
How We Cope Shapes How We Think: Coping Strategies
Differentially Predict Constrained and Freely Moving
Thoughts
Cecilia L. Liu 

University of Calgary
Mason Li 

University of Calgary
Julia W.Y. Kam 

University of Calgary

Research Article

Keywords: Coping, Automatic constraints, Deliberate constraints, Freely moving thought, Dynamic Framework of Thought,
Experience sampling, Heart-rate variability

Posted Date: May 31st, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9583398/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Additional Declarations: No competing interests reported.

Page 1/24

https://doi.org/10.21203/rs.3.rs-9583398/v1
https://doi.org/10.21203/rs.3.rs-9583398/v1
https://doi.org/10.21203/rs.3.rs-9583398/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background
In times of stress, the strategies we use to cope can impact how we feel. However, the underlying pathways by which coping
strategies influence emotional wellbeing remain underexplored. One potential mechanism is through our thoughts, as stress
can alter thoughts and thoughts are intertwined with mood and wellbeing. Thus, understanding how coping strategies relate
to thoughts after a stressor provides insight into acute changes in affect. The present study examined the relationship
between coping strategy usage and automatically constrained, deliberately constrained, and freely moving thoughts (as
characterized by the Dynamic Framework of Thought), along with affective outcomes of these relationships.

Methods
Participants completed the Brief COPE to assess their frequency of problem-focused, emotion-focused, and avoidant coping
strategy usage in daily life, and reported on their thoughts after an in-lab stress task. Affective outcomes included subjective
stress and affect, and physiological stress, quantified as heart rate variability recorded using electrocardiography.

Results
Emotion-focused coping predicted less automatically constrained thoughts, and avoidant coping predicted less deliberately
constrained thoughts. Problem-focused coping predicted more automatically constrained and less freely moving thoughts,
but these relationships did not survive correction. Subsequently, participants who used more problem-focused strategies
experienced worse mood if they reported less automatically constrained and more deliberately constrained thoughts. Finally,
individuals did not differ in physiological stress based on their thoughts.

Conclusions
Our findings suggest that coping strategy usage is associated with individual differences in thought constraints and short-
term changes in affect, which may explain how long-term affective outcomes of coping strategies manifest through altered
thought patterns. This understanding provides insight into the mechanisms underlying how coping strategies impact long
term wellbeing and highlight a potential target for interventions to aid in more effective stress coping.

1. Introduction
From getting stuck in traffic to having a disagreement with a family member, encountering stressful situations is common in
everyday life. How we choose to deal with these stressors, also known as coping strategies, can impact emotional wellbeing
long after the stressful moment has passed. Indeed, these coping strategies are associated with depression and anxiety
symptoms (1, 2) as well as psychological distress (3). Whereas a substantial amount of literature has focused on these long
term psychological health outcomes such as depression and anxiety symptoms (4, 5), more research into how coping
strategy usage is related to state-level differences in mental processes is needed to understand the pathways by which
coping strategies relate to long-term wellbeing. In particular, the relationship between coping strategies and cognition is an
important area of consideration given the strong connection between how we think and how we feel (6). Thus, the present
study aims to investigate how coping strategy usage predicts our thoughts after a stressor and the affective correlates of
this relationship.

1.2 Coping Strategies and Wellbeing
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According to Lazarus and Folkman’s Transactional Theory of Stress and Coping, coping refers to an individual’s attempt to
deal with or manage a situational challenge that exceeds their resources (7). Lazarus and Folkman proposed two different
types of ways that people cope with stress: problem-focused and emotion-focused coping. Problem-focused strategies
address the root cause of the stressful situation, such as taking action to fix the problem or making a plan to deal with the
issue. Emotion-focused coping instead aims to ameliorate the negative emotions surrounding the stressor, such as by
seeking emotional support from a friend or venting about the situation. A third type of strategies involve disengaging from
the stressor such as distraction or denial; this has been historically categorized under emotion-focused coping (7) but have
recently been classified separately as avoidant coping strategies (8). Understanding different coping strategies provides
insight into why individuals might experience differences in the resolution of the stressor and long-term emotional wellbeing
(9).

An important aspect of any coping strategy is whether it ultimately helps or harms the individual using it. Previous literature
has placed an emphasis on categorizing strategies as adaptive or maladaptive based on the nature of the strategy or its
impacts on mental wellbeing, which has been referred to as the “fallacy of uniform efficacy” (10). For example, problem-
focused coping is typically characterised as adaptive, as it is associated with more effective coping (11) and better mental
health outcomes such as decreased risk of depression (12) and more positive mood (13). The findings on emotion-focused
coping are more mixed (14, 15), as emotion-focused coping may increase risk of rumination (11) but is also associated with
better physical and mental health (16). Finally, avoidant coping is consistently labelled as maladaptive due to worse
outcomes regarding mental and physical health (5, 12, 17). However, real life situations are not that simple; strategies that
are effective in one circumstance may not be helpful in another (18, 19). For example, taking action to fix the stressor may be
helpful if you have a flat tire, but not so much if you’re dealing with the loss of a loved one. Additionally, a strategy might not
be intrinsically maladaptive but can lead to negative outcomes when overreliance occurs (20). Rather than decisively
labelling strategies as adaptive or maladaptive, examining how they work on a more acute scale may be useful for
understanding the contexts in which a given strategy might lead to positive or negative outcomes.

