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Abstract
Objectives: Declines in the ability to inhibit information, and the consequences to memory of unsuccessful inhibition, have 
been frequently reported to increase with age. However, few studies have investigated whether sex moderates such effects. 
Here, we examined whether inhibitory ability may vary as a function of age and sex, and the interaction between these two 
factors.
Method: 202 older (mean age = 69.40 years) and younger (mean age =30.59 years) participants who had equivalent edu-
cational attainment and self-reported health completed 2 tasks that varied only in the time point at which inhibition should 
occur: either prior to, or after, encoding.
Results: While we did not find evidence for age or sex differences in inhibitory processes when information needed to be 
inhibited prior to encoding, when encoded information being actively held in working memory needed to be suppressed, we 
found that older women were particularly impaired relative to both younger women and men of either age group.
Discussion: These results provide further support for the presence of memorial inhibitory deficits in older age, but add nu-
ance by implicating biological sex as an important mediator in this relationship, with it more difficult for older women to 
inhibit what was once relevant in memory.
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The role that biological sex plays in processes ranging from 
health and longevity to cognitive functioning has been 
the source of significant inquiry (see Miller & Halpern, 
2014, for a review). Much research, for example, has in-
vestigated episodic long-term memory ability as a func-
tion of biological sex. While in general episodic memory 
ability is greater in women (Maitland et  al., 2004), the 
direction of the sex-related episodic memory advantage 
seems to depend on the type of to-be-remembered mater-
ials: women have superior memory for verbal materials 
while men have superior memory for visuospatial mater-
ials (Herlitz & Rehnman, 2008). Whereas some work has 

found sex-related differences in working memory abilities, 
most notably a male advantage in spatial, but not verbal, 
working memory (Voyer et al., 2017), this advantage has 
been found to be fairly small (Saylik et al., 2018), nonex-
istent (Robert & Savoie, 2006), or, in some cases, reversed 
(Duff & Hampson, 2001).

The effects of sex on the ability to inhibit information, 
and the consequences to memory of successful or unsuc-
cessful inhibition, are relatively understudied. Yet, inhibi-
tory control represents a crucial aspect of daily functioning, 
as we are constantly inundated with information that we 
are forced to select for (or against) by virtue of the limited 
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nature of available cognitive resources. It is well established 
that inhibitory control processes worsen with age (Sylvain-
Roy et al., 2015), and indeed, such failures of inhibitory 
abilities may underlie many age-related cognitive deficits 
according to Hasher and colleagues’ (2007) Inhibitory 
Deficit Theory. It has been posited from an evolutionary 
perspective that women may be more effective at inhibition 
than men due to greater pressures to prevent maladaptive 
emotional, social, and sexual behaviors (Hosseini-Kamkar 
& Morton, 2014). While these effects are evident in behav-
ioral and social inhibition, the extent to which this ben-
efit permeates down to cognitive processes has been called 
into question based on mixed findings of sex on various 
cognitive inhibition tasks (Bjorklund & Kipp, 1996). 
Rather than domain-general age deficits in inhibitory proc-
essing, evidence suggests that inhibition is not a unitary 
construct (Friedman & Miyake, 2004), and the ability to 
inhibit information may depend on when in the memory-
processing stream inhibition takes place. Information can 
be ignored during encoding (i.e., perceptual inhibition) or 
after encoding has taken place during retrieval (i.e., me-
morial inhibition). Failures in each of these types of inhibi-
tion may lead to memory errors (Healey et al., 2013). For 
example, older adults have been shown to be impaired in 
perceptual inhibition across a variety of different experi-
mental paradigms (Hasher et al., 1991; Lustig & Hasher, 
2001; Rozek et al., 2012). Importantly, this deficit in se-
lective attention and perceptual inhibition may only occur 
at very early stages of processing with age-related dif-
ferences resolving relatively quickly during the encoding 
process (i.e., 550 ms after the start of encoding) in some 
studies (Gazzaley et al., 2008; Wnuczko et al., 2012). In 
terms of potential sex differences in early inhibition, some 
previous work has found differences between females and 
males in selective attention, a process which supports inhi-
bition at the perceptual level by guiding attention towards 
task-relevant and away from task-irrelevant stimuli. On 
a flanker task, women were shown to be more distracted 
by incongruent stimuli while men were more effective in 
ignoring these irrelevant distractors (Stoet, 2010). In each 
of these studies, however, only younger adults were tested 
and, in general, there is little work exploring how age and 
sex may interact to affect perceptual inhibition.

