPT, 
younger adults, again, performed significantly better than the older 
adults, t(331.25) = − 3.49, p < 0.001, d = 0.37.

Age differences in memory discriminability

To investigate age differences in memory discriminability (Table 5), 
d’ was calculated for each memory task as z(Hits) – z(Related False 
Alarms). Hit rates of 1 were corrected by subtracting 0.5 to the hit rate 
numerator and false alarm rates of 0 were corrected by adding 0.5 to the 
false alarm rate numerator. For the categorical false memory task, older 
adults had better discriminability (M = 2.09, SD = 0.80) than younger 
adults (M = 1.90, SD = 0.95), t(342.48) = 2.05, p = 0.04, d = 0.22. For 
the schematic memory task, younger adults had better discriminability 
(M = 0.28, SD = 0.43) than older adults (M = 0.17, SD = 0.40), t 
(225.70) = − 2.01, p = 0.045, d = − 0.26. In the object similarity task, 
older adults had significantly better discriminability (M = 1.77, SD =
0.58) than younger adults (M = 1.51, SD = 0.89), t(347.93) = 3.29, p =
0.001, d = 0.34. Finally, in the abstract images task, there was no sig
nificant difference in discriminability between the two age groups, t 
(348.65) = 0.98, p = 0.33, d = 0.10 (younger adults: M = 0.81, SD =
0.66; older adults: M = 0.87, SD = 0.48).

Age differences in false memory

Four 2 (Age: young adult, older adult) x 2 (Item type: lures, foils) 
analysis of variance (ANOVAs) were conducted to evaluate the effects of 
age group and item type on the production of false memories across the 
four memory tasks (Table 5). Including item type as a factor in these 
analyses allowed us to verify that false memory rate differed between 
lures and foils, which was the case for all four memory tests.

Semantic Memory Tasks. For the categorical false memory task, a 
significant main effect of age group was found, F(1, 349) = 8.13, p =
0.005, ηp

2 = 0.023, with older adults’ false memory rates (M = 0.12, SD 
= 0.16) being lower than younger adults’ false memory rates (M = 0.16, 
SD = 0.19). There was also a significant main effect of item type, F(1, 
349) = 780.488, p < 0.001, ηp

2 = 0.691, with false memory rates for lures 
(M = 0.26, SD = 0.18) being greater than false memory rates for novel 
foils (M = 0.03, SD = 0.08). The interaction effect between age group 
and item type was not significant, F(1, 349) = 0.914, p = 0.340, ηp

2 =

0.003.
For the schematic memory task, the main effect of age group was not 

significant, F(1, 251) = 2.51, p = 0.115, ηp
2 = 0.010. The main effect of 

item type was significant, F(1, 251) = 454.59, p < 0.001, ηp
2 = 0.644. 

False memory rates for lures (M = 0.49, SD = 0.15) were greater than 
false memory rates for foils (M = 0.29, SD = 0.17). The interaction effect 
between age group and item type was significant, F(1, 251) = 24.93, p <
0.001, ηp

2 = 0.090. Follow-up simple effects tests revealed that this 
interaction was driven by group differences in false memory rates for 
novel foils, F(1, 251) = 13.57p < 0.001, ηp

2 = 0.051, with younger adults’ 
false memory rates (M = 0.32, SD = 0.17) being greater than older 
adults’ false memory rates (M = 0.25, SD = 0.15) for novel foils. There 
were no significant differences in false memory rates for lure items, F(1, 

Table 4 
Descriptive Statistics and Reliability in the Older Adult Sample.

Measure n Mean SD Skew Kurtosis Reliability

​ False Memory Tasks
Categorical False 

Memory Task
148 0.23 0.16 1.01 0.56 0.884

Schematic Memory 
Task

101 0.50 0.16 0.17 − 0.01 0.535

Object Similarity 
Task

147 0.39 0.17 0.51 − 0.15 0.849

Abstract Image Task 150 0.59 0.14 − 0.20 − 0.37 0.780

​ Frontal Functioning Tasks
Letter-Number 

Sequencing
152 10.10 2.93 − 0.10 1.30 0.792

Backwards Digit 
Span

152 7.61 2.28 0.10 − 0.25 0.815

Arithmetic 152 10.88 3.37 − 0.42 − 0.83 0.883
pBCST perseverative 

errors
144 19.87 11.61 0.62 − 0.05 0.914

​ Semantic Discrimination Tasks
PPVT-4 152 219.75 5.63 − 1.36 2.19 0.856
PPT 152 50.38 1.40 − 1.60 4.83 0.465

​ Perceptual Discrimination Tasks
MVPT ​ ​ ​ ​ ​ ​
OOO (High) 152 0.54 0.19 − 0.17 − 0.69 0.840
OOO (Color) 152 0.68 0.19 − 0.22 − 0.87 0.712
OOO (Size) 152 0.63 0.65 − 0.08 − 0.51 0.624

Note. pBCST = PEBL Berg Card Sort Task, PPVT-4 = Peabody Picture Vocabulary 
Task (4th Ed.), PPT = Pyramids and Palm Trees Task, MVPT = Motor-free Visual 
Perception Task, OOO = Odd One Out task (high discriminability, color, and size 
components). Descriptive statistics for the false memory tasks reflect false 
recognition of related lures.
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251) = 1.34, p = 0.287, ηp
2 = 0.005, between younger (M = 0.48, SD =

0.15) and older (M = 0.50, SD = 0.16) adults.
Perceptual Memory Tasks. For the object similarity task, the main 

effect of age group was not significant, F(1, 350) = 0.43, p = 0.513, ηp
2 =

0.001. The main effect of item type was significant, F(1, 350) = 1443.78, 
p < 0.001, ηp

2 = 0.805, with false memory rates for lures (M = 0.39, SD =
0.19) being greater than false memory rates for foils (M = 0.02, SD =
0.06). The interaction between age group and item type was not sig
nificant, F(1, 350) = 2.64, p = 0.105, ηp

2 = 0.007.
Finally, for the abstract images task, the main effect of age group was 

marginally significant, F(1, 349) = 3.80, p = 0.052, ηp
2 = 0.011, as older 

adults’ false memory rates (M = 0.38, SD = 0.25) were greater than 
younger adults’ false memory rates (M = 0.35, SD = 0.23). The main 
effect of item type was also significant, F(1, 349) = 2715.46, p < 0.001, 
ηp

2 = 0.886, with false memory rates for lures (M = 0.55, SD = 0.15) 
being greater than false memory rates for novel foils (M = 0.17, SD =
0.16). Additionally, the interaction between age group and item type 
was significant, F(1, 349) = 28.18, p < 0.001, ηp

2 = 0.075. Follow-up 
simple effects tests indicated that this interaction was driven by age 

differences in false memory rates for the lure items, F(1, 349) = 18.46, p 
< 0.001, ηp

2 = 0.050, with older adults’ false memory rates being greater 
(M = 0.59, SD = 0.14) than younger adults’ false memory rates for lures 
(M = 0.52, SD = 0.15). There were no differences in false memory rates 
for novel foils, F(1, 349) = 0.42, p = 0.515, ηp

2 = 0.001, between younger 
(M = 0.18, SD = 0.16) and older (M = 0.16, SD = 0.15) adults. A 
summary of results regarding age differences in our cognitive assess
ments and false memory tasks is presented in Table 6.