1.3 Stress Alters Thoughts that are Linked to Wellbeing
Stress has a major impact on our thoughts, as the circumstances of our daily lives can dictate how we think. In particular,
stress is related to changes in task-unrelated thoughts, which have implications for task performance and sustained
attention (21). In daily life, higher stress level predicts more frequent task-unrelated thoughts (22). Priming personal
concerns relevant to the participant during a laboratory task also leads to a slight increase in the frequency of task-unrelated
thought (23). Finally, experimentally manipulating the anticipation of a stressful event causes participants to shift to task-
unrelated thoughts more often compared to controls, although this effect was dependent on participants being in a negative
mood before the experiment began (24).

Although these findings provide valuable insight into the effects of stress on task-unrelated thoughts, knowing that
participants were not thinking about the ongoing task does not inform how those thoughts unfold over time. To that end, the
Dynamic Framework of Thought proposed that our thoughts can be characterized by their constraints, or lack thereof (25).
Automatic constraints occur in the absence of cognitive control, typically in response to external or internal events with
affective salience, where individuals feel stuck on a certain topic and cannot stop thinking about it even if they tried to, such
as ruminating about a recent negative event (e.g., argument with a partner or a manuscript rejection). Deliberate constraints,
on the other hand, reflect processes involving cognitive control and result in goal-directed thoughts, such as planning for the
future or thinking about how to solve a problem. Finally, freely moving thoughts occur when both automatic and deliberate
constraints are weak, such that thoughts can dynamically jump from one topic to another with no constraints on the
direction of thoughts. For example, you may shift from thinking about the weather to your dinner plans to a funny video you
watched earlier.

Importantly, these thought dimensions characterized using the Dynamic Framework of Thought are intertwined with
emotional wellbeing. Rumination, a classic example of automatically constrained thoughts, is strongly linked to negative
affect and can exacerbate negative mood (26–28). Deliberate constraints may be related to increased positive affect, given
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that diminished cognitive control is associated with distress (6). Finally, freely moving thoughts are associated with
increased concurrent positive affect (29). Induction of freely moving thoughts increases both positive affect (30) and
positively valenced thought content (31).

These thought dimensions may also be related to physiological indicators of stress. One widely used measure is heart rate
variability, which quantifies the variation in the length of successive heart beats (32, 33). Reduced heart rate variability is
generally interpreted as heightened stress level, as it reflects impaired parasympathetic nervous system function (34). The
root mean square of successive differences (RMSSD) is an index of heart rate variability that is a reliable measure of stress
(35, 36).

Based on previous literature, automatically constrained thoughts may be especially linked to differences in heart rate
variability. Lower resting heart rate variability is associated with more frequent rumination and greater depressive symptoms
(37), and periods of state-level rumination were accompanied by lower heart rate variability (38). Conversely, higher resting
heart rate variability is associated with better control over unwanted thoughts, measured by individuals’ success at
suppressing thoughts (39). While the link between subjectively experienced stress and thoughts has been studied in the
past, there is less work examining how physiological stress measures are related to thoughts, especially through the lens of
the Dynamic Framework of Thought (25). This is an important area of investigation as subjective and physiological stress
measures do not always align (40). Given these links between stress, thoughts, and affect, the relationships between coping
strategies, thoughts, and mood are an important area of investigation for understanding how thoughts may contribute to
coping outcomes with the goal of helping people improve their responses to stress.

1.4 The Present Study
There are several gaps in the literature that have yet to be addressed. First, no research to date that has examined the
relationship between coping strategies and automatically constrained, deliberately constrained, and freely moving thoughts.
Second, examining how coping and thoughts relate to affect shed light on their impact on wellbeing. Finally, although
previous work has established links between stress and task-unrelated thought, the relationship between stress and the
thought types defined in the Dynamic Framework of Thought is unknown. Understanding how these relationships operate on
a short-term scale offer insight into potential mechanisms through which coping behaviors result in long-term differences in
emotional wellbeing.

To address these gaps, we examined how coping strategy usage relates to automatically constrained, deliberately
constrained, and freely moving thoughts after a stressor. Coping strategy usage was assessed using the Brief COPE (41),
measuring how often participants use problem-focused, emotion-focused and avoidant coping strategies in everyday life. In
the lab, participants completed a writing task designed to induce stress (42). Participants then completed an attention task
during which they were occasionally asked to report on the extent to which they were experiencing the three categories of
thoughts. Subjective stress and affect were measured at baseline, post-stress induction, and post-attention task.
Physiological stress, indexed using heart rate variability, was measured at the same three timepoints using
electroencephalography (ECG).

We predicted that usage of problem-focused, emotion-focused, and avoidant coping strategies would be differentially
associated with automatically constrained, deliberately constrained, and freely moving thoughts. Given the limited research
examining these thought dimensions, we did not have directional hypotheses regarding the relationship between coping and
thoughts. On an exploratory basis, we examined whether coping strategies interact with thoughts in predicting later affect
and the relationship between each thought dimension and RMSSD as a physiological measure of stress.

2. Methods

2.1 Participants
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A total of 125 individuals met the inclusion criteria (outlined below) and participated in the study. Seven individuals were
excluded from analyses due to incomplete study components (e.g., missing questionnaires or did not finish the attention
task), resulting in a final sample of N = 118 for the main analyses (gender: 74% women, 21% men, 5% non-binary; age: M = 
21.6 years, SD = 4.2 years; education: M = 14.3 years, SD = 2.5 years). Participants were mostly White (39%) and South Asian
(19%); other common ethnicities reported were East Asian (9%), Hispanic (8%), Black (7%) and other/mixed ancestry (18%).
Eighteen participants were excluded from analyses involving heart rate variability due to noisy or unusable ECG recordings
but were kept in the main analyses.