With regards to inhibiting already consolidated informa-
tion or information that is actively being maintained in 
working memory, age differences have also been reported. 
In directed forgetting paradigms in which some information 
is designated to be remembered and some to be forgotten 
(or inhibited) after it has already been encoded, a number 
of groups have reported that older adults produce more 
errors by remembering to-be-forgotten words despite their 
“forget” designation (see Titz & Verhaeghen, 2010). There 
is also documented evidence of older adults’ difficulties in 
suppressing information already in memory on a think/
no-think paradigm (Anderson et al., 2011), when required 
to suppress a competitor for an orthographically similar 

word when solving word fragments (e.g., suppressing 
ANALOGY in favor of ALLERGY when solving for A_L_ 
_GY; Healey et al., 2013), and on a previously published 
study using the same Sternberg-like working memory task 
used in the current study but in a smaller sample (Eich 
et al., 2018). To date, however, limited research has investi-
gated the effect of sex on memorial inhibition. One directed 
forgetting study found negligible differences between men 
and women on the ability to inhibit to-be-forgotten items 
(Yang et  al., 2013). Another found that postmenopausal 
women exhibited reduced forgetting ability relative to 
younger women and men (Kerschbaum et al., 2017). Thus, 
as it currently stands, research into potential sex differences 
in memorial suppression remains scant.

While empirical support is limited, there are theoretical 
reasons to suppose that age and sex may interact to af-
fect inhibitory ability. There is evidence of altered cogni-
tive functioning in females following menopause (Morgan 
et al., 2018). Estradiol, a major sex hormone that decreases 
in prevalence during menopause (Shanmugan & Epperson, 
2014), has been shown to influence working memory 
and executive functioning by augmenting hippocampal 
and prefrontal function (Hampson, 2018), the latter of 
which is a region that is typically associated with inhibi-
tion (Eich et al., 2017; Nee & Jonides, 2008). It stands to 
reason, then, that postmenopausal females (i.e., older adult 
women) may experience accelerated declines in inhibitory 
ability relative to older males and younger females, given 
the reduced beneficial influence of estrogens on the pre-
frontal cortex that occurs with advancing age and transi-
tion to the postreproductive period of life (Shanmugan & 
Epperson, 2014). While the aim of the current study was 
not to definitively implicate the role of estrogens in the in-
hibitory ability of older women, it represents one potential 
mechanism that may underlie differential changes in inhi-
bition between older females and males, and motivated our 
investigation of how aging may influence adults’ inhibitory 
ability differently between sexes.

The primary goal of the current study, then, was to ex-
amine how the ability to inhibit information at different 
time points (i.e., prior to and after encoding) may vary 
as a function of age and sex, and the interaction between 
these two factors. Younger and older men and women 
completed two tasks designed to dissociate differences in 
perceptual and memorial inhibition based on when in the 
memory-processing stream information needs to be inhib-
ited (Nee & Jonides, 2008). These tasks have been used 
to investigate these processes across a number of partic-
ipant populations, including schizophrenia (Smith et  al., 
2011), major depression (Joormann et al., 2010), and ob-
sessive compulsive disorder (Ahmari et  al., 2014). Both 
tasks were modeled after the classic letter Sternberg task, 
in which a set of letters is presented, and then memory for 
an item that either was or was not in the set is probed after 
a delay. Thus, like the Sternberg, these tasks provide an 
index of general working memory ability in participants. 
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However, the tasks diverge from the Sternberg in a critical 
way: Either prior to the memory set or following it, par-
ticipants were instructed to maintain only a subset of the 
items. That is, in the Suppress task, like in the Sternberg, 
participants first had to maintain a word set in working 
memory. However, unlike the Sternberg, participants were 
then told to maintain only half of the words in memory 
until a recognition probe was given. In the Ignore task, par-
ticipants were first told which half of the set they should 
attend to (based on the color of the words), and then were 
given the word set, followed by the recognition probe. In 
the Suppress task, then, all words in had to be maintained 
in working memory until the instruction cue was given, 
at which point the noncued words could be dropped. In 
the Ignore task, the noncued items could be perceptually 
dropped before encoding. The Suppress task thus fosters 
inhibition of information already in memory, whereas the 
Ignore task fosters inhibition of items prior to encoding. 
The inclusion of this cue allows us to assess, through rec-
ognition tests that probe memory for an item that should 
have been maintained (valid), an item that should have 
been dropped (lure), or an item that was not part of the 
word set at all (control), both inhibitory ability as well as 
working memory.