Confirmatory factor analyses

We began our latent variable analyses by comparing the fit of four 
potential theory-informed factor structures. Model 1 aligned with our 
preregistered hypotheses in that this model had two separate factors for 
semantic and perceptual false memory and three separate factors for 
cognitive abilities. In addition to testing the fit of this preregistered 
measurement model, we also tested three competing models based on 
theory which were not preregistered. Model 2 tested the possibility that 
false memory is captured by a single, overarching false memory factor 

Note. For the PBCST-64, lower values indicate higher performance. * p < 0.05. ** p < 0.01. *** 

p < 0.001.
Fig. 2. Correlations of Measured Variables in the Full Sample. Note. For the PBCST-64, lower values indicate higher performance. *p < 0.05. **p < 0.01. ***p < 0.001.
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rather than by two distinct factors but retained the three distinct 
cognitive ability factors. Model 3 tested the possibility that cognitive 
abilities are best captured by a single factor but retained the separate 
semantic and perceptual false memory factors from Model 1. At the 
suggestion of an anonymous reviewer, we also tested the fit of Model 4, 
which had a single false memory factor and a single cognitive ability 
factor. Because producing Models 2–4 entails placing various re
strictions on Model 1 (i.e., fixing between-factor correlations to be 1), 
Model 1 is nested within Models 2–4. Models 2 and 3 are nested within 
Model 4 for similar reasons. Residual covariances were specified for the 
three measures taken from the odd-one-out to allow these measures to 
covary with one another above and beyond their shared status as in
dicators of perceptual discrimination. Models 1 and 3 indicated a small 
number of negative variance estimates close to zero for the older adult 
data. As is often done, these variance estimated were fixed to zero 
(Farooq, 2022). Path diagrams for the CFA models are presented in our 

rendered output: https://osf.io/erdkf.5

Fit indices for the three CFA models are presented in Table 7. For 
younger adults, Models 1 and 2 fit the data well whereas Models 3 and 4 
fit the data more poorly. All models converged without warnings. Chi- 
squared difference tests indicated that the more restrictive Model 3 fit 
the data significantly worse than the less restrictive Model 1 [X 2(7) =
61.158, p < 0.001]. Model 2, however, did not fit the data significantly 
worse than Model 1 [X 2(4) = 7.019, p = 0.135], suggesting that Model 2 
is more appropriate than Model 1 for the younger adult data. Because 

Note. For the PBCST-64, lower values indicate higher performance. * p < 0.05. ** p < 0.01. *** 

p < 0.001.
Fig. 3. Correlations of Measured Variables in Older Adults. Note. For the PBCST-64, lower values indicate higher performance. *p < 0.05. **p < 0.01. ***p < 0.001.

5 At the suggestion of a colleague, we also conducted exploratory CFAs 
investigating the fit of bifactor models, where false memory was modeled using 
a combination of orthogonal domain-general and domain-specific false memory 
factors (Cucina & Byle, 2017; Markon, 2019). Because these models exhibited 
poor fit and convergence issues, we do not discuss them here. Nonetheless, the 
results of these analyses can be found in our OSF repository: https://osf.io/ 
j5rpk.
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Model 4 fit the data significantly worse than Model 2, Model 2 was 
retained as the appropriate model [X 2(5) = 55.696, p < 0.001]. Thus, 
results suggest that Model 2, with a single false memory factor and three 
separate cognitive ability factors, is the measurement model that best 
describes the younger adult data.

All four models fit the older data well. Chi-squared difference tests 
indicated that the more restrictive Models 2 [X 2(2) = 9.25, p = 0.010] 
and 3 [X 2(6) = 19.00, p = 0.004] both fit the data significantly worse 
than the less restrictive Model 1. Although these chi-squared tests sug
gest that Model 1 is the appropriate model for the older adult data, there 
are several indications that, as was the case with the younger adult data, 
the more restrictive Model 2 which combines the semantic and 
perceptual false memory factors may also be a viable measurement 
model for the older adult data.

First, the semantic and perceptual false memory factors were highly 
correlated in Model 1 (r = 0.803) for the older adult data, suggesting 
that, even when modeled as separate factors, semantic and perceptual 
false memory exhibit a high degree of overlap. This high correlation was 

also present when estimating the SEM model in Fig. 5 for older adults 
(see https://osf.io/erdkf for model results). This SEM assumes the 
separate semantic and perceptual false memory factors of Model 1 and is 
based on our a priori hypotheses in which semantic and perceptual false 
memory exhibit domain-general and domain-specific relationships with 
cognitive abilities. In this SEM, the semantic and perceptual false 
memory factors are highly correlated (r = 0.806), again, highlighting 
the overlap of these factors. Also consistent with the notion that the two 
false memory factors had considerable overlap, several modification 
indices suggested making changes to this SEM which hint at overlap 
between these factors (e.g., allowing schematic and object similarity 
false memory to covary [MI = 8.687], allowing schematic false memory 
to load onto perceptual false memory [MI = 6.808], allowing categorical 
false memory to load onto perceptual false memory [MI = 4.787]). 
These same modification suggestions were also present for CFA Model 1 
(e.g., allowing schematic and object similarity false memory to covary 
[MI = 8.847], allowing schematic false memory to load onto perceptual 
false memory [MI = 7.264], allowing categorical false memory to load 

Note. For the PBCST-64, lower values indicate higher performance. * p < 0.05. ** p < 0.01. *** 

p < 0.001.
Fig. 4. Correlations of Measured Variables in Younger Adults. Note. For the PBCST-64, lower values indicate higher performance. *p < 0.05. **p < 0.01. ***p < 0.001.

J.T. West et al.                                                                                                                                                                                                                                  

https://osf.io/erdkf


Journal of Memory and Language 142 (2025) 104625

12

onto perceptual false memory [MI = 7.264]). Finally, the semantic and 
perceptual false memory factors from Model 1 had similar relationships 
with the cognitive ability factors for older adults in that both factors 
were significantly and negatively correlated with the three cognitive 
abilities (r’s between − 0.241 and − 0.785, p’s < 0.001 to 0.016). This 
result suggests that our semantic and perceptual false memory factors 
are interchangeable with respect to their cognitive correlates.