Participants were recruited from the University of Calgary undergraduate Research Participation System and from the
general community in Calgary, Alberta through advertisements posted on social media and physical flyers. The target
sample size of N = 120 was based on recommendations for cluster analysis, as described below under Data Analysis (43).
Individuals were eligible to participate if they were between the ages of 18–35, fluent in English, and had normal or
corrected-to-normal vision. Participants received an honorarium for their participation in the form of course credits or a gift
card. The study was approved by the University of Calgary’s Conjoint Faculties Research Ethics Board (REB24-1265) and was
conducted in accordance with the Declaration of Helsinki. All participants provided informed consent to participate.

2.2 Measures
Coping Strategies

Participants completed the Brief COPE scale (41), which contains 14 two-item subscales assessing how often they employ
certain coping strategies when dealing with hardships in their life. Subscales include active coping, use of informational
support, planning, positive reframing, venting, emotional support, humour, acceptance, self-blame, religion, self-distraction,
denial, substance use, and behavioural disengagement. Participants responded to each question on a Likert scale of 1 (“Not
at all”) to 4 (“A lot”).

These subscales were further aggregated as problem-focused, emotion-focused, and avoidant strategies (44–46). Problem-
focused strategies include active coping, use of informational support, planning, and positive reframing. Emotion-focused
strategies include venting, emotional support, humour, acceptance, self-blame, and religion. Avoidant strategies include self-
distraction, denial, substance use, and behavioural disengagement. Scores for each category were calculated by averaging
the scores from each component subscale. Cronbach’s alpha was 0.76 for problem-focused coping, 0.52 for emotion-
focused coping, and 0.66 for avoidant coping. Although these values are slightly lower than what has been reported in
previous literature (45, 47), they nevertheless indicate moderate reliability (48).

Stress-Induction Writing Task

Participants completed a writing task, which has been used in prior research to successfully induce stress (42). In the task,
participants were instructed to select a “negative life event that is currently troubling [them]” and rate how stressful the event
was, how much control they had over it, and how large of an impact it had on their daily life on a Likert scale of 1 (“Not at all”)
to 7 (“Extremely”). Afterwards, they were given 8 minutes to write about their thoughts and feelings about the negative event.

Attention Task and Thought Probes

Participants completed the Sustained Attention to Response Task (SART) (49), which is the most commonly used paradigm
to elicit episodes of task-unrelated thought (50) due to its simple and repetitive nature. During the SART, participants were
asked to fixate their gaze at the center of a desktop monitor, where they were presented with either single digit numbers
considered as non-target stimuli (i.e., 0–9) or a letter “X” considered as the target stimuli. Participants responded by
pressing a button when the non-target digit was shown and withheld their response when the target letter “X” was shown.
Target stimuli were shown infrequently (10% of all stimuli) to facilitate the automaticity of response and reduce cognitive
demands of the task. In each trial, target and non-target stimuli were presented for 500 ms, followed by an interstimulus
interval that randomly varied between 900 and 1100 ms, with each trial lasting approximately 1500 ms. Each block of trials
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consisted of 15–45 stimuli, lasting on average 45 s (range: 22.5–67.5 s). In total, participants completed 30 blocks, which
took around 40–50 minutes.

At the end of each block, participants were presented with a thought probe that asked them to report on their thoughts in the
10–15 seconds immediately prior to the probe. As there were 30 blocks, participants responded to 30 probes throughout the
SART. Participants responded on a Likert scale of 1 (“Not at all”) to 7 (“Completely”) to indicate the extent to which their
thoughts were 1) automatically constrained, 2) deliberately constrained, 3) freely moving, 4) focused on the attention task,
and 5) focused on the content of the writing task. We provided definitions and real-life examples of all thought types to the
participants before the task began, offered opportunities to clarify, and ensured they understood these questions before
proceeding.

Measurement of Stress Response and Affect

Stress level was measured using self-report and physiological indicators. These measures were taken at three separate time
points: at the beginning of the study session (as baseline), after the writing task (as immediate post-stress induction), and at
the end of the attention task before debriefing (as delayed post-stress induction). Although our study primarily focused on
the self-reported measures, we also collected physiological indicators as a complementary measure.

Subjective stress. Momentary stress level was assessed with the question “How stressed do you feel at this moment?”
Participants answered on a Likert scale of 1 (“Not at all”) to 7 (“Extremely”).

Affect. Momentary affect was assessed with the question “How positive or negative do you feel at this moment?”
Participants answered on a Likert scale of 1 (“Completely negative”) to 7 (“Completely positive”).

Heart rate variability as a measure of physiological stress. Participants’ heart rate was recorded continuously using
electrocardiography (ECG) during the study session, as a physiological measure of stress. To ensure accurate heart rate
measurements, participants were asked not to perform strenuous exercise within an hour of their participation in the
experiment. Heart rate variability is a physiological measure of stress response, with smaller heart rate variability indexing
higher levels of stress (34, 35). This measure captures the fluctuation in the length of time between two ECG heartbeat
peaks (i.e., RR intervals). Specifically, it was quantified as the root mean square of successive differences (RMSSD), which is
derived by calculating the difference in length between two consecutive RR intervals, squaring the values, averaging across
an epoch of time, and then computing the square root (51). This is a widely utilized index of heart rate variability that reflects
vagally mediated changes to heart rate, such as that caused by stress (35, 36), and is less affected by respiration compared
to other indices of heart rate variability.

Resting RMSSD was calculated from three 60 second epochs (baseline, post-stress induction, and post-attention task)
where the participant was instructed to sit still and simply focus on the center of the computer screen in front of them.

Covariates

At baseline, participants reported their age, gender, and years of education. Furthermore, they completed questionnaires to
assess chronic stress level, depression symptoms, anxiety symptoms, and ADHD symptoms to control for the relationships
between these factors and automatically constrained, deliberately constrained, and freely moving thoughts (25, 52, 53).

