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Abstract

We report the first neuroimaging experiment to investigate the impact of explicitly activating 

aging stereotypes (i.e., stereotype threat) on brain activity during cognitive tasks. Cognitively 

normal older adults read about aging stereotypes or a control passage prior to taking episodic 

memory, working memory, and a non-demanding control task during fMRI. At the group level, 

stereotype activation did not impact cognitive performance or measures sensitive to stress and 

anxiety (physiological or self-report), but like prior work, highly educated and retired adults 

exhibited greater stereotype effects on episodic memory. At the neural level, stereotype activation 

did not impact brain activity in executive control or emotional regulation regions previously 

linked to stereotype threat effects in younger adults, suggesting that stereotype threat operates 

differently in older adults. Instead, on each task, the stereotype group showed more brain activity 

than the control group in parietal midline regions (e.g., precuneus, posterior cingulate). Although 

activity in these regions can arise from many processes, they have previously been associated with 

self-referential thinking and error-prevention focus, and in our study, brain activity in these regions 

was associated with slower responses and lower false alarm errors on the episodic memory task. 

Collectively, these findings are more consistent with the regulatory fit hypothesis than an executive 

control interference hypothesis of stereotype threat effects in older adults, whereby older adults 

adopt an error-prevention mindset in response to explicit stereotype threat.
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1. Introduction

Explicitly activating negative stereotypes about aging can impair cognitive performance 

in older adults, especially during memory tasks. This effect has been attributed to the 

negative impact of stereotype threat, whereby activating negative stereotypes can impair an 

individual’s performance in stereotyped domains if they feel the stereotype applies to them. 

For example, stereotype activation can decrease accuracy on short-term working memory 

tasks and long-term episodic memory tasks in older adults (Hess et al., 2003; Kang and 

Chasteen, 2009; Mazerolle et al., 2012). Such age-related impairments have been confirmed 

in several meta-analyses with a moderate effect size (Armstrong et al., 2017; Lamont et 

al., 2015; Meisner, 2012). Although these effects have been replicated, the underlying 

mechanisms remain in question. Better understanding the mechanisms of aging stereotype 

effects can allow researchers and clinicians to design better measures of neuropsychological 

decline, predict when such effects might occur, and develop interventions to target those 

mechanisms. Without such knowledge, stereotype activation can confound performance on 

cognitive tests, including those used to detect Alzheimer’s disease and related dementias, 

thereby leading to misdiagnoses of cognitive impairment (Haslam et al., 2012).

One explanation of stereotype effects on cognition is the executive-control interference 

hypothesis, which is based primarily on stereotype threat effects in stigmatized groups of 

younger adults (e.g., math performance in female younger adults; Pennington et al., 2016; 

Spencer et al., 2016). This hypothesis claims that activating negative stereotypes increases 

negative emotions, self-reflection, rumination, and anxiety—all of which must be suppressed 

with cognitive effort (e.g., attentional control or working memory resources). This additional 

effort creates a competition for executive-control resources that might otherwise be devoted 

to the cognitive task (Beilock et al., 2007; Schmader et al., 2008). The executive-control 

interference hypothesis can readily explain the negative impact of aging stereotypes on 

cognitive tasks in older adults, especially given that aging tends to reduce executive control 

and increase susceptibility to interference more generally (Hasher and Zacks, 1988).

Although the executive-control interference hypothesis can explain the negative impact of 

stereotype activation on performance, activating aging stereotypes has not always been 

found to reduce executive control resources or working memory in older adults (for reviews, 

see Barber, 2017; Barber and Mather, 2014). Such findings have led to challenging this 

hypothesis as a primary explanation of aging-related stereotype effects on cognition. An 

alternative hypothesis to explain the impact of aging stereotypes derives from the regulatory 

fit hypothesis (Barber and Mather, 2013a, 2013b). According to this hypothesis, explicitly 

activating aging stereotypes does not necessarily cause negative emotions and anxiety that 

need to be suppressed in older adults, but instead, it motivates participants to change 

cognitive strategies by adopting either a promotion-focus or a prevention-focus mindset 

(Higgins, 1998, see Seibt and Forster, 2004). When negative stereotypes are activated under 

typical cognitive task conditions, this hypothesis assumes that older adults tend to adopt 

a prevention-focus mindset. This shift in strategy leads to more conservative responding 

that can reduce errors of commission (e.g., reduced false alarms), but also can undermine 

gains on cognitive tasks and increase errors of omission (e.g., reduced hits, see Barber, 

2017). The ultimate impact of this strategy shift on performance should depend on the 
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task, the interpretation of the instructions, and the types of strategies that lead to optimal 

(or suboptimal) performance. For example, activating aging stereotypes can either increase 

or decrease working memory performance in older adults depending on the task’s payoff 

structure, which was argued to be more consistent with the regulatory fit hypothesis than 

executive-control interference (Barber and Mather, 2013a).

Adjudicating between the executive-control interference and regulatory fit hypotheses has 

been difficult using behavioral performance alone. Although the regulatory fit hypothesis 

can explain how some situations lead to improved task performance, both hypotheses 

propose that stereotype threat activation under typical cognitive task conditions can impair 

performance, which are the most typical findings in the aging literature. Moreover, the 

impact of explicit aging stereotypes on memory performance is irregular across studies 

in the literature (e.g., Hess et al., 2009), potentially owing to different task demands or 

individual difference variables that may interact with stereotype activation. For example, 

older adults sometimes demonstrate elevated false alarms on episodic memory tasks when 

aging stereotypes are explicitly activated during encoding (Wong and Gallo, 2019) or 

retrieval (Smith et al., 2017; Thomas and Dubious, 2011), but these effects can be eliminated 

or reversed under task conditions believed to encourage an error-prevention focus (Barber 

and Mather, 2013b; Thomas et al., 2020; Wong and Gallo, 2016). Unfortunately, predicting 

which task conditions might elicit an error-prevention focus has proved difficult and research 

in this area would benefit from an independent measure of underlying processes.

One way to advance our understanding of these effects would be to supplement behavioral 

measures with other measures, such as brain activity, which could provide additional 

evidence to further delineate the relevant hypotheses. To this end, the current experiment 

used neuroimaging to investigate the impact of aging stereotype activation during cognitive 

tasks in older adults. Our goal was to identify the impact of stereotype activation on 

brain activity (fMRI) and measures sensitive to stress response (high-frequency heart rate 

variability; HF HRV) and anxiety (self-reported), and to use these measures along with 

cognitive performance to test between alternative hypotheses of aging stereotype effects 

on cognition. We are unaware of any prior neuroimaging studies investigating the explicit 

activation of aging stereotypes during cognitive tasks in older adults. Nevertheless, as 

reviewed next, prior literature predicts different patterns of brain activity and physiological 

response associated with the executive-control interference hypothesis compared to the 

regulatory fit hypotheses, leading to differing predictions for stereotype threat effects on 

these measures in older adults.

