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Previous work has shown that memory performance in older adults is affected by activation 
of a stereotype of age-related memory decline. In the present experiment, we examined 
whether stereotype threat would affect metamemory in older adults; that is, whether under 
stereotype threat they make poorer judgments about what they could remember. We tested 
older adults (MAge = 66.18 years) on a task in which participants viewed words paired with 
point values and “bet” on whether they could later recall each word. If they bet on and 
recalled a word, they gained those points, but if they bet on and failed to recall a word, 
they lost those points. Thus, this task required participants to monitor how much they 
could remember and prioritize high value items. Participants performed this task over six 
lists of items either under stereotype threat about age-related memory decline or not 
under stereotype threat. Participants from both groups performed similarly on initial lists, 
but on later lists, participants under stereotype threat showed impaired performance as 
indicated by a lower average point score and a lower average gamma coefficient. The 
results suggest that a modest effect of stereotype threat on recall combined with a modest 
effect on metacognitive judgments to result in a performance deficit. This pattern of results 
may reflect an effect of stereotype threat on executive control reducing the ability to 
strategically use memory.
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INTRODUCTION

Older adults have been shown to exhibit deficits in explicit memory and executive function 
compared to younger adults (see Luo and Craik, 2008; Nyberg et  al., 2012, for reviews). There 
are both biological and contextual causes that may lead to cognitive performance decline in 
older adults. One contextual factor that may impact cognitive performance in older adults is 
exposure to negative stereotypes about aging. Stereotype threat arises when a person is concerned 
that their performance will confirm a negative stereotype about their group. The seminal study 
by Steele and Aronson (1995) had a sample comprised of African American and Caucasian 
participants, who were asked to answer questions taken from the Graduate Record Examination’s 
(GRE) verbal section. Half of the participants were told that the questions assessed verbal 
ability (i.e., diagnostic condition). For the remaining half, the instructions did not make any 
reference to verbal ability; rather, the experimenters explained that they were interested in 
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examining psychological factors affecting verbal problem-solving 
(i.e., non-diagnostic condition). The data showed that when 
the test was presented as diagnostic, African American 
participants performed worse than Caucasian peers and African 
Americans in the non-diagnostic condition.

Subsequent studies have documented similar stereotype threat 
effects in other groups (Aronson et  al., 1999; Spencer et  al., 
1999; Stone et  al., 1999; Gonzales et  al., 2002). In older adults, 
activation of the widely-held negative stereotype that old age 
is associated with forgetfulness has been shown to reduce 
memory performance (for a review, see Barber and Mather, 
2014). In some experiments, stereotype threat is induced by 
exposing the participant to materials that explicitly state negative 
age-related stereotypes. For example, Hess et  al. (2003) had 
participants read a text passage stating that older adults may 
have to increasingly depend on the help of memory tools, 
family, and friends to cope with age-related memory decline. 
Other methods used to induce age-based stereotype threat 
include telling participants the goal of the experiment is to 
examine age-related differences in performance (e.g., Hess et al., 
2009), labeling the task as one that evaluates memory (e.g., 
Desrichard and Köpetz, 2005), asking participants to report 
their age (e.g., Kang and Chasteen, 2009), and implicitly 
presenting words related to the stereotype (e.g., Hess et al., 2004).

Although the effects of stereotype threat have been widely 
documented, less is known about the cognitive mechanisms 
through which stereotype threat affects older adults. Two leading 
theories on the mechanisms of stereotype threat are that 
stereotype threat taxes executive control resources (Schmader 
and Johns, 2003; Schmader et  al., 2008) and that stereotype 
threat creates an imbalance in regulatory fit (Seibt and Förster, 
2004; Grimm et al., 2009). According to the executive function 
view, stereotype threat affects performance through three distinct, 
yet interconnected cognitive processes (Schmader et  al., 2008). 
First, stereotype threat induces a state of divided attention, 
which makes it harder for participants to manage the task at 
hand. Second, stereotype threat induces stress. Stress affects 
neural activity in prefrontal areas (e.g., Arnsten, 2009; Schoofs 
et  al., 2009), which play a major role in executive function. 
Lastly, stereotype threat induces negative mood, thus requiring 
emotion regulation. Divided attention, stress, and negative mood 
converge to tax executive resources, which are essential for 
any cognitive task.

The research on the effects of stereotype threat on executive 
function in older adults is mixed. Hess et al. (2009) employed 
a computation-span task to assess working memory – an 
important component of executive function. Results showed 
that there were no significant differences in working memory 
performance between older adults in the stereotype threat 
condition and older adults in the non-threat condition. Given 
this finding, Hess et  al. argued that working memory may 
not be  susceptible to threat. However, this lack of statistical 
significance may be  due to the way the computation-span 
task was presented to the participants. Rather than being 
presented as a memory task, it was framed as a measure 
of quantitative skills, which may not be  an effective label 
to induce threat in older adults. Other studies have found 

differences in executive function performance between older 
adults under stereotype threat and in non-threat conditions. 
Mazerolle et  al. (2012) used a reading span task to assess 
working memory and found that older adults under threat 
had poorer performance than both young adults and older 
adults in the control condition. Mazerolle et  al. (2012) also 
examined controlled vs. automatic responses using a word 
stem completion task and found that older adults under 
threat displayed more automatic responses than controlled 
responses, compared to older adults in the non-threat 
condition. Taken together, these findings provide support 
for the idea that, under specific experimental conditions, 
executive function may in fact be  affected when older adults 
face stereotype threat.