Perceived Stress Scale (PSS) (54). Chronic stress was assessed using the PSS, a 10-item measure of an individual’s
experiences and feelings of stress over the past month (e.g. “How often have you been upset because of something that
happened unexpectedly?”). Participants responded on a Likert scale of 0 (“Never”) to 4 (“Very Often”), for a total sum score
range of 0–40 where higher scores indicate higher perceived stress. Cronbach's alpha was 0.83.

Patient-Reported Outcomes Measurement Information System (PROMIS) short forms (8a) for depression and anxiety (55).
Depression and anxiety symptoms were assessed using the PROMIS Depression 8a and PROMIS Anxiety 8a scales.
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Participants rated the frequency that they experienced depression symptoms (e.g. “I felt worthless”) and anxiety symptoms
(e.g. “I felt fearful”) over the past 7 days on a Likert scale of 1 (“Never”) to 5 (“Always”). Raw scores for each scale were
summed and converted to T-scores using conversion tables (56). Cronbach’s alpha was 0.91 and 0.90 for depression and
anxiety, respectively.

Adult ADHD Self-Report Scale (ASRS) (57) ADHD symptoms were assessed using the ASRS, a 18-item scale measuring
inattentive symptoms (e.g. “how often do you have problems remembering appointments or obligations?”) and hyperactive
symptoms (e.g. “How often do you feel restless or fidgety?”) of ADHD within the past 6 months. Participants responded on a
5-point Likert scale of 1 (“Never”) to 5 (“Always”), resulting in a score range of 18–90. Since ADHD symptomology was not a
main variable of interest, scores for the inattentive and hyperactive subscales were aggregated into one overall score.
Cronbach’s alpha was 0.91.

2.3 Procedure
Participants first gave informed consent and completed a baseline questionnaire where they reported demographic
information and responded to questionnaires (Brief COPE, PSS, PROMIS Depression and Anxiety, and ASRS). After arriving at
the lab, participants’ baseline stress (subjective stress and heart rate variability) and affect measures were recorded. Next,
participants went through a brief information session to familiarize them with the terminology used in the thought probes
and included practice trials of the attention task. Participants then completed the stress induction writing task. Post-stress
induction subjective and physiological stress were recorded, after which participants completed the attention task,
responding to intermittent probes about their thoughts. Finally, subjective and physiological stress levels were recorded once
again before participants were debriefed.

2.4 Electrocardiogram (ECG) Acquisition and Processing
ECG data was continuously recorded using three Ag/AgCl sintered ring electrodes connected to the BrainVision BIPAUX
adapter and actiCHamp amplifier. The electrodes were attached to the participant according to the lead II positioning of the
Einthoven triangle (58), with one lead on the right arm, one lead on the left ankle, and a ground electrode on the left arm,
which provided the cleanest signal during pilot testing. Data was sampled at 500 Hz and recorded in the BrainVision
Recorder.

Preprocessing was performed using the Fieldtrip Toolbox in MATLAB R2024a (The MathWorks Inc., Natick, Massachusetts).
Line noise (60 Hz) was removed, and data were filtered using the Pan Tomkins Algorithm (59), which includes a bandpass
filter for 5–15 Hz to increase the signal-to-noise ratio, a 5-point first order derivative filter, and a moving median filter on the
squared signal to enhance the heartbeat peaks.

After filtering, each 60 second epoch of interest (baseline, post-stress induction, and post-attention task) was cleaned using
visual inspection in MATLAB to remove noisy segments, which were mostly due to movement artifacts. Outliers in the
resulting RR intervals were defined as any value outside the normal range of 280 ms to 1500 ms based on previous literature
(60, 61) and were discarded. Ectopic beats were identified as RR intervals that deviated more than 20% from the previous
interval and were also discarded (61–63). All discarded RR intervals were replaced with interpolated intervals using linear
interpolation (64, 65). Given that RMSSD can be reliably calculated from ultra-short heart rate recordings of as little as 30
seconds of data (66), and interpolation provides more accurate RMSSD for up to 50% of missing beats compared to deletion
(67), segments were only removed from the dataset if there was less than 30 seconds of useable data. Eighteen participants
were removed from analyses involving heart rate variability due to technical errors in recording the ECG (N = 3) or noise
segments spanning more than 50% of the recording (N = 15).

2.5 Data Analysis
Analyses were preregistered on OSF (https://osf.io/a8pd5). All initial analyses covaried for age, gender, education
attainment, PSS score, PROMIS depression and anxiety scores, ASRS score, stressful event controllability, and stressful
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event impact. If a covariate was not significant in any of the confirmatory analyses, we implemented the same analyses
without this covariate for brevity.

Cluster Analysis and Pre-determined Categories of Coping Strategies

Previous literature has demonstrated the utility of evaluating coping using a person-centered approach. For example, some
studies have used cluster analysis to group individuals into different coping “profiles” based on their pattern of coping
strategy usage (1, 2, 17, 68), as the strategies used by individuals may change depending on the context of the stressor. In
our initial preregistration, we planned to use a two-step cluster analysis in a similar manner and create data-driven
groupings. Given that past literature has generally reported 3–4 clusters in the Brief COPE (1, 2, 17) and recommendations
for cluster analysis suggest that N = 20–30 participants per expected subgroup would be sufficient (43), we aimed for a
sample size of N = 120.

