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ABSTRACT

This study examined effects of experimentally-induced optimism on physical activity and stress
reactivity with community volunteers. Using an intervention to induce short-term optimism, we
conducted two harmonized randomized experiments, performed simultaneously at separate academic
institutions. All participants were randomized to either the induced optimism intervention or to
a neutral control activity using essay-writing tasks. Physical activity tasks (Study 1) and stress-related
physiologic responses (Study 2) were assessed during lab visits. Essays were coded for intensity of
optimism. A total of 324 participants (207 women, 117 men) completed Study 1, and 118 participants
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(67 women, 47 men, 4 other) completed Study 2. In both studies, the optimism intervention led to
greater increases in short-term optimism and positive affect relative to the control group. Although the
intervention had limited effects on physical activity and stress reactivity, more optimistic language in
the essays predicted increased physical activity and decreased stress reactivity.

Introduction

Optimism is a key facet of positive psychological well-being
that is associated with reduced morbidity and mortality,
independent of psychological distress (Gawronski et al.,
2016; Kim et al., 2017). Despite accumulating evidence
regarding the relationship between optimism and health,
underlying mechanisms remain unclear. Prior work has
linked optimism with higher levels of physical activity and
better physiological adjustment to stress exposure (Puig-
Perez et al., 2015; Steptoe et al., 2006). Potential beneficial
effects of optimism on physical activity and stress response
may be partly a function of its regulatory component.
Optimism reflects having confidence in the future, which
in turn results in a greater likelihood of employing strategies
for achieving one’s goals, including effortful goal engage-
ment, problem-focused coping with challenges, and goal-
adjustment when goals become unattainable (Kubzansky
et al, 2015; Peterson, 2000; Rasmussen et al.,, 2006). The
ability to employ these strategies effectively and flexibly
likely provides greater means with which to confront and
manage life’s challenges and to adopt more health-
protective behaviors.

Despite increasing evidence of optimism'’s relation-
ships with more physical activity and healthier physiolo-
gical responses to stress, the vast majority of studies
focusing on dispositional optimism and its associations
with beneficial physical and physiological outcomes
have been observational (Puig-Perez et al., 2015;
Steptoe et al., 2006). As such, the direction of the effect
is unclear, leaving open the question of whether opti-
mism causally influences physical activity or physical
activity increases optimism. Additionally, almost all pre-
vious studies have relied on self-reported optimism and
positive affect which may be subject to social desirability
and recall bias. Experimental research in which indivi-
duals are randomly assigned to an optimism interven-
tion with targeted pathways related to improved health
as outcomes - like physical activity and stress
responses — is needed to establish the causal role of
optimism in relation to these outcomes.

While most research has focused on trait-based opti-
mism, a growing number of studies have considered
whether optimism can be encouraged, cultivated or
modified, and if health-related effects of more deliber-
ately cultivated optimism are similar (Kluemper et al,,
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2009; Luthans & Youssef, 2007; Millstein et al., 2019;
Peterson, 2000). A number of studies have used experi-
mental methods to manipulate optimism, typically
through interventions involving writing tasks (Malouff
& Schutte, 2017; Meevissen et al,, 2011). These interven-
tions successfully increase optimism and other self-
reported affective responses (e.g., positive affect) and
decrease negative affect, depression, anxiety, and
aggression, but a key outstanding question is whether
these interventions can also sufficiently alter behavior
and physiology in ways that explain downstream bene-
ficial health effects. While some evidence suggests posi-
tive effects of these interventions, the generalizability of
these effects to healthy community-dwelling adults is
unclear. For example, many experimental studies to
date have been conducted among patient populations
with a recent disease diagnosis or acute event (Celano
etal., 2018; Huffman et al., 2016) such individuals tend to
be highly motivated to improve their health behaviors,
willing to undergo relatively intensive intervention pro-
tocols, and also relatively unhealthy at the outset and
therefore have substantial room to show improvement.
Other studies testing short-term optimism manipulation
strategies in non-patient populations also provide some
evidence that writing task interventions could improve
health and well-being; however, these have been con-
ducted exclusively within student populations which
may be more compliant than the general population
(Burton & King, 2009; Jackowska et al., 2016). Therefore,
a key outstanding question is whether optimism levels
can be altered to subsequently lead to changes in down-
stream health-relevant processes like physical activity
and stress reactivity within the general population.

The overall aim of this research was to examine the
effects of an optimism intervention on physical activity
(Study 1) and stress reactivity (Study 2) with community
volunteers. We developed a short (1- or 2-week) inter-
vention designed to induce optimism in the short-term
and randomized participants either to the optimism
intervention or an active control condition. The same
intervention was used in both studies, and we harmo-
nized the self-reported dependent variables. We
assessed optimism and positive affect by self-reported
measures and coder-rated assessments. We hypothe-
sized that: 1) the intervention group relative to the con-
trol group would show increased self-reported optimism
and positive affect, as well as decreased anxiety, depres-
sion, aggression, and negative affect; 2) in Study 1, the
optimism intervention compared to the control group
would show more engagement and persistence with
physical activity tasks, as operationalized by a stepping
task and a sit-stand task and self-reported exercise
beliefs including perceived benefits and barriers of

exercise as well as self-efficacy of exercising; 3) in Study
2, the optimism intervention compared to the control
group would show healthier stress-related physiologic
responses at rest and during an acute stressor; and 4)
those who were rated as more optimistic would show
more engagement and persistence in physical activity
tasks and have better stress-related physiologic
responses in the lab.