There have been two published fMRI studies of stereotype threat in younger adults (Krendl 

et al., 2008; Wraga et al., 2007), and both studies found results that support the executive-

control interference hypothesis. Specifically, activating stereotypes impaired cognitive 

performance and increased activity in brain regions involved in emotional regulation and 

executive control (i.e., ventral anterior cingulate cortex in both studies, amygdala, medial 

frontal gyrus, and ventrolateral prefrontal cortex in Wraga et al., 2007). Elevated activity in 

these regions suggests that participants had negative emotional reactions when confronted 

with negative stereotypes, potentially causing interference with executive control processes 

that otherwise would be devoted to the cognitive tasks. EEG studies of stereotype threat in 
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younger adults also have been consistent with this hypothesis (see Derks et al., 2008; Forbes 

and Leitner, 2014; Mangels et al., 2012). To the extent that negative aging stereotypes yield 

similar reactions in older adults, we predicted similar patterns of brain activity in response to 

stereotype threat in older adults in our study. The executive-control interference hypothesis 

also predicts a negative stress response associated with stereotype activation and resulting 

need for emotional regulation, which would be reflected in ratings of anxiety and heart rate 

variability.

The regulatory fit hypothesis does not predict these same fMRI and physiological effects 

because it does not assume the involvement of negative emotions or emotional regulation 

in response to stereotype threat in older adults. This hypothesis instead argues that older 

adults might view the negative stereotype passage as a threat to their self-image, thereby 

motiving them to avoid losses and prevent errors (a prevention-focus). Two previous 

fMRI studies have investigated the neural correlates of prevention focus as specified by 

the regulatory fit framework (Johnson et al., 2006; Mitchell et al., 2009). These fMRI 

studies did not involve stereotype activation, but instead required participants to think about 

avoiding personal losses (prevention focus), compared to thinking about improving gains (a 

promotion focus), and a non-self-referential control task. In younger adults, Johnson et al. 

(2006) found that both tasks activated medial frontal regions (medial frontal gyrus/anterior 

cingulate) and posterior areas (posterior cingulate cortex [PCC], precuneus) previously 

linked to self-referential processing, with a prevention focus specifically associated with 

greater activity in PCC and adjacent regions compared to promotion focus and the control 

task. The link between prevention focus and medial posterior regions was replicated in 

Mitchell et al. (2009), and older adults also demonstrated greater PCC activity during 

prevention focus compared to the control task in that study. Although these studies did 

not manipulate stereotype threat, a study by Colton et al. (2013) found increases in the 

PCC and mid cingulate cortex (MCC) when older adults were rating words related to aging 

stereotypes (compared to neutral words) for self-relevance, implicating these regions in the 

processing of aging stereotypes. Together, these findings predict that older adults should 

have greater PCC activity in the stereotype group compared to the control group to the 

extent that negative stereotypes elicit self-referential thought and a prevention focus. Of 

course, the executive control interference hypothesis also involves self-referential thought, 

but the two fMRI studies with younger adults described above did not find activity in PCC 

or surrounding regions in association with negative stereotypes, suggesting that posterior 

medial regions are not critical for the emotional regulation processes assumed by that 

hypothesis.

2. Current study

In the current study we experimentally manipulated the activation of aging stereotypes 

just prior to measuring brain activity and cognitive performance on memory tasks. In the 

first session, prior to any manipulation, all participants took baseline memory tests and 

later were scheduled for an MRI in which they took the same kinds of tests with new 

items. Immediately before the MRI session, participants were randomly assigned to a group 

that read a passage stating that the purpose of the study was to better understand the 

negative impact of cognitive aging and Alzheimer’s disease on memory (stereotype group) 
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or to help understand individual differences in human brain functioning, with no mention 

of aging (control group). Heart-rate variability and self-reported anxiety were assessed 

before and after this stereotype manipulation. Immediately thereafter, during fMRI scanning, 

participants received both a working memory task (N-back with a load of 2 items) and 

an episodic memory task (memorizing and recognizing categorized words), as well as a 

non-demanding control task (reading a number countdown). The episodic memory task was 

modeled after previous studies that used categorized words and found reduced false alarms 

when stereotypes were activated (Barber and Mather, 2013b; Wong and Gallo, 2016). The 

N-back task was selected because it relies heavily on working memory and reliably activates 

executive control regions in prefrontal cortex during fMRI (Nee et al., 2013; Owen et al., 

2005).

If stereotype threat induces executive-control interference in older adults, then we would 

expect elevated activity in regions previously associated with emotional regulation and 

executive control (i.e., ventral anterior cingulate cortex, amygdala, lateral prefrontal 

cortex) on both memory tasks. We also would expect a stress response during the threat 

manipulation, which in this context should be reflected in increased anxiety and associated 

decreases in high-frequency heart rate variability (see Williams et al., 2019). By contrast, 

if stereotype threat induces a shift towards a prevention focus, then we would not expect 

elevated activity in these regions or this kind of stress response. Instead, the studies reviewed 

previously predict that we would find elevated activity in medial posterior regions associated 

with self-referential thought and prevention focus (i.e., posterior cingulate cortex) while 

older adults are taking the cognitive tasks.

In addition to testing between these two hypotheses, we also explored individual differences 

that might moderate the effects of stereotype activation in ways that are still poorly 

understood. Smith et al. (2017) argued that being retired and/or highly educated may 

increase one’s concern about cognitive decline with aging that, in turn, increases their 

sensitivity to stereotype activation (see also An-dreoletti & Lachman, 2004; Hess et al., 

2009; Kang and Chasteen, 2009; for contradictory evidence, see Armstrong et al., 2017). We 

therefore included these variables in our analyses.