Scores for each question in the Brief COPE were transformed into standardized z-scores (mean = 0, standard deviation = 1).
As recommended by Henry et al. (69), a two-step approach was used to identify clusters of coping strategy use from the
standardized scores. First, hierarchical cluster analysis was used to identify clusters in the data without a pre-existing
hypothesis of the number of clusters. Clustering was conducted using Ward’s method (which minimizes the error sum of
squares) (70) and Euclidian distance was used as the distancing metric. Euclidian distance is calculated as the square root
of the sum of the squared differences between cases on each variable (69). The number of clusters that maximized the gap
statistic was selected for the second step. Next, to confirm these results, a k-means cluster analysis was conducted with k
set to the number of clusters identified in the hierarchical cluster analysis. Cluster validity was evaluated using Silhouette
scores.

Both hierarchical cluster analysis and k-means cluster analysis did not support the presence of clusters in the data. For
hierarchical clustering, the gap statistic did not substantially increase beyond k = 1, indicating a lack of evidence for more
than one cluster in the data (71). In k-means clustering, our largest silhouette score was 0.12; values close to 0 indicate
overlapping or ambiguous clusters (72). This was further supported by the Hopkins statistic (0.59), in which values close to
0.5 indicate low clustering tendency (73). We discuss potential explanations for this in the Supplementary Materials. Thus,
we replaced initial preregistered analyses that were dependent on coping strategy clusters based on participants’ data with
pre-determined categories of coping strategies (i.e., problem-focused, emotion-focused, and avoidant) commonly utilized in
previous research (45, 46). Although the person-centered approach of clustering has its benefits, our decision was to use a
variable-centered approach given the absence of reliable clusters in our data, which has been proposed to be better suited
for investigating psychological processes underlying coping (74).

Coping Strategy Predicting Thoughts

We first assessed our primary question concerning the relationship between coping strategy and thoughts. Participants’
scores for problem-focused, emotion-focused, and avoidant coping were used as predictors in a set of three linear
regression models predicting their mean rating of automatically constrained, deliberately constrained, and freely moving
thoughts throughout the attention task. Bonferroni correction was applied to account for multiple comparisons, such that the
threshold for significance was α < .05/3 or α < .017.

To compare results to existing literature on task-unrelated thoughts and thought content, coping strategies were used to
predict participants’ mean rating of task-unrelated thoughts (which were reverse coded from their responses to the question
of how focused they were on the attention task) and stressor-related thoughts (based on scores calculated from responses
to the question of how focused they were on the content of the writing stress induction task).

Coping Strategies and Thoughts Predicting Later Affect

To examine the impact of thoughts and coping strategies on later affect, we implemented a linear regression model to test
the interactions between each coping strategy and thought type in predicting post-attention task affect. Post-stress
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induction affect was included as a covariate to control for the impact of earlier mood.

Thoughts Predicting Heart Rate Variability

To assess whether automatically constrained, deliberately constrained, and freely moving thoughts were associated with
differences in physiological stress level, participants’ mean rating of each thought dimension during the attention task was
used to predict their post-stress induction RMSSD (recorded immediately after completing the stress-induction writing task)
as an index of heart rate variability using linear regression. Post-stress induction heart rate was included as a covariate in
the model to control for the impact of heart rate on RMSSD (75).

3. Results

3.1 Descriptive Statistics
Mean scores (on a scale from 1–4) for problem-focused coping (M = 2.73, SD = 0.56), emotion-focused coping (M = 2.45, SD 
= 0.43), and avoidant coping (M = 1.83, SD = 0.43) were comparable to samples in past research (44, 45). Participants’ mean
ratings of thoughts (on a scale from 1–7) were 3.48 (SD = 1.26) for automatically constrained thoughts, 4.34 (SD = 1.05) for
deliberately constrained thoughts, and 4.57 (SD = 1.06) for freely moving thoughts, aligning with previous work (29, 76).
Mean RMSSD values (M = 45.15 ms, SD = 17.12 ms) were also consistent with previous research (68, 77, 78). Descriptive
statistics and bivariate Pearson correlations for main study variables are presented in Table 1.
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Table 1
Bivariate Pearson correlations among study variables and total descriptive statistics (N = 118).

Variable Mean
(SD)

Range

(of
mean)

1 2 3 4 5 6 7 8 9

1. Problem-
focused
copinga

2.73
(0.56)

1.50–
4.00

-                

2. Emotion-
focused
copinga

2.45
(0.43)

1.25–
3.67

0.46*** -              

3. Avoidant
copinga

1.83
(0.43)

1.00–
3.12

-0.11 0.24** -            

4.
Automatically
constrained
thoughtsb

3.48
(1.26)

1.17–
6.44

0.03 -0.13 0.10 -          

5.
Deliberately
constrained
thoughtsb

4.34
(1.05)

1.64–
7.00

0.17 -0.04 -0.25** -0.10 -        

6. Freely
moving
thoughtsb

4.57
(1.06)

1.05–
6.80

-0.16 0.06 0.17 0.16 -0.55*** -      

7. Task-
unrelated
thoughtsb

3.59
(1.15)

1.03–
6.27

-0.18 -0.04 0.19* 0.15 -0.77*** 0.60*** -    

8. Stressor-
related
thoughtsb

4.51
(1.14)

1.00–
6.96

0.11 0.07 0.16 0.10 -0.002 -0.17 0.06 -  

9. Affectc 4.25
(1.12)

1.57–
7.00

-0.01 -0.17 -0.25** -0.10 0.26** -0.23* 0.11 -0.22* -

10. RMSSDd 45.15
ms
(17.12
ms)

10.27–
98.89
ms

-0.04 -0.17 -0.04 0.20 0.08 -0.11 -0.02 -0.15 0.00

aCoping strategy scores have a possible range of 1 to 4.

bThought ratings have a possible range of 1 to 7.

cAffect calculated after the attention task, has a possible range of 1 (“Completely negative”) to 7 (“Completely positive”).

dRMSSD calculated immediately after the stress induction. N = 100 due to noisy or unusable ECG data.