Methods
Overview

We conducted two harmonized experiments, per-
formed simultaneously at two separate academic
institutions. Each experiment employed a between-
subjects design, with two conditions, whereby parti-
cipants were randomized to either the optimism
intervention or a neutral activity. Study 1's primary
outcomes were engaging in physical activity, and
Study 2's primary outcomes were acute physiologic
responses. Informed consent was obtained from par-
ticipants, and all procedures were approved by the
Harvard T.H. Chan School of Public Health and the
University of California, San Francisco Institutional
Review Boards.

Participants

Study 1

Participants ages 22-60 years old were recruited
through Craigslist, Student Employment Office web-
sites at local universities, and flyers posted on com-
munity bulletin boards. Potential participants
completed a telephone screening to determine their
eligibility and willingness to adhere to the study pro-
tocol. Individuals with chronic diseases like heart dis-
ease, who were pregnant, had body mass index
>30 kg/m?, or had a current diagnosis of clinical
depression or other major mental disorders were
excluded.

As a goal of Study 1 was to assess whether optimism
has beneficial effects on willingness to engage in physi-
cal activity, further exclusions included not being able to
engage in physical activity or self-reporting regularly
spending more than 60-minutes per week doing stren-
uous or moderate exercise. Additionally, participants
were asked to refrain from eating for a half-hour and
exercising for 2 hours prior to lab visits. Eligible indivi-
duals completed secure online consenting procedures
through Qualtrics. Written consent for the in-lab portion
of the study was obtained from participants during their
lab visits.



Study 2

Participants ages 18-45 years old were recruited from
the San Francisco Bay Area through on-site recruitment
flyers and online Craigslist advertisements. Potential par-
ticipants completed an online screening to assess their
eligibility for participation. Exclusions were similar to
those used in Study 1, except that exercise routines
were not a reason for exclusion in Study 2. Participants
were required to abstain from caffeine consumption,
smoking, eating, and exercising four hours prior to the
laboratory visit as these activities can alter resting phy-
siologic responses. Eligible individuals completed con-
senting procedures before beginning the intervention
tasks as well as upon arrival at the laboratory.

Procedures and materials

The protocol for both studies included three online
writing tasks and one phone interview prior to a lab
visit. In the lab, participants completed another writ-
ing task and one in-person interview. All the writing
tasks and the lab study were conducted over one to
two weeks (Figure 1). The four writing tasks for the
intervention group included a values assessment,
remembering past achieved goals, writing
a gratitude letter, and imagining one’s best possible
self, all chosen based on prior literature suggesting
such interventions may lead to greater optimism
levels (Huffman et al., 2016, 2015; Meevissen et al.,
2011). The control condition provided comparable
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demands for attention and writing but focused on
neutral and less future-oriented activities. Prompts
for the intervention condition writing tasks were
identical in both studies; however, the first three
prompts in the control condition were slightly mod-
ified for Study 2 (see supplemental online material
(SOM)Table 1).

After completing the first three writing tasks
online, participants of both studies were invited to
come to the lab to complete the final part of the
study. At the lab, participants completed a brief final
screening to confirm accuracy of previously self-
reported information, an imagery task, a fourth writ-
ing task, an in-person interview, and physical activity
tasks (Study 1) or stress reactivity tasks (Study 2). For
Study 1, participants were asked to engage in
a stepping task and a sit-to-stand task. These physical
activities have been used in the exercise literature as
measures of physical fitness and are both safe and
simple to learn in an in-lab setting (Ryhming, 1953;
Strassmann et al., 2013). For all activities, duration of
time spent in each activity and number of attempts
were assessed. For study 2, participants were asked to
complete a shortened Trier Social Stress Test
(Kirschbaum & Hellhammer, 1994), during which par-
ticipants delivered a 3-minute speech presenting their
qualifications for a dream job to a panel of two
evaluators while physiological stress responses were
assessed (see supplemental online materials for
details).

Participant Volunteers

Study 1: 7-10 days L] -
Study 2: 5 days Screening
Jv'
Eligible?
Intervention Control
— 3 writing tasks at home:
3< writing ta§ks at home: Study 1
Study 1 & Study 2 1. Morning activities
1. Values assessment 2. Afternoon activities
2. Past achieved goals o ook 3. Evening activities
3. Gratitude letter Phone check-in Study 2
4. First half of the day
5. Second half of the day
6. Work/school activities
Writing task: Best possible Writing task: How did you
self get to the lab?
Study 1 In lab ‘S‘”“(‘A,/
Exercise tasks Exercise tasks
Study 2 Study 2
Trier Social Stress Test Trier Social Stress Test

Figure 1. Study flow chart.
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Table 1. Sample characteristics of study 1 and study 2.

Study 1 Study 2
Control Intervention Control
Intervention (N = 160) (N =164) p (N=58) (N =60) p

