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Abstract

Strength and vulnerability integration theory (SAVI; Charles, 2010) posits that age differences in
emotional experiences vary based on the distance from an emotionally eliciting event. Before and
after a stressor, SAVI predicts that older age is related to motivational strivings that often result

in higher levels of well-being. During stressor exposure, however, age differences are predicted to
be attenuated or disappear completely. The present study examined how younger (/7= 85; Mage

= 22.56 years) and older (7= 85; Mage = 71.05 years) adults reacted to and recovered from a
cognitive stressor using repeated positive and negative emotion probes. Results showed that both
age groups were negatively impacted by the stressor, and both reported an initial boost in recovery
afterward. However, older adults continued to improve across the recovery period compared to
younger adults. This work elucidates that older adults are significantly impacted by stress but
exhibit a resounding recovery.

Keywords
age differences; SAVI; stress; recovery; positive emation

One hallmark discovery over the past several decades is that later life is generally
characterized by stability in or greater well-being relative to the earlier years of life. Older
adults show stable or lower negative affect and higher or at least commensurate positive
affect (Carstensen et al., 2000, 2011; Charles et al., 2001; Jebb et al., 2020; Kunzmann et al.,
2000; Mroczek & Kolarz, 1998), greater emotional stability (Roberts et al., 2006), increased
or relative stability in life satisfaction (Diener et al., 1999; Jebb et al., 2020), and a lower
prevalence of anxiety, mood, and substance use disorders (Kessler et al., 2005) compared

to younger adults. These patterns generally hold at least until near the end of life when a
decline in well-being has been observed (e.g., Gerstof et al., 2010; Gerstorf et al., 2018), and
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they may be particularly consistent for emotional aspects of well-being (e.g., positive affect,
negative affect), rather than cognitive aspects of well-being (e.qg., life satisfaction, Baird et
al., 2010).

Age-related advantages in emotional well-being emerge consistently across studies using an
array of methodologies, including cross-sectional and longitudinal designs (Carstensen et al.,
2000, 2011; Charles et al., 2001; Mroczek & Kolarz, 1998), retrospective ratings of average
emotional states (Charles et al., 2001), and experience sampling of everyday emotional
experiences (Carstensen et al., 2000, 2011). These well-being advantages are often thought
to reflect older adults’ greater use of emotion regulation strategies focused on avoiding or
mitigating exposure to situations that may elicit distress (Charles, 2010). However, strength
and vulnerability integration theory (SAVI; Charles, 2010) predicts that age differences will
be attenuated, if not disappear completely, when people respond to a stressful event. The
present study sought to examine this pattern of age differences in well-being throughout
(before, during and after) a stressful experience.

Socioemotional selectivity theory (SST; Carstensen et al., 1999), a pioneering life-span
theory of motivation, makes predictions regarding age differences in emotional processes in
which older adults seek to maximize positive and minimize negative emotions (Carstensen
& Mikels, 2005; Charles & Carstensen, 2009). SST posits that that motivational shifts occur
as a function of changes in perception of one’s future time horizon associated advancing
age. In younger adulthood, future time is typically perceived as vast and expansive,
allowing one to prioritize future-oriented goals, such as acquiring information or developing
extensive social networks. In older adulthood, one’s future time perspective becomes more
limited, leading to a shift toward present-oriented goals, such as sharing meaningful and
positive experiences with close others or maintaining one’s current affective state. These
motivations result in older age being related to favoring positive over negative information,
a phenomenon referred to as the age-related positivity effect (Carstensen & Mikels, 2005;
Reed et al., 2014).

Building from core tenets of SST and considering the balance of older adults’ strengths
and weaknesses, SAVI (Charles, 2010) focuses on older adults’ strengths in their ability to
flexibly employ emotion regulation strategies to avoid stressful situations. These situation
selection strategies enable older adults to avoid experiencing high arousal situations
(Isaacowitz & Ossenfort, 2017). They use less confrontational strategies when dealing

with interpersonal conflict or avoid it altogether (Holley et al., 2013), resulting in more
positive emotions (Birditt & Fingerman, 2005; Blanchard-Fields et al., 2007; Lefkowitz

& Fingerman, 2003). Moreover, older adults are better than younger adults at finding
positivity in negative situations (i.e., positive reappraisal; Shiota & Levenson, 2009) and
are less likely to engage in repetitive, ruminative thinking in their daily lives (Emery et al.,
2020; Nolen-Hoeksema & Aldao, 2011). Although evidence broadly indicates that emotion
regulation abilities do not decline in later life, there is notable heterogeneity regarding
various age differences in the use and effectiveness of emotion regulation strategies (see
meta-analysis by Brady et al., 2018). For instance, older adults show a reduced ability in
detached reappraisal (i.e., deliberate redirection of attention to the non-emotional aspects of
the situation) relative to younger and middle-aged adults (Shiota & Levenson, 2009). This
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heterogeneity indicates that age differences in emotion regulation abilities are more nuanced
and likely context dependent.

When people cannot avoid a stressor, SAVI posits that the age-related improvements in
emotional experience will be attenuated and may disappear completely (Charles, 2010).
To date, tightly controlled experimental studies to probe this prediction are missing, but
available correlational evidence supports this view. For example, an experience sampling
study found that, consistent with SAVI’s predictions, older adults reported similar levels
of negative affect immediately after a daily stressor compared to younger adults (Scott et
al., 2017) and after a social-cognitive task (Wrzus et al., 2014). This pattern of results
highlights an important area of potential late-life vulnerability, given findings indicating
that high levels of arousal (i.e., stress) are detrimental to physical health (Piazza et al.,
2013). This vulnerability may become particularly pronounced when stressors are not only
unavoidable but also particularly threatening for older adults. For example, situations that
activate and confirm negative age-based stereotypes (e.g., problems with cognition) may
be even more stressful for older adults than for younger adults. Indeed, salient age-related
stereotypes impair the cognitive performance of older adults (Chasteen et al., 2012), and
the detrimental effects of negative age-based stereotypes have also been shown to lead to
increased stress responses among older adults (Levy et al., 2000). In studies examining
stressful situations that are particularly salient to late life, older adults report as higher if not
higher levels of distress than younger adults (Kunzmann et al., 2005). Thus, theory (Charles,
2010; Charles & Piazza, 2009) and research (Luong & Charles, 2014; Levy et al., 2000;
Wrzus et al., 2013, 2014) generally suggest that when unpleasant or stressful events are
unavoidable, age-relevant (Kunzman & Griihn, 2005), and taxing to one’s resources, high
levels of affective reactivity are assumed to result, leading to small or no age differences in
reactivity to a stressor.