*p < .05. **p < .01. ***p < .001.

3.2 Stress Induction Control Analysis
To check whether the stress induction writing task altered participants’ subjective and physiological stress level, we
conducted a set of paired t-tests comparing post-stress induction stress level to baseline stress level. Subjective stress
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significantly increased from baseline (M = 3.90, SD = 1.33) to post-stress induction (M = 4.51, SD = 1.14, t(117) = -5.05, p <
.001). However, physiological stress, assessed using RMSSD, did not differ between baseline (M = 45.27 ms, SD = 18.40 ms)
and post-stress induction (M = 45.15 ms, SD = 17.12 ms, t(99) = 0.10, p = .92).

3.3 Primary Analysis: Coping Strategies Predicting Thoughts
Three linear regression models, reported in Table 2, were implemented to determine whether coping strategy usage (i.e.,
problem-focused, emotion-focused, and avoidant coping) predicted thoughts. Separate models were implemented for
automatically constrained, deliberately constrained, and freely moving thoughts. Main results of these analyses are plotted in
Fig. 1.

Table 2
Linear regression models of coping strategies predicting mean thought ratings.

  Automatically Constrained
Thoughts

Deliberately Constrained
Thoughts

Freely Moving Thoughts

β (SE) 95% CI p β (SE) 95% CI p β (SE) 95% CI p

Main effects                  

Problem-
Focused

0.29
(0.13)

[0.03,
0.55]

.032a 0.12
(0.11)

[-0.09,
0.34]

.252 -0.22
(0.11)

[-0.43,
-0.003]

.047a

Emotion-
Focused

-0.37
(0.13)

[-0.64,
-0.11]

.006 -0.11
(0.11)

[-0.32,
0.11]

.318 0.16
(0.11)

[-0.06,
0.38]

.158

Avoidant 0.03
(0.14)

[-0.24,
0.30]

.827 -0.24
(0.10)

[-0.43,
-0.05]

.014 0.01
(0.10)

[-0.11,
0.28]

.403

Covariatesb                  

Depression 0.39
(0.14)

[0.12,
0.67]

.004 - -

Age - 0.30
(0.09)

[0.11,
0.49]

.002 -

Genderc - - -0.81
(0.22)

[-1.26,
-0.36]

.001

R2 0.12 0.16 0.16

F Statistic 3.89 5.50 4.26

Note. β = standardized coefficients, SE = standard error, 95% CI = 95% confidence interval.

aThis effect did not survive Bonferroni correction.

bOnly significant covariates were kept in each model for brevity.

cDummy coded variable, reference = women.

Both problem-focused coping and emotion-focused coping significantly predicted automatically constrained thoughts, such
that individuals who used more problem-focused coping strategies reported more automatically constrained thoughts during
the attention task (p = .032) and individuals who used more emotion-focused coping reported less automatically constrained
thoughts (p = .006). The association between problem-focused coping and automatically constrained thoughts did not
survive Bonferroni correction and should be interpreted with caution. Depression was a significant covariate, as participants
with higher levels of depression symptoms reported more automatically constrained thoughts (p = .005).
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Individuals who used more avoidant coping strategies reported less deliberately constrained thoughts during the attention
task (p = .014). Age was a significant covariate in this model, such that older participants reported more deliberately
constrained thoughts than younger participants (p = .002).

Finally, problem-focused coping negatively predicted freely moving thoughts, such that individuals who used more problem
focused coping strategies reported less freely moving thoughts during the attention task (p = .047); however, this
relationship did not survive Bonferroni correction. Gender was a significant covariate, such that men reported less freely
moving thoughts compared to women (p < .001). Our sample size of non-binary participants (N = 5) was not sufficient to
make comparisons between groups.

To compare our results to past literature examining task-unrelated thoughts and thought content, we also implemented
linear regression models to determine if coping strategy usage was related to task-unrelated thoughts and stressor-related
thoughts. These results are reported in detail in Supplementary Table S1.

Avoidant coping positively predicted task-unrelated thoughts such that individuals who used more avoidant coping
strategies reported more task-unrelated thoughts during the attention task (p = .042). Age was a significant covariate, such
that older participants reported less task-unrelated thoughts compared to younger participants (p = .001).

Furthermore, avoidant coping also positively predicted stressor-related thoughts such that participants who used more
avoidant coping strategies reported more stressor-related thoughts during the attention task (p = .033). Age was again a
significant covariate, such that older participants reported less stressor-related thoughts compared to younger participants
(p = .005).

3.4 Secondary Analysis: Coping Strategy x Thoughts Predicting Later
Affect
We then tested whether interactions between coping strategy and thoughts were associated with subjective affect at the end
of the study session (post-attention task) using a linear regression model. Post-stress induction affect was included in the
model to account for the influence of previous affect. These results are reported in detail in Supplementary Table S2.
Although there were no significant main effects, the interactions between problem-focused coping with deliberately
constrained thought (p = .032) and problem-focused coping with automatically constrained thought (p = .017) were
significant.

We followed up on these significant interactions post hoc using simple slopes and Johnson-Neyman intervals. We probed
the simple slopes of problem-focused coping predicting later affect at low (− 1 SD) and high (+ 1 SD) levels of automatically
constrained and deliberately constrained thoughts and calculated the range of automatically constrained and deliberately
constrained thoughts that resulted in significant associations between problem-focused coping and affect.