2.1. Participants

One hundred and two cognitively normal older adults from throughout the Chicago area 

were tested in the laboratory (pre-fMRI session). These participants were recruited via 

advertisements for a study on individual differences in MRI brain activity, to avoid 

revealing the aging nature of the study (and hence activating stereotype threat prior to our 

manipulation). Recruitment targeted the age range from 60 to 70 because participants in this 

range (i.e., early older adulthood) have been found to be more sensitive to explicit aging 

stereotype manipulations than those in late older adulthood (i.e., over 70, see Hess et al., 

2009). All participants reported normal or corrected-to-normal vision, no hearing problems, 

no history of neurological or psychiatric condition associated with cognitive decline or 

chronically poor health (e.g., Alzhiemer’s disease or MCI, Parkinson’s disease, stroke, heart 

attack), no history of alcohol/narcotics abuse or recent head trauma, reported English as 

a primary language (learned by age 6), and were screened for standard MRI compliance 
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(e.g., right-handed, as confirmed by Edinburgh Handedness Inventory, Oldfield, 1971, no 

uncontrolled blood pressure, no MRI incompatible metal implants or devices). Older adults 

were paid $50 for a lab visit and $100 for a subsequent fMRI session. We also tested a 

group of younger adults (data not included in this report). Out of the 102 older adults tested 

in the lab, 73 came back for the fMRI session (14 were not MRI eligible, 13 performed 

insufficiently on the pre-fMRI cognitive tasks to continue, and 2 did not receive fMRI due 

to scheduling difficulty). Out of the 73 participants receiving fMRI, data from 1 participant 

was lost due to technical difficulties, and data from 3 older adults (blocked design) were 

discarded due to excessive motion, yielding 69 participants.

Sociodemographic and behavioral data are reported based on the sample of 69 who 

completed both sessions and with analyzable images (see Table 1). Older adults in the 

stereotype group did not differ from the control group in global cognition as measured by 

the MoCA (Nasreddine et al., 2005) or Shipley verbal and analytical subscales (Shipley 

et al., 2009), and they also did not differ in responses to questionnaires on trait anxiety 

(Spielberger, 2010) or tendencies to worry (Meyer et al., 1990). However, compared to the 

control group, the stereotype group was slightly older, reported higher ratings of memory 

ability on the Memory Controllability Inventory questionnaire (Lachman et al., 1995), 

reported lower rates of rumination on the Rumination Reflection Questionnaire (Trapnell 

and Campbell, 1999), and lower reports of perceived stereotype threat of aging in their 

general lives (Kang and Chasteen, 2009). Note that this last questionnaire included 4 

questions assessing perceptions of stereotype threat in general (i.e., during their daily life), 

and one question about perceived threat specific to the experimental session. The group 

difference on the experiment-specific question was not significant, and average ratings in 

both groups indicated they did not think the experimenter expected them to do poorly 

because of their age (average ratings fell between “strongly disagree” and “disagree”).

Human Ethics Statement: All participants gave written informed consent to participate 

in the research, and all procedures were in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki) and approved by the University of Chicago 

Social and Behavioral Sciences IRB.

2.2. Procedures

Each older adult was tested on two occasions. The first visit occurred 2 to 4 weeks before 

fMRI scanning and assessed baseline performance on the memory tests. After completing 

the cognitive tasks, participants took the MoCA and Shipley scales and only participants 

who scored 18 or higher on the MoCA and had accuracy of at least 10% (hits – FAs) 

on the episodic and working memory tests were recruited to come back for the fMRI 

session (to ensure they could perform the tasks). At the end of the first session, we 

administered questionnaires to assess rumination tendencies (Trapnell and Campbell, 1999), 

worry tendencies (Meyer et al., 1990), and trait anxiety (Spielberger, 2010), and to disguise 

the nature of the study, we also administered scales on authority compliance (Gudjonsson, 

1989) and paranomal beliefs (Thalbourne and Delin, 1993), there were no group differences 

on these last two measures (both p’s > 0.10). No age-related questions or age-sensitive terms 

were used during this first session, to avoid activating aging stereotypes.
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During the second session, participants were connected with electrodes to assess high-

frequency heart rate variability, a measure of parasympathetic activity. After recording five-

minutes while resting, and taking a questionnaire on their current state anxiety (Spielberger, 

2010), participants were randomly assigned to be explicitly exposed to either negative 

stereotypes about aging memory (stereotype group) or an age-neutral framing of the task 

(control group). Participants read one of two scientific passages describing the nature of the 

study (see Appendix). The passage either indicated that the current study was investigating 

tasks sensitive to cognitive impairment associated with normal aging and Alzheimer’s 

disease (stereotype group) or that the study was investigating tasks sensitive to individual 

differences in brain function (control group). Following this procedure, the electrodes were 

removed and participants entered the MRI scanner to take the same memory tasks as in the 

baseline session, but with a different set of stimuli (approximately 20 to 30 min following 

stereotype manipulation). After scanning, participants completed a second assessment of 

their state anxiety, this time modified to refer to the anxiety they experienced while in 

the scanner, as well as the Memory Controllability Inventory (Lachman et al., 1995) and 

Perceived Stereotype Threat (Kang and Chasteen, 2009; see Table 1). These questionnaires 

were given at the end of the second session because they explicitly referenced memory and 

stereotypes, and we did not want them to activate stereotype threat during our experimental 

manipulation. At the end of the experiment, participants also received a manipulation-check 

question asking if they recalled the experimenter telling them that the study was about 

cognitive decline with normal aging or Alzheimer’s disease, and if so, how they thought this 

impacted them.

2.3. Cognitive tests

The same cognitive tasks were given during baseline and in the MRI scanner, but with 

different items in each session. The cognitive tasks were given in two phases. The first phase 

consisted of three interleaved tasks using a blocked design (episodic memory encoding, 

N-back, and a low-level numerical countdown task, Fig. 1). The second phase consisted 

of an event-related recognition memory test for the episodic memory items that were 

previously encoded. For the blocked design, there were 6 blocks for each task, divided 

across 2 functional runs. For all three tasks, each block contained 11 trials (1.5 presentation 

duration, 250 ms ISI), matched for number of button presses and visual complexity. For the 

episodic memory encoding task, participants were asked to memorize the items. In total, 

participants encoded 4 words from each of 12 categories (e.g., furniture: table, desk, sofa, 

dresser), drawing from the categories eliciting the highest false recognition in Gallo (2004, 

Experiment 2). Items were presented along with their category labels, and each encoding 

block included 4 items from 2 categories (intermixed), along with three intermixed “press 

button” trials as an attentional control and also to match the number of button presses across 

all block types. The working memory test consisted of a 2-back task in which 4 letters (A, 

B, C or D) were randomly presented over 11 trials, and participants were asked to indicate 

by button press when the currently presented letter was the same as the one presented 2 trials 

previously (three targets per block). The countdown task presented the numbers 7, 6, 5, 4, 

3, 2, 1 and 0 in order, along with 3 “press button” trials intermixed. Participants were asked 

to clear their mind during the countdown and to press the button when prompted. For the 

working memory and countdown tasks, the letters and numbers were presented as character 
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strings to match the visual complexity of the display with the episodic memory encoding 

blocks. The memory encoding and 2-back blocks alternated with countdown blocks always 

in between.