Although SAVI predicts that differences between older and younger adults’ emotional
experiences will be attenuated or disappear during stress reactivity, older adults are thought
to fare better emotionally than younger adults during stress recovery, though physiological
recovery (e.g., heart rate, blood pressure) might occur more slowly possibly due to decreased
physiological flexibility in older age (Charles, 2010). For example, despite similar emotional
reactivity at the time of a stressor, the experience sampling study discussed above also found
that older adults reported higher levels of emotional well-being approximately 10 minutes
later (Scott et al., 2017), underscoring an important strength of older adults (Charles, 2010).
The hypothesized mechanism for why older adults recover from stress better over time is
that, after a stressor, chronically activated motivations for positive emotions over negative
emotions (i.e., the age-related positivity effect) shift their attention to more positive aspects
of the environment.

This shift in attention allocation may underscore their tendency to ruminate less about
stressful experiences (though they may still be preoccupied with previous daily hassles
and/or stressors; Scott et al., 2013, 2017; Wrzus et al., 2015) than younger adults (e.g.,
Emery et al., 2020), which could lead to age differences in recovery from a stressor. This
work has leveraged experience-sampling approaches to better understand age differences
in recovery as they occur naturally in one’s life. In addition, a small set of studies have

Psychol Aging. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Minton et al.

Page 4

used explicit emotion regulation strategies (e.g., rumination) to examine when older adults
might fare better or worse than younger adults during recovery in a laboratory setting. In
one laboratory study, explicitly instructing people to ruminate about a previous stressor
(i.e., having to do arithmetic before two stern-looking evaluators) made no difference in
recovery for younger adults when compared to same-aged counterparts who were free to
engage in their normal pattern of thinking, which presumably also included some rumination
(Robinette & Charles, 2016). Though other work has found no systematic age differences in
emotion regulation strategies according to instruction (see Brady et al., 2018), older adults
instructed to ruminate in that study recovered worse than older adults free to engage in their
own thought processes, which presumably did not include rumination. However, research
suggests that affective (e.g., subjective feeling and arousal) and physiological (e.g., heart
rate, blood pressure) recovery varies depending on the time since the unpleasant or stressful
event (Scott et al., 2013, 2017; Wrzus et al., 2015), the demand it places on one’s resources
(Charles, 2010), and the specific domain or context (e.g., health, interpersonal, cognitive;
Charles & Piazza, 2009; Levy et al., 2000; Luong & Charles, 2014; Wrzus et al., 2013;
2014; 2015).

Besides a tendency to ruminate less, older adults also may more quickly shift to focusing on
more positive emotions than younger adults. Positive emotions can be a powerful antidote
for stress and negative emotions; they can undo the negative physiological and psychological
effects brought about by negative emotions (Fredrickson et al., 2000) and improve recovery
from negative emotions on stressful days (Ong et al., 2006). In past studies, Monfort et

al. (2014) found that just having people reflect on stressors in a positive emotional context
helped them effectively regulate their emotional reactions to that stressor. Given older
adults’ tendency to focus more on the positive, they may be more likely than younger adults
to attend to positive information inherent in positive contexts after a stressful situation,

and thus recover better. Alternatively, younger adults may benefit more from exposure to
positive experiences after a stressor than do older adults. Older adults have chronically
activated goals that shift their attention and memory to positive emotional experiences (i.e.,
the positivity effect). In contrast, younger adults often display a negativity bias (Baumeister
et al., 2001), so they may benefit more from the presence of positive stimuli.

The current study examined younger and older adults’ reactivity to and recovery from a
cognitively evaluative stressor. Participants were presented with a challenging anagram task
designed to induce stress and were randomly assigned to either watch an interactive 3D
video of a positive beach scene or of a neutral office scene to examine stress recovery.
Participants indicated how pleasant and unpleasant they felt before the anagram task, after
the anagram task, during the recovery period, and after the recovery period and reported on
their positive and negative thoughts during recovery.

Guided by SAVI, we hypothesized that when faced with an unavoidable, stereotype-
threatening stressor, older adults would be as emotionally reactive, if not more so, than
younger adults. We further predicted that older adults would emotionally recover more
effectively than younger adults, especially with increased temporal distance from the
stressor. Moreover, we explored two potential recovery-aiding mechanisms: (1) whether
older adults or younger adults would benefit more from the positive recovery context;
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and (2) whether age differences in recovery could be explained by age differences in

thought patterns during the recovery period (e.g., younger adults ruminating more than

older adults). This study provides novel insight into how older and younger adults recover
from a stressor with greater standardization and temporal precision than more naturalistic
experience sampling paradigms. In addition, this study sheds light on how older and younger
adults recover from stress without explicitly instructing participants like past work has done
(e.g., Robinette & Charles, 2016).

Method

Transparency and openness

We report how we determined our sample size, and describe all data exclusions,
manipulations, and all measures in the study. De-identified processed data and

analysis code are available on Open Science Framework: https://osf.io/8ya2w/?
view_only=0887eb3baee348d4afae4196a29a9962. Primary analyses were conducted in
JASP (JASP Team, 2022). The mediation analyses were conducted in R (R Core Team,
2021) using the ‘lavaan’ package (Rosseel, 2012). This study was not pre-registered.

Participants

To determine adequate sample size, we conducted a power analysis using G*Power (Faul et
al., 2007). We based this analysis on the critical comparisons of younger versus older adults
in either the positive or neutral recovery context before the anagram task, after the anagram
task, and after the recovery period (repeated measures). Assuming a small to medium effect
size of 0.20, an alpha of 0.05, and the correlation among the repeated measures of 0.5, a
total sample size of 168 was needed to detect differences in four groups with 80% power. To
account for potential data exclusion, we aimed to recruit 90-100 per age group. Please note
that this power analysis is based on an analysis of variance (ANOVA), which was our initial
analytic strategy, but after receiving feedback during the revision process, we decided to use
multilevel modeling (MLM).