The relationship between problem-focused coping and affect was not significant at both high (1 SD above the mean, p = .10)
and low (1 SD below the mean, p = .08) values of automatically constrained thoughts. To follow up on the range of values at
which automatically constrained thoughts moderate the relationship between problem-focused coping and affect, a
Johnson-Neyman analysis indicated that more problem-focused coping usage predicted worse mood when automatically
constrained thoughts were above 5.16 (i.e., 1.33 SD above the mean) but better mood when automatically constrained
thoughts were below 1.66 (i.e., 1.44 SD below the mean). Thus, participants who reported higher levels of problem-focused
coping reported worse mood later on if they had more automatically constrained thoughts but better mood if they had less
automatically constrained thoughts, which is visualized in Fig. 2A.

The negative relationship between problem-focused coping and affect was not significant for people who reported more
deliberately constrained thoughts than average (1 SD above the mean, p > .05), but significant for people who reported less
than average (1 SD below the mean, p < .05). A Johnson–Neyman analysis indicated that the relationship between problem-
focused coping and affect was significant when deliberate constraints were less than 3.32, which was 0.97 SD below the

Page 12/24



mean. Thus, reporting more problem-focused coping was associated with worse mood later on, but only for participants who
reported less deliberately constrained thoughts than the average participant in our sample, which is visualized in Fig. 2B.

3.5 Secondary Analysis: Thoughts Predicting Heart Rate Variability
Next, a linear regression was implemented to determine the relationship between thoughts and heart rate variability, which is
reported in Supplementary Table 3. Automatically constrained thoughts were positively associated with RMSSD, such that
individuals who reported more automatically constrained thoughts had higher RMSSD (β = 3.13, p = .029). Post-stress
induction heart rate was included as a covariate and was significantly predictive of RMSSD (β = -9.61, p < .001). However,
when baseline RMSSD was included in the model, automatically constrained thoughts were no longer significantly predictive
of post-stress induction RMSSD (β = 1.32, p = .213).

4. Discussion
This study aimed to investigate the relationship between coping strategy usage and thoughts as defined by the Dynamic
Framework of Thought (25). Our primary results indicated that coping strategies differentially predicted automatically
constrained, deliberately constrained, and freely moving thoughts. Specifically, problem-focused coping predicted more
automatically constrained and less freely moving, emotion-focused coping predicted less automatically constrained
thoughts, and avoidant coping predicted less deliberately constrained thoughts. Our secondary analyses revealed that
thoughts moderated the relationship between coping strategies and later affect, such that problem-focused coping predicted
worse mood for participants who reported more automatic constraints and less deliberate constraints, but problem-focused
coping predicted better mood for participants who reported fewer automatic constraints. Furthermore, individuals who
reported more automatically constrained thoughts had larger RMSSD (as an index of heart rate variability) after the stress
induction task, but this effect went away after controlling for baseline RMSSD. Taken together, these results indicate that
coping strategies are predictive of thoughts after a stressful event and that these thoughts can alter the affective outcomes
of coping, suggesting that the types of thoughts people experience are an important factor when considering long term
benefits or consequences of different coping strategies.

4.1 Differential Relationships between Coping Strategies and
Thoughts
Individuals who used more problem-focused coping in everyday life reported more automatically constrained and less freely
moving thoughts during the attention task. Previous literature has proposed that automatic constraints can be driven by
affective salience, such that topics that are emotionally relevant to an individual are more likely to capture their attention
even if they are not intentionally thinking about that topic (25, 79, 80). Given that participants were asked to write about a
negative event that they were still currently worried about, the stressor was likely at least partially unresolved. This may
mean that problem-focused strategy usage can increase affective salience of the stressor when it is not yet resolved. For
example, applying the strategy of planning what to do about the stressor would conceivably make you more likely to think
about your plans rather than your task-at-hand. Furthermore, the association with decreased freely moving thoughts may
suggest that the thoughts of individuals who use problem-focused strategies were automatically drawn to certain topics and
continuously stayed on the same topic, rather than being able to switch freely between topics. However, these results should
be interpreted with caution since they did not survive Bonferroni correction, and future work with larger sample sizes should
be implemented to confirm these relationships.

We also found that individuals with a higher tendency to use emotion-focused coping in everyday life reported less
automatically constrained thoughts. This suggests that emotion-focused coping may decrease affective salience, resulting
in less automatic constraints. Importantly, participants were asked to write about the circumstances and emotions
associated with their self-selected negative event in the stress-induction task. Individuals who typically use strategies that
address their emotions towards stressful events may have been less affected by the stress induction method because they
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had already processed their emotions towards the stressor. This interpretation contrasts with previous literature which
posits that those with high emotional processing ability are at risk of becoming hypervigilant and ruminating when asked to
further reflect on their emotions (11). However, in our study, emotion-focused coping was not associated with differences in
stressor-related thoughts during the task. One possible explanation for this discrepancy is that this style of coping may
heighten affective salience of the stressor in the moment or immediately after (11), but over time, the stressor becomes less
salient as they have already been emotionally processed (as in our study). Taken together, emotion-focused coping might be
associated with lower reactivity to emotionally salient cues or thoughts, manifesting as lower automatically constrained
thoughts. An important avenue for future investigation is determining the timeline of the impact of emotion-focused coping
on a stressor on thought dynamics and affective wellbeing.

Our results also revealed that those who used more avoidant coping in everyday life reported less deliberately constrained
thoughts. Deliberate constraints require the use of cognitive control to intentionally direct the flow of thoughts (25), so this
result could be a reflection of the association between avoidant coping and dysregulated executive functioning. For example,
older adults who used more avoidant strategies had worse executive function and working memory (81, 82). In patients
recovering from a stroke, avoidant coping strategy usage was predictive of worse executive functioning, measured using
cognitive tasks involving inhibition, set-shifting, and working memory (83). Accordingly, given that avoidant coping and
deliberate constrained thoughts are both related to executive function, our findings of avoidant coping being predictive of
less deliberate constraints on thoughts may reflect different manifestations of the same underlying disruption in cognitive
control.