Age, Mean (SD) 30.40 (9.65) 29.37 (8.63) 31 28.09 (6.3) 28.03 (6.1) 0.96
Gender, N (%)
Male 56 (35.00) 61 (37.20) 23 (39.67) 24 (40.69)
Female 104 (65.00) 103 (62.80) 34 (58.62) 32 (54.24)
Other® 0 0 .68 1(1.72) 3 (5.08) 0.58
Race/Ethnicity Status, N (%)
Black/African American 19 (11.88) 17 (10.37) 4 (6.90) 6 (10.17)
European American 64 (40.00) 65 (39.63) 21 (36.21) 24 (40.68)
Hispanic/Latino 12 (7.45) 16 (9.76) 5(8.62) 6 (10.17)
Asian 59 (36.88) 54 (32.93) 18 (31.03) 17 (28.81)
Other 6 (3.75) 12 (7.32) .58 8 (13.79) 4 (6.78) 0.41
Income, N (%)
Lower or equal to $39,999 100 (62.11) 86 (52.44) 28 (48.28) 26 (43.33)
$40,000 to $79,999 37 (23.13) 52 (31.71) 17 (29.31) 17 (28.33)
More than $80,000 22 (13.75) 25 (15.24) 29 13 (22.41) 16 (25.67) 0.89
Employment, N (%)
Working full-time 42 (26.25) 51 (31.10) 19 (32.76) 23 (38.98)
Working part-time 18 (11.25) 15 (9.15) 10 (17.24) 14 (23.73)
Not employed or currently looking for jobs 28 (17.50) 29 (17.68) 0 1(1.69)
Full-time/part time student 70 (43.75) 69 (42.07) .54 4 (6.90) 1(1.69) 0.22
Education, N (%)
GED, high school or lower than high school 9 (5.63) 11 (6.71) 1(1.7) 5 (8.5)
Some college or college degree 95 (59.38) 107 (65.24) 46 (79.31) 48 (80.0)
Graduate school 56 (35.00) 46 (28.05) 40 11 (18.97) 6(7.50) 0.12

Note. Chi-square analyses were conducted to compare differences in categorical variables between the intervention and the control group. T-tests were
conducted to compare differences in continuous variables between the intervention and the control group.

An ‘other’ option was not included in Study 1

Measures

Common measures: psychological well-being

Across both studies, we used the same measures
obtained at the same intervals to assess subjective well-
being. We replaced missing values with the mean of
available items if <half of the items were missing, other-
wise we treated the scale as missing (Bell, Fairclough,
Fiero, & Butow, 2016).

State optimism, considered a manipulation check for
the optimism intervention, was measured at baseline,
mid-study, and post-intervention with seven items from
the validated State Optimism Measure (Millstein et al.,
2019). Participants were asked how they felt ‘right now’
on a scale of 0 to 10 regarding expectations for their
present and the future. A total score was created by
averaging scores across all seven items. In Study 1, d’s
ranged from 0.91-0.92 and, in Study 2, from 0.89-0.90.

Confidence about the future was assessed by asking
participants to rate, on a ten-point scale ranging from 0
(worse) to 10 (well), how they believe the challenges in
their lives right now will turn out.

Dispositional optimism refers to one’s tendency to
hold positive expectancies for their future (Scheier &
Carver, 1985). It was measured at baseline and post-
intervention using the validated Life Orientation Test
Revised (LOT-R) (Scheier, Carver, & Bridges, 1994).
Responses were modified to a seven-point continuum,

ranging from ‘strongly disagree’ to ‘strongly agree,’
based on prior work suggesting the 7-point scale is
more suited for electronically distributed questionnaires
(Finstad, 2010). The total optimism score is the sum of
the three positively worded items and the three nega-
tively worded items reverse-scored, with higher scores
reflecting higher optimism. In Study 1, a’s ranged from
0.79-0.80 and, in Study 2, from 0.74-0.85.

Anxiety, depression, and aggression were assessed
at baseline, mid-study, and post-intervention with items
from the State-Trait Personality Inventory (STPI; e.g., | felt
nervous; Spielberger, 1983). Using a seven-point scale,
respondents rated the degree to which they agreed with
each statement. The final anxiety, depression, and
aggression scores were calculated by averaging across
items, with higher scores reflecting higher levels of each
construct. In Study 1, Qanxiety ranged from 0.83-0.87;
Odepression Was .84 at all time points; Aaggression Fanged
from 0.83-0.85. In Study 2, Oanxiety ranged from 0.83-
0.86; Qgepression Fanged from .86 to .89; 0aggression Fanged
from 0.86-0.89.

Positive affect and negative affect were assessed
at baseline, mid-study, and post-intervention by the
Positive and Negative Schedule (PANAS), which
included ten items capturing positive affect and ten
items capturing negative affect (Watson et al., 1988).
Response options ranged from 1 (strongly disagree)



to 7 (strongly agree). Since some items from the
PANAS and STPI are almost identical, we slightly
modified the PANAS to avoid repeating similar ques-
tions. Separate subscales for positive and negative
affect were derived by averaging across items. In
Study 1, Opositive ranged from 0.89-0.90 and Qnegative
was 0.90 at all time points. In Study 2, participants
completed the PANAS prior to, and on completion of,
the stress task. Positive and negative affect subscales
demonstrated high reliability at both time points:
pre-stressor: Opgsitive = 0.89; Qpegative = 0.87; post-
stressor: dpositive = 0.91; Qnegative = 0.90.

Study 1: exercise beliefs and physical activities
Perceived barriers and benefits to exercise were
assessed at baseline and in lab by a subset of six items
(7-point scale) from the validated Exercise Benefits/
Barriers Scale (Sechrist et al., 1987). A separate score for
perceived barriers and perceived benefits was derived
by taking the mean of the relevant items (Qparier = .57 to
.59; Openefit = .66 t0 .75). This measure was added after 94
participants had completed the protocol, so it is avail-
able only in a subset of participants. Despite the low
Cronbach’s alpha for the perceived barrier subscale, we
considered it as initially derived to be consistent with
prior literature. However, we also examined each item
separately in analyses to assess if effects are similar
across items within the subscale.