Thus, although chi-squared difference tests indicate that the more 
restrictive Model 2 fit the data worse than the less restrictive Model 1 for 
the older adult data [X 2(2) = 9.25, p = 0.010], there is evidence that 
collapsing the perceptual and semantic false memory factors as in Model 
2 is warranted, as these factors are highly corelated and have similar 
cognitive correlates. Given these considerations, we chose Model 2 as 
the measurement model for the older adult data. Doing so also had the 
benefit of allowing us to use MG-SEM analyses to test for age differences 
given that choosing Model 2 for both age groups means that both groups 
have the same underlying factor structure. We return the issue of 
whether the older adult data is best described by one or two false 
memory factors in the Discussion section.

Multi-group structural equation modeling

Having established the measurement model for our data, we next 
conducted MG-SEM analyses to examine age differences the structural 
relationships between our latent factors. In this model, domain-general 
false memory was predicted as a function of semantic discrimination, 
perceptual discrimination, and frontal functioning. A path diagram of 
this model is presented in Fig. 6.

We began by estimating a configural invariance model in which the 
same general factor structure and regression paths were fit to both age 
groups simultaneously. Fit indices for this and other MG-SEM models are 

presented in Table 8. Because this model fit the data well, we concluded 
configural invariance, indicating that the same general factor structure 
applies to both older adults and younger adults. Next, we tested for weak 
invariance by constraining item loadings to be equal between groups. 
Because this constraint did not significantly reduce fit based on a like
lihood ration test [X 2(10) = 11.245, p = 0.339] and resulted in a 
minimal decrease to CFI (CFIdiff = 0.001), we concluded weak invari
ance. Finally, we tested for strong invariance by constraining both the 
item loadings and intercepts to be equal between groups. Because this 
constraint resulted in a significant reduction in fit [X 2(10) = 160.340, p 
< 0.001] and a large decrease to CFI (CFIdiff = 0.140), we did not 
conclude strong invariance.

Even when the requirements of strong invariance are not met, it is 
still possible to achieve partial strong invariance by releasing the equality 
constrains for a small number of item intercepts (Hirschfeld & Brachel, 
2019). To test for this possibility, we conducted both frequentist and 
Bayesian analyses to compare changes in model fit after iteratively 
equating each item intercept. Analyses suggested that suggested that 
nearly all of the item intercepts differed between age groups, making 
partial strong invariance untenable (see the rendered output: https://osf 
.io/ur64k). Ultimately, the current analyses suggest a pattern of weak 
measurement invariance, whereby the relationship between cognitive 
abilities and false memory is captured by the same general model in 
older adults and younger adults, with similar item loadings but not item 
intercepts between groups.

Having established weak invariance, we turn now to our interpre
tation of our final MG-SEM model. Path diagrams depicting this model in 
older adults and younger adults are presented in Figs. 7 and 8, and 
scatterplots depicting latent covariances and regression paths as esti
mated by factor scores are presented in Figs. 9 and 10. As seen in Fig. 9, 
frontal functioning, semantic discrimination, and perceptual 

Fig. 5. Path Diagram Depicting A Priori Hypotheses.
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discrimination were positively and significantly intercorrelated in both 
older adults and younger adults. Notably, cognitive abilities jointly 
predicted 37.2 % of the variance in false memory in older adults and 
40.0 % of the variance in younger adults. Regarding the specific effects 
of these cognitive abilities on false memory, only the effect of perceptual 
discrimination in younger adults was significant, with higher perceptual 
discrimination predicting decreased false memory when controlling for 
semantic discrimination and frontal functioning.

We predicted that cognitive abilities would be negatively related to 
false memories in both older and younger adults but only observed a 
single significant effect of perceptual discrimination on false memory in 
younger adults. However, inspection of the factor score scatterplots in 
Fig. 10 appears to show the expected negative relationship between each 
of these cognitive abilities and false memory. This suggests that 
although these cognitive abilities generally do not have unique re
lationships with false memory when these effects are estimated jointly 
(perhaps due to some degree of multicollinearity, as correlations be
tween the cognitive ability factors ranged from 0.436 to 0.752), we 
reasoned that these factors might predict false memory in isolation. 
Consistent with this interpretation, exploratory analyses indicated that 
when estimated in models not including the other cognitive abilities, 
frontal functioning (Older adults: β = − 0.54, z = − 3.21, p < 0.001, R2 =

0.295; Younger adults: β = − 0.37, z = − 3.23, p = 0.001, R2 = 0.139), 

Table 5 
Descriptive Statistics for Memory Tasks.

Memory Task n Mean SD Skew Kurtosis

​ Older Adults
Categorical False Memory Task ​ ​ ​ ​ ​

Lure False Alarm Rate 148 0.23 0.16 1.01 0.56
Foil False Alarm Rate 148 0.02 0.05 5.12 32.79
Target-Lure Discriminability (d’) 148 2.09 0.80 0.27 − 0.20

Schematic Memory Task ​ ​ ​ ​ ​
Lure False Alarm Rate 101 0.50 0.16 0.17 − 0.01
Foil False Alarm Rate 101 0.25 0.15 0.62 0.26
Target-Lure Discriminability (d’) 101 0.17 0.40 0.14 0.23

Object Similarity Task ​ ​ ​ ​ ​
Lure False Alarm Rate 147 0.39 0.17 0.51 − 0.15
Foil False Alarm Rate 147 0 0.02 5.77 40.82
Target-Lure Discriminability (d’) 147 1.77 0.59 − 0.03 − 0.24

Abstract Image Task ​ ​ ​ ​ ​
Lure False Alarm Rate 150 0.59 0.14 − 0.20 − 0.37
Foil False Alarm Rate 150 0.16 0.15 1.14 0.95
Target-Lure Discriminability (d’) 150 0.87 0.48 0.55 0.16

​ Younger Adults
Categorical False Memory Task ​ ​ ​ ​ ​

Lure False Alarm Rate 203 0.27 0.19 0.82 0.02
Foil False Alarm Rate 203 0.04 0.09 2.99 9.77
Target-Lure Discriminability (d’) 203 1.89 0.95 0.61 0.69

Schematic Memory Task ​ ​ ​ ​ ​
Lure False Alarm Rate 152 0.48 0.15 − 0.04 − 0.48
Foil False Alarm Rate 152 0.32 0.17 0.29 − 0.28
Target-Lure Discriminability (d’) 152 0.28 0.43 0.33 1.01

Object Similarity Task ​ ​ ​ ​ ​
Lure False Alarm Rate 205 0.38 0.20 0.43 − 0.33
Foil False Alarm Rate 205 0.03 0.07 3.39 12.76
Target-Lure Discriminability (d’) 205 1.51 0.88 0.33 − 0.40

Abstract Image Task ​ ​ ​ ​ ​
Lure False Alarm Rate 201 0.52 0.15 − 0.15 − 0.44
Foil False Alarm Rate 201 0.17 0.16 1.06 0.84
Target-Lure Discriminability (d’) 201 0.81 0.66 0.91 0.77

Table 6 
Summary of Age Difference Analyses.