Following these blocks, recognition memory was tested, also in the scanner. The test 

comprised 144 items: 4 studied items from each of the 12 studied categories (targets), 

4 nonstudied items from each of the 12 studied categories (related lures), and 4 items 

from 12 nonstudied categories (unrelated lures). Test items were presented along with their 

category labels, as during the study phase. Each test item was presented for 2.5 s, separated 

by a fixation that was jittered between 0 and 10 s (average ISI of 1.5 s). The test was 

administered across three functional runs. Participants were told that the test would contain 

studied items and nonstudied items that were either related to studied categories or not, with 

examples from a category that was not used in the tasks (1 studied item, 1 related lure, and 

1 unrelated lure). Participants were told to press “7” with their index finger for new word 

pairs (including both related and unrelated lures), and press “8” with their middle finger for 

old words pairs (the ones they studied during encoding phase). Because participants were 

aware that some related items needed to be rejected, this aspect of the instructions promoted 

error-prevention.

Each task resulted in several performance indices including hit rates, false alarm rates, and a 

combined accuracy score (hits – false alarms). Because the episodic memory task included 

related and unrelated lures, this resulted in two types of memory accuracy scores (old/related 

accuracy and old/unrelated accuracy). Two primary sets of analyses were conducted to 

investigate the impact of stereotype group on behavior. First, a 2 (Group: Stereotype vs. 

Control) × 2 (Session: Lab vs. fMRI) repeated measure ANOVA was conducted separately 

for accuracy scores in the episodic and working memory tasks. The second analysis was 

based on prior work suggesting individual differences may mask stereotype activation 

effects on episodic memory (e.g., Smith et al., 2017). For this analysis we investigated a 

three-way interaction using group (stereotype, control), retirement status (retired, working) 

and years of education as predictors in an ANCOVA with the two accuracy scores as the 

dependent variables. Significant findings were followed by separate tests for hits and false 

alarms to better understand the nature of the accuracy effects.

2.4. Physiological data acquisition and design

Parasympathetic cardiac control was measured with high-frequency heart rate variability 

(HF HRV) derived from the ECG. HF HRV is the fluctuation in heart rate between beats 

within the respiratory frequency band (0.12 – 0.40 Hz) that has been demonstrated to be an 

index of parasympathetic cardiac control (Berntson et al., 2017). HF HRV is represented as 

the natural log of the heart period variance in the respiratory band (in ms 2). The ECG was 

obtained using a Bionex system (Mindware Technologies LTD, Gahanna, OH). Mindware 

software was used to derive HF HRV by spectral analysis of the interbeat interval series 

from the ECG.
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2.5. fMRI acquisition

Images were acquired using a 3-T Philips Achieva scanner at the University of Chicago 

MRI Research Center. Functional scans were acquired using a T2*-weighted echo planar 

imaging sequence (repetition time [TR] = 2 s, echo time [TE] = 25 ms, field of view 

[FOV] = 192 mm; flip angle = 77°, matrix size = 64×63 mm, in-plane resolution = 3 × 

3 mm2). For whole-brain coverage, 34 interleaved slices (4 mm thickness, 0.5 mm skip 

between slices) were acquired. During each of the 5 functional runs, we applied z-shimming 

on 4 slices across orbital frontal region along superior/inferior direction for compensation 

gradient to regain signal loss due to nasal cavity artifact (Du et al., 2007). Structural scans 

were acquired last using high resolution T1 - weighted structural Turbo Field Echo (TR = 

8 ms, TE = 3.8 ms, flip angle = 8°, FOV = 224 mm, matrix = 224×224 mm2, in-plane 

resolution = 1 × 1 mm2).

2.6. fMRI data processing and analysis

Our MRI tasks had two phases: a blocked task phase which alternated between the episodic 

memory encoding, working memory, and countdown tasks, followed by an event-related 

memory test for the episodic memory items. Our stereotype manipulation preceded both 

phases, so an impact of stereotype activation on participants’ overall approach to the various 

tasks – or their mindset during the experimental session – should have been present in 

each phase. Because blocked designs tend to have more power to detect group differences 

in performance compared to event-related designs, these were our primary focus and we 

only report MRI methods and analyses of the blocked design in the sections that follow. 

Additional methods and analyses for the event-related recognition task are described in the 

Supplemental Materials.

Preprocessing and data analysis were conducted using SPM12 (Wellcome Trust centre for 

Neuroimaging, London) implemented in MATLAB R2015a (The Mathworks Inc., Natick, 

MA, USA). Standard preprocessing was performed on the functional data, including using 

fieldmaps to unwarp the images, realigning the time series using a least squares approach 

and a six-parameter (rigid body) spatial transformation aligning to the first image in the 

series, anatomical coregistration, segmentation of the anatomical scan into gray matter, 

white matter, and cerebrospinal fluid, and spatial smoothing (using a 6-mm full-width half-

maximum isotropic Gaussian kernel). Normalization to the Montreal Neurological Institute 

(MNI space) template (resampling at 2 mm cubic voxels) was implemented for group 

analyses.

For each participant, the BOLD response was modeled using an unbiased whole-brain 

approach under the assumptions of the general linear model (GLM) (Friston et al., 1995). 

In these analyses, blocked event types of interest and covariates of no interest (a mean 

for the functional run, a linear trend for the functional run, and six movement parameters 

derived from realignment) were used to compute parameter estimates at each voxel. A 

high-pass filter of 66 s was used to remove low-frequency drifts. Second level analyses 

were conducted using a 2 (Group: stereotype, control) by 3 (Task: episodic encoding, 

working memory, countdown) mixed factorial design. This ANOVA yielded overall task-

related differences in brain activity (main effect of task: encoding vs. working memory vs. 
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countdown), overall stereotype-related differences in brain activity (main effect of group: 

stereotype vs. control), and any differences in the effect of stereotype on brain activity 

associated with these tasks (interaction between task and group). For completeness, the 

countdown task also was used as a low-difficulty control task to identify brain activity 

associated with the memory tasks, and we report contrasts for episodic encoding > 

countdown and working memory > countdown. All the results were reported at p < .05, 

corrected for multiple comparisons using Monte Carlo simulations via 3dClustSim on AFNI.

In addition to whole-brain analyses, region of interest (ROI) analyses were conducted. 