Exercise self-efficacy was measured at baseline and
in lab by the validated Exercise Self-Efficacy Scale
(Marcus et al., 1992), which assesses participants’ degree
of confidence about performing exercise during unfa-
vorable circumstances. Responses ranged from ‘not at all
confident’ to ‘very confident’ on an 11-point scale. A self-
efficacy score was created by averaging across the items
(Ceficacy = -73 t0 .74).

Stepping tasks. After completing the in-lab writing
tasks and interview, participants were asked to complete
a stepping task and a sit-to-stand task. For the stepping
task, participants were asked to step up and down on
a 14-inch high step platform at a rate of 22 steps
per minute (generated by a metronome), until they
were too fatigued to continue (Haas et al., 2017).
Participants were asked to make as many attempts as
they wanted for up to a total of 15 minutes. The research
assistant recorded the duration of time participants
spent stepping across all attempts, as well as the total
number of attempts made. The final stepping task score
was calculated by the duration divided by the number of
attempts.
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Sit-to-stand task. Participants were asked to perform
a sit-to-stand exercise. This involved sitting in the middle
of the chair and crossing their arms with each hand on
the opposite shoulder and then completing sit-to-stand
cycles at a rate of 22 cycles per minute. Participants were
first asked to attempt this task for up to 60 seconds. If
they decided to continue, the duration requested for
each subsequent attempt increased by 30 seconds
whereby the second attempt lasted up to 90 seconds
and the third attempt lasted up to 120 seconds. As with
the stepping task, the research assistant recorded the
number of attempts and total duration completed. The
sit-stand task score was created by dividing total dura-
tion by number of attempts.

Study 2: Stress Appraisals, Affect, and Physiological
Measures

Stress appraisals were measured by assessing parti-
cipants’ perception of the demands and resources asso-
ciated with the stress task (Berry Mendes et al., 2007).
The nine-item appraisal measure uses a 7-point scale,
ranging from ‘strongly disagree’ to ‘strongly agree.’
Participants reported stress appraisals immediately
before and after the TSST. Following previous research
(Jamieson, Nock, & Mendes, 2012), we created demand
and resource scales from pre-stressor (pre-demands
a = 0.87; pre-resources a = 0.74) and post-stressor (post-
demands a = 0.87; post-resources a = 0.76) appraisals.

Affective responses to the stress task were measured
as described above using the PANAS. We created positive
and negative affect scales from pre- and post-stressor
affect ratings (pre-stressor positive affect a = 0.89; pre-
stressor negative affect a = 0.87; post-stressor positive
affect a = 0.91; post-stressor negative affect a = 0.90).

Physiological measures included measures derived
from electrocardiography (ECG) and impedance cardio-
graphy (ICG) using ECG and NICO modules integrated
into an MP150 Data Acquisition System (Biopac Systems,
Inc., www.biopac.com) with signals sampled at 1000 Hz.
Spot sensors placed in a modified Lead Il configuration
measured ECG, and four mylar bands that completely
encircled the neck and torso measured ICG. From these
measures, we derived high-frequency heart rate varia-
bility (RSA) and pre-ejection period (PEP). PEP is a time-
based measure of the contractile force measured from
the time the ventricle contracts to the opening of the
aortic valve. Shorter time indicates greater increases in
sympathetic nervous system activity. RSA provides
a relatively pure measure of parasympathetic nervous
system responses, whereas PEP provides a relatively
pure measure of sympathetic nervous system responses.
We also collected blood pressure (BP) responses using
a Colin Prodigy blood pressure monitor at 7 targeted
times during the 2-hour visit. Our BP timing included
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end of the resting baseline, post-writing, post-interview
of writing, beginning of speech preparation, beginning
of speech delivery, beginning of math task, and end of
math task.

Essay coded optimism and affect studies 1 and 2

For both studies, we trained coders to evaluate the in-lab
writing tasks to assess the optimism and affect conveyed
in the essays. Coders were trained by first coding
approximately 10% of the essays, and the Inter-rater
reliability was assessed and found to be satisfactory.
Coders then met with other coders to clarify conceptual
categories and calibrate their evaluations. Subsequently,
each essay was then coded by at least two different
judges. We averaged coders ratings at the item level
and took the mean of the items to obtain final scores
for optimism, positive affect, negative affect, and expla-
natory style.

Optimism was judged by evaluating goal-oriented
thinking and perceived resources (e.g., ‘The participant
is optimistic about their future and expects good things
to happen’). Judges provided ratings ranged from 1
(strongly disagree) to 7 (strongly agree). Study 1: alpha
for the intervention group: a = 0.86 and control group:
a = 0.82; Study 2: intervention group: a = 0.90 and
control group: a = 0.74.

Affect was evaluated by judges by completing
a PANAS 20-item scale, which we modified to include
feelings of optimism, gratitude, resentment, and pessi-
mism in addition to the standard items. All items were
rated on a 5-point scale ranging from 1 (not atall) to 5 (a
great deal). Items that describe positive feelings were
averaged to obtain a score for positive affect, and items
that described negative feelings were averaged to
obtain a score for negative affect. (Study 1: positive
affect a = 0.88 (intervention), a = 0.85 (control group);
negative affect a = 0.71 (intervention), a = 0.77 (control);
Study 2: positive affect a = 0.95 (intervention), a = 0.93
(control group); negative affect a = 0.81 (intervention),
a = 0.70 (control)).