We recruited convenience samples from the community, Prolific online participant system,
and undergraduate psychology courses all within the United States. 1 Data collection was
completed during 2021. After excluding participants who did not pass the comprehension
checks? (V= 12), these samples were combined to form younger (/7= 85; Mhage = 22.56, SD

Iwe used multiple participant recruitment efforts for this study. The majority of older and younger adults were recruited from

the Chicagoland area (MRecruited = 133; MRetained = 127), but we also used Prolific online participant system (MRecruited =

45; MRetained = 39). A small portion of younger adults were recruited from undergraduate psychology courses (MRecruited = 5;
MRetained = 4). Participants who did not pass the interactive video comprehension check (V= 5; rprolific = 2, ”Community = 3) and
the anagram task comprehension check (V= 7; nprolific = 4, /Psychcourse = 1; lCommunity = 3) were excluded from analyses (see
below for more details). Thus, our final sample included 85 older adults recruited from the community (n= 79) and Prolific (7= 6)
and 85 younger adults recruited from the community (7= 48), from Prolific (7= 33), and from undergraduate psychology courses (/7=
4).

2To ensure that participants understood the instructions for the interactive 3D video and the anagram task, we included three total
comprehension checks. First, after watching the practice tutorial video, participants were presented with two questions. The first
comprehension check was a true/false question (i.e., “You can look around in the video by using the mouse”; correct answer =

true). The second comprehension check was also a true/false question (i.e., “You can look around and engage in the video at any
point”; correct answer = true). Participants who did not pass the comprehension checks were brought back to the interactive video
instructions. If they did not pass the comprehension checks the second time, they were not allowed to continue with the study. After
participants were provided instructions on the anagram task, participants completed a comprehension check for how to answer the
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= 3.65; age range: 18-30 years) and older adult (7= 85; Myqe = 71.05, SD = 6.08; age range:
60-83 years) samples (see Table 1 for sample characteristics). All participants provided
informed consent prior to the study and received financial compensation or course credit

in the case of the younger adult participants from undergraduate psychology courses for
completing this online study. This study was approved by a university Institutional Review
Board (IRB) and meets ethical guidelines (DePaul IRB Approved Protocol # JM021419PSY,
“Aging, Emotion Regulation, and Stress”).

Cognitive stressor (anagram task).—We manipulated stress using an anagram task
(Yang et al., 2018). Participants attempted to solve 30 five-letter anagrams with varying
levels of difficulty (i.e., seven easy, eight medium, seven hard, eight unsolvable; see Table
S1). Each letter of the anagram had a corresponding number beneath it (e.g., WL R O

D, 12 3 45; refer to Figure 1 for an example). To unscramble each anagram, participants
had 16 seconds to spell out the word using the numbers corresponding to the letters, which
also increased cognitive demand. To increase stress related to their cognitive performance,
participants received two types of feedback (for 4s): (a) whether or not they got the anagram
correct (i.e.., “Correct!” or “Incorrect”), and (b) the percentage of participants who got the
anagram correct (e.g., “78% of participants got that one correct”). The “percentage correct”
feedback was arbitrarily determined by the research team (Table S1). For the unsolvable
anagrams, participants were always given feedback that their response was incorrect and that
a majority (from 71%-95%) of participants answered the anagram correctly, which has been
shown to reliably induce negative emotions (see Yang et al., 2018 Supplemental Material).
The anagram task took approximately 30 minutes to complete.

Recovery period.—Participants were randomly assigned to either the positive (/7= 86) or
neutral (r7=84) recovery context. Both recovery contexts involved watching an interactive
3D video for three minutes (see Figure 1). In the positive recovery context, participants
watched a beach scene and could hear the waves crashing on the beach. In the neutral
recovery context, participants watched an office scene with people working and could

hear common workplace noise (e.g., keyboards, phones). The positive and neutral videos
have been validated in younger adults (age range: 18-22 years; 51% female) to induce
positive emotions and a neutral state, respectively (see Song et al., 2018 for actual means).
Participants were encouraged to use their computer mouse to move around in the interactive
3D video to allow for a more immersive experience. The videos were presented in three
one-minute increments, with emotion probe data being collected after each minute.

Emotion probes.—Two emotion probes were collected at multiple time points throughout
the experiment. Rather than using multiple adjectives, we reasoned that using single

items for positive and negative affect assessments is appropriate for experimental studies,
particularly designs such as the current study in which affect is more heavily tied to a
specific situation and is assessed repeatedly and frequently. These types of assessments have

anagrams (i.e., entering the numbers and not the letters). If participants did not answer correctly, they were returned to the example
anagram and instructions. If they did not answer the comprehension check correctly the second time, they were not allowed to
continue with the study.
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been used extensively by the authors of this research (Song et al., 2018; Waugh et al.,

2010, 2011). Participants were asked (1) how pleasant they felt and (2) how unpleasant they
felt. Responses were made on a visual analog scale that ranged from 0 (Not at all pleasant/
unpleasant) to 100 (\Very pleasant/unpleasant). Participants completed emotion probes at
the following time points: (1) before the anagram task, (2) after the anagram task, (3) one
minute into the recovery period, (4) two minutes into the recovery period, and (5) after the
three-minute recovery period.

Thought Content Questionnaire.—After the recovery period, participants completed
a modified version of the Thought Content Questionnaire (Yang et al., 2018). Participants
were instructed to read each statement (24 total) and indicate how much they endorsed such
thoughts while they were watching the video. There were five subscales for this measure:
positive thoughts about the anagram task (e.g., “I thought about how I felt in complete
control during the anagram task™; 8 items; a. = .79), negative thoughts about the anagram
task (e.g., “I thought about how frustrated | was with the anagram task”; 7 items; a =

.90), positive thoughts about the recovery video (e.g., “I had pleasant thoughts about the
content of the video”; 3 items; a =.72), negative thoughts about the recovery video (e.g.,
“I had unpleasant thoughts about the content of the video”; 3 items; a = .74), and other
(e.g., “I thought about things unrelated to the anagram task or the video”; 3 items; a = .52).
Responses were made on a 5-point scale, ranging from 1 (Not at all) to 5 (Very much).