Additional studies have found counterevidence for the 
executive function hypothesis, and support an alternative one, 
the regulatory fit hypothesis. This hypothesis stems from the 
idea that individuals differ in their approach to accomplishing 
goals (Higgins, 1997). On one hand, some people have a 
promotion focus, which prioritizes gains. On the other hand, 
some people have a prevention focus, which underscores an 
absence of losses. Research has found that performance can 
be  maximized when there is a regulatory fit, that is, when 
the reward structure is in tune with the regulatory focus of 
the individual (Higgins, 2000). Regulatory focus can 
be  manipulated experimentally for a short period of time. 
Stereotype threat has been proposed to induce a prevention 
focus state, leading individuals to prevent losses rather than 
to maximize their gains (e.g., Seibt and Förster, 2004). According 
to the regulatory fit hypothesis of stereotype threat, this prevention 
focus will result in impaired performance when gains are 
emphasized but enhanced performance when losses 
are emphasized.

Barber and Mather (2013a) tested this idea with an older 
adult sample using a sentence span task and a reward structure 
(i.e., gain‐ or loss-based) manipulation. In the gain-based 
condition, participants received two poker chips whenever they 
recalled a word. In the loss-based condition, three poker chips 
were subtracted from a total of 100 chips for every word that 
participants failed to recall. In the gain-based structure, stereotype 
threat negatively affected the number of words recalled. However, 
the number of words recalled increased significantly under 
stereotype threat in the loss-based structure. In another study 
by Barber and Mather (2013b), older adults under stereotype 
threat made fewer memory errors (i.e., intrusions and false 
alarms) compared to older adults in the control condition. 
Along these lines, Popham and Hess (2015) manipulated 
stereotype threat while older adults performed a letter-canceling 
task. The results showed that participants in the threat condition 
were slower, but more accurate, than those in the no-threat 
condition. Together, these findings show that executive control 
resource depletion may not fully explain the decrement in 
cognitive performance found in older adults who are under 
threat, given that in some cases, stereotype threat actually 
enhances performance.

As highlighted by the research presented above, there may 
be  several plausible cognitive mechanisms through which 
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stereotype threat affects cognitive performance in older adults. 
In the present study, we  used a value-directed remembering 
task to assess memory selectivity and metamemory – abilities 
that have been shown to be  generally spared in normal aging 
(e.g., Castel et  al., 2002, 2009). The goal of this study was to 
assess whether stereotype threat (a) affects performance in tasks 
where older adults have been proven to excel and (b) how 
stereotype threat impacts the way older adults think about 
their own memory.

In the value-directed remembering task (Castel et al., 2002), 
participants are presented words that are paired with arbitrary 
point values that indicate the value of each word. Participants 
are instructed that the objective of this task is to maximize 
the amount of points they earn for remembering the words. 
Words and point values are presented in a list format on a 
computer screen. After each list is presented, participants are 
prompted to recall all the words (not the point values) that 
they are able to recall. Not surprisingly, results have shown 
that older adults recall fewer words than younger adults. 
However, older adults have spared ability to focus their memory 
resources on words with high point values, enabling them 
to maximize the amount of points they are able to earn 
(e.g., Castel et  al., 2002, 2009). These findings highlight that 
while older adults are impaired in terms of the quantity of 
information they can retain, they can still recall high-value 
information and be  selective with regards to the information 
they attend to.

The current study used a value-directed paradigm as 
modified by McGillivray and Castel (2011) that allowed us 
to assess how older adults make metacognitive judgments in 
the context of stereotype threat. In this version of the task, 
participants “gamble” on their ability to remember high-value 
information. As in the original task (Castel et  al., 2002), 
participants are presented with words and point value pairings 
across multiple study-test cycles. For each word presented, 
participants have to choose if they want to “bet” on the 
word. If they successfully recall “bet on” words, participants 
are awarded the amount of points that the word is worth 
but lose the points if they do not recall the word. Participants 
are informed that the task’s goal is to get as many points 
as possible, and are encouraged to try to maximize gains 
and minimize losses.

McGillivray and Castel (2011) tested this task with a sample 
of young and older adults. Results showed a similar pattern 
to the original value-directed paradigms – although older adults 
were not able to recall the same number of words as young 
adults, they were able to obtain a similar amount of points 
with increasing task experience. McGillivray and Castel found 
that older adults (and young adults) were initially overly 
confident, betting on more words than they could recall. But, 
as the task progressed, older adults were able to implement 
more effective strategies. For example, older adults showed 
greatly improved calibration score (i.e., “bet on” words vs. 
remembered words). Given that older adults improved their 
calibration score with task experience, these findings suggested 
that – to some extent – people show preserved metacognitive 
judgments about their memory capacity as they age.

To our knowledge, the current study is the first to look 
at how older adults selectively remember important information 
and how they judge their memory abilities when faced with 
stereotype threat. If stereotype threat induces a prevention 
focus, older adults in the stereotype threat condition might 
try to minimize their losses during the task rather than 
focusing on gains. If this is the case, we  would expect to 
see lower levels of betting in participants in the stereotype 
threat condition relative to those in the control condition, 
which might result in fewer points gained but also fewer 
points lost. A focus on minimizing losses might also result 
in better calibration scores in the stereotype threat group, 
especially toward the beginning of the task when people 
who are not under stereotype threat tend to show 
overconfidence. On the other hand, if stereotype threat impairs 
executive function, older adults under stereotype threat might 
show diminished ability to adjust their betting behavior with 
task experience, resulting in metamemory impairment on 
later lists in the stereotype threat group relative to the 
control group.

We also recruited participants from a wide age range in 
order to investigate the effects of age on task performance. 
Previous research has shown that older adults on the younger 
end of the age spectrum show more pronounced stereotype 
threat effects than older adults on the older end of the age 
spectrum (Hess et  al., 2009; Eich et  al., 2014). These findings 
suggest that transitioning from middle to older age may be 
a particularly vulnerable time for stereotype threat. Therefore, 
we predicted that the effects of stereotype threat on metacognition 
might be  larger in older adults on the younger end of the 
age spectrum.