Data analyses

For both studies, we first evaluated the effectiveness of
the randomization procedure by comparing the distribu-
tion of the demographic characteristics across the inter-
vention and control groups, using chi-square tests or
t-tests as appropriate. We then examined the pooled
data from the two studies and conducted multilevel
mixed-effect models to evaluate the combined effect
of the manipulation on changes in optimism (short-

term and trait) and the common self-report measures.
We treated time as a fixed effect and study sites as
a random effect.

Next, we examined the effect of the intervention
on self-reported outcomes and study specific out-
comes. In Study 1, we conducted an ANOVA with
condition as the between-subjects factor and self-
reported outcomes (perceived barriers, perceived
benefits, self-efficacy) and in-lab exercise outcomes
(stepping task, sit-to-stand task) as separate depen-
dent variables. For in-lab exercise outcomes, we con-
ducted sensitivity analyses to additionally adjust for
baseline self-report physical activity which was
assessed by asking participants the number of days
they had engaged in moderate physical activities,
such as bicycling at a regular pace or doubles tennis.
In Study 2, we used an ANOVA to evaluate reactivity
values across the four physiologic responses: RSA,
PEP, and systolic and diastolic blood pressure (SBP
and DBP). Reactivity was derived by subtracting the
last minute of baseline from each minute of the stress
task for each physiological response. In order to
understand whether the intervention effects were
due primarily to increases in positive affect rather
than optimism per se, we conducted sensitivity ana-
lyses on all physical activity and stress reactivity out-
comes to also control for increases in positive affect.

For essay coding, we conducted moderated regres-
sion analyses to predict psychological, physical activity,
and physiological outcomes with condition, essay-coded
optimism, and their interaction. The goal of these ana-
lyses was to determine if there was an association
among more optimistic terms in the essay and better
health-related responses in the lab. All analyses were
performed using SAS 9.4 and figures were created
using R. Data can be found online at https://osf.io/
nysvx/.

Results
Sample description: studies 1 and 2

A total of 324 participants (M,ge = 30; SD = 9) com-
pleted Study 1, of whom 64% were women.
Participants were 40% European American, 11%
African American, 35% Asian or Pacific Islander, 9%
Latinx, and 6% in other racial/ethnic groups.
Participants were diverse in their employment status
with 39% employed full time or part time, 17% not
employed or seeking employment, and 43% full-time
or part time students. A total of 118 participants
(Mage = 28; SD = 6.22) completed Study 2, of whom
57% were women, Participants were primarily
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European American (38%) or Asian American (30%),
and the remaining participants were Latinx (9%),
African American (8%), and others (10%). The majority
of participants, 56% were employed full-time or part
time, 4% were full-time or part-time students, and the
remaining from other categories (stay at home par-
ent, disability, retired, etc.). Within both studies, par-
ticipants assigned to the intervention versus control
condition did not differ significantly in gender, age,
race/ethnicity, income, employment or education
(Table 1).

Psychological outcomes: pooled data

State optimism

We examined the extent to which the manipulation
induced optimism by examining changes in state opti-
mism across both studies. We found a main effect of
time, F (2, 875) = 24.93, p < .001, and a time by group
interaction, F (2, 875) = 4.69, p < .01. Over the course of
the study, state optimism increased, but the increase in
the intervention group was larger than the control
group (Figure 2). Considering participants’ confidence
about the future at mid-study and the lab visit (it was
not assessed at baseline), we observed a main effect of
the intervention, F (1, 432) = 7.65, p = .006, with the
intervention group showing greater confidence at both
mid-study and final assessment than the control group
(Table 2). We did not observe a time effect or a time by
condition interaction for these two time points.

Dispositional optimism (LOT-R)

Across the two studies, we observed a main effect of
time, F (1,437) =47.10, p < .001 and a time by condition
interaction (F (1, 437) = 4.81, p = .029). Dispositional
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optimism increased in both conditions, but this time
effect was qualified by the time by condition interaction
such that there was a larger increase for the intervention,
F (1, 215) = 42.31, p < .001 than for the control group,
F (1,222) =10.60, p = .001.

Anxiety, depression, and aggression
Anxiety decreased over time in both conditions, F (2,
875) = 58.80, p < 0.001. Importantly, we again
observed a time by group interaction, F (2,
875) = 6.24, p = .002. Simple effects tests showed
that anxiety decreased more in the control condition
F (2, 443) = 46.37, p < .001 than the intervention
condition, F (2, 432) = 19.66, p < .001. Similar to
anxiety, depression decreased over the study, F (2,
875) = 65.51, p < .001, but neither the group effect
nor the time by group interaction was significant.
Aggression also showed a large main effect for time,
decreasing over the course of the study, F (2, 875) =77.77,
p < .001. There was also a main effect for group with the
intervention condition having lower rates of aggression
than the control condition, F (1, 440) = 4.19, p = .041.
These main effects were qualified by a significant time by
group interaction, F (2, 875) = 4.18, p = .016. Simple effects
tests indicated the control group exhibited a greater
decrease in aggression over time F (2, 443) = 64.18,
p < .001, than the intervention group F (2, 432) = 26.35,
p < .001, but importantly the intervention group started
with a lower overall aggression score at baseline
(Moptimism = 2.57, SD = 1.28, Mcontror = 2.74, SD = 1.43).

Positive and negative affect

For positive affect, we observed two significant main
effects for group F (1, 439) = 5.91, p = .016, and time
F (2, 875) = 2445, p < .001. Overall, the intervention

Olntervention OControl

]
l

Baseline

Midstudy
StudyTime Points

Post-intervention

Figure 2. Distribution of state optimism at different time points across the two studies. Note. *p < 0.05
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Table 2. Psychological well-being measures and affect: pooled data.