As recently discussed by Bessette and colleagues (2020), 
inhibition is a complex construct that is often cofounded 
by and conflated with other similar processes. According 
to these authors, “The process of inhibition involves 
increasing and decreasing levels of interference resolution 
(IR) via experimental manipulations of distractors, timing, 
instruction sets, and individual differences in inherent pro-
clivity for responding. Successful inhibition, or inhibitory 
control (IC), is the ability to apply the correct response or 
inhibit unwanted responses” (p. 478). In our task, a failure 
to inhibit either perceptually, or memorially, should lead to 
different demands on IR processes, which we operation-
alize as the difference score between the two different types 
of probe items that require a negative response: control 
items and lure items. The Lure–Control Inhibition Index 
quantifies the cost of having to draw upon IR processes due 
to a failure in inhibitory processes.

In the Suppress task, lure items that have been dropped 
from working memory should be equivalent to control 
items in memory: they should not be familiar, and thus will 
not require IR processes to facilitate a correct response. 
Lure items that were not appropriately dropped from 
working memory, on the other hand, will cause interfer-
ence at the time of the probe, necessitating IR processes, 
which will increase errors and reaction time (RT) for cor-
rect responses. For the Suppress task, then, a Lure–Control 
Inhibition Index score close to zero indicates that a partic-
ipant rejected lure items just as quickly as control items, 
suggesting a low cost associated with lures and good in-
hibition, while a positive Inhibition Index score indicates 
that a participant took longer to respond to lure stimuli 
relative to control stimuli, presumably because they had to 

engage IR processes, suggesting a higher cost and poorer 
inhibition. As a failure to bind the words and colors may 
also explain an increased Inhibition Index, the valid trials 
serve a critical function in the task design, providing a base-
line for this ability in addition to overall baseline working 
memory ability. That is, in the case of the Suppress task, 
from the participants’ perspective, all words and colors 
must be bound before inhibition can take place, as the cue 
telling participants which color words to retain comes only 
after the word set has been presented. A  failure to either 
bind the colors and words, or to maintain information in 
working memory, would thus be apparent in performance 
on the valid trials.

For the Ignore task, on the other hand, a larger positive 
difference is thought to be indicative of intact perceptual 
inhibition. This is based upon the supposition that success-
fully perceptually inhibited items need to first be released 
from inhibition before they can be available to conscious 
awareness for deliberation at the time of the probe. While 
perhaps counterintuitive at first glance, the direction of 
this effect (which is opposite to that of the Suppress task) 
is based upon three sources of work: first, Tipper (2001) 
found, using a simple match-to-sample task, that younger 
adults exhibited accuracy and RT costs when an item that 
had served as a distractor on a previous trial became a target 
on a subsequent trial, whereas older adults did not evidence 
this effect. Tipper argued that the increased RT and errors 
for younger adults stemmed from the fact that these items 
that were distractors were inhibited, and when they became 
targets on the subsequent trial, they needed to be released 
from this inhibition. The lack of the so-called “negative 
priming” effect in older adults stemmed from their failure 
to perceptually inhibit the irrelevant target on the previous 
trial, which lead to facilitated performance on the later trial. 
Second, Eich and colleagues (2018) found, using the Ignore 
and Suppress tasks in a different (and smaller) sample of 
participants, that older adults had lower Inhibition Indexes 
relative to younger adults for the Ignore task, but higher 
Inhibition Indexes on the Suppress task. Finally, we also 
found, in a small sample of older adults, that the Inhibition 
Index of the Ignore task correlated with cortical thickness 
in the right superior parietal lobule, such that participants 
with higher Inhibition Index scores had thicker cortices in 
this region (Eich et  al., 2017). This brain region has pre-
viously been shown in a functional neuroimaging study of 
younger adults to be involved in the inhibition of perceptual 
information (Nee & Jonides, 2008). Thus, for the Ignore 
task, we predicted that if age or sex imparted impairments 
in the ability to inhibit items perceptually, that these items 
would not need to be released from inhibition to be avail-
able to conscious awareness, which would result in a smaller 
Lure–Control Inhibition Index score.