MATERIALS AND METHODS

Participants
Older adults (N = 44; 22 women) were recruited for the current 
study. Participants were recruited through a newspaper 
advertisement. The average age was 66.18  years (SD  =  10.85, 
range  =  50–88). Participants had completed an average of 
15.75  years of education (SD  =  1.45, range  =  12–17) and had 
an average Mini Mental Status Exam (MMSE) score of 28.95 
(SD  =  1.03, range  =  26–30; maximum score  =  30; Folstein 
et  al., 1975). Seventeen participants were ages 50–59, 11 were 
ages 60–69, and 16 were ages 70 and up (see Table  1 for 
sample characteristics by age category).

TABLE 1 | Sample characteristics by age category.

Age category 50–59 (N = 17) 60–69 (N = 11) 70+ (N = 16)

Age (years) 55.88 (2.96) 64.09 (3.56) 78.56 (5.75)
Gender (% female) 58.82 45.45 43.75
Education (years) 14.88 (1.65) 16.45 (0.52) 16.19 (1.22)
MMSE score 29.35 (0.86) 28.64 (0.92) 28.75 (1.18)

Mean (SD) demographics for participants aged 50–59, 60–69, and 70+. MMSE, Mini 
Mental Status Exam (Folstein et al., 1975).

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Fourquet et al. Age-Related Stereotype Threat Metacognition

Frontiers in Psychology | www.frontiersin.org 4 December 2020 | Volume 11 | Article 604978

Half of the sample was randomly assigned to a neutral 
condition and the other half to a stereotype threat condition. 
Participants were tested in the Cognitive Neuroscience Laboratory 
at the University of California, Los Angeles. Participants’ parking 
expenses were covered and they received $20 as compensation. 
Study procedures were approved by the Institutional Review 
Board of the University of California, Los Angeles, and all 
participants provided written record of informed consent.

Sample size was determined based on our previous study 
in which significant effects of age-related stereotype threat were 
found in recall performance in adults aged 53–74 using a 
sample of 42 participants (Eich et al., 2014). The slightly larger 
sample size in the present study allows detection of effects of 
size d  =  0.86  in two-tailed comparisons with a 0.8 probability.

Design
We used a 3  ×  2 mixed-subjects design that enabled us to 
examine effects of stereotype threat and changes in performance 
with practice. The first independent variable was List. Participants 
saw a total of six lists; however, lists were collapsed into 
beginning, middle, and end to maintain statistical power. That 
is, Lists 1 and 2 were averaged into a single measure (i.e., 
“beginning”). The same was done with Lists 3 and 4 (i.e., 
“middle”) and Lists 5 and 6 (i.e., “end”). The second independent 
variable was Group. Participants were randomly assigned to 
either a Neutral or Stereotype Threat condition.

Materials
Gambling Task
Seventy-two common nouns were used as stimuli. The nouns 
were presented for 5  s across six lists with 12 words each. All 
words contained four to five letters. Each word was randomly 
assigned a point value. Point values ranged from 1–10, 15, and 
20. Each point value was only used once within a list, and 
the order of the point values within and across lists varied 
(e.g., the seven-point word may appear first on List 1 but fifth 
on List 2). Participants had 90  s to type all the words that 
they could recall immediately after the last word was presented.

Stereotype Threat Manipulation
We constructed two paragraphs for participants to read which 
were adapted from the manipulation used by Hess et al. (2003; 
see Appendix). The two paragraphs differed in content, which 
was either neutral or threat related. The neutral paragraph 
served as our control manipulation and depicted a non-biased 
view of aging, which did not mention possibly stereotyped 
words such as memory or memory deterioration. This paragraph 
stated that participants would take part in a cognitive task. 
The threat manipulation emphasized a negative view of aging. 
The threat paragraph highlighted words like memory and the 
fact that it deteriorates with age. This paragraph stated that 
participants would take part in a memory task. Moreover, the 
text in the neutral paragraph was followed by a prompt for 
participants to provide their subject ID. The threat paragraph 
prompted participants for their age, which was meant to be  a 
reminder of their age category.

Procedure
Participants first gave informed consent for their participation 
in the study. Next, they received instructions to complete the 
gambling task. The instructions explained that they would see 
words paired with point values to indicate each word’s worth. 
Participants were also informed that they would be  making 
bets on a trial by trial basis. The scoring schema was also 
delineated: (a) They would earn points whenever they bet on 
a word and later recalled it and (b) lose the points if they 
failed to recall a word that they had placed a bet on. Participants 
were given the following instruction regarding their task goal: 
“It is up to you  how you  will gamble/bet on the words, but 
your goal is to get as many points as possible (thus, you  want 
to maximize your gains but minimize any losses).” Participants 
were then given the chance to ask any questions before beginning 
the task, and then they were instructed to read the paragraph 
corresponding to their assigned condition. The words were 
displayed on the computer screen for 5  s, and participants 
had to indicate if they wanted to bet on each word by clicking 
“yes,” or “no” if they did not want to bet. If no choice was 
made it was calculated as a “no.” After a list of 12 words was 
shown, participants were prompted with blanks where they 
would type in the words they remembered. Participants had 
a 90  s recall period and were given their total score after 
each list. This study-test cycle repeated for a total of six lists. 
After completing the gambling task, participants completed 
demographic questionnaires and the MMSE. They were 
compensated for their participation and those in the stereotype 
threat condition were debriefed at the end of the session.