Variables Condition Baseline Midstudy Final Assessment
Mean SD Mean SD Mean SD Source F P

? Confidence about the Future Intervention 7.91 1.64 8.05 1.60 Group (G) 7.65 .006
Control 7.63 1.73 7.79 1.71 Time (T) 297 .086
T*G 0.01 .940
Dispositional optimism Intervention 21.22 4.31 22.44 412 Group (G) 0.03 .869
Control 21.57 4.34 22.19 4.49 Time (T) 47.10 <.001
T*G 4.81 .029
Anxiety Intervention 2.96 1.12 2.56 1.07 2.50 1.02 Group (G) 2.16 143
Control 3.07 1.28 2.87 1.24 249 0.98 Time (T) 58.80 <.001
T*G 6.24 .002
Depression Intervention 2.82 1.12 2.58 1 2.32 1.02 Group (Q) 2.89 .090
Control 292 1.33 2.84 1.31 247 1.10 Time (T) 65.51 <.001
T*G 1.03 359
Aggression Intervention 2.57 1.28 2.14 1.25 2.00 1.00 Group (G) 4.19 .041
Control 2.74 1.43 2.51 1.32 1.94 1.10 Time (T) 77.77 <.001
T*G 418 .016
Pos affect Intervention 5.01 0.93 5.28 0.85 5.04 0.96 Group (G) 5.91 016
Control 4.97 1.06 4.99 0.99 4.76 1.12 Time (T) 24.45 <.001
T*G 5.99 .003
Neg affect Intervention 2.78 1.10 240 1.06 2.29 1.02 Group (G) 2.07 151
Control 292 1.28 2.65 1.19 2.32 1.03 Time (T) 76.67 <.001
T*G 4.19 .015

Note. Multilevel mixed-effect linear regression models evaluated the effect of the manipulation on changes in psychological well-being and affect across the
two studies. Cohen'’s d effect sizes were calculated by comparing baseline to post-intervention means for the intervention and control conditions separately.

Intervention (n = 218), control (n = 224).
Assessed at only 2 time points

group reported higher positive affect and increases in
positive affect over the course of time. However, these
main effects are qualified by a significant time by condi-
tion interaction, F (2, 875) = 5.99, p = .003. The interven-
tion group reported an increase in positive affect over
time (F (2, 432) = 17.55, p < .001), whereas the control
condition shows a slightly increase from baseline to mid-
intervention and a significant decrease from mid-
intervention to post-intervention (F (2, 443) = 12.89,
p < .001). For negative affect, we observed a main effect
for time F (2, 875) = 76.67, p < .001, no main effect for
condition, and a time by condition interaction, F (2,
875) = 4.19, p = .015). Similar to results for anxiety,
negative affect decreased over time for both groups,
but there was a slightly larger decrease in the control
group (F (2, 443) = 59.28, p < .001) than in the interven-
tion group (F (2, 432) = 25.43, p < .001).

Study 1: exercise beliefs, self-efficacy, and willingness
to engage in exercise

Exercise beliefs. For perceived benefits of exercise, we
observed a main effect of time, F (1, 228) = 4.16;
p = 0.043, and a time by condition interaction, F (1,
228) = 4.78, p = .030. Simple effects tests indicated the
intervention group demonstrated increases in perceived
benefits of doing exercise from baseline to post-
intervention, F (1, 113) = 8.18, p = .005, whereas the
control group did not, F (1, 117) = 0.00, p = .965 (see
SOMTable 2). Perceived barriers for exercise also showed
a main effect for time, F (1, 228) = 6.59, p = .011, with

participants perceiving lower barriers to exercise over
time, but neither the condition effect nor the time by
condition interaction were statistically significant (SOM
Table 2). Since the internal consistency of the perceived
barrier subscale was relatively low, we also tested each
single item in the model and the results remained similar
across items.

Self-efficacy regarding exercise. We observed
a significant main effect for time such that participants
perceived an increase in exercise self-efficacy, F (1,
228) = 11.81, p < .001. Neither condition nor the group
by time interaction were significant, F (1, 228) = 3.51,
p = .062. In sensitivity analyses, when we additionally
controlled for changes in positive affect, we still
observed significantly larger increases in self-efficacy
and perceived benefits of exercise in the intervention
group compared with the control group. The results
remain unchanged for perceived barriers. These analyses
suggest that effects on these outcomes were not driven
exclusively by increases in positive emotion (See SOM
Table 4)

In-lab physical exercise. We compared the interven-
tion and control groups in how much they engaged in
the stepping and the sit-stand tasks (Figure 3) and
observed no differences in either task. The results remain
similar after controlling for baseline self-report physical
activity and changes in positive affect.
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Figure 3. Distribution of outcomes by condition.

Study 2: appraisals, affect, and physiologic responses
Appraisals. We did not observe any condition differ-
ences in any of the demand or resource appraisals either
pre- or post-stressor task, all Fs < 1.

Affective responses to stress task. We examined con-
dition differences in positive affect pre- and post-stressor
and observed no significant effects, both Fs < 1. We
observed slight trends in negative affect by condition
for both pre-stressor negative affect (F (1, 113) = 2.27,
p =.13) and post-stressor negative affect (F (1, 112) = 3.08,
p = .08) in somewhat unexpected directions. Individuals
in the control versus intervention condition reported
lower negative affect both pre- and post-stressor.