We examined differences in the ability to inhibit informa-
tion at these time points as a function of participants’ age and 
sex to add more clarity to the literature on inhibitory control 
and aging, and to determine whether sex plays a significant 
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role in cognitive inhibition at either one or both of these 
time points. While participants completed a battery of other 
tasks thought to tap different aspects of inhibition, only data 
from the Ignore and Suppress tasks were considered here be-
cause these two tasks were experimentally matched across 
everything except for the time point at which the inhibition 
instruction occurred (before or after the word set), and the 
instruction cue itself (attend RED/BLUE vs remember RED/
BLUE). The other two memory inhibition tasks not analyzed 
here were a Directed Forgetting task and a Retrieval Induced 
Forgetting task. In these tasks, a distractor phase followed 
encoding, and thus memory on these tasks was probed after 
a substantially longer delay. In the Ignore and Suppress tasks, 
on the other hand, memory was probed on each trial, shortly 
after encoding, and thus the words were still presumably 
being rehearsed actively in working memory. The other three 
inhibition tasks were perceptual in nature.

Similar to prior work utilizing these paradigms with older 
adults (Eich et al., 2017, 2018), we predicted that age dif-
ferences in inhibitory ability would be larger when irrele-
vant information was already encoded (i.e., in the Suppress 
task) relative to when it had not yet been encoded (i.e., in the 
Ignore task). Our predictions with regards to how sex would 
influence inhibition individually or in an interaction with age 
were less definitive due to the dearth of prior work in this 
area. Evidence from selective attention paradigms like the 
flanker task implicate a potential deficit in perceptual inhi-
bition for females relative to males in younger adult samples 
(Stoet, 2010); however, if this deficit was indeed present in the 
Ignore task, we did not expect it to differ as a function of age 
group, as prior work has found only small age differences in 
this task (Eich et al., 2018). Where we predicted age and sex 
may interact to affect inhibitory ability was in the Suppress 
task, in which documented impairments exist in suppressing 
information already encoded into working memory for both 
older adults relative to younger adults (Titz & Verhaeghen, 
2010) and, with limited evidence, for females relative to 
males (Kerschbaum et al., 2017). As such, these two factors 
(older age and female sex) may produce an additive effect on 
the ability to suppress already-encoded irrelevant informa-
tion and lead to disproportionate deficits on the Suppress 
task relative to older males and/or younger females. On the 
other hand, the lack of biological sex differences on memo-
rial inhibition found in other contexts (Yang et  al., 2013) 
would suggest that age-related impairments on the Suppress 
task found in prior work (Eich et al., 2017, 2018) should be 
present in older adults of both sexes to the same extent. The 
current study aimed to tease apart these differing predictions 
and provide more conclusive evidence towards establishing 
the relationship between age, sex, and in control.

Method

Participants

Two hundred and two community-dwelling English-
speaking adults completed the Ignore and Suppress tasks Ta
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as part of a larger study aimed at exploring changes to 
inhibition in aging (the Study Of the Factor Structure 
of Inhibition in Aging [‘SOFIA’] study). The sample in-
cluded 85 younger adults who ranged in age from 19 to 
40 years (M = 30.59, SD = 5.57, 55 females, 30 males) 
and 117 older adults who ranged in age from 60 to 
84 years (M = 69.40, SD = 5.86, 65 females, 52 males). 
A  post-hoc sensitivity analysis in G*Power to identify 
the minimal detectable effect in the available sample. 
This analysis indicated that with the observed sample 
of 202 participants, the minimal detectable effect size 
for a within–between interaction was Cohen’s f  =  .12 
(η 2  =  .01), indicating that the sample was capable of 
detecting a “small” effect (Cohen, 1988).