RESULTS

Total Score
During this task, participants were instructed that their goal 
was to get as high a score as possible, and were given feedback 
on their score after each list. This total score, calculated as 
the points gained from successfully recalling words on which 
bets were placed minus the points lost from failing to recall 
words on which bets were placed, is a measure of the participant’s 
overall performance on the task. The average total score obtained 
by each group on lists 1–2, lists 3–4, and lists 5–6 is shown 
in Figure  1A. A 3 (List: Beginning, Middle, and End)  ×  2 
(Group: Neutral and Stereotype Threat) ANOVA revealed a 
main effect of List, F(2, 84)  =  43.38, p  <  0.001, ηp

2  =  0.508, 
and a marginal List  ×  Group interaction, F(2, 84)  =  2.72, 
p  =  0.072, ηp

2  =  0.061. As can be  seen in the figure, the 
average total score increased from the beginning to the middle 
of the experiment, t(43)  =  7.17, p  <  0.001, d  =  1.08, and then 
remained at a similar level from the middle to the end of 
the experiment, t(43)  =  1.03, p  =  0.307, d  =  0.16. During 
lists 1–2, the Neutral group and the Stereotype Threat group 
obtained similar average total scores, t(42)  =  0.08, p  =  0.938, 
d  =  0.02. During lists 3–6, the average total score obtained 
by the Neutral group was twice as high as the average total 
score obtained by the Stereotype Threat group, t(42)  =  2.25, 
p  =  0.030, d  =  0.68. These results suggest that although 
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participants in both groups performed poorly on the initial 
lists, losing on average more points than they gained, the 
Neutral group was able to modify their initial strategy more 
effectively to achieve better performance on the final four lists.

Gains and Losses
To further investigate the effect of stereotype threat on total 
score during the final four lists, we  looked at the effects of 
group on points gained and points lost separately. Successful 
performance on this task requires both maximization of gains 
and minimization of losses. The average points gained and 
lost by each group during lists 3–6 is shown in Figure  1B. 
Compared to the Neutral group, the Stereotype Threat group 
gained numerically fewer points from successful bets and lost 
numerically more points from unsuccessful bets, but neither 
of these differences were statistically significant, although there 
was a trend for more losses from unsuccessful bets in the 
stereotype threat condition [t(42)  =  1.62, p  =  0.112, d  =  0.49 
(gains), t(42)  =  1.99, p  =  0.054, d  =  0.60 (losses)]. Therefore, 
it appears that modest differences in both gains and losses 
contributed to the observed group difference in total score 
during the final four lists.

Calibration Score
Successful performance on this task requires that participants 
calibrate their betting behavior to their recall ability. To examine 
this, we  calculated participants’ calibration score for each list, 
computed as the number of items on which bets were placed 
minus the number of items actually recalled. The ideal calibration 
score is zero, meaning the participant bet on exactly as many 
items as they were able to recall. The average calibration score 
obtained by each group on lists 1–2, lists 3–4, and lists 5–6 
is shown in Figure  2A. A 3 (List: Beginning, Middle, and 
End)  ×  2 (Group: Neutral and Stereotype Threat) ANOVA 
revealed a main effect of List, F(2, 84)  =  11.29, p  <  0.001, 
ηp

2  =  0.212. The List  ×  Group interaction was not significant, 
F(2, 84)  =  2.05, p  =  0.135, ηp

2  =  0.047. As can be  seen in 

the figure, participants’ calibration improved from the beginning 
to the middle of the experiment, t(43)  =  4.26, p  <  0.001, 
d = 0.64, and then remained at a similar level from the middle 
to the end of the experiment, t(43) = 1.04, p = 0.306, d = 0.16. 
During lists 1–2, the Neutral group and the Stereotype Threat 
group obtained similar average calibration scores, t(42)  =  0.29, 
p  =  0.771, d  =  0.09. During lists 3–6, the average calibration 
score obtained by the Neutral group was marginally better 
than the average calibration score obtained by the Stereotype 
Threat group, t(42)  =  1.75, p  =  0.088, d  =  0.53.

Bets and Recall
We next investigated the effect of stereotype threat on betting 
and recall during lists 3–6. Compared to the Neutral group, 
the Stereotype Threat group placed numerically more bets 
and recalled numerically fewer items, but neither of these 
differences were significant, t(42)  =  0.80, p  =  0.431, d  =  0.24 
(bets), t(42)  =  1.21, p  =  0.231, d  =  0.37 (recall). An analysis 
of bets based on whether the bet was a “good bet” (i.e., 
the item was subsequently recalled) or a “bad bet” (i.e., the 
item was subsequently not recalled) revealed a Bet 
Success  ×  Group interaction, F(1, 42)  =  7.25, p  =  0.010, 
ηp

2  =  0.147 (Figure  2B). Compared to the Neutral group, 
the Stereotype Threat group placed numerically fewer good 
bets, but this difference was not statistically significant, 
t(42)  =  1.63, p  =  0.110, d  =  0.49. In contrast, there was a 
significant difference in the number of bad bets, such that 
the Stereotype Threat group placed more bad bets than the 
Neutral group, t(42)  =  2.13, p  =  0.039, d  =  0.64.

Gamma Coefficient
To further examine the relationship between participants’ betting 
and recall, we  calculated the gamma coefficient (Goodman 
and Kruskal, 1954) for each participant across lists 3–6. Gamma 
is a commonly used measure of metacognitive ability that looks 
at the correspondence between participants’ predictions of their 
cognitive ability (in this case, betting) and their subsequent 

A B

FIGURE 1 | (A) Average total score (points gained minus points lost) on lists 1–2, lists 3–4, and lists 5–6 for participants in the Neutral and Stereotype Threat 
groups. (B) Average points gained and points lost on lists 3–6 for participants in the Neutral and Stereotype Threat groups. ST, Stereotype Threat. Error bars 
represent standard error of the mean.
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performance (in this case, recall). Gamma ranges from −1 to 
+1, with +1 reflecting stronger association between predicted 
performance and actual performance. One participant from 
the Stereotype Threat group was excluded from this analysis 
because a gamma coefficient could not be  calculated due to 
invariance in betting. The average gamma coefficient for each 
group during lists 3–6 is shown in Figure  3. Compared to 
the Neutral group, the Stereotype Threat group had a significantly 
lower gamma coefficient, t(41)  =  2.35, p  =  0.024, d  =  0.72, 
indicating a diminished ability to judge which items they would 
be  able to recall.