Measure Outcome of Age Comparison

Categorical False Memory Task ​
Lure False Alarm Rate Younger Adults > Older Adults
Foil False Alarm Rate Older Adults > Younger Adults
Target-Lure Discriminability (d’) Older Adults > Younger Adults

Schematic Memory Task ​
Lure False Alarm Rate No Age Difference
Foil False Alarm Rate Older Adults > Younger Adults
Target-Lure Discriminability (d’) Younger Adults > Older Adults

Object Similarity Task ​
Lure False Alarm Rate No Age Difference
Foil False Alarm Rate Older Adults > Younger Adults
Target-Lure Discriminability (d’) Older Adults > Younger Adults

Abstract Image Task ​
Lure False Alarm Rate Older Adults > Younger Adults
Foil False Alarm Rate No Age Difference
Target-Lure Discriminability (d’) No Age Difference

Frontal Functioning Tasks ​
Letter-Number Sequencing Younger Adults > Older Adults
Backwards Digit Span No Age Difference
Arithmetic Older Adults > Younger Adults
pBCST perseverative errors Younger Adults > Older Adults

Semantic Discrimination Tasks ​
PPVT-4 Older Adults > Younger Adults
PPT Older Adults > Younger Adults

Perceptual Discrimination Tasks ​
MVPT Younger Adults > Older Adults
OOO (High) Younger Adults > Older Adults
OOO (Color) Younger Adults > Older Adults
OOO (Size) Older Adults > Younger Adults

Note. pBCST = PEBL Berg Card Sort Task, PPVT-4 = Peabody Picture Vocabulary 
Task (4th Ed.), PPT = Pyramids and Palm Trees Task, MVPT = Motor-free Visual 
Perception Task, OOO = Odd One Out task (high discriminability, color, and size 
components).

Table 7 
Fit Indices for CFA Models in Older and Younger Adults.

Model 1 Model 2 Model 3 Model 4

​ Older Adults
Chi-squared 

test
X 2(66) =
68.773, 
p = 0.384

X 2(68) =
78.022, 
p = 0.190

X 2(72) =
87.773, 
p = 0.100

X 2(73) =
94.635, 
p = 0.045

CFI 0.992 0.972 0.956 0.940
TLI 0.989 0.963 0.945 0.925
RMSEA 0.017 

[0, 0.052] 
90 % CI

0.031 
[0, 0.059] 
90 % CI

0.038 
[0, 0.063] 
90 % CI

0.044 
[0.007, 
0.068] 
90 % CI

SRMR 0.060 0.064 0.066 0.070

​ Younger Adults
Chi-squared 

test
X 2(64) =
100.146, 
p = 0.003

X 2(68) =
107.165, 
p = 0.002

X 2(71) =
161.304, 
p < 0.001

X 2(73) =
162.861, 
p < 0.001

CFI 0.950 0.945 0.874 0.875
TLI 0.928 0.927 0.838 0.844
RMSEA 0.052 

[0.031, 
0.071] 
90 % CI

0.052 
[0.032, 
0.071] 
90 % CI

0.078 
[0.062, 
0.094] 
90 % CI

0.076 
[0.061, 
0.092] 
90 % CI

SRMR 0.053 0.054 0.066 0.066

Note. For RMSEA and SRMR, lower values indicate better fit.
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semantic discrimination (Older adults: β = − 0.32, z = − 2.36, p = 0.018, 
R2 = 0.099; Younger adults: β = − 0.48, z = − 3.80, p < 0.001, R2 =

0.227), and perceptual discrimination (Older adults: β = − 0.60, z =
− 3.97, p < 0.001, R2 = 0.362; Younger adults: β = − 0.60, z = − 5.07, p 
< 0.001, R2 = 0.361) were each negatively related to false memory in 
both older adults and younger adults. These results suggest that, 
although frontal functioning, semantic discrimination, and perceptual 
discrimination do not uniquely predict false memory, they are nega
tively related to false memory when considered in isolation of one 
another.

Next, we conducted analyses to examine whether factor variances 
and regression paths differed between older adults and younger adults. 
For these analyses, we tested for moderation by releasing the equality 
constraint on a single model parameter one at a time and testing whether 
releasing that constraint resulted in improved fit (see Robison et al., 
2023). Frequentist and Bayesian results (i.e., Bayes factors presented as 
BF10) of these moderation analyses are presented in Table 9.

Testing whether factor variances differed between older and younger 
adults allowed us to test the prediction that older adults would exhibit 
greater interindividual variability than younger adults (Hertzog, 1985; 
Lindenberger & Oertzen, 2006; Morse, 1993; Nyberg et al., 2012). 
Moderation analyses revealed that younger adults were more variable 
with respect to semantic discrimination than older adults (0.400 vs. 
0.080; see the Variance Estimates section of Table 9). Frequentist ana
lyses suggested that younger adults were also more variable with respect 
to false memory, though Bayesian results for this test were more 
ambiguous (0.557 vs. 0.312). We did not find evidence for age differ
ences in variability in terms of frontal functioning or perceptual 
discrimination.

Given these group differences in variance estimates, moderation tests 
for covariance estimates were not assessed. Instead, we addressed the 
prediction that older adults would exhibit increased cognitive dedif
ferentiation by inspecting latent correlations. Results showed that 
frontal functioning was more strongly related to semantic discrimina
tion in older adults than in younger adults (r = 0.696 vs r = 0.436). 
Semantic and perceptual discrimination were similarly correlated in 
older and younger adults (r = 0.662 vs r = 0.618), as were frontal 
functioning and perceptual discrimination (r = 0.752 vs r = 0.726).

Finally, we tested for group differences in regression coefficients 
within both our joint and isolated models, which allowed us to deter
mine whether the effects of cognitive abilities on false memory differed 
between older and younger adults. As seen in Table 9, our analyses did 
not provide evidence of moderation, suggesting that the joint and iso
lated effects of cognitive abilities on false memory did not differ between 
older adults and younger adults.

Discussion

The goal of the current study was to investigate the factor structure 

Fig. 6. Path Diagram of the MG-SEM Model.

Table 8 
Fit Indices for MG-SEM Models.