The majority of participants in the SOFIA study (81%) 
had previously taken part in one of several large, ongoing 
studies at Columbia University (CU): the Cognitive Reserve 
Study (CR) and the Reference Ability Neural Networks 
Study (RANN). Exclusion criteria for the CR/RANN 
studies, described in detail elsewhere (see Stern et al., 2014), 
included hearing impairment, objective cognitive or func-
tional impairment, diagnosis of a neurologic or psychiatric 
disorder, or serious memory complaint at the time of re-
cruitment. Additionally, all older participants were screened 
for dementia using the Mattis Dementia Rating Scale and 
were eligible to participate only if their score was 135 or 
better. The remaining 19% of participants, all of whom were 
younger adults, were recruited to the study via study advert-
isements placed on and around the CU Medical Center and 
CU Morningside campuses. Participants were compensated 
$40 for their participation in each testing session. Informed 
consent, as approved by the CU Institutional Review Board, 
was obtained for all participants.

Materials and Procedure

The current study was conducted entirely online. The ma-
terials and procedure were similar to those used in Eich and 
colleagues (2017, 2018). Participants completed two tasks, 
the Ignore task and the Suppress task, across two separate 
testing sessions that included several other cognitive tasks, 
counterbalanced across participants. All tasks were admin-
istered using the Inquisit software platform (www.milli-
second.com). The word stimuli for both tasks were separate 
sets of 80 four-letter nouns (e.g., “POOL,” “RING”).

In the Ignore task, participants were first presented 
with a cue for 1,500  ms which instructed them to at-
tend to either the red or blue words. After a 1,000-ms 
delay, participants were presented with four words, two 
in red and two in blue, in a 2 × 2 grid configuration for 
5,000 ms. Following a 3,000-ms delay, participants were 
given a test probe and asked to make a judgment about 
whether the test word was a word that should have been 
attended. Responses were made by pressing either the 
“Y” key on the keyboard (for “Yes,” to indicate a pos-
itive response) or the “N” key (for “No”) to indicate a 

negative response. The test probe remained on screen for 
10,000  ms, or until a response was made. Of the test 
probes, 40% were “Valid” trials in which the test word 
was one of the words participants were told to attend to, 
requiring a positive response, 30% were “Lure” trials in 
which the test word was one of the words that partici-
pants should not have attended to, requiring a negative 
response, and 30% were “Control” trials in which the 
test word was not present in the array, requiring a neg-
ative response. The Suppress task similar to the Ignore 
task except in the position of the word set relative to 
the instruction cue: the word array appeared first for 
5,000 ms, followed by a 1,000 fixation, and then the cue, 
presented for 1,500 ms, which in this task instructed par-
ticipants to remember either the red or the blue words. 
This word set was followed by a 1,000  ms delay, and 
then the test probe.

Participants completed four blocks of 25 trials of both 
the Ignore and Suppress tasks. Participants had to achieve 
60% accuracy on each of two practice blocks with feed-
back before they could begin the experiment. Feedback was 
not provided on experimental trials.

Statistical Analysis

Sample characteristics were examined using Student’s t tests. 
General linear models were used to examine overall task per-
formance for both the mean RT (i.e., the time in millisec-
onds participants took to provide a response when presented 
with the test probe for correct trials only) and accuracy as a 
function of inhibition type (Ignore task, Suppress task), trial 
type (valid, lure, control), age group (younger adults, older 
adults), and sex (female, male). Then, we analyzed our main 
measure of inhibition, the Lure–Control Inhibition Index 
using general linear models that considered inhibition type 
(Ignore task, Suppress task), age group (younger adults, older 
adults), and sex (female, male). In case of sphericity viola-
tions, Greenhouse–Geisser corrections were used. Follow-up 
comparisons were adjusted with Bonferroni corrections and 
when equal variance assumptions were violated, Welch’s un-
equal variances t tests were used. In addition to traditional 
frequentist statistics, we also conducted Bayes factor (BF) 
analyses in an effort to address the potential limitations of 
frequentist statistics by allowing for an assessment of the 
strength of evidence for the alternative hypothesis relative to 
the null hypothesis (for a review of the benefits of the Bayesian 
statistical approach in psychology, see Wagenmakers et al., 
2017). The Bayesian analyses of variance (ANOVAs) were 
conducted in JASP (JASP Team, 2020) using default priors.