Anatomical ROIs were selected based on the literature to further characterize the BOLD 

response during the different cognitive tasks and possible group differences. ROIs linked to 

the executive-control interference hypothesis were based on prior stereotype threat studies in 

younger adults (Krendl et al., 2008; Wraga et al., 2007), and included bilateral amygdala, 

ACC, MFG, and left IFG/BA 47. ROIs linked to the regulatory fit hypothesis were based on 

prior studies of prevention focus (Johnson et al., 2006; Mitchell et al., 2009) or processing 

aging stereotype words (Colton et al., 2013) and included MCC and PCC. ROIs were 

based on the neuromorphometric atlas in SPM12 and contrast estimates were extracted 

using SPM12 tools. Contrast estimates were then entered into two different Group × 

Condition MANOVAs to separately test the executive-control interference hypothesis and 

the regulatory fit hypothesis.

We conducted brain-behavior correlations using partial least squares regression (PLS-R) via 

the ExPosition package in R (Beaton et al., 2014). This method was chosen for several 

reasons. First, behavioral performance measures often are correlated with one another as is 

true for brain activity across regions and PLS techniques capitalize on the shared variance 

across factors to explain most of the covariance in the data. Second, the multivariate nature 

of this technique allows a simultaneous estimation of many measures, including multiple 

brain regions and multiple behavioral measures. Because the covariance in the variables 

was analyzed together in a single analysis, no corrections for multiple comparisons were 

needed. The brain and behavioral variables of interest were used to create two matrices: 

one that represented the brain measures for each participant and one that represented 

the behavioral measures. The cross product of these two matrices were decomposed into 

mutually orthogonal latent variables using singular value decomposition. The latent variable 

scores represented the weights of the brain factors that contributed to higher or lower 

performance for each behavioral measure. Pearson correlations between the latent variable 

scores from each X and Y matrix were used to determine significance and effect size of each 

resulting factor.

3. Results

3.1. Manipulation check

Of the 69 participants in the study, all 33 participants in the stereotype group remembered 

reading the aging stereotype passage, whereas only 7 of 36 (19%) participants in the control 

group reported thinking that the study was about cognitive decline with aging. Each of these 

7 participants reported they did not get this message from the researcher or from the passage 

but guessed the purpose of the study was related to aging or memory through the self-report 
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questionnaires that were given at the very end of the study before the manipulation check. 

None of the control participants reported thinking about aging stereotypes before or during 

the fMRI scanning. These results suggest that our procedures successfully activated aging 

stereotypes in the stereotype group only.

3.2. Pre-Post changes in stress response and anxiety by group

Pre and post changes in parasympathetic cardiac response and anxiety were measured as a 

function of the stereotype activation manipulation with resting HF HRV and self-reported 

state anxiety, respectively (see Table 1). Higher resting HF HRV is associated with more 

optimal frontal functioning and cognitive control in response to challenging tasks (Colzato 

and Steenbergen, 2017), whereas lower resting HF HRV tends to be associated with 

suboptimal stress responses (Porges, 2001; Thayer et al., 2009), and lower HRV has been 

associated with the negative impact of stereotype threat on performance in younger adults 

(Williams et al., 2019). Three time points were measured for HF HRV: pre-passage, during 

the passage, and post-passage. Analyses on HF HRV yielded a main effect of time (F 

(2, 114) = 7.99, p < .001), reflecting an increase in HF HRV in both groups with no 

effect of group and no interaction (ps > 0.87). Pre and post measures of state anxiety also 

were gathered. This analysis yielded a main effect time (F (1, 66) = 79.38, p < .001), 

reflecting an increase in state anxiety in both groups with no effect of group and no 

interaction (ps > 0.71). These data are inconsistent with the idea that the stereotype passage 

would make participants feel more anxious or threatened than the control passage, which 

was predicted by the executive-control interference hypothesis but not the regulatory fit 

hypothesis (which assumes strategy shifts, but not necessarily anxiety or stress in response 

to aging stereotypes). Instead, these findings suggest that reading a passage about the 

study’s goals in preparation for taking the tasks during MRI elevated anxiety, with no group 

differences in this anticipatory response.

3.3. Cognitive tasks

Participants performed well on the cognitive tasks and could distinguish between targets 

and lures effectively (see Table 2). At the group level, there were minimal differences in 

performance on either task that could be attributed to stereotype activation. For episodic 

memory, a 2 (Group: Stereotype vs. Control) × 2 (Session: Lab vs. fMRI) repeated measure 

ANOVA was conducted on each of the two measures of accuracy, revealing a significant 

group effect on old/related accuracy (F (1,67) = 4.88, p = .031). This effect indicates that the 

stereotype group outperformed the control group, but this effect did not interact between the 

sessions, providing no evidence that stereotype activation (in the second session) impacted 

performance. No other group-level effects were found on episodic memory or working 

memory performance (all ps > 0.22). For completeness, Table 2 also report separate group 

comparisons of each hit rate, false alarm rate, and accuracy score, as well as a corrected false 

recognition score on the episodic memory task (false alarms to related lures minus unrelated 

lures), which assesses the impact of category relatedness on false alarms independent from 

response bias effects that should impact all lure types.

Following prior work suggesting individual differences may mask stereotype activation 

effects in episodic memory (e.g., Smith et al., 2017), we investigated whether retirement 
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status (retired, working) and years of education may moderate the impact of stereotype 

activation on episodic and working memory accuracy. For episodic memory, this analysis 

revealed that stereotype activation increased old/new accuracy in highly educated and 

retired individuals (p < .019). This result was driven by reduced false alarms to new 

items, potentially reflecting a switch to more conservative category-based monitoring and 

responding in the stereotype group, which could increase old/new accuracy in the current 

task (see Supplemental Material; Fig. S1). Although prior work has been mixed (see Smith 

et al., 2017), the current result is consistent with two prior studies that also tested episodic 

memory for associated words, which found that stereotype activation reduced false alarms 

under task procedures that encouraged error-prevention as in the current task (e.g., warnings 

against errors, Barber and Mather, 2013b; Wong and Gallo, 2016), consistent with the 

regulatory fit hypothesis. For working memory, although the three-way interaction was in 

the same general direction, none of the effects reached significance (ps > 0.61).

3.4. fMRI whole brain univariate

As discussed in the methods section, the stereotype manipulation preceded the MRI tasks, 

and so any general impact of stereotype threat on participants’ mindset when taking the 

various tasks (and associated differences in brain activity) should have been observed across 

all our task phases. Because blocked designs tend to be more powerful than event-related 

designs, these were our primary focus and we only report analyses of the blocked design 

in the sections that follow. Nevertheless, analyses of brain activity during the event-related 

phase supported the key results, and these are reported in the Supplementary Material.