Physiological responses. We first examined whether
participants differed in their resting physiologic
response by condition, focusing on PEP, RSA, and
blood pressure levels and observed no differences, all
Fs < 1. We then examined reactivity during the stress
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task. We confirmed that the anticipation, speech, and
math tasks engendered changes in physiology across
both intervention and control groups, and observed
significant changes for faster PEP, lower RSA, and
increased blood pressure (SBP and DBP) during speech
anticipation, speech delivery, and math task (all p’s <
.0001, except RSA anticipation, p < .01). We then exam-
ined physiologic responses by condition focusing on the
first minute of each epoch given the beginning of the
task tends to be the most reactive (Figure 3).

RSA. We observed significant differences between con-
ditions for speech anticipation F (1, 107) = 4.62, p < .034
and speech delivery, F (1, 107) = 5.96, p < .016, but not
during the math task, F (1, 105) = 0.97, ns. Participants in
the optimism condition showed less vagal withdrawal
during speech anticipation and speech delivery
(Ms = —0.04, —0.82) than those in the control condition
(Ms =-0.51, —1.55). In analyses controlling for changes in
positive emotion, the intervention effect remained
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significant even with the change in positive emotion
included as a covariate: speech anticipation, F (1, 111)
F = 4.01, p < .048, speech delivery, F (1, 111) = 4.21,
p < .043 (See SOM Table 4).

PEP. There were some weak indications that PEP dif-
fered by condition. Condition effects did not reach sta-
tistical significance for anticipation (F (1, 111) = 2.78,
p < .10) and math (F (1, 99) = 2.85, p = .094), but were
statistically significant for speech delivery (F (1,
105) =5.10, p < .026). In general, the optimism condition
led to lower SNS activation relative to the control con-
dition during the stress task, but differences were unreli-
able and were significant only for the speech delivery
portion (Moptimism = =19.42, SD = 17.5; Mcontror = —27.32,
SD =18.7). When controlling for change in positive affect
there were no substantive changes to the primary mod-
els and PEP condition differences during speech delivery
remained significant, F (1, 108) = 4.58, p < .035 (See SOM
Table 4).

Blood pressure. We observed no significant differences
by condition for DBP or SBP.

Essay coding

Optimism and affect. In both studies, individuals who
wrote about their best possible selves were coded as
more optimistic (Study 1, Mconpor = 3.24, SD = 0.37
Moptimism = 6.07, SD = 0.45; Study 2, Mconror = 4.12,
SD = 0.26 Moptimism = 4.81, SD = 0.77) than those who
wrote about how they got to the lab (Study 1,
F (1,292) = 345561, p < .0001; Study 2,
F (1,111) = 41.50, p < .0001). Essays in both studies
were coded as containing more positive affect (Study 1,
Mcontrot = 1.43, SD = 0.28, Moptimism = 4.39, SD = 0.39;
Study 2, Mcontror = 1.62, SD = 0.47; Moptimism =272,
SD = 0.70) when participants wrote about optimistic/
future-oriented themes than when they wrote about
a neutral topic (Study 1 F (1, 292) = 4317.44, p < .0001;
Study 2 F (1,111) = 97.49, p < .0001). In contrast, we
observed no differences in negative affect in the written
essays by condition (Study 1: F (1, 292) = 1.18, ns; Study
2:F(1,111) = 0.08, ns).

Coded optimism and affect with physical activity
(Study 1). Across both conditions, greater coder-rated
optimism was associated with longer duration of step-
ping (b = 47.33, 95% Cl = 23.65, 71.01) and sit-stand
(b=6.11,95% Cl = 0.63, 11.60) tasks. Across both condi-
tions, greater coder-rated positive affect was associated
with longer duration of stepping (b = 61.61, 95%
Cl = 33.61, 89.61) and sit-stand (b = 10.46, 95%
Cl = 4.07, 16.86) tasks. Greater coder-rated negative

affect was associated with shorter duration of stepping
task in the intervention group (b = —-183.81, 95%
Cl = -366.60, —1.03), but not the control group.

Associations of coded optimism or affect with physio-
logical reactivity (Study 2). Across both conditions, the
more participants’ essays were rated as optimistic, the
less their heart rate variability decreased during the
speech (b = 0.46, 95% Cl = 0.19, 0.73) and math
(b = .36, 95% Cl = 0.03, 0.70) tasks. The more optimism
expressed in participants’ essays, the less vagal withdra-
wal we observed during the evaluated speech and math
tasks. Essay coded positive affect showed similar albeit
weaker associations (speech b = .31, 95% Cl = 0.08, 0.54;
math, b = 0.24, 95% Cl = —0.04, 0.53) with vagal with-
drawal. We did not observe effects of coder-rated opti-
mism or affect on PEP, SBP, or DBP.

Discussion

This study examined effects of induced optimism on in-
lab physical activity and stress reactivity through two
experimental studies with community-dwelling indivi-
duals. Across both studies, the intervention led to
greater increases in short-term optimism and positive
affect in the intervention group compared with the con-
trol group. In general, coder-rated optimism and positive
affect were associated with better performance on the
in-lab physical activity tasks and healthier forms of stress
reactivity. However, we found little to no evidence that
the intervention led to reliable changes in self-reported
anxiety, depression, and aggression nor did we observe
differences in in-lab physical activity and stress
reactivity.