After providing informed consent, participants engaged with a tutorial video about how
to interact with the recovery video. After the tutorial video, participants completed a
measure of positive and negative affect during the past week using the Modified Differential
Emotion Scale (mDES; Fredrickson et al., 2003; for details, see Supplemental Materials)
as a descriptive measure to characterize the sample. Participants then completed the first
set of emotion probes, followed by the anagram task. After the anagram task, participants
completed the second set of emotions probes. Next, participants watched the interactive
recovery video and completed two sets of emotion probes during this recovery period.
After the three-minute recovery period, participants completed the final set of emotion
probes. Participants then completed the thought content questionnaire, a cognitive battery
(for details, see Supplemental Materials), other coping/emotion regulation measures (for
unrelated purposes) and provided demographic information. Finally, participants were
debriefed and thanked for their participation. More detailed information regarding the
procedure can be found in Supplemental Materials.

Data Analysis Strategy

We used multilevel linear modeling (MLM) to assess our primary research questions
regarding whether there are age and recovery context differences in reactivity to and
recovery from the stressor. We also conducted two mediation models to explore whether
thought content could explain any age differences in recovery.
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Following the analyses of Waugh et al. (2010), we used multilevel linear modeling to
analyze the emotion probe data. We specified a 2-level MLM model for the pleasant and
unpleasant emotion probes separately. Pleasant and unpleasant emotion probes at each time
point (before anagram, after anagram, one-minute into recovery, two-minutes into recovery,
and after recovery) were included at Level 1 of the models. We included the changes in
slopes and intercepts from Level 1 for each participant at Level 2 of the models.

We took the following steps to build each of the MLM models. Models were estimated using
the “Imer()” function in the /merTest package (Kuznetsova et al., 2017). We first fit a series
of dummy-coded variables that corresponded to our theorized patterns in the data. We used a
piecewise regression approach (Llabre et al., 2001) in which we fit different regression lines
to different task periods (stressor reactivity, recovery) within one continuous time-series.
Each regression line corresponded to one of four possible patterns in the data: (1) stress
magnitude change (1 during the task, 0’s everywhere else), which reflects the degree of
emotion change from right after the stressor compared to baseline (i.e., before the stressor),
(2) recovery magnitude change (1’s during the recovery period, 0’s everywhere else), which
reflects the degree of emotion change during the recovery period (one-minute into recovery,
two-minutes into recovery, after recovery) on average compared to baseline, (3) /inear slope
auring recovery (centered to the middle of the period), which reflects the slope of emation
change during the recovery period, and (4) quadratic slope during recovery (also centered to
the middle of the period), which reflects the quadratic curve of emotion change during the
recovery period. The stress magnitude change examines our first research question regarding
age differences in reactivity to the stressor. The recovery magnitude change and linear and
quadratic slopes during recovery examines our second research question regarding age and
context differences in recovery from the stressor.

Next, we added recovery contextand age group at Level 2 of the model predicting each of
the Level 1 intercepts and slopes. Recovery context was dummy coded as 1 (positive) and
-1 (neutral). Age group was dummy coded as 1 (older adults) and —1 (younger adults). We
estimated models with recovery context and age group and the interaction terms with stress
reactivity and recovery at Level 2. We decomposed significant interactions with a simple
slopes analysis with the “sim_slopes()” function in the interactions package (Long, 2019).
Neither the quadratic effects nor the three-way interactions for either model were significant.
We therefore re-estimated the models and removed the quadratic effects and three-way
interactions term to retain the simpler model. We therefore report the results for the simpler
models below. Model summary results for pleasant and unpleasant emotion probes can be
found in Supplemental Materials. To further explore patterns in the data, we report statistics
for significant t-tests examining age group or recovery context differences at time points.
Figures 2 and 3 present mean pleasant and unpleasant emotion probes, respectively, at each
time point by age group and by recovery context. Within the figures, some significant effects
are included to further highlight the pattern of results, and all significant effects are reported
below.
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Pleasant Emotion

Significant main effects of stress magnitude change, 6= -24.71, SE=3.02, {671) = -8.17,
p<.001, and age group, b=9.42, SE=3.98, {330.08) = 2.37, p=.019, were qualified by
an age group by stress magnitude change interaction, 6= -13.79, SE = 3.48, {671) = -1.28,
p<.001 (see Table S2 for full model results). Consistent with our prediction that older
adults would be as reactive to the stressor, the significant interaction indicated that older
adults had a greater degree of decrease in pleasantness after the anagram task compared to
baseline (b= -39.93, SE=2.46, 95% CI [-44.70, 35.10], £=-16.24, p<.01) compared to
younger adults (b= —26.14, SE = 2.46, 95% CI [-31.00, —21.30], = -10.63, p<.01). As
predicted, this suggests that both age groups were reactive to the stressor, but older adults
had a greater decrease in pleasantness compared to younger adults.

With respect to recovery from the stressor, a significant main effect of recovery magnitude
change, b=-14.95, SE=2.47, {671) = —6.06, p < .001, indicated that, on average,
participants still experienced less pleasant emotion during recovery than during baseline.
The age group by recovery magnitude change interaction was not significant, 6= -3.64, SE
=2.84, (671) = -1.28, p=.201. There was, however, a significant age group by linear slope
during recovery interaction, 6= 3.91, SE=1.74, {671) = 2.25, p=.025. Consistent with
our prediction that older adults would recover better than younger adults across the recovery
period, the significant interaction indicated that older adults’ pleasantness continued to
increase linearly during the recovery period (6= 3.43, SE=1.23, 95% CI [-1.01, 5.84], =
2.79, p=.010), whereas younger adults’ pleasantness did not (b= -0.48, SE=1.23, 95%
Cl [-2.89, 1.93], t=-0.38, p=.700). Moreover, after the full recovery period, older adults
reported higher pleasantness compared to younger adults, mean difference = 12.27, 95% ClI
[2.25, 22.29], t=3.63, p=.005, Cohen’s d=0.35.

To further explore age differences during recovery, we estimated another MLM in which

we assessed linear and quadratic slopes starting from the stressor period to the recovery
period (excluding baseline data points), which allows us to examine how much individuals
recovered from the stress period to the recovery period (see Table S3 for full model results).
Again supporting our hypothesis that older adults would recover better across the recovery
period compared to younger adults, the age group by linear slope interaction was significant,
b=4.61, SE=1.06, {504) = 4.34, p<.001, with follow-up simple slopes analyses
demonstrating that older adults had a steeper increase in pleasantness from the stressor to the
recovery period (b= 9.67, SE=0.75, 95% CI [8.16, 11.11], £=12.88, p< .01) compared to
younger adults (6=5.06, SE=0.75, 95% CI [3.56, 6.51], = 6.75, p<.01).