On the blocked MRI data, we conducted a 2 (Group: stereotype, control) × 3 (Task: episodic 

encoding, 2-back, countdown) factorial ANOVA to identify overall group differences 

between the stereotype and the control groups and Group × Task interactions on brain 

activity. With respect to task-related regions, these analyses revealed robust patterns of brain 

activity that have previously been associated with these kinds of cognitive tasks (Fig. 2). To 

further investigate these task-specific effects, we conducted posthoc contrasts for each task 

relative to the countdown task (Table S1). For episodic memory encoding, brain activity was 

lateralized to the left hemisphere, including left temporal cortex, PFC, and lateral parietal 

cortex - both typically associated with episodic encoding using verbal materials with visual 

presentation (Spaniol et al., 2009; Kelley et al., 1998). No regions showed the opposite 

pattern (countdown > encoding) at the set threshold. For working memory, brain activity 

was found in bilateral insula, PFC, and inferior parietal cortex - all commonly found in 

N-back tasks (Owen et al., 2005; Nee et al., 2013). No regions showed the opposite pattern 

(countdown > 2-back) at the set threshold.

With respect to stereotype and control group differences, no main effects of group were 

found but a significant group × task interaction was observed in three clusters: right dorsal 

PCC, right precuneus, and right postcentral sulcus (see Fig. 3 and Table 3). Follow-up 

analyses were conducted to determine the direction of these interaction effects and to 

compare the size of the effect across tasks. These analyses indicated that the interaction 

in each cluster was due to the stereotype group exhibiting higher activity in the memory 

encoding task than the control group (t(67)=4.16, SE = 0.13, p < .001, t(67)=3.17, SE = 
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0.21, p = .002, and t(67)=3.11, SE = 0.16, p = .003), whereas smaller group differences 

were found between the two groups in the 2-back task (t (67)=2.64, SE = 0.13, p = .01, 

t(67)=1.96, SE = 0.21, p = .06, and t(67)=2.52, SE = 0.16, p = .014) and in the control 

task (t(67)=2.24, SE = 0.13, p = .028, t(67)=1.56, SE = 0.21, p = .12, and t(67)=1.07, SE 

= 0.16, p = .29). Controlling for age did not qualitatively change these results. This activity 

in mostly posterior midline regions is consistent with previous research that identified 

the involvement of similar regions in prevention-focus processing (Johnson et al., 2006; 

Mitchell et al., 2009) and processing aging stereotype words for self-relevance (Colton et al., 

2013). As can be seen in Fig. 3, while these results demonstrate the strongest effects in the 

episodic memory task, the effects were largely consistent across the three different tasks. To 

parallel the memory performance analysis, a MANOVA investigating the Group × Education 

× Retirement interaction was conducted on brain activity during the memory task in these 

three clusters. This analysis did not yield the same significant three-way interaction (p = 

.37).

3.5. fMRI ROIs

We also analyzed brain activity in anatomical ROIs selected based on the two primary 

hypotheses guiding the stereotype threat literature: the executive-control interference 

hypothesis (bilateral amygdala, ACC, MFG, and left IFG/BA 47, see Krendl et al., 2008; 

Wraga et al., 2007) and a prevention focus under the regulatory fit hypothesis (MCC and 

PCC, see Johnson et al., 2006; Mitchell et al., 2009). We conducted two separate 2 (Group: 

stereotype, control) × 3 (Task: episodic encoding, 2-back, countdown) MANOVAs targeting 

each set of ROIs. The MANOVA on ROIs linked to the executive-control interference 

hypothesis did not yield a significant multivariate effect of Group or a Group × Task 

interaction (ps > 0.45), and activity in these ROIs was quite similar across in the two groups 

(see Fig. S2). In contrast, the MANOVA on ROIs linked to the regulatory fit hypothesis 

yielded a significant effect of Group (Pillai’s Trace = 0.11, F(4, 198) = 5.89, p < .001) but 

no interaction (p = .99). To test which ROIs contributed to this overall effect, individual 

ANOVAs were conducted on each ROI, revealing significant group effects in right PCC 

(F(1201) = 13.52, p < .001), and left PCC (F(1201) = 10.18, p < .001), as shown in Fig. 

4, but not the right MCC (p = .28) nor the left MCC (p = .09, see Fig. S2). These PCC 

effects indicated greater brain activity in the stereotype group than the control group and 

were numerically strongest for brain activity in the episodic memory encoding task. These 

PCC patterns are quite similar to those found in the whole-brain analysis. Moreover, as seen 

in Fig. 4, participants in the control group showed the typical de-activation pattern in the 

PCC during the task blocks, consistent with a primary focus on the tasks as opposed to more 

inward, self-referential thoughts (e.g., Mak et al., 2017). In contrast, stereotype participants 

showed minimal de-activation, suggesting they remained self-focused throughout the tasks.

3.6. Brain-behavior relationships

To investigate brain-behavior relationships we used a multivariate method (PLS-R) that 

allowed the simultaneous assessment of multiple brain regions and multiple cognitive 

variables. In this PLS-R analysis, the significant clusters from the whole brain analysis were 

entered into one matrix and the cognitive measures (see Table 2) were entered as a second 

matrix except for response times to false alarms in the working memory task due to missing 
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values. For these analyses we collapsed across group status, because even though stereotype 

activation may have shifted participants’ focus, participants in either group might have 

had prevention focus reactions to the experimental procedures. Two independent patterns 

explained much of the covariance in the data, explaining 86.05% and 10.94%, respectively 

(Fig. 5). The first latent variable was significant, r (67) = 0.36, p = .002, and indicated 

that greater brain activity in the right precentral sulcus and PCC (regardless of task) was 

associated with greater accuracy and lower false alarms across the episodic and working 

memory tasks. The second latent variable also was significant, r (67) = 0.28, p = .019, and 

indicated that greater brain activity in right precuneus (regardless of task) was associated 

with slower response times and lower false alarms to related lures (after correcting for 

responding to unrelated lures) in the episodic memory task. Together, the PLS-R results 

suggest that the greater activation found in brain regions that also were elevated in the 

Stereotype Group were associated with slower response times and greater accuracy across 

all participants, suggesting a more conservative, prevention-focus approach that is consistent 

with the regulatory fit hypothesis.

4. Discussion

Here we report the first fMRI experiment to identify brain activity associated with stereotype 

activation while older adults took cognitive tasks. Two prominent hypotheses have been 

proposed to explain alterations in memory due to stereotype activation in older adults. 

The executive-control interference hypothesis emphasizes negative emotional reactions 

(performance anxiety) that compete with executive control resources, and this hypothesis has 

received support in the younger adult behavioral and neuroimaging literature on stereotype 

threat. The regulatory fit hypothesis instead emphasizes a strategy shift toward an error-

prevention focus, and this hypothesis has received some support in the older adult behavioral 

literature on stereotype threat. The behavioral and neuroimaging findings reported here 

did not support the predictions of the executive-control interference hypothesis, suggesting 

that stereotype threat works differently in older adults compared to younger adults. Our 

behavioral and neuroimaging findings instead were more consistent with the regulatory 

fit hypothesis, although as we discuss below, additional work is now needed to replicate 

these MRI results and further understand their implications for cognitive processing during 

stereotype threat.