Our findings that the writing tasks led to greater
improvement in self-reports of optimism and positive
affect in the intervention versus the control group are
consistent with previous studies conducted in other
populations. For example, in a study of 82 students,
individuals who did versus did not receive a positive
psychological intervention consisting of writing tasks
exhibited greater improvement in optimism and posi-
tive affect (Peters et al., 2010). In another study of 54
Dutch-speaking participants, most of whom were stu-
dents, a best possible selves writing intervention led
to larger increases in optimism compared with writ-
ing about a daily activity task (Meevissen et al., 2011).
Our research extends these findings to two larger
samples of diverse, community-dwelling populations
and provides further evidence that this type of inter-
vention can be effective in boosting short-term opti-
mism and positive affect.



These findings notwithstanding, we did not find evi-
dence that experimentally induced optimism influenced
in-lab physical activity. In contrast, observational studies
have repeatedly demonstrated that higher self-reported
(i.e., naturally varying) optimism levels are associated with
greater engagement in physical activity or buffer against
the harmful effects of stress on health (Bajaj et al., 2019;
Huffman et al., 2016). However, it is notable that our
intervention was able to change participants’ exercise
beliefs and improve perceived benefits of exercise.
Perhaps the small increases in optimism that we obtained
from the intervention were insufficient to change subse-
quent health-related behavior. This may be especially true
for health behaviors like physical activity, which are lar-
gely habitual. Once established, health behavior is deeply
embedded in individuals’ daily routines, and thus changes
in behavior may require longer interventions with more
substantial changes in optimism.

We observed some differences in stress reactivity
by condition with induced optimism associated with
less vagal withdrawal and lower sympathetic nervous
system activation - that is, both less PNS withdrawal
and less SNS activation during the stress task.
Together these findings suggest participants in the
experimental condition had less arousal than partici-
pants in the control condition. We might speculate
that the optimism condition increased a sense of
calm resulting in less arousal during the stress task.
However, it is important to note that the intervention
did not result in differences in resting physiology nor
in blood pressure reactivity, which are more closely
associated with better physical health.

Despite the null effects of our optimism interven-
tion on in-lab physical activity, we found effects of
coder-rated optimism and affect from essays on out-
comes in both studies. Overall, greater coded opti-
mism was associated with greater persistence in both
physical activity tasks and less vagal withdrawal dur-
ing the stress tasks. These findings raise several inter-
esting possibilities for understanding our findings and
the relationship of optimism with our outcomes of
interest. One possibility is that optimism as reflected
in writing rather than based on direct self-report
more accurately captures participants’ true levels of
their positive expectations. A second possibility is
that optimism as reflected in writing provides a type
of dose-level response such that individuals with
more optimistic orientation in their writing benefitted
most from the intervention.

Our study has several limitations. Although we
excluded individuals who were highly physically active
from Study 1, we did not establish a pre-intervention
exercise assessment. Doing so might have increased our
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precision in determining if the intervention increased
exercise in the lab. Most participants in both studies
also had a college degree or more. As highly educated
individuals tend to be more optimistic than those in less
advantaged situations (Boehm et al., 2015), this may
have caused some ceiling effects in our ability to induce
optimism. There are also reasons to suspect that the
intervention effects may vary depending on socioeco-
nomic status or other sociodemographic factors and that
our findings may not be generalizable to a broader
population. Most previous research on optimism or
related factors like purpose in life and health has found
little evidence of effect modification by socioeconomic
status or other sociodemographic factors (Boehm et al,,
2020; Lee et al., 2021; Qureshi et al., 2022; Shiba et al.,
2021). However, we suspect that limited resources might
increase the likelihood of facing barriers that interfere
with individuals’ ability to translate their optimism or
other facets of positive psychological well-being into
action. Limited work has examined these potential
sources of effect modification and it will be important
for future studies to assess the possibility. Because writ-
ing prompts were different in the intervention versus
control groups, we cannot be sure that the intervention
per se led to higher coder-rated optimism. We did not
assess trait characteristics that are likely to attenuate/
exacerbate optimism effects such as levels of learned
helplessness or perceived control. Future study should
evaluate how trait characteristics may modify optimism
effects. Lastly, our experiment was relatively short, and
therefore we were unable to determine whether the
effects would increase over time or to evaluate how
long people would stay with the intervention.
Additionally, we did not follow up with participants
after they completed the lab visits. As a result, we
could not assess if effects of the intervention would
persist beyond the study period. One important avenue
for future research is to develop a longer optimism
experiment with follow up to evaluate the sustainability
of the effect.

Despite these limitations, our study represents the
largest experimental research to date to investigate
the effects of induced optimism on physical activity
and stress reactivity. Our experimental design allowed
us to assess causality from optimism to physical activ-
ity and stress reactivity. Additionally, we recruited
participants from community-dwelling adults with
diverse age, socioeconomic, and racial/ethnic back-
grounds. Our research is also among the very few
studies that evaluated both participant and coder-
rated optimism and their effects on physical activity
and stress reactivity. The two studies used almost
identical writing interventions with different
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outcomes and were simultaneously conducted at two
large research institutions, providing a good example
of study replication.

In sum, our results suggest that intentional inter-
ventions can have beneficial effects on optimism and
positive affect, but the size of the effect may not be
sufficient to lead to substantial changes in willingness
to engage in physical activity and stress reactivity.
Further research should aim to refine such interven-
tions to move beyond creating relatively small (even if
statistically significant) changes, investigate what fac-
tors make such interventions maximally effective, and
assess the level of change required to change down-
stream behavior and other health-related responses.
Furthermore, given findings that coder-rated optimism
and affect were more strongly associated with physical
activity duration and stress reactivity, behavioral mea-
sures of these psychological states may provide novel
insight into changes occurring below the threshold of
conscious awareness or that may not differ noticeably
enough to translate into differences in self-reported
levels.
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