Effects of Age
To test for the effects of age on performance of this task, 
we conducted a series of linear regression analyses that included 
Age as a continuous predictor variable, Group as a dummy-
coded dichotomous predictor variable (Neutral  =  0, Stereotype 
Threat  =  1), and the interaction of Age and Group. Outcome 
variables were calculated across lists 3–6. The results of this 
set of analyses are shown in Table  2. Age was a significantly 
negative predictor of recall (B  =  −0.05, p  =  0.023), bets 
(B  =  −0.11, p  =  0.010), and good bets (B  =  −0.07, p  =  0.004). 
There were no significant Age  ×  Group interactions (smallest 
p  =  0.162), indicating that the impact of stereotype threat did 
not vary with age.

DISCUSSION

The objective of the current study was to examine the effect 
of stereotype threat on metacognition. We  used a gambling 
version of the value-directed remembering task, which allowed 
us to study how older adults prioritize information and how 
they assess their own memory abilities while under stereotype 
threat. Previous research conducted by McGillivray and Castel 
(2011) has documented that older adults performing this task 
remember fewer words than younger controls, but that older 
adults still obtain a comparable amount of points in later lists. 

McGillivray and Castel found that older adults were initially 
overconfident, exemplified by their excessive betting on earlier 
lists but managed to calibrate bets and recall more successfully 
in later lists.

In the current study, both the Neutral and Stereotype Threat 
groups initially misjudged their memory capacity, losing more 
points than they were able to earn and betting on more words 
than they were able to recall. McGillivray and Castel (2011) 
found that task experience helped older adults’ initial 
“metacognitive failure,” and our data from the Neutral group 
replicate these findings. In our study, participants in the Neutral 
condition benefitted from task experience, which supports the 
idea that older adults have the ability to incorporate metacognitive 
knowledge when navigating memory tasks. This finding is 
consistent with previous research showing that older adults’ 

A B

FIGURE 2 | (A) Average calibration score (number of items bet on minus number of items recalled) on lists 1–2, lists 3–4, and lists 5–6 for participants in the 
Neutral and Stereotype Threat groups. (B) Average number of successful (“good”) and unsuccessful (“bad”) bets during lists 3–6 for participants in the Neutral and 
Stereotype Threat groups. ST, Stereotype Threat. Error bars represent standard error of the mean.

FIGURE 3 | Average gamma coefficient on lists 3–6 for participants in the 
Neutral and Stereotype Threat groups. ST, Stereotype Threat. Error bars 
represent standard error of the mean.
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metamemory is comparable to that of young adults (e.g., Hertzog 
and Hultsch 2000; Souchay and Isingrini, 2004; McGillivray 
and Castel, 2011). However, our data from the Stereotype Threat 
group suggest that they may not benefit as much from task 
experience, resulting in impairment on later lists relative to the 
Neutral group. It is possible that stereotype threat overrides 
the benefit of task experience in this metacognitive task. Older 
adults may be preoccupied with the stereotype of poor memory 
in aging; consequently, cognitive resources devoted to adapting 
an effective strategy may become compromised. Previous research 
has shown that strategy is affected when older adults navigate 
a memory task under threat. For example, Hess and Hinson 
(2006) showed that older adults under threat underutilized 
clustering (i.e., grouping words of a similar semantic category). 
Strategy is crucial to maximize the overall score; therefore, 
metacognition became highly important in the current study.

Metacognition and executive function both require control 
and monitoring information in order to execute a desired 
voluntary action. Previous research has found that older adults 
who show greater executive control also display better 
metacognition (Souchay and Isingrini, 2004). The frontal cortex 
also plays a role in metacognitive monitoring (Fernandez-Duque 
et  al., 2000). For instance, patients with frontal lobe damage 
display deficits in metacognition (e.g., Shimamura and Squire, 
1986; Janowsky et al., 1989). The evidence of the role of frontal 
areas in executive control is widely supported. Taken together, 
these findings suggest a strong overlap in cognitive processes 
and a convergence of brain regions that subserve metacognition 

and executive control. The pattern of results observed in our 
study appears to be  consistent with the idea that stereotype 
threat in older adults can impair executive function (e.g., 
Mazerolle et al., 2012) and that this impairment can exacerbate 
memory deficits. Specifically, we  found that in later lists, the 
Stereotype Threat group obtained significantly lower total scores 
and marginally worse calibration scores than the Neutral group. 
Both of these measures require executive function to monitor 
performance, strategically decide which items to bet on, and 
adjust strategy to improve scores. Impaired metacognition was 
also demonstrated by a significantly lower average gamma 
coefficient during later lists in the Stereotype Threat group, 
indicating a diminished ability to judge which items they would 
be  able to recall.

Supporters of an alternative hypothesis of stereotype threat, 
the regulatory fit hypothesis, have argued that stereotype threat 
induces a prevention focus (i.e., instead of a promotion focus; 
Seibt and Förster, 2004), which makes individuals under threat 
become more concerned with not doing their worst and less 
worried about doing their best. Consistent with this perspective, 
research has found that participants under threat recall fewer 
words but make fewer errors (e.g., Barber and Mather, 2013b). 
One way we  measured errors in the current study was by 
quantifying points lost when words that were bet on were 
later forgotten during the free recall portion of the task. 
We  found that older adults in the Stereotype Threat group 
lost marginally more points in later lists compared to the 
those in the Neutral group, which appears to be  inconsistent 
with a focus on loss prevention. Similarly, we  predicted that 
a focus on loss prevention might result in lower levels of 
betting in the Stereotype Threat group, but this is not what 
we found – in fact, the Stereotype Threat group placed numerically 
more bets. Moreover, we  found that the Stereotype Threat 
group placed significantly more “bad bets” (bets on items that 
were not subsequently recalled) in later lists compared to the 
Neutral group, indicating that they did not learn to stop making 
bad bets like participants in the Neutral group did. In the 
current study, participants had to consider both the point value 
of each item as well as their judgment of learning the item 
in order to bet effectively. Participants also needed to use 
feedback to improve performance across lists. It may be  that 
the increased executive demands in the present task made it 
more vulnerable to effects of stereotype threat. It is also possible 
that the focus of the task on obtaining as many points as 
possible may have oriented participants toward gains and created 
a regulatory mismatch in the Stereotype Threat group. It is, 
therefore, possible that this mismatch reduced metamemory 
performance in this group. Future research could address this 
possibility by manipulating reward structure in order to compare 
effects of threat across gain-based and loss-based versions of 
the task (e.g., Barber and Mather, 2013a).