Several findings argue against the executive-control interference hypothesis, at least with 

respect to stereotype threat effects in older adults under the conditions used in our study. 

Previous studies have linked stereotype threat activation in younger adults to the anterior 

cingulate cortex and other regions that have been implicated in emotion regulation (Krendl 

et al., 2008; Wraga et al., 2007). We did not find group differences in these regions in either 

the whole-brain analysis or the targeted ROI analyses. The executive-control interference 

hypothesis also argues that working memory resources are needed to suppress negative 

emotions while taking cognitive tasks (Beilock et al., 2007; Schmader et al., 2008). Regions 

in prefrontal cortex, including ventrolateral PFC, have been implicated in cognitive control 

resources that might serve such a role. In the current study, the stereotype group did not 

recruit these brain regions to a greater extent than the control group. Furthermore, older 

adults in these two groups did not differ in a physiological assessment of parasympathetic 
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cardiac stress reactivity (HF HRV) or in reported anxiety, as would be expected from this 

hypothesis. Rather, both groups showed comparable increases in anxiety and HF HRV, 

which may reflect anticipatory responses to the cognitive tests and fMRI portion of the 

experiment. Finally, there were no differences between the groups in perceived threat from 

the experimental context itself. Because this questionnaire was given after the stereotype 

activation manipulation, the executive-control interference hypothesis would have predicted 

a difference on this measure.

In contrast to the executive-control interference hypothesis, several of our neuroimaging and 

behavioral findings were consistent with the regulatory fit hypothesis. Older adults in the 

stereotype group had greater activity in parietal midline regions than those in the control 

group. Greater activity in parietal midline regions, such as the PCC, has been associated 

with the activation of a prevention focus in both younger and older adults (Johnson et 

al., 2006; Mitchell et al., 2009), consistent with the regulatory fit hypothesis. Interestingly, 

EEG evidence shows that greater phase-locking associated with posterior midline regions 

(precuneus, PCC) and other regions in the default mode network (e.g., lateral parietal cortex) 

can help minimize stereotype threat effects on error monitoring and self-doubt in younger 

adults (Forbes et al., 2015). This finding suggests that activity in these posterior regions 

might signal a prevention focus that can help buffer against threat effects. In the current 

study, the group difference in PCC activity was observed across all the cognitive tasks, as 

would be expected if stereotype threat activated an error-prevention mindset throughout the 

experimental session. Additional support for the regulatory fit hypothesis stems from the 

behavioral findings. A shift to error prevention would arguably be most pronounced in false 

alarm rates. Although we did not find overall group differences in behavior, we did find that 

stereotype threat was most likely to impact episodic memory in older adults who are retired 

and more educated (cf. Smith et al., 2017). Moreover, this interaction was evident in the 

reduction in false alarms to new items during the episodic memory task. The brain-behavior 

correlations also showed that, pooling across our two experimental groups, those older 

adults showing the largest differences in brain activity in PCC also had the highest hit rates, 

lowest false alarm rates, and responded more slowly during the episodic memory task. Each 

of these patterns is consistent with a conservative and error-avoidant strategy.

One important consideration of the current fMRI findings is their generalizability across 

the different cognitive tasks. The whole-brain analysis yielded a group × task interaction 

whereas the ROI analysis yielded a main effect of group across tasks, thus appearing to 

conflict with one another. However, inspecting the two patterns more closely reveals a 

quite similar pattern: the stereotype group effects were numerically strongest in the episodic 

memory encoding task, slightly less strong in the working memory task, and weakest in the 

countdown control task. There also was evidence that the stereotype group activated PCC 

more than the control group during the episodic retrieval task (see Supplementary Material). 

The brain-behavior correlations from the PLS-R analysis also yielded a graded pattern such 

that associations between PCC activity and performance were strongest for episodic memory 

task and weaker (but in the same direction) on the working memory task. It is unclear why 

stereotype effects on behavior and brain activity tended to be larger for the episodic memory 

encoding task than working memory task, but prior behavioral studies also have failed to 

find effects of stereotype activation on working memory performance in older adults (Hess 
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et al., 2009; Wong and Gallo, 2019). One possible explanation for the current pattern is that 

our working memory task was more tightly constrained than our episodic memory encoding 

task, in which participants were asked to memorize the words and but were not given a 

specific strategy or encoding judgment. Unconstrained tasks might be more sensitive to 

changes in motivation and strategy as proposed by the regulatory fit hypothesis, although 

additional work is needed on this point. The more definitive conclusion from the current 

dataset is that, although the effects of stereotype activation tended to be strongest on the 

episodic memory task, the primary effects on brain activity appeared to generalize across the 

tasks, suggesting a global shift in participants’ overall approach to the tasks.

Related to this last point, it is important to realize that although activity in PCC during 

encoding might reflect a shift towards and error-prevention focus, this pattern does not 

imply that stereotype threat’s effect on performance derives from its impact at encoding. 

In principle, explicitly activating stereotypes prior to the experimental tasks could have 

activated threat for the duration of the experimental session, so that alterations in either 

encoding or retrieval processes (or both) could have consequences for episodic memory 

performance. For example, a prevention focus might encourage participants to monitor 

memory more carefully for missing items from the studied categories, so as not to false 

alarm to these items, and these processes could have occurred while the categorized items 

were presented during encoding or retrieval. Depending on how effective older adults were 

at this kind of monitoring, it also might have caused them to be more sensitive to category 

membership when making memory judgments at test, thereby impacting false alarms to 

unrelated lures as well.

4.1. Limitations and future directions

Several limitations in the current study highlight the need for additional research in this 

area. First, although the individual differences effects we observed in stereotype effects on 

episodic memory performance were motivated by prior behavioral work (Smith et al., 2017), 

this prior work itself has been mixed and our results do not resolve prior discrepancies. 