Results

Sample Characteristics

Education level did not differ between age groups, 
t(200)  =  0.22, p  =  .83, d  =  .03, and sex, t(200)  =  1.34, 
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p  =  .18, d  =  .19. Self-reported health also did not differ 
between age groups, t(186) = 1.39, p =  .17, d =  .21, and 
sex, t(186) = 0.23, p = .82, d = .03. National Adult Reading 
Test (NART) and Wechsler Test of Adult Reading (WTAR) 
scores were available only for participants who had com-
pleted the RANN/CR studies (NART: 114 older adults, 
54 younger adults; WTAR: 111 older adults, 48 younger 
adults). We conducted 2 (Age group) × 2 (Sex) between-
subject ANOVAs on each of these measures and the only 
significant effect was a main effect of age on NART scores, 
F(1, 164)  =  6.70, p  =  .001, η 2  =  .04, with older adults 
(M = 119, SD = 8) outperforming younger adults (M = 115, 
SD = 7), all other ps >.19.

Overall Task Performance

Mean accuracy rates and RTs are presented in Table 1. 
Complete results from all models on accuracy and mean 
RT are presented in Supplementary Material. In brief, both 
younger and older participants had very high performance, 
averaging fewer than 7% errors (93% and 94% accuracy, 
respectively) across the experiment.

Inhibition Index

Because accuracy was near ceiling and was equivalent 
across both sex and age groups, the analyses presented here 
focus on RTs on correct trials as the primary dependent 
variable of interest. For our primary measure of inhibition, 
we analyzed the Inhibition Index for RTs, calculated as the 
difference scores in average RT between the two kinds of 
negative probes (lure and control trials). As illustrated in 
Figure 1, a mixed-subject ANOVA of the RT Inhibition 
Index as a function of inhibition type, age group, and sex 
found a main effect of inhibition type, F(1, 176) = 104.10, 
p < .001, η 2 = .36, with a higher overall Inhibition Index on 
the Suppress task relative to the Ignore task. There was also 
an Age group × Sex interaction, F(1, 176) = 4.94, p = .03, 

η 2 = .03, which was qualified by an Inhibition type × Age 
group × Sex interaction, F(1, 176) = 9.84, p = .002, η 2 = .02. 
To break down this interaction, we conducted between-
subject ANOVAs examining the effects of age group and 
sex within each inhibition type. In the Ignore task, there 
were no main effects of age group or sex and no interac-
tion between the two variables, ps > .19. However, in the 
Suppress task, while there were also no main effects, ps > 
.10, there was a significant interaction, F(1, 183) = 6.25, 
p = .01, η 2 = .03. For younger adults, there was no significant 
difference between males (M = 294.50, SD = 339.40) and 
females (M = 235.50, SD = 312.00), t(74) = 0.76, padj = .90, 
but for older adults, females (M =421.10, SD  =  285.40) 
had a significantly higher RT Inhibition Index than males 
(M = 255.40, SD = 247.60), t(109) = 3.22, padj = .004. When 
comparing within sexes, there was no significant difference 
between younger males (M = 294.51, SD  =  339.35) and 
older males (M = 255.38, SD = 247.63), t(73) = 0.57, padj > 
.99, but younger females (M = 235.51, SD = 312.01) had a 
significantly lower average RT Inhibition Index than older 
females (M = 421.14, SD = 285.37), t(110) = 3.28, padj = 
.002. The omnibus ANOVA did not reveal any other signif-
icant effects, ps > .08. These results suggest that, in terms of 
RTs, older women were particularly impaired at inhibiting 
lures in the Suppress task, as revealed by a higher Inhibition 
Index relative to older men and younger women.