Previous research on stereotype threat has indicated that its 
effects may be more pronounced in older adults on the younger 
end of the age spectrum (Hess et  al., 2009; Eich et  al., 2014). 
For this reason, we  recruited participants from a wide age 
range and tested for the effects of age on task performance. 
We found that both recall and betting declined as age increased, 

TABLE 2 | Summary of linear regression analyses of age effects on outcome 
variables during lists 3–6.

Outcome Predictor B SE

Total score Age −0.17 0.50
Group −31.88 43.88
Age × Group 0.26 0.66

Gains Age −0.37 0.33
Group −9.50 28.84
Age × Group 0.05 0.43

Losses Age −0.20 0.28
Group 22.38 24.43
Age × Group −0.21 0.37

Calibration Age −0.05 0.04
Group 2.42 3.30
Age × Group −0.02 0.05

Bets Age −0.11** 0.04
Group 2.31 3.47
Age × Group −0.02 0.05

Recall Age −0.05* 0.02
Group −0.11 2.01
Age × Group 0.00 0.03

Good bets Age −0.07** 0.02
Group −1.71 2.07
Age × Group 0.02 0.03

Bad bets Age −0.03 0.04
Group 4.01 3.25
Age × Group −0.04 0.05

Gamma Age 0.00 0.01
Group −0.94† 0.52
Age × Group 0.01 0.01

†p < 0.10; *p < 0.05; **p < 0.01.
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and there was no relationship between age and calibration or 
gamma. These findings are consistent with the idea that 
metamemory is intact in aging, even if memory abilities continue 
to decline. Contrary to our hypothesis, we did not find evidence 
of larger stereotype threat effects in older adults on the younger 
end of the age spectrum. It is possible that this was due to 
characteristics of our sample; for example, older adults on the 
older end of the age spectrum may remain susceptible to 
stereotype threat if they have demands on them in the real 
world that require a high level of cognitive performance.

A limitation of the present study is that the sample size 
was relatively small. While we  obtained statistically significant 
differences between the conditions in terms of overall score, 
gamma coefficient, and number of bad bets in later lists, 
we  obtained a number of marginally significant effects of 
condition, such as on the number of points lost, calibration 
score, and the effect of condition on performance across lists. 
This suggests a need for replication in a larger sample to 
determine whether these effects are reliable.

Taken together, our study provides preliminary evidence 
suggesting that age-related stereotype threat impairs older adults’ 
ability to prioritize high-value information. The pattern of results 
we observed suggests that metacognition, a process that is generally 
found to be  intact in normal aging, may be  susceptible to the 
negative impact of stereotype threat. Given the overlap between 
metacognitive abilities and executive control, it may be  the case 
that both are burdened when stereotype threat is introduced to 
older adults while performing a memory task. In daily life, it is 
possible that the effect of stereotype threat on metacognition 
exacerbates its deleterious effect on memory. For example, older 
adults under stereotype threat may have reduced awareness of 
when they need to use external aids such as notes when confronted 
with information of varying significance. Our findings point to 
the importance of studying age-related stereotypes and how they 
may impact the day-to-day lives of older adults. An important 
goal for future research will be  to find ways to lessen the effects 
of age-related stereotype threat in real-world situations. Interventions 
aimed at reducing the effects of stereotype threat can 
be  implemented at the level of the environment (e.g., Purdie-
Vaughns et al., 2008) or the individual (e.g., Taylor and Walton, 2011);  

a potential next step for this line of research would be determining 
what interventions are most effective at reducing the stereotype 
threat effects we  observed.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will 
be  made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and 
approved by Institutional Review Board of the University of 
California, Los Angeles. The patients/participants provided their 
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

NF, AC, and BK contributed to conception and design of the 
study. NF oversaw data acquisition and wrote the first draft 
of the manuscript. TP assisted with data analysis and manuscript 
preparation. CL assisted with data acquisition and data analysis. 
All authors contributed to manuscript revision and read and 
approved the submitted version.

FUNDING

This research was supported by a grant from the National 
Institutes of Health to BK (R01DA045716) and a grant from 
the National Institutes of Health to AC (R01AG044335).

ACKNOWLEDGMENTS

This paper is based on a chapter from the first author’s 
dissertation (Fourquet, 2017). We  wish to thank Rachel Belyea 
and Corinne Kamrar for their assistance in data collection.

 

REFERENCES

Arnsten, A. F. T. (2009). Stress signaling pathways that impair prefrontal cortex 
structure and function. Nat. Rev. Neurosci. 10, 410–422. doi: 10.1038/nrn2648

Aronson, J., Lustina, M. J., Good, C., Keough, K., Steele, C. M., and Brown, J. 
(1999). When white men can’t do math: necessary and sufficient factors in 
stereotype threat. J. Exp. Soc. Psychol. 35, 29–46. doi: 10.1006/jesp.1998.1371

Barber, S. J., and Mather, M. (2013a). Stereotype threat can both enhance and 
impair older adults’ memory. Psychol. Sci. 24, 2522–2529. doi: 
10.1177/0956797613497023

Barber, S. J., and Mather, M. (2013b). Stereotype threat can reduce older adults’ 
memory errors. Q. J. Exp. Psychol. 66, 1888–1895. doi: 10.1080/17470218. 
2013.840656

Barber, S. J., and Mather, M. (2014). “Stereotype threat in older adults: when 
and why does it occur and who is most affected?” in The Oxford handbook 
of emotion, social cognition, and problem solving in adulthood. eds. 
P. Verhaeghen and C. Hertzog (New York, NY: Oxford University Press), 
302–319.