From the initial MLM analysis with all time points included, there was also a significant
recovery context by recovery magnitude change interaction, 6= 12.47, SE=2.84, {671) =
4.39, p<.001, which indicated that participants’ level of pleasant emotion recovered more
and returned closer to baseline in the positive recovery context (6= -4.30, SE = 2.00, 95%
Cl [-8.22, -0.38], t=—2.15, p=.030) than participants in the neutral recovery context
(b=-16.77, SE=2.02, 95% CI [-20.74, -12.80], = -8.30, p< .01). In the follow up
MLM extending the linear effects to the stressor period, the recovery context by linear

slope interaction was significant, 6=5.28, SE= 1.60, {504) = 4.98, p < .001, with simple
slopes analyses demonstrating that participants in the positive recovery context had a steeper
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increase in pleasantness from the stressor to the recovery period (6= 9.97, SE=0.75, 95%
Cl [8.51, 11.44], t=13.37, p<.01) than participants in the neutral recovery context (6=
4.70, SE=0.75, 95% CI [3.21, 6.18], t=6.22, p< .01). The recovery context by quadratic
slope during recovery period was also significant, = -3.07, SE=1.19, £504) = -2.60, p
=.010, which was likely due to the fact that the participants in the positive recovery context
had a steeper increase in pleasantness compared to those in the neutral recovery context.

Unpleasant Emotion

Significant main effects of stress magnitude change, 6= 20.91, SE=3.33, {671) =6.27, p<
.001, and age group, b=-16.84, SE=4.13, {363.71) = —4.08, p< .001, were qualified by a
significant age group by stress magnitude change interaction, 6= 18.15, SE=3.83, {671) =
4.74, p<.001 (see Table S4 for full model results). Consistent with our prediction that older
adults would be as reactive or more reactive to the stressor compared to younger adults, the
significant interaction indicated that older adults had a greater increase in unpleasantness
after the anagram task compared to baseline (b= 42.55, SE=2.71, 95% CI [37.20, 47.80], ¢
=15.71, p< .01) relative to younger adults (6= 24.40, SE=2.71, 95% CI [19.00, 29.7], t=
9.01, p<.01).

With respect to recovery from the stressor, a significant main effect of recovery magnitude
change, b=12.07, SE=2.72, {671) = 5.17, p<.001, showed that, on average, participants
still experienced more unpleasant emotion during recovery than during baseline. Further, a
significant age group by recovery magnitude change interaction, b=7.18, SE=3.13, {671)
=2.31, p=.022, indicated that older adults had a greater degree of change in unpleasantness
during the recovery period compared to baseline (6= 15.50, SE = 2.21, 95% CI [11.23,
19.00], £=7.01, p< .01) relative to younger adults (6= 8.32, SE=2.21, 95% CI [4.04,
12.70], t=3.76, p< .01). Although the age group by linear slope during recovery interaction
was significant for pleasant emotion probes, it was not significant for unpleasant emotion
probes, b=-3.50, SE=1.92, {671) = -1.83, p=.068. This effect is likely driven by

the fact that older adults’ unpleasantness at baseline was much lower than that of younger
adults, mean difference = -16.84, 95% CI [-27.38, —6.29], t=—-4.20, p< .001, Cohen’s d=
-0.84. When examining just the recovery period, older adults reported lower unpleasantness
compared to younger adults during the second minute of the recovery period (see fourth
data points in Panel A of Figure 3), mean difference = -10.61, 95% CI [-20.97, -0.24], ¢
=-3.04, p=.032, Cohen’s d=-0.35, and after the full recovery period, mean difference =
-13.69, 95% CI [-24.06, -3.33], = -3.92, p=.002, Cohen’s d=-0.43.

To further explore age differences during recovery, we estimated another MLM to assess
linear and quadratic slopes starting from the stressor period to the recovery period
(excluding baseline datapoints), allowing us to examine how much individuals recovered
from the stress period to the recovery period (see Table S5 for full model results). The
quadratic effect was significant but did not interact with recovery context or age group,

so we estimated a simpler model with the quadratic effect only and not the interactions
with recovery context and age group. In the simpler model, the quadratic effect was again
significant, 6=5.56, SE = 0.61, {506 = 9.05, p < .001, and the age group by linear slope
during recovery interaction was significant, b= -4.69, SE=1.11, £506) = -4.27, p< .001.
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Consistent with our prediction that older adults would recover better than younger adults
across the recovery period, follow-up simple slopes analyses indicated that older adults had
a steeper decrease in unpleasantness during the recovery period (6= -8.74, SE=0.78, 95%
CI [-10.23, =7.17], t=-11.25, p<.01) compared to younger adults (6= —4.05, SE=0.78,
95% CI [-5.54, -2.48], t=-5.21, p<.01). Thus, although the age group by linear slope
during recovery period was not significant when age differences at baseline were accounted
for, these follow up analyses demonstrates that both age groups improved in their emotion
from the stressor, but older adults had better recovery, even though they did not return to
their quite low unpleasantness at baseline.

From the initial MLM analysis with all time points included, a significant recovery context
by recovery magnitude change interaction, 6=-11.38, SE=3.13, {671) = -3.64, p<