We also conducted the same 2 (Inhibition type: Ignore 
task, Suppress task) × 2 (Age group: younger adults, older 
adults) × 2 (Sex: female, male) mixed-subject ANOVA on 
the Inhibition Index using a Bayesian approach. The model 
with the highest likelihood included the main effects of 
inhibition type, age, and sex, the Inhibition type × Age, 
Inhibition type × Sex, and Age × Sex two-way interactions, 
and the Task type × Age × Sex three-way interaction, 
BF10 = 1.05 × 1022, providing “extremely strong” evidence 
for this model relative to the null model. The model with the 
second highest likelihood was the same model without the 
Inhibition type × Sex two-way interaction or the Inhibition 
type × Age × Sex three-way interaction, BF10 = 1.25 × 1021. 
Comparing the relative likelihoods provides “moderate” 
evidence for the best fitting model over the second-best 
model (1.05 × 1022/1.25 × 1021 = 8.46), and thus moderate 
evidence for the inclusion of the Inhibition type × Sex term 
and the Inhibition type × Age × Sex in the best alternative 
model.

Discussion
Deficits in the ability to inhibit information contribute to 
impairments in attentional processes and working memory 
ability in cognitively healthy aging (Hasher et  al., 2007; 
McDowd, 1997). More recent research has implicated sex 
differences in selective attention (e.g., Stoet, 2017), with re-
sults generally indicating that women are more influenced 
by task/goal-irrelevant information than are men. In the 
current study, we examined whether these sex differences 

Figure 1. Younger and older men and women’s mean Inhibition Index 
scores (mean lure RT – control RT) for correct trials on the Ignore task 
(left panel) and the Suppress task (right panel). Error bars represent ±1 
SEM. RT = reaction time.
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would persist when inhibition occurred farther down the 
memory-processing stream (i.e., after information had al-
ready been encoded), which has been shown to be particu-
larly difficult for older adults in general (Eich et al., 2017, 
2018). Younger and older adults of both sexes completed a 
pair of tasks in which inhibition was required at different 
time points: prior to encoding in the Ignore task, and after 
encoding in the Suppress task. The critical finding was an 
interaction between the type of inhibition, age group, and 
sex: while there were no age or sex differences in inhibi-
tory processes when information was to-be-ignored prior 
to encoding, older women were particularly impaired rel-
ative to both younger women and older men when they 
needed to inhibit information after it had already been en-
coded. Importantly, older men did not exhibit this impair-
ment relative to younger men. These results provide further 
support for the presence of memorial inhibitory deficits in 
older age, but add nuance by implicating biological sex as 
an important mediator in this relationship, with it more 
difficult for older women to inhibit what was once relevant 
in memory.

Why might female older adults be less effective inhibiting 
information already encoded in working memory? An ex-
tensive body of literature supports the notion that women 
more effectively encode detailed information, while men 
have greater encoding of gist information (see Herrera 
et  al., 2019). This manifests in women displaying higher 
recall of peripheral information in emotional scenes and 
men higher recall of central information (Seidlitz & Diener, 
1998), women remembering more fine-grained local de-
tails in studies on spatial navigation and men remembering 
more gist-based “long-distance” spatial representations 
(Cherney et  al., 2008), and women with more accurate 
and/or faster perceptual processing of local detail-type in-
formation in hierarchical stimuli (e.g., Navon figures) and 
men with more accurate processing of global and central 
information (Roalf et al., 2006).

In the current study, lure items may represent a “detail,” 
defined in one important study on emotional memory as 
“peripheral information that has no bearing on the context 
of the story line” (Heuer & Reisberg, 1990). Here, these 
lure items are not part of the “story line” (or should not 
be if they are properly inhibited) as they are supposed to 
be selected against. Both sexes ignored these details (i.e., 
the lure words) equally well when they were instructed to 
do so prior to encoding, consistent with the notion that sex 
differences may emerge later on during encoding, consoli-
dation, and/or retrieval, and are not due to earlier differ-
ences in attentional processing (MacFadden et al., 2003). 
When suppressing information after presentation, however, 
women may have already encoded the items in greater de-
tail and, because of this, have a greater burden of IR at 
retrieval when a lure item is probed. Indeed, supporting 
this conjecture, there does not appear to be a blanket effect 
present across all conditions. Rather, our data suggest that 
women’s difficulty in the inhibition of no-longer-relevant 

stimuli appears to be dependent on when inhibition occurs 
in the memory-processing stream; that is, in the context 
of the current tasks, women appear to be able to percep-
tually ignore items as well as men, but are less effective 
in memorial inhibition once they are already encoded in 
working memory.