Configural 
Invariance

Weak Invariance Strong Invariance

Chi-squared 
test

X 2(136) =
185.187, 
p = 0.003

X 2(146) =
196.432, 
p = 0.003

X 2(156) =
356.771, 
p < 0.001

CFI 0.954 0.953 0.814
TLI 0.939 0.942 0.783
RMSEA 0.045 [0.027, 

0.060] 
90 % CI

0.044 [0.026, 
0.059] 
90 % CI

0.084 [0.073, 
0.096] 
90 % CI

SRMR 0.058 0.061 0.083

Note. For RMSEA and SRMR, lower values indicate better fit.
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and cognitive correlates of individual differences in semantic and 
perceptual false memory in younger and older adults. To this end, par
ticipants completed a series of tasks designed to assess semantic false 
memory, perceptual false memory, frontal functioning, semantic 
discrimination, and perceptual discrimination. Based on research sug
gesting that the neural processes associated with semantic false memory 
differ from those associated with perceptual false memory (Kurkela & 
Dennis, 2016) as well as research suggesting that false memory tasks 
from different stimulus modalities are uncorrelated (Calvillo & Parong, 
2016; Ost et al., 2013; Patihis et al., 2018; Salthouse & Siedlecki, 2007), 
we predicted that measures of semantic and perceptual false memory 
would load onto separate factors which would be negatively related to 
semantic and perceptual discrimination, respectively. Based on prior 
research (Ball et al., 2022; Butler et al., 2004; Chan & McDermott, 2007; 
Colombel et al., 2016; Festini & Katz, 2021; Gerrie & Garry, 2007; 
Leding, 2012; Lövdén, 2003; McCabe et al., 2009; Peters et al., 2006, 
2007; Unsworth & Brewer, 2010a, 2010b; Watson et al., 2005), we 
predicted that both types of false memory would be negatively related to 
frontal functioning. In terms of age differences, we predicted that the 

protective effects of cognitive abilities against false memory production 
would be stronger in older adults, and that older adults would show both 
increased variability and decreased differentiation (i.e., higher inter
correlation) for the false memory factors.

Semantic and perceptual false memory are captured by a single 
overarching factor

Contrary to our predictions, we did not find convincing evidence that 
tasks of semantic and perceptual false memory loaded onto distinct 
factors. For younger adults, there was clear evidence that these tasks 
were captured by a single overarching factor, as the model with a single 
false memory factor (Model 2) did not fit worse than the less restrictive 
model with separate semantic and perceptual false memory factors 
(Model 1). Indeed, in Model 1 these factors correlated at r = 0.906. 
Results regarding the older adult data were more ambiguous, with both 
Models 1 and 2 fitting the data well (see Table 7). For older adults, 
although a chi-squared difference test indicated that Model 2 fit worse 
than Model 1, the high overlap between our semantic and perceptual 

Note. All parameters are standardized. Significance is not calculated for the loading associated 

with the first indicator of each factor, as these indicators have fixed unstandardized values of 1

for the purpose of model identification. * p < 0.05. ** p < 0.01. *** p < 0.001.
Fig. 7. Path Diagram of Final MG-SEM in Older Adults. Note. All parameters are standardized. Significance is not calculated for the loading associated with the first 
indicator of each factor, as these indicators have fixed unstandardized values of 1 for the purpose of model identification. *p < 0.05. **p < 0.01. ***p < 0.001.
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false memory factors was demonstrated by the high correlation of these 
factors (r = 0.803 in CFA Model 1, r = 0.806 in our hypothesized SEM 
model), modification indices which suggested changes to both models 
consistent with the overlap of these factors (e.g., allowing semantic and 
perceptual tasks to covary or load onto both factors), and the similar 
pattern of relationships between these factors and cognitive abilities.

If one concludes that semantic and perceptual false memory are 
separate factors based on our older adult data, they must concede that 
these factors were very highly correlated and had similar negative cor
relations with cognitive abilities. In our view, these considerations are 
sufficient to conclude that the two false memory factors are largely 
redundant with respect to their ability to describe the older adult data. 
Thus, given the clear preference for Model 2 in the younger adult data 
and evidence supporting the overlap of semantic and perceptual false 
memory in older adults, we consider Model 2 to be the most plausible 
explanation of the current data.

Accordingly, our results suggest that although semantic and 
perceptual false memories may differ in certain aspects, such differences 
may not provide the best characterization of individual-level variation 

in the tendency to falsely remember information. Our results are more 
consistent with the idea that individuals who are prone to falsely 
remember information exhibit this tendency regardless of the stimulus 
domain in question.6 In light of prior neuroimaging research suggesting 
that false memory has an important domain-general component 
(Kurkela & Dennis, 2016), it is possible that the contribution of 
frontally-mediated domain-general processes to false memory, such as 
failure of retrieval monitoring (McDonough et al., 2013; Thomas & 
McDaniel, 2013), outweighs the contribution of more subtle domain- 
specific processes related to fine-grained stimulus discrimination.

Note. All parameters are standardized. Significance is not calculated for the loading associated 

with the first indicator of each factor, as these indicators have fixed unstandardized values of 1

for the purpose of model identification. * p < 0.05. ** p < 0.01. *** p < 0.001.
Fig. 8. Path Diagram of Final MG-SEM in Younger Adults. Note. All parameters are standardized. Significance is not calculated for the loading associated with the first 
indicator of each factor, as these indicators have fixed unstandardized values of 1 for the purpose of model identification. *p < 0.05. **p < 0.01. ***p < 0.001.

6 As mentioned in the Introduction, prior research suggests that individual 
differences in DRM false memory are unrelated to individual differences in the 
misinformation effect (Calvillo & Parong, 2016; Ost et al., 2013; Patihis et al., 
2018). Although such research is suggestive of the possibility that semantic and 
perceptual false memories are uncorrelated, it is also possible that other dif
ferences between the methods of evoking false memories using these two par
adigms account for this lack of correlation (for example, the fact that these tasks 
differ in the role of self-generation vs external suggestion; Ost et al., 2013).
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Evidence supporting a model with a single false memory factor as 
opposed to a model with two separate factors was unexpected given 
prior research suggesting that there are differences in the processes 
mediating semantic and perceptual false memory. For example, a meta- 
analysis of the neural correlates of false memory formation found evi
dence of domain-specificity, with semantic false memory being associ
ated with activation in verbal processing regions such as the left middle 
and inferior frontal gyri and perceptual false memory being associated 
with activation in regions within the visual cortex (Kurkela & Dennis, 
2016). Additionally, Salthouse and Siedlecki (2007, Experiment 2) 
conducted a large lifespan study (n = 332) and found that, despite suf
ficient task reliability, false memory rates across tasks assessing memory 
for words, dot formations, and faces did not correlate with one another, 
suggesting that tasks of semantic and perceptual false memory may not 
be measuring the same underlying construct.