.001, indicated that participants in the neutral recovery context had a greater degree of
change in unpleasantness during the recovery period compared to baseline (6= -17.67, SE
=2.23,95% CI [13.30, 22.00], £=7.94, p< .01) relative to participants in the positive
recovery context (b= 6.29, SE=2.20, 95% CI [1.97, 10.60], £=2.86, p< .01), As with

the pleasant emotion probes, participants’ unpleasantness in the positive recovery context
was closer to baseline after the recovery period compared to participants in the neutral
context, leading participants in the neutral recovery context to have a larger degree of change
in unpleasantness compared to participants in the positive recovery context. In the follow
up MLM extending the linear effects to the stressor period, the recovery context by linear
slope during recovery interaction was significant, b= —6.69, SE = 1.11, {506) = -6.09, p
<.001. Follow up simple slopes analyses indicated that participants in the positive recovery
context had a steeper decline in unpleasantness during the recovery period (6= -9.70, SE=
0.77,95% CI [-11.22, -8.18], t=—12.56, p< .01) compared to participants in the neutral
recovery context (6= -3.01, SE=0.78, 95% CI [-4.54, -1.47], t=-3.85, p<.01). This

is made clear by examining the recovery context differences in unpleasantness at each time
point during the recovery period. Specifically, participants in the positive recovery context
reported significantly lower unpleasantness than participants in the neutral recovery context
during the first minute of the recovery period, mean difference = 11.62, 95% CI [1.92,
22.00], t=3.31, p=.008, Cohen’s d= 0.32, and was larger after the second minute of

the recovery period, mean difference = 15.76, 95% CI [5.33, 26.18], = 4.48, p<.001,
Cohen’s d= 0.45, and even larger after the full three-minute recovery period was over, mean
difference = 18.12, 95% CI [7.70, 28.55], = 5.16, p< .001, Cohen’s d= 0.48.

Did differences in thought content explain age group differences in stress recovery?

Composite averages for each subscale were submitted to separate 2 (Age group) x 2
(Recovery context) ANOVAs. To streamline results, we only summarize the results for
the subscales that had significant main effects or interactions (i.e., positive and negative
thoughts about the recovery video and other thoughts), but the means, standard deviations,
and test statistics for all subscales can be found in Supplemental Materials.

Participants in the positive recovery context reported greater positive thoughts about the
recovery video than participants in the neutral recovery context, A1, 166) = 62.96, p< .001,
np2 = .275. Older adults reported significantly fewer negative thoughts about the recovery
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video, A1, 166) = 10.87, p=.001, npz =.061, and other thoughts about the recovery video,
A1, 166) = 44.90, p< .001, npz =.213, than did younger adults. No other significant effects
emerged.

As described above, older and younger adults’ pleasantness and unpleasantness improved
during the recovery period, but older adults had a steeper increase/decrease in their
emotional reactivity compared to younger adults. Could older adults” continued recovery
over time be explained by fewer negative thoughts about the recovery video and/or fewer
other-related thoughts? To answer this question, we conducted two indirect effects analyses
for the pleasant and unpleasant emotion probe data. Age group was the predictor and
average composite ratings of negative thoughts about the recovery video and other thoughts
(mean-centered) served as parallel mediators. We included the effects of recovery context
as a covariate. We focus on the effects of age, but analyses and data to test other effects

can be found on our OSF page. For the outcome variable, we used person specific slopes
derived from the follow-up MLM analyses that estimated linear slopes from the stressor to
the recovery period described above.

For both models, we estimated the direct effect of age group (reference group = younger
adults) and recovery context (reference group = neutral) on the person-specific linear slopes
across the stressor and recovery periods (¢ path). We also estimated the direct effect of

age group and recovery context on average ratings of negative thoughts about the recovery
video and other thoughts (& paths) as well as the effects of negative thoughts about the
recovery video and other thoughts on the person-specific slope (& paths). Additionally,

we estimated the direct effect of age group and recovery context on the person-specific
slopes after accounting for the effects of the mediators in the model (¢’ path). Finally,

using the method outlined by Hayes (2009) each estimate of the causal mediation effect
(indirect effect) was computed for each of 5,000 bootstrapped samples. The 95% confidence
interval was computed from the indirect effect at the 2.5% and 97.5% percentiles for each
mediator. Confidence intervals were computed using bias corrected bootstrap sampling via
the “bca.simple” type in ‘lavaan’. Full test statistics are reported in Figure 4 for both
pleasant (Panel A) and unpleasant (Panel B) mediation models.

Pleasant emotion.—Age group significantly predicted negative thoughts about the
recovery video and other thoughts, such that older adults had fewer negative thoughts about
the recovery period and other thoughts compared to younger adults. Negative thoughts about
the recovery video (but not other thoughts) predicted decreases in pleasantness during the
recovery period. Although there was not a direct effect of age group on the stress to recovery
slope, the indirect effect of age group on stress recovery through negative thoughts about the
recovery period was significant. Older adults had fewer negative thoughts about the recovery
video, which predicted increases in pleasantness from the stressor to the recovery period.
The indirect effect of age group on stress to recovery slope through other thoughts was not
significant (o = .331). The total effect of age group (and recovery context) on the stress to
recovery slope after accounting for both the mediators was not significant (p = .189).

Unpleasant emotion.—Because the a paths were the same in both models, we observed
the same age differences in negative and other thoughts about the recovery period. Negative
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thoughts about the recovery period (but not other thoughts) significantly predicted increases
in unpleasantness, potentially suggesting that having more negative thoughts about the
recovery period hinders the ability to sustain the initial recovery. Although the direct

effect of age group was not significant, the indirect effect of age group on changes

in unpleasantness from stress to recovery through negative thoughts about the recovery
video was significant. “Other thoughts” as mediator was not significant (p = .882). Older
adults had fewer negative thoughts about the recovery video, which predicted decreases in
unpleasantness during the recovery period. The total effect of age group (and recovery
context) on the stress recovery slope after accounting for both the mediators was not
significant (p = .056).

Discussion

The current study examined how older and younger adults reacted to and recovered from a
cognitively evaluative stressor using repeated positive and negative emotion probes. Guided
by SAVI, we predicted that older adults would report more positivity and less negativity
before and after exposure to the stressor, but that older adults would be similarly if not more
reactive to the stressor than younger adults. After exposure to the stressor, we predicted that
older adults would emotionally recover better than younger adults, especially with increased
temporal distance from the stressor.