It is important to note that the tasks were not just more 
difficult for older adults overall. Despite cognitively healthy 
older adults exhibiting declines in associative memory 
(Naveh-Benjamin & Mayr, 2018), accuracy on the tasks 
was equivalent between age groups, and on a trial level, 
performance was equated across valid (and control) items, 
which require the encoding, maintenance, and retrieval of 
the correct color–word associations. These results suggest 
that other processes, including age-related source moni-
toring or working memory capacity differences, do not 
account for our results in the current study, as the valid 
trials necessitated the encoding, maintenance, and retrieval 
of the correct color–word associations. Further, while older 
adults also typically display deficits in speed of processing 
(Salthouse, 1996), RTs were equivalent on the Ignore task, 
but slower for older adults on the Suppress task. These 
slower RTs on the Suppress task manifested in larger 
lure–control differences, but only for women. As such, 
older adults completed the tasks as accurately and quickly 
as younger adults except on specific, and we argue, crit-
ical, trial types which are reflective on inhibitory abilities, 
with specific deficits for older women showing up when 
inhibiting to-be-suppressed items from working memory.

According to the dual mechanism of control frame-
work (Braver, 2012), aging is associated with a shift in 
the reliance on proactive and reactive control processes, 
such that older adults resort to less efficient, late-stage 
reactive control processes when early, efficient proactive 
control measures fail (Paxton et  al., 2008). While our 
findings of increases in RT to correctly reject lure items 
at the time of the probe for the older women provide 
additional support for this theory, it is noteworthy that 
accuracy was equivalent across all group-level compari-
sons, unlike in other previous reports using the same 
cognitive tests with different participant groups (Eich 
et  al., 2014). Failing to drop the lure items effectively 
makes the task more challenging insofar as the working 
memory load is theoretically double relative to partici-
pants who successfully suppressed the irrelevant items. It 
is notable, then, that despite retaining more information, 
older women were equally as accurate as the other age/
sex groups. It is possible that this may have resulted from 
women forming richer associative connections between 
study materials that could serve as more effective re-
trieval cues, but also lead to more proactive interference 
in multitrial learning, as has been demonstrated in past 
work (Bloise & Johnson, 2007). This can be considered 
an adaptive constructive process (Schacter, 2012), such 
that information that is initially retained more in depth 
may be more difficult to inhibit later on. In a sense, then, 
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the deficit in older women’s memorial inhibition may 
represent a double-edged sword, as delays in rejecting 
to-be-suppressed lure items may be the result of richer 
and broader encoding processes that more firmly cement 
these items in memory relative to others. The current 
study was not equipped to directly test this possibility, 
but future work could help shed light on whether this is 
the case, or not.

The current study examined the influence of age and sex 
on the ability to inhibit information at different stages in 
the memory-processing stream. Previously utilized meth-
odology (Eich et al., 2017, 2018; Smith et al., 2011) was 
employed, which required younger and older participants 
to ignore a subset of information either prior to encoding 
(i.e., perceptual inhibition) or to suppress a subset of in-
formation after encoding (i.e., memorial inhibition). While 
neither age nor sex influenced inhibition prior to encoding, 
when information had already been encoded, older women 
showed a greater cost of to-be-suppressed lure words on 
RTs relative to younger women and older men. The results 
of this study are in line with other findings of sex-related di-
vergences in specific cognitive functions starting in midlife, 
perhaps as a function of cultural, educational, experiential, 
hormonal, or other yet-to-be-determined factors (Jäncke 
2018; cf. Kurth et al., 2020). In sum, these findings add to 
the literature on inhibitory control and aging and implicate 
biological sex as an important factor in the ability to sup-
press information already stored in working memory.
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