Differences between our results and Salthouse and Siedlecki’s (2007, 
Experiment 2) may be due to differences in stimuli used between our 
studies. Specifically, Salthouse and Siedlecki’s perceptual stimuli 
included dot formations and faces, whereas our study used images of 
everyday objects and abstract art pieces. In addition to differences in the 
nature of our stimuli, our study also differed from Salthouse and Sied
lecki’s in how stimuli were presented. In our object similarity task, ob
jects were presented alongside a category label (e.g., “Types of 
Guitars”). By providing a semantic label for these stimuli, participants in 

the current study may have been able to organize these perceptual 
stimuli in a way which emphasized their semantic interrelatedness, thus 
resulting in a stronger correlation between false memories on this task 
and our tasks designed to measure semantic false memory (see 
Figs. 2–4). In contrast, the dot formations and faces used by Salthouse 
and Siedlecki did not include semantic or categorical labeling, likely 
making these stimuli more difficult to categorize than our everyday 
objects. We contend, however, that although the object similarity task 
does indeed have a semantic component in that the task presents par
ticipants with nameable objects, this task measures perceptual memory 
in that the ultimate decision about whether a given exemplar within a 
given category (e.g., guitars) is old or new must be made on the basis of 
the visual features of the exemplar itself and cannot be made based on 
object name alone (for studies assessing perceptual memory using 
similar tasks, see Abe et al., 2013; Davidson et al., 2019; Dennis et al., 
2012; Gutchess & Schacter, 2012; C. E. L. Stark et al., 2023).

Importantly, based on a re-analysis of our data suggested by a 
reviewer, our conclusion that individual differences in false memory are 
best represented by a single domain-general factor holds regardless of 
fact that the object similarity task contains nameable categories of ob
jects. That is, even when excluding this task from our CFA analyses and 
modeling perceptual false memory as a single indicator latent factor 
(Hayduk & Littvay, 2012; Kline, 2016, 2018) using just the abstract 
images task, chi-squared difference tests indicate a preference for the 

Fig. 9. Scatterplots of Latent Factor Score Covariances.

Fig. 10. Scatterplots of Latent Factor Score Regression Paths.
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model with a single false memory factor based on all three tests over 
separate semantic and perceptual factors for both age groups (see 
https://osf.io/9rq7c or this analysis). Nonetheless, future research 
should explore this issue further by assessing the intercorrelations and 
factor structure of semantic and perceptual false memory tasks across a 
wider range of stimulus domains while also varying whether explicit 
category labels are provided during encoding. In this respect, it would be 
particularly fruitful to replicate our factor analysis results in a sample 
which not only completes tasks similar to those used by Salthouse and 
Siedlecki (2007), but also semantic and phonological DRM lists as 
reviewed in our Introduction (Chang & Brainerd, 2021; Sommers & 
Lewis, 1999).

Cognitive abilities predict semantic and perceptual false memory

Regarding the cognitive correlates of our false memory factor, our 
results showed that, when considered together, cognitive abilities pre
dicted a substantial portion of the variability in false memory within 
both age groups (37 % in younger adults and 40 % in older adults). Such 
results indicate that adults who score high on tests of cognitive abilities 
tend to be less susceptible to false memory formation regardless of their 
age group. In terms of the nature of these relationships, we found that 
cognitive abilities generally do not have unique associations with false 
memory (with the exception of a significant, negative effect of percep
tual discrimination on false memory for younger but not older adults). 
Importantly, however, exploratory analyses indicated that each of the 
three cognitive ability factors was negatively related to false memory 
when considered in isolation, with these effects being similar in 
magnitude for both age groups. Taken together, these analyses indicate 
that cognitive abilities have substantial, negative effects on false mem
ory formation, but that these effects are redundant with one another in 
that none of these abilities are uniquely associated with false memory 
when controlling for the other ability constructs. Substantively, these 
results suggest that being high in semantic discrimination, perceptual 
discrimination, or frontal functioning is protective against false memory 
formation, but being high in more than one of these constructs is un
likely to provide further additive protection.

The finding that frontal functioning was negatively related to false 
memory when considered in isolation is consistent with a wealth of prior 

research demonstrating a negative relationship between frontal func
tioning constructs such as working memory capacity and false memory 
(Ball et al., 2022; Butler et al., 2004; Chan & McDermott, 2007; 
Colombel et al., 2016; Festini & Katz, 2021; Gerrie & Garry, 2007; 
Leding, 2012; Lövdén, 2003; McCabe et al., 2009; Peters et al., 2006, 
2007; Unsworth & Brewer, 2010a, 2010b; Watson et al., 2005) as well as 
neuroimaging research implicating frontally-mediated processes such as 
failures of retrieval monitoring in false memory formation (for a meta- 
analysis, see Kurkela & Dennis, 2016). Our results are also consistent 
with research using the Mnemonic Similarity Task (MST), a task in which 
participants are required to discriminate between previously presented 
targets and highly similar novel lures (S. M. Stark et al., 2013). Similar to 
the current results, prior research using the MST has demonstrated that 
mnemonic discrimination is related individual differences in both 
frontal functioning (Foster & Giovanello, 2020; Gellersen et al., 2021; 
Jensen et al., 2023) and to perceptual ability (Davidson et al., 2019; 
Gellersen et al., 2021). Additionally, our finding that perceptual 
discrimination was negatively related to false memory is consistent with 
research demonstrating that false memory is negatively related to 
perceptual ability (Zhu et al., 2010). The finding that semantic 
discrimination was negatively related to false memory is also consistent 
with prior research indicating that having less distinct neural repre
sentations within brain regions associated with semantic processing is 
predictive of false memory (Chadwick et al., 2016). Collectively, such 
results suggest that false memory formation is due to both domain- 
general failures of frontally-mediated processes such as retrieval moni
toring as well as failures to discriminate between information within 
domain-specific stimulus categories.

Generally, our results were more consistent with age similarities than 
age differences in false memory and its cognitive correlates. Because 
older adults tend to exhibit increased false memory (McCabe et al., 
2009) and increased cognitive variability relative to younger adults 
(Hertzog, 1985; Lindenberger & Oertzen, 2006; Morse, 1993; Nyberg 
et al., 2012), we predicted that the negative effects of cognitive abilities 
on false memory would be stronger for older compared to younger 
adults. However, neither the joint nor the isolated effects of cognitive 
abilities on false memory differed between older and younger adults. 
Although the negative effect of perceptual discrimination on false 
memory was significant for younger but not older adults in the model 
which also included frontal functioning and semantic discrimination, 
moderation analyses provided evidence against age differences for this 
effect. Our finding that the effects of cognitive abilities on false memory 
were similar for older and younger adults is consistent with the results of 
Chan and McDermott (2007), who likewise found that age did not 
moderate the relationship between frontal functioning and false mem
ory. Substantively, such results suggest that the protective effects of 
factors such as frontal functioning on false memory formation do not 
differ in magnitude for older and younger adults. This may have 
meaningful implications for our understanding of the production of false 
memory across adulthood. Specifically, results suggest that factors 
which foster cognitive reserve, such as education, may be more influ
ential to false memory than age alone.