In line with our hypotheses, older adults reported significantly higher pleasantness and
lower unpleasantness before the anagram task, which is consistent with previous findings
that older adults report lower negative and higher or at least commensurate positive affect
compared to younger adults (Carstensen et al., 2000, 2011; Charles et al., 2001; Mroczek
& Kolarz, 1998). Though older adults reported significantly higher pleasantness and lower
unpleasantness before the stressor relative to younger adults, these differences disappeared
immediately after the stressor, which is consistent with SAVI (Charles, 2010) and past
research examining age differences in reactivity (Wrzus et al., 2014). Specifically, older
adults were significantly impacted by the cognitively evaluative, stereotype-threatening
stressor (i.e., the anagram task), with older adults’ pleasantness and unpleasantness
decreasing or increasing, respectively, which builds on past research (Scott et al., 2017).
Younger adults were also reactive to the stressor, suggesting that both age groups had a
relatively appropriate response to changes in their environment. That is, considering that
the primary function of emotions is to adapt to changes in the environment (Lazarus,

1991; Levenson, 1999), the finding that emotions changed after the stressor could be
considered a marker of adapting to the environment for both age groups, despite older
adults’ initially higher pleasantness and lower unpleasantness. One possible explanation for
older adults’ greater reactivity could be that older adults’ natural tendency to avoid negative
situations results in experiencing stressors less often (Almeida, 2005). But when the stressor
is unavoidable, like in the current study, older adults may have an exacerbated response
(Charles, 2010). Moreover, the stressor in the current study, a cognitively challenging
anagram task with false feedback may have activated or primed stereotype threat among
the older participants, leading them to be more reactive (Levy et al., 2000).

Psychol Aging. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Minton et al.

Page 14

With respect to recovery, both older and younger adults reported an initial recovery boost
after being exposed to the stressor (i.e., after the first minute of the recovery period), but
older adults continued to recover throughout the recovery period to a greater extent than
younger adults. During the recovery period, older adults’ linear increase in pleasantness and
decrease in unpleasantness were almost twice as much as younger adults. Viewed from a
functionalist perspective, this resounding affective recovery reflects the important functions
that positive emaotions serve across the life span (e.g., Fredrickson & Levenson, 1998;
Fredrickson et al., 2000) and which may be especially important for late-life outcomes, such
as memory functioning (e.g., Hittner et al., 2020) and health and longevity (e.g., Wells et al.,
in press).

It is interesting that this recovery occurred regardless of recovery context. Though we had
speculated that older adults would be better able to capitalize on the positive context relative
to the neutral context and relative to younger adults, this hypothesis was not supported.
However, there was a clear advantage of the positive recovery context relative to the neutral
recovery context for participants, highlighting how positive contexts helped participants
regardless of age regulate feelings evoked by the stressor more so than neutral contexts,
consistent with past research demonstrating how positive emotional contexts can help stress
recovery (Folkman & Moskowitz, 2000; Fredrickson, 1998; Monfort et al., 2014).

Another novel contribution of this work is that we did not explicitly instruct older adults

to regulate their emotions in any specific way (cf. Robinette & Charles, 2016; Rompilla
etal., 2021). Thus, we were able to observe how younger and older adults recovered
naturally in a spontaneous manner from the cognitive stressor. This suggests that emotion
regulation can still occur when not explicitly instructed to do so. Moreover, we were able

to provide a precise temporal account of how older adults recovered after each minute of

the recovery period and could show that older adults’ regulatory strengths are leveraged
throughout the time course of recovery. We also measured thought content after the recovery
period and found that older adults’ improved recovery compared to younger adults was
indirectly explained by older adults having fewer negative thoughts about the recovery video
compared to younger adults (but not for negative thoughts about the anagram task). This
converges with past research demonstrating how engaging in negative, ruminative thinking
has negative impacts on well-being and can inhibit recovery from stress (Emery et al.,

2020; Nolen-Hoeksema & Aldao, 2011). Thus, when older adults are left to their natural
propensities to recover from stress, their age-related strengths (e.g., focusing less on negative
thoughts) facilitated their recovery.

The contributions of the present study must be interpreted with its limitations. In terms

of strengths, we used a tightly controlled experimental design, a potent stressor, multiple
recovery contexts, multiple emotion probes, assessed naturalistic thought contents, and made
efforts to recruit a diverse sample representative in terms of racial and ethnic background
and socioeconomic status. Findings were limited, however, by our reliance on positive

and negative emotional experience assessments. Future research could extend this work

by incorporating measures of discrete emaotions to probe whether older adults respond

with different emotions than younger adults (e.g., sadness vs. anger) to stress (Charles

& Carstensen, 2008; Haase et al., 2012) as well as physiological measures (e.g., blood
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pressure, heart rate) to elucidate when older adults” emotion regulation skills may be
undermined by sustained physiological arousal evoked by stressors (Charles, 2010; Levy et
al., 2000; Wrzus et al., 2013, 2014, 2015). Moreover, the two recovery contexts (positive and
neutral videos) were not validated on an older adult sample (only for a younger adult sample
in previous work; Song et al., 2018). Future research could be devoted on validating and
norming the positive and neutral videos using a younger and older adult sample. Moreover,
future research could extend our work by examining naturalistic recovery processes without
any recovery context to provide a deeper understanding of how older adults recover from
stress. Furthermore, in the current work, we used a stereotype-threatening cognitive stressor
to maximally induce stress. Future research could explore the generalizability of our

work by using age-comparable or differentially age-relevant sources of stress (e.g., social
stressor).

Taken together, this work importantly underscores how older adults exhibit a resounding
recovery when negatively impacted by stress. This work brings to light the strengths of
older adults and provides insight into the time course of recovery. In line with SAVI, though
certain stressors strongly impact older adults, they harness their strengths to ultimately
recover and achieve greater well-being that can surpass that of younger adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Significance Statement

Despite documented physical and cognitive declines in older adulthood, there are clear
gains in emotional well-being with advancing age. This study shows that older and
younger adults are comparably affected by a cognitive stressor, but older adults exhibit
improved recovery relative to younger adults. These findings highlight the strengths of
older adults’ ability to recover from stress.
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Figure 1.
Visual depiction of the experimental procedure. Note that participants completed two

pleasant and unpleasant emotion probes during the recovery period (one minute into
recovery, and then two minutes into recovery). Due to copyright permission, the photos

of the positive beach scene (Highsmith, 2020) and neutral office scene (Highsmith, n.d.) are
close representations of what the recovery videos looked like.

Highsmith, C. M., photographer. (2020) Beach scene in Palm Beach, Florida . Palm Beach
County United States Palm Beach Florida, 2020. -01-14. [Photograph in the public domain]
Retrieved from the Library of Congress, https://www.loc.gov/item/2020720734/.