Castel, A. D., Balota, D. A., and McCabe, D. P. (2009). Memory efficiency 
and the strategic control of attention at encoding: impairments of value-
directed remembering in Alzheimer’s disease. Neuropsychology 23, 297–306. 
doi: 10.1037/a0014888

Castel, A. D., Benjamin, A. S., Craik, F. I., and Watkins, M. J. (2002). The 
effects of aging on selectivity and control in short-term recall. Mem. Cognit. 
30, 1078–1085. doi: 10.3758/BF03194325

Desrichard, O., and Köpetz, C. (2005). A threat in the elder: the impact of 
task-instructions, self-efficacy and performance expectations on memory 
performance in the elderly. Eur. J. Soc. Psychol. 35, 537–552. doi: 10.1002/
ejsp.249

Eich, T. S., Murayama, K., Castel, A. D., and Knowlton, B. J. (2014). The 
dynamic effects of age-related stereotype threat on explicit and implicit 
memory performance in older adults. Soc. Cogn. 32, 559–570. doi: 10.1521/
soco.2014.32.6.559

Fernandez-Duque, D., Baird, J. A., and Posner, M. I. (2000). Executive attention 
and metacognitive regulation. Conscious. Cogn. 9, 288–307. doi: 10.1006/
ccog.2000.0447

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1038/nrn2648
https://doi.org/10.1006/jesp.1998.1371
https://doi.org/10.1177/0956797613497023
https://doi.org/10.1080/17470218.2013.840656
https://doi.org/10.1080/17470218.2013.840656
https://doi.org/10.1037/a0014888
https://doi.org/10.3758/BF03194325
https://doi.org/10.1002/ejsp.249
https://doi.org/10.1002/ejsp.249
https://doi.org/10.1521/soco.2014.32.6.559
https://doi.org/10.1521/soco.2014.32.6.559
https://doi.org/10.1006/ccog.2000.0447
https://doi.org/10.1006/ccog.2000.0447


Fourquet et al. Age-Related Stereotype Threat Metacognition

Frontiers in Psychology | www.frontiersin.org 9 December 2020 | Volume 11 | Article 604978

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). “Mini-mental state”: 
a practical method for grading the cognitive state of patients for the clinician. 
J. Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6

Fourquet, N. Y. (2017). Effects of age-related stereotype threat on memory 
and executive function. dissertation. Los Angeles, CA: University of California, 
Los Angeles.

Gonzales, P. M., Blanton, H., and Williams, K. J. (2002). The effects of stereotype 
threat and double-minority status on the test performance of Latino women. 
Personal. Soc. Psychol. Bull. 28, 659–670. doi: 10.1177/0146167202288010

Goodman, L. A., and Kruskal, W. H. (1954). Measures of association for cross 
classifications. J. Am. Stat. Assoc. 49, 732–764. doi: 10.2307/2281536

Grimm, L. R., Markman, A. B., Maddox, W. T., and Baldwin, G. C. (2009). 
Stereotype threat reinterpreted as a regulatory mismatch. J. Pers. Soc. Psychol. 
96, 288–304. doi: 10.1037/a0013463

Hertzog, C., and Hultsch, D. F. (2000). “Metacognition in adulthood and old 
age” in The handbook of aging and cognition. 2nd Edn. eds. F. I. M. Craik 
and T. A. Salthouse (Mahwah, NJ: Lawrence Erlbaum), 417–466.

Hess, T. M., Auman, C., Colcombe, S. J., and Rahhal, T. A. (2003). The impact 
of stereotype threat on age differences in memory performance. J. Gerontol. 
B Psychol. Sci. Soc. Sci. 58, P3–P11. doi: 10.1093/geronb/58.1.p3

Hess, T. M., and Hinson, J. T. (2006). Age-related variation in the influences 
of aging stereotypes on memory in adulthood. Psychol. Aging 21, 621–625. 
doi: 10.1037/0882-7974.21.3.621

Hess, T. M., Hinson, J. T., and Hodges, E. A. (2009). Moderators of and 
mechanisms underlying stereotype threat effects on older adults’ memory 
performance. Exp. Aging Res. 35, 153–177. doi: 10.1080/03610730802716413

Hess, T. M., Hinson, J. T., and Statham, J. A. (2004). Explicit and implicit 
stereotype activation effects on memory: do age and awareness moderate the 
impact of priming? Psychol. Aging 19, 495–505. doi: 10.1037/0882-7974.19.3.495

Higgins, E. T. (1997). Beyond pleasure and pain. Am. Psychol. 52, 1280–1300. 
doi: 10.1037/0003-066X.52.12.1280

Higgins, E. T. (2000). Making a good decision: value from fit. Am. Psychol. 
55, 1217–1230. doi: 10.1037/0003-066X.55.11.1217

Janowsky, J. S., Shimamura, A. P., and Squire, L. R. (1989). Memory and 
metamemory: comparisons between patients with frontal lobe lesions and 
amnesic patients. Psychobiology 17, 3–11.

Kang, S. K., and Chasteen, A. L. (2009). The moderating role of age-group 
identification and perceived threat on stereotype threat among older adults. 
Int. J. Aging Hum. Dev. 69, 201–220. doi: 10.2190/AG.69.3.c

Luo, L., and Craik, F. I. M. (2008). Aging and memory: a cognitive approach. 
Can. J. Psychiatr. 53, 346–353. doi: 10.1177/070674370805300603

Mazerolle, M., Régner, I., Morisset, P., Rigalleau, F., and Huguet, P. (2012). 
Stereotype threat strengthens automatic recall and undermines controlled 
processes in older adults. Psychol. Sci. 23, 723–727. doi: 10.1177/0956797612437607

McGillivray, S., and Castel, A. D. (2011). Betting on memory leads to metacognitive 
improvement by younger and older adults. Psychol. Aging 26, 137–142. doi: 
10.1037/a0022681