Our results regarding the impact of cognitive abilities on false 
memory in older adults contribute critical knowledge to our under
standing of the factors associated with memory errors in later life. 
Specifically, our factor analysis results suggest that, regardless of age, 
individuals with an increased susceptibility to false memory exhibit this 
tendency regardless of stimulus domain. Additionally, the fact that 
frontal functioning, semantic discrimination, and perceptual discrimi
nation all exhibited negative (albeit redundant) effects on false memory 
in both age groups suggests that any one of these cognitive abilities may 
be promising targets for interventions aimed at reducing false memory 
formation for both older and younger adults. Broadly speaking, the 
finding that individual differences in cognitive abilities predict a sub
stantial portion of the variance in false memory within older adults 
highlights the fact that, rather than being interchangeable in their risk 

Table 9 
Moderation Analyses for Latent Variances and Regression Paths.

Likelihood Ratio Test BF10

​ Variance Estimates
False Memory X 2(1) = 3.91, p = 0.048 0.37
Frontal Functioning X 2(1) = 1.27, p = 0.261 0.10
Semantic Discrimination X 2(1) = 27.28, 

p < 0.001
44,058.69

Perceptual Discrimination X 2(1) = 1.00, p = 0.318 0.09

​ Regression Paths (Joint Model)
Frontal Functioning to False Memory X 2(1) = 1.56, p = 0.211 0.12
Semantic Discrimination to False Memory X 2(1) = 1.88, p = 0.171 0.13
Perceptual Discrimination to False 

Memory
X 2(1) = 0.29, p = 0.588 0.06

​ Regression Paths (Isolated Effects)
Frontal Functioning to False Memory X 2(1) = 0.51, p = 0.473 0.07
Semantic Discrimination to False Memory X 2(1) = 0.18, p = 0.668 0.06
Perceptual Discrimination to False 

Memory
X 2(1) = 0.20, p = 0.658 0.06

Note. BF10 values reflect Bayes factors which indicate the degree of support for a 
moderation effect compared to a lack of moderation given model BIC values. 
Based on convention standards (Dienes, 2014), a BF10 greater than 3 indicates 
moderate evidence for group moderation, whereas a BF10 less than 1/3 indicates 
moderate evidence of a lack of moderation. BF10 values between 3 and 1/3 are 
interpreted as being ambiguous regarding the presence of moderation.
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for cognitive decline, older adults exhibit important, systematic het
erogeneity in their propensity to make memory errors. This conclusion 
dovetails nicely with prior neuroimaging research, which has shown 
that individual differences in false memory rates between older adults 
correlate with neural activity during false memory (Dennis et al., 2014; 
Dennis & Turney, 2018; Webb & Dennis, 2019).

Age differences in false memory, interindividual variability, and cognitive 
differentiation

Typically, older adults exhibit higher rates of false memory than 
younger adults (McCabe et al., 2009). Interestingly, the only task in 
which older adults had higher rates of false memory for related lures was 
the abstract images task. This was the only task that did not include any 
semantic component, nor could participants rely on their prior knowl
edge during this task. In contrast, the other three memory tasks all 
allowed for some degree of overt semantic processing (e.g., category 
labeling and generation). Thus, it may be that the presence of an age- 
related increase in false memory on the abstract images task is 
explained by older adults being less able to leverage their relatively 
intact semantic/prior knowledge during this task to make discrimina
tions between previously seen targets and novel lures. This explanation 
is consistent with the finding that performance on our semantic 
discrimination tasks was unrelated to false memory during the abstract 
images task (see Fig. 2). Even so, this explanation is undermined 
somewhat by the fact that tasks of semantic discrimination were also 
unrelated to schematic false memory, which one would assume should 
rely on semantic knowledge,7 and the fact that the abstract images task 
loaded onto the same factor as the other three false memory tasks (CFA 
Model 2 younger adult loading = 0.62, CFA Model 2 older adult loading =
0.49).

Though not typical, the absence of age differences in false memory is 
not without precedent. For example, Salthouse and Siedlecki found that 
age was unrelated to false memory in two large lifespan samples (2007). 
Similarly, LaVoie et al. (2005) found that older adults without frontal 
functioning impairment did not differ from younger adults in false 
memory. Additionally, previous work from our own lab using the 
schematic false memory task did not find age differences in false 
memory (Webb & Dennis, 2019). Importantly, our assessment of false 
memory using multiple different memory tasks highlights the fact that 
age-related increases in false memory are not inevitable, but may 
instead depend critically on task-specific characteristics such as the 
nature of the studied material and how such materials are presented.

Part of our rationale for predicting that the relationship between 
cognitive abilities and false memory would be stronger in older adults 
relates to the finding that older adults typically show increased false 
memory compared to younger adults. We predicted that, because prior 
research has found that older adults may be more likely to develop false 
memories, the protective effects of cognitive abilities might be espe
cially beneficial in this group in comparison to younger adults, for whom 
false memory may be less of a concern. Because we did not find strong 
evidence of age-related increases in false memory, an important future 
direction will be to replicate the current age by cognitive ability 
moderation results within the context of a sample showing age-related 
increases in false memory. We note, however, that because older and 
younger adults often differ in the mechanisms by which they carry out a 
given cognitive process even when matched on task performance 
(Daselaar et al., 2006; Reuter-Lorenz & Cappell, 2008; Webb & Dennis, 
2019), our investigation of whether the cognitive correlates of false 
memory are the same or different in older and younger adults is still 
interesting and informative.

As issues of secondary importance, we also tested for age differences 
in cognitive variability and cognitive differentiation. Prior aging 
research emphasizes the fact that older adults tend to be highly variable 
with respect to their cognition (Hertzog, 1985; Lindenberger & Oertzen, 
2006; Morse, 1993; Nyberg et al., 2012). Based on such research, we 
predicted that older adults would be more variable in terms of false 
memory than younger adults. Despite this, frequentist analyses 
demonstrated that younger adults were more variable in false memory 
than older adults (though Bayesian results were ambiguous). Such re
sults suggest that although it is sometimes the case that older adults 
exhibit increased heterogeneity compared to younger adults in their 
cognition, this is not always the case. Future research should continue to 
examine this issue in order to determine whether the phenomenon of 
age-related increases in cognitive heterogeneity does or does not 
generalize to false memory formation.

We also predicted that older adults would show age-related dedif
ferentiation (La Fleur et al., 2018, but see Koen & Rugg, 2019) with 
respect to false memory, as indicated by a stronger correlation between 
their semantic and perceptual false memory factors than younger adults. 
Although our decision to model false memory using a single latent factor 
prevented us from addressing this question, we observed some evidence 
of age-related dedifferentiation with respect to our cognitive ability 
factors in that frontal functioning was more strongly associated with 
semantic discrimination in older compared to younger adults. These 
results suggest that, consistent with prior research, certain cognitive 
abilities tend to be less differentiated in later life.