Highsmith, C. M., photographer. Commercial Office Interior. United States, None. [Between
1980 and 2006] [Photograph in the public domain] Retrieved from the Library of Congress,
https://www.loc.gov/item/2011634957/.
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Pleasant Emotion Probes
A) Age Group B) Recovery Context
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[—e—Oider Adults 71.88 31.95 55.79 60.35 62.66 [=—Positive Condition 67.13 32.70 59.90 64.03 64.56
[=®= Younger Adults 62.46 36.32 53.67 55.06 52.73 |~®— Neutral Condition 67.21 35.61 49.44 51.23 50.67
Figure 2.

Panel A presents the means for pleasant emotion probes at each time point for both age
groups. Older adults are represented by the solid purple lines with diamond end points.
Younger adults are represented by the dashed green lines with square end points. Panel

B presents the means for pleasant emotion probes at each time point for both recovery
contexts. The positive recovery context is represented by the solid blue lines with triangle
end points. The neutral recovery context is represented by the dashed red line with circle end
points. Error bars reflect 95% confidence intervals.
* p<.05. **p< .01, *** p<.001.
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=@ Neutral Condition

Before After 1 min into 2 min into After Before After 1 min into 2 min into After
anagram Anagram Recovery Recovery Recovery anagram Anagram Recovery Recovery Recovery
[—e—Older Adults 13.60 56.15 30.88 28.66 27.76 [—4—Positive Condition| ~ 21.81 58.71 29.72 27.45 27.41
|—l— Younger Adults 30.44 54.83 36.88 38.61 40.76 |—.— Neutral Condition 22.23 52.20 38.14 39.96 41.57
Figure 3.

Panel A presents the means for unpleasant emotion probes at each time point for both age
groups. Older adults are represented by the solid purple lines with diamond end points.
Younger adults are represented by the dashed green lines with square end points. Panel

B presents the means for unpleasant emotion probes at each time point for both recovery
contexts. The positive recovery context is represented by the solid blue lines with triangle
end points. The neutral recovery context is represented by the dashed red line with circle end
points. Error bars reflect 95% confidence intervals.
* p<.05. **p< .01, *** p<.001.
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- L = - o= = ~ -~
~
-7 - S~ ~
& ~
- ~
o’ N
4 ’ N

’ Negative M

4 il =- =
/ Estimate =052, SE = thoughts S gl n )
1 0.16,z=-3.31, p=.001 95% CI [2.27, 1.06]  \

I 95% CI [-0.82, -0.21
1

}

Direct effect: Estimate = -0.55, SE=0.72, z = -
0.76, p = .446, 95% CI [-1.96, 0.87]

Linear change
in pleasant
feelings

Age Group
(0=YA, 1=0A)

4
1

1
\

\\ Estimate = -0.93, SE =
\ 0.14,z=-6.74, p < .001,

el tc e Other thoughts

/
Estimate =0.36, SE=
0.36, z=1.01, p=.331,
95% CI [-0.34, 1.06]/ /

-~ -
- -
N ——————

Indirect effect: Estimate = -0.34, SE = 0.35, z=-0.97, p = .331, 95% CI [-1.07, 0.29]

B) Indirect effect: Estimate = -0.97, SE = 0,32, z=-3.01, p =.003, 95% CI [-1.67, -0.41]

’ Negative N

\
/ i = =
/ Estimate = -052, SE = thoughts S e
0.27, 2=-6.94, p < 0017
/016, z=-327, p=.001 95%CI[1.32,2.36]  \
I 95% Cl[-0.83,-0.21 '

] }

Linear change

in unpleasant
feelings

4
1

Direct effect: Estimate = 0.93, SE = 0.61, z= 1.53
Age Group p =.126, 95% CI [-0.19, 2.17]
(0=YA, 1=0A)

T
\

\
\ Estimate =-0.93, SE =
\ 0.14,z=-6.63, p <.001,

\05% CI 120, -0.65] Other thoughts

/
Estimate =-0.04, SE=
0.29, z=-0.15, p = .880,
95% CI [-0.63, 0.54] 7
7/

-~ -
-~ -
N —————

Indirect effect: Estimate = 0.04, SE = 0.28, z=.0.15, p = .882, 95% CI [-0.49, 0.61]

Figure 4.
Panel A and Panel B depict the mediation models exploring whether the effect of age

group on the linear change in pleasant and unpleasant feelings during the recovery period,
respectively, could be explained by negative thoughts about the recovery video and other
thoughts. Bolded lines correspond to the direct effects. Dashed lines correspond to the
indirect effects.
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Sample Demographics

Table 1.

Younger Adults (n =85) Older Adults (n= 85) Test Statistics
Variable M SD % M SD %  torX? p Cohen’sd
Age (in years) 2256  3.65 71.05 6.08 6331 < go1*** 9.55
Sex (female) 66% 65% 0.00 >.999 -
Ethnicity (Not Hispanic or Latino) 81% 88%  4.13 042” -
Race 7.99 0457 -
White/Caucasian 62% 59% -
Black/African American 12% 24% -
Asian 12% 6% -
Other 14% 11% -
Education (in years) 14.87 2.19 16.45 1.97 484 < oo " 0.76
Socioeconomic Status 2.83 1.03 276 115 -0.42 678 -0.07
Positive Affect 2.26 0.77 221 0.66 -0.45 .657 -0.07
Negative Affect 1.26 0.70 061 043 =127 < 001 -1.11
Vocabulary 3058  4.07 35.67 281 948 . gor*t 145
Letter Comparison 9.88 2.72 587 171 -1152 o g ¥ -1.77
Digit Span 21.46 4.82 2116 4.94 -0.36 718 -0.06

Page 25

Note. Socioeconomic status was measured on a 5-point scale (1 = Lower income, 2 = Lower middle income, 3 = Middle income, 4 = Upper
middle income, 5 = Upper income). Positive and negative affect during the past week were rated on a 5-point scale (0 = Not at all, 4 = Extremely).
Older adults’ scores on the vocabulary test ranged from 26—40, and younger adults’ scores ranged from 21-40. Older adults’ score on the letter
comparison task ranged from 2-10, and younger adults’ scores ranged from 4-17. Older adults’ scores on the digit span task ranged from 11-32,
and younger adults’ scores ranged from 10-32. Please refer to Supplemental Materials for more detailed information on the cognitive and affect

measures.

*
p<.05.

HokAk

p<.001
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