Additional behavioral work is needed to understand when and how explicit stereotype 

activation can impact cognitive performance in older adults. Second, the posterior midline 

regions that differed between the stereotype and control groups (e.g., PCC) have been 

implicated in a variety of functions other than prevention-focus (e.g., inward attention more 

generally), so that activity in PCC alone cannot be taken as the adoption of such a focus 

(see Poldrack, 2006, for the well-known problem of reverse inference in fMRI). Although 

our behavioral data in conjunction with the neuroimaging data were more consistent with the 

regulatory fit hypothesis than the executive-control interference hypothesis, few prior fMRI 

studies have investigated the neural correlates of adopting a prevention focus (e.g., Johnson 

et al., 2006; Mitchell et al., 2009). Thus, even though activity in this region is consistent with 

the regulatory fit hypothesis when considered with the behavioral evidence, additional work 

is needed to understand the functional role of this region during stereotype activation in 

older adults. A third limitation is that, although we randomized participants into two groups 

and they did not differ on neuropsychological assessments (MoCA or Shipley Scales), the 

stereotype group was somewhat older and had lower false recognition in the baseline session 

(prior to any manipulation). While analyses controlling for age yielded similar results as our 
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primary analyses, the possibility of unintended group differences is always a possibility in a 

between-subjects design.

A final caveat is that our study does not rule out the possibility that older adults may 

experience anxiety and executive-control interference from activation of aging stereotypes 

in other contexts. For example, in our study there was evidence that the MRI environment 

may have been somewhat stressful or anxiety-provoking to older adults in both conditions. 

This anxiety may have minimized or overshadowed our ability to find group differences 

in emotional regulation regions associated with stereotype activation predicted by the 

executive-control interference hypothesis. Although our participants had a pre-MRI baseline 

session, which should have reduced overall test-taking anxiety during the MRI session, 

we cannot rule out this possibility. We are unaware of any work aimed at comparing the 

behavioral effects of stereotype activation in the MRI environment versus other contexts, 

although one study has shown that memory performance, generally, can be impaired in the 

MRI compared with a laboratory environment (Gutchess and Park, 2006). Future work could 

investigate potential interactions between such context effects and stereotype activation 

effects.

In conclusion, activating aging stereotypes increased brain activity in parietal midline 

regions associated with the processing of aging stereotypes, the self, and an error-prevention 

focus. While activity in these brain regions was consistent with regulatory fit hypothesis, 

we did not consistently find patterns of brain activity that were predicted by the executive-

control interference hypothesis. These results add new constraints on current hypotheses of 

stereotype threat effects as they apply to older adults. Specifically, growing evidence in the 

behavioral literature suggests that the mechanisms of stereotype threat in older adults may 

be different from those in younger adults. Our results resonate with this emerging picture, 

demonstrating that the impact of stereotype threat on brain activity in older adults’ also is 

different from what one might expect from the relevant neuroimaging literature in younger 

adults. Aging stereotype threat seems to operate differently than other kinds of stereotype 

threat, at both the behavioral and brain levels of analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix.:

Stereotype and Control Passages

Stereotype Passage:

Thank you for participating in our study. Today, you will take memory tasks like the ones 

that you previously took in the lab. We will measure your performance on these tasks, 

and we also will take pictures of your brain’s structures and your brain’s activity during 

the tasks. Scientific studies have shown that these procedures can detect memory decline 

associated with normal aging, and they also can predict the development of Alzheimer’s 

disease later in life.

A main goal of our study is to increase the effectiveness of these measures at detecting 

memory decline associated with normal aging and Alzheimer’s disease. To achieve this 

goal, we will compare data from young college students to older adults in your age group. 

In addition, we will compare data between older adults whose performance puts them at 

different risk levels for the development of AD later in life. Based on your data from Day 

1, our recruiters have determined that you are eligible for this study. Given these goals, it is 

important that you understand the memory task instructions that I will now give you.

Control Passage:

Thank you for participating in our study. Today, you will take psychological tasks like the 

ones that you previously took in the lab. We will measure your performance on these tasks, 

and we also will take pictures of your brain’s structures and your brain’s activity during the 

tasks. Scientific studies have shown that these procedures can help us understand how the 

brain supports different psychological processes.

A main goal of this study is to evaluate brain activity associated with individual differences 

in psychological processes that make each of us unique. To achieve this goal, we will 

compare data across a large sample of research participants with varying backgrounds and 

characteristics. Based on your data from Day 1, our recruiters have determined that you are 

eligible for this study. Given these goals, it is important that you understand the psychology 

task instructions that I will now give you.
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Fig. 1. 
Schematic of Task Procedure. Participants were given the cognitive tasks in the baseline 

session, as well as in the subsequent session (with new sets of items) in which stereotype 

activation was manipulated just prior to taking the tasks during MRI. The tasks were 

presented across multiple, interleaved blocks: (A) a control task where participants read a 

numerical countdown, (B) an episodic memory encoding task for words, and (C) a working 

memory task on letters (the 2-back task). The blocked tasks were matched in number 

of trials, number of button presses, and visual complexity. Following the blocked tasks, 

participants took a recognition memory test for the encoded words using an event-related 

fMRI design.
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Fig. 2. 
Whole Brain Results Illustrating Task Block Effects. The left panel shows the main effect of 

task in the mixed ANOVA. The right panel shows separate effects for the episodic memory 

encoding task (top) and working memory task (bottom). Hot colors represent greater brain 

activity for the task. No deactivations were found.
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Fig. 3. 
Whole Brain Results Illustrating Stereotype Group × Blocked Task Interaction. The top 

panel represents the three clusters of brain activity showing the interaction. The bottom 

panel shows bar plots with parameter estimates for each of the three cognitive tasks for the 

Control Group (red) and Stereotype Group (blue). Error bars represent the standard error.
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Fig. 4. 
Anatomical ROI Results Illustrating the Main Effect of Group on the Task Blocks. 

Significant group effects were found in both the left and right PCC, but not in other ROIs 

(Fig S2). Bar plots are shown with parameter estimates for each of the three cognitive tasks 

for the Control Group (red) and Stereotype Group (blue). Error bars represent the standard 

error. PCC = posterior cingulate cortex; Encoding = Episodic memory task during encoding.
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Fig. 5. 
Barplots of the Partial Least Squares Regression Analyses of Brain-Behavior Relationships. 

Panel A shows brain activity most expressed in the first latent variable. Panel B shows the 

cognitive measures most expressed in the first latent variable. Panel C shows brain activity 

most expressed in the second latent variable. Panel D shows the cognitive measures most 

expressed in the second latent variable. Gray bars indicate the greatest factor loadings for 

each latent variable. PCC = posterior cingulate cortex; PCS = postcentral sulcus; PREC 

= precuneus; Epi = episodic memory task (encoding activity and retrieval behavior); 2B 

= 2-Back task; CD = countdown task; Acc = accuracy; ON = old/new; OR = old/related; 

Ht = hit rate; RFa = related lure false alarm rate; NFa = new (unrelated) lure false alarm 

rate; RFa_corr = corrected false alarm rate; RCr = related lure correct rejection; NCr = new 

(unrelated) lure correct rejection; RT = response time.
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