Limitations

This study is not without limitations. First, although the reliability of 
our manifest variables was generally within acceptable ranges, there 
were two notable exceptions: reliability was lower for the PPT and for 
the schematic false memory task. Regarding the PPT, we are not the first 
to report issues related to reliability for this task, as others have reported 
low reliability both in college students (Klein & Buchanan, 2009) and in 
a Turkish adult lifespan sample (Bozdemir & Gurvit, 2022). Regarding 
our false memory tasks, although three of our four tasks exhibited evi
dence of reliability (odd–even reliability between 0.777 and 0.911), the 
schematic false memory task did not (younger adult reliability = 0.500, 
older adult reliability = 0.535). Future research should keep these psy
chometric limitations in mind when selecting and designing tasks 
intended to assess individual differences in false memory.

Another aspect of the schematic false memory task that should be 
kept in mind is that performance on this task was quite low. As such, 
data from 42 older adults and 53 younger adults were excluded based on 
our a priori exclusion criterion regarding task performance. Although 
this left us with a sufficiently large sample of younger adults with data 
on this task (n = 152) based on recommendations for conducting SEM 
analyses (Wang & Wang, 2019), our analyses included schematic false 
memory data from only 101 older adults. Although our sample size for 
this indicator meets Wang and Wang’s recommendation of having at 
least 100 participants per group, it does not meet their recommendation 
of having 10 participants per indicator (n = 140 for the current models). 
Speculatively, it is possible that the low performance on the schematic 
false memory task relative to the other three false memory tasks is 
explained by the fact that this was the only task that required partici
pants to study arrays of multiple items simultaneously, though partici
pants were given additional study time with each array in anticipation of 
this fact. Future research may refine this test by adjusting parameters 
such as the number of items in each array in conjunction with each ar
ray’s presentation time.

An additional limitation of the current study is that, because older 
adults performed near ceiling on our two semantic discrimination tasks 
(see https://osf.io/q46p2 for visualizations of these distributions), 
variability on these tasks within this age group was limited. Such results 
are unsurprising considering the wealth of research demonstrating that 

7 Though this lack of correlation may also be an artifact of this task having 
the lowest reliability of the four memory tasks (younger adult reliability = 0.500, 
older adult reliability = 0.535).
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older adults tend to perform similarly or even outperform younger 
adults on tests of semantic ability (Hartshorne & Germine, 2015; Park 
et al., 2002; Salthouse, 2019; Verhaeghen, 2003). A challenge for future 
research will be to identify appropriate tests which are able to offer more 
precise measures of semantic discrimination for both older and younger 
adults while also ensuring that sufficient variability exists within both 
groups.

A final limitation of the current study is that we only had two in
dicators for each of our latent false memory factors. It is possible that 
this fact may explain some of the issues in model estimation seen in CFA 
Models 1 and 3 which had separate semantic and perceptual false 
memory factors (i.e., these models had negative variance estimates for 
some manifest variables). However, this aspect of our design does not 
explain the fact that our false memory factors exhibited high overlap 
with one another, which we used as the basis for selecting Model 2 with 
its single false memory factor for the older adult data. Nonetheless, 
future research should expand upon this investigation by replicating the 
current results in a sample which completes a larger number of false 
memory tests per hypothesized factor.

Conclusions

In conclusion, data from both older and younger adults supports the 
idea that false memory in both semantic and perceptual tasks is best 
represented as a single false memory construct. In terms of cognitive 
correlates, results showed that frontal functioning, semantic discrimi
nation, and perceptual discrimination predicted a substantial portion of 
the variance in false memory, and each had negative, yet redundant, 
associations with false memory in both age groups. Importantly, the 
relationship between cognitive factors and false memory across age 
groups alongside the absence of age-related increases in false memory in 
three of the four memory tasks highlights the fact that age-related in
creases in false memory are not inevitable. Rather, false memory is 
dependent on cognitive factors that vary within individuals regardless of 
their age. Collectively, results suggest that these cognitive abilities may 
be promising targets for interventions intended to reduce false memory 
formation for both older and younger adults.
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Lövdén, M. (2003). The episodic memory and inhibition accounts of age-related 
increases in false memories: A consistency check. Journal of Memory and Language, 
49(2), 268–283. https://doi.org/10.1016/S0749-596X(03)00069-X

MacCallum, R. C., Browne, M. W., & Sugawara, H. M. (1996). Power analysis and 
determination of sample size for covariance structure modeling. Psychological 
Methods, 1(2), 130–149. https://doi.org/10.1037/1082-989X.1.2.130

Makowski, D., Ben-Shachar, M. S., & Lüdecke, D. (2019). bayestestR: Describing effects 
and their uncertainty, existence and significance within the Bayesian framework. 
Journal of Open Source Software, 4(40), 1541. https://doi.org/10.21105/joss.01541

Malmi, R. A., Underwood, B. J., & Carroll, J. B. (1979). The interrelationships among 
some associative learning tasks. Bulletin of the Psychonomic Society, 13(3), 121–123. 
https://doi.org/10.3758/BF03335032

Markon, K. E. (2019). Bifactor and hierarchical models: Specification, inference, and 
interpretation. Annual Review of Clinical Psychology, 15(Volume 15, 2019), 51–69. 
doi: 10.1146/annurev-clinpsy-050718-095522.

McCabe, D. P., Roediger, H. L., McDaniel, M. A., & Balota, D. A. (2009). Aging reduces 
veridical remembering but increases false remembering: Neuropsychological test 
correlates of remember–know judgments. Neuropsychologia, 47(11), 2164–2173. 
https://doi.org/10.1016/j.neuropsychologia.2008.11.025

McDermott, K. B., & Watson, J. M. (2001). The Rise and Fall of False Recall: The Impact 
of Presentation Duration. Journal of Memory and Language, 45(1), 160–176. https:// 
doi.org/10.1006/jmla.2000.2771

McDonough, I. M., Wong, J. T., & Gallo, D. A. (2013). Age-related differences in 
prefrontal cortex activity during retrieval monitoring: Testing the compensation and 
dysfunction accounts. Cerebral Cortex, 23(5), 1049–1060. https://doi.org/10.1093/ 
cercor/bhs064

Meade, M. L., Geraci, L. D., & Roediger, H. L. (2012). Neuropsychological status in older 
adults influences susceptibility to false memories. The American Journal of 
Psychology, 125(4), 449–467. https://doi.org/10.5406/amerjpsyc.125.4.0449

Morse, C. K. (1993). Does variability increase with age? An archival study of cognitive 
measures. Psychology and Aging, 8(2), 156–164. https://doi.org/10.1037/0882- 
7974.8.2.156

Mueller, S. T., & Piper, B. J. (2014). The Psychology Experiment Building Language 
(PEBL) and PEBL Test Battery. Journal of Neuroscience Methods, 222, 250–259. 
https://doi.org/10.1016/j.jneumeth.2013.10.024

Nyberg, L. (1994). A structural equation modeling approach to the multiple memory 
systems question. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 20(2), 485–491. https://doi.org/10.1037/0278-7393.20.2.485

Nyberg, L., Lövdén, M., Riklund, K., Lindenberger, U., & Bäckman, L. (2012). Memory 
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