Nyberg, L., Lövdén, M., Riklund, K., Lindenberger, U., and Bäckman, L. (2012). 
Memory aging and brain maintenance. Trends Cogn. Sci. 16, 292–305. doi: 
10.1016/j.tics.2012.04.005

Popham, L. E., and Hess, T. M. (2015). Age differences in the underlying 
mechanisms of stereotype threat effects. J. Gerontol. Ser. B Psychol. Sci. Soc. 
Sci. 70, 223–232. doi: 10.1093/geronb/gbt093

Purdie-Vaughns, V., Steele, C. M., Davies, P. G., Ditlmann, R., and Crosby, J. R. 
(2008). Social identity contingencies: how diversity cues signal threat or 
safety for African Americans in mainstream institutions. J. Pers. Soc. Psychol. 
94, 615–630. doi: 10.1037/0022-3514.94.4.615

Schmader, T., and Johns, M. (2003). Converging evidence that stereotype threat 
reduces working memory capacity. J. Pers. Soc. Psychol. 85, 440–452. doi: 
10.1037/0022-3514.85.3.440

Schmader, T., Johns, M., and Forbes, C. (2008). An integrated process model 
of stereotype threat effects on performance. Psychol. Rev. 115, 336–356. doi: 
10.1037/0033-295X.115.2.336

Schoofs, D., Wolf, O. T., and Smeets, T. (2009). Cold pressor stress impairs 
performance on working memory tasks requiring executive functions in 
healthy young men. Behav. Neurosci. 123, 1066–1075. doi: 10.1037/
a0016980

Seibt, B., and Förster, J. (2004). Stereotype threat and performance: how self-
stereotypes influence processing by inducing regulatory foci. J. Pers. Soc. 
Psychol. 87, 38–56. doi: 10.1037/0022-3514.87.1.38

Shimamura, A. P., and Squire, L. R. (1986). Memory and metamemory: a 
study of the feeling-of-knowing phenomenon in amnesic patients. J. Exp. 
Psychol. Learn. Mem. Cogn. 12, 452–460. doi: 10.1037/0278-7393.12.3.452

Souchay, C., and Isingrini, M. (2004). Age-related differences in the relation 
between monitoring and control of learning. Exp. Aging Res. 30, 179–193. 
doi: 10.1080/03610730490274248

Spencer, S. J., Steele, C. M., and Quinn, D. M. (1999). Stereotype threat and 
women’s math performance. J. Exp. Soc. Psychol. 35, 4–28. doi: 10.1006/
jesp.1998.1373

Steele, C. M., and Aronson, J. (1995). Stereotype threat and the intellectual 
test performance of African Americans. J. Pers. Soc. Psychol. 69, 797–811. 
doi: 10.1037/0022-3514.69.5.797

Stone, J., Lynch, C. I., Sjomeling, M., and Darley, J. M. (1999). Stereotype 
threat effects on Black and White athletic performance. J. Pers. Soc. Psychol. 
77, 1213–1227. doi: 10.1037/0022-3514.77.6.1213

Taylor, V. J., and Walton, G. M. (2011). Stereotype threat undermines academic 
learning. Personal. Soc. Psychol. Bull. 37, 1055–1067. doi: 10.1177/ 
0146167211406506

Conflict of Interest: The authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could be  construed 
as a potential conflict of interest.

Copyright © 2020 Fourquet, Patterson, Li, Castel and Knowlton. This is an open-
access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are credited and that 
the original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1177/0146167202288010
https://doi.org/10.2307/2281536
https://doi.org/10.1037/a0013463
https://doi.org/10.1093/geronb/58.1.p3
https://doi.org/10.1037/0882-7974.21.3.621
https://doi.org/10.1080/03610730802716413
https://doi.org/10.1037/0882-7974.19.3.495
https://doi.org/10.1037/0003-066X.52.12.1280
https://doi.org/10.1037/0003-066X.55.11.1217
https://doi.org/10.2190/AG.69.3.c
https://doi.org/10.1177/070674370805300603
https://doi.org/10.1177/0956797612437607
https://doi.org/10.1037/a0022681
https://doi.org/10.1016/j.tics.2012.04.005
https://doi.org/10.1093/geronb/gbt093
https://doi.org/10.1037/0022-3514.94.4.615
https://doi.org/10.1037/0022-3514.85.3.440
https://doi.org/10.1037/0033-295X.115.2.336
https://doi.org/10.1037/a0016980
https://doi.org/10.1037/a0016980
https://doi.org/10.1037/0022-3514.87.1.38
https://doi.org/10.1037/0278-7393.12.3.452
https://doi.org/10.1080/03610730490274248
https://doi.org/10.1006/jesp.1998.1373
https://doi.org/10.1006/jesp.1998.1373
https://doi.org/10.1037/0022-3514.69.5.797
https://doi.org/10.1037/0022-3514.77.6.1213
https://doi.org/10.1177/0146167211406506
https://doi.org/10.1177/0146167211406506
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Fourquet et al. Age-Related Stereotype Threat Metacognition

Frontiers in Psychology | www.frontiersin.org 10 December 2020 | Volume 11 | Article 604978

APPENDIX

Neutral paragraph:
Scientific research has shown that our brains change as we  get older. These changes do not prevent older adults from living 

active and independent lives. You  can use many techniques that help with everyday situations that require the use of cognitive 
skills, for example, using a notepad to write down important things. Next, you  will be  presented with a cognitive task in 
which older adults (50  years of age and above) perform as well as younger adults. Please, do your best!

Please write your study ID number:_________

Stereotype Threat paragraph:
Scientific research has shown that brain areas linked to learning and memory deteriorate as we  get older. As a result, 

memory function may be  affected with age. One technique you  can adopt to help with everyday situations that require the 
use of memory is asking younger family members or friends for help. Next, you  will be  presented with a memory task that 
older adults (50  years of age and above) find difficult. Please try your best.

Please write your age:__________
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