Furthermore, more frequent use of avoidant strategies was associated with more task-unrelated thoughts, which have been
linked to dysregulated executive function and cognitive control failures (84, 85). Since avoidant coping is proposed to be
associated with decreased cognitive control as well (81–83), this may explain the relationship between avoidant coping and
task-unrelated thoughts as well. Avoidant coping was also associated with stressor-related thoughts in our study, suggesting
an increased risk of rumination and worrying (86). Notably, previous work found that individuals who frequently used
avoidant coping strategies and had low cognitive flexibility and inhibition reported more depressive symptoms (87). Taken
together, these relationships between coping, thoughts, and executive function could be a potential mechanism through
which avoidant coping strategies lead to negative mental health outcomes, such as increased perceived stress (17),
symptoms of depression and anxiety (45, 46), and suicidal ideation (45).

4.2 Coping Strategies and Thoughts Predict Later Affect
We found that deliberate and automatic constraints moderated the relationship between problem-focused coping and later
affect. Previous literature has generally documented positive outcomes associated with problem-focused coping including
better mood and quality of life (13) and physical health (5). Our results suggest a more nuanced relationship that is
modulated by thoughts. In particular, individuals who had high problem-focused coping usage, but experienced higher-than-
average levels of automatic constraints and lower-than-average levels of deliberate constraints experienced worse mood
afterwards. Conversely, individuals who had high problem-focused coping usage, but low levels of automatic constraints,
reported better mood later on. Since automatically constrained thoughts were not correlated with stressor-related thoughts
in our data, we posit that it was not the stressor-related content of thoughts that moderated the relationship to affect but
specifically the automaticity of the constraints (i.e., how difficult it is to control thoughts, resulting in thoughts being stuck on
a certain topic). These findings provide support for the idea that a lack of control over thoughts can lead to negative affect
(6), and that interactions between coping strategies and thoughts are an important factor in the affective outcomes after
dealing with stress. This is in line with the notion that coping strategies are likely not inherently adaptive or maladaptive, but
that outcomes can depend on contextual factors (10). Together, this suggests that interventions to reduce automatic
constraints on thought, such as increasing cognitive control to counter affective salience, are an important area of
exploration to help improve coping outcomes.

4.3 Thoughts and Heart Rate Variability
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Participants who reported more automatically constrained thoughts had higher heart rate variability (as indexed by RMSSD)
measured after the stress induction writing task, but this relationship was no longer significant after controlling for baseline
RMSSD. It is important to note that RMSSD did not significantly differ from baseline to the post-stress induction
measurement. Given the absence of physiological changes as indexed by RMSSD following a stress induction task, we
refrain from potentially overinterpreting results involving RMSSD and instead conclude that there is insufficient evidence in
our data to support the idea that physiological stress is associated with differences in thoughts after a stressor. This
contrasts with previous literature that has reported decreased heart rate variability associated with rumination (37, 38).
However, since automatically constrained thoughts were not associated with stressor-related thoughts in our study, this
provides evidence that the category of automatically constrained thoughts cannot be solely represented by a subset, such as
rumination. Thus, future investigations are warranted to explore differences between various types of automatically
constrained thoughts, such as obsessive thoughts or automatic constraints that are driven by factors other than affective
salience, such as sensory salience (25) or habits (79).

4.4 Stress Induction Efficacy
Our control analyses showed that subjective stress after the stress induction writing task was significantly higher than
baseline, but no difference in physiological stress (indexed by RMSSD) was observed. Notably, subjective stress level does
not always correspond to physiological stress indicators (40). We interpret these results to highlight that the stress induction
writing task worked to increase subjective stress but may not have been salient enough to induce physiological indicators of
stress since participants were asked to recall a recent stressor. While other stress induction paradigms such as the Trier
Social Stress Task (88) have been consistently shown to increase physiological stress indicators such as cortisol and heart
rate indices (89, 90), utilizing the writing task has the benefit of inducing subjective stress and thoughts related to a
personally relevant event for participants that is critical to addressing our research aims.

4.5 Limitations and Future Directions
There are limitations to our study that necessitate caution when interpreting and applying the results. Our sample consisted
of mostly young, educated participants who had the time and means to come into the lab to participate. Thus, our results
may not be generalizable to older adults, who may experience different types of stressors in their daily life (91) and different
frequency of certain types of thoughts (92, 93) when compared to younger samples. The in-person nature of the study may
have also limited the severity of stressors reported during the writing task (i.e. an individual undergoing significant life stress
might be less likely to participate due to time and energy), resulting in smaller effects of the stress induction task. Examining
relationships between coping, stress, and thoughts in the context of a larger range of stress experiences in a naturalistic
environment is an important avenue of investigation; thus, future work should consider online or remote participation
methods such as daily diary or ecological momentary assessment.

Our study measured coping strategies at the trait level, as we asked participants to report how often they used certain
strategies when dealing with stress in their daily life, whereas our measures of thoughts, stress, and affect were taken in a
laboratory setting and reflected experiences in the moment. One limitation of this is that we are unable to make causal links
between coping strategies and other variables. For example, even if a participant indicated that they frequently use problem-
focused strategies, they may have used a different strategy when dealing with the specific stressful event they wrote about.
Since our results provide evidence that there is indeed a link between coping strategies and thoughts on a between-person
level, future work should utilize within-person associations and causal study designs to further inform interventions to
improve coping efficacy through targeting cognitive and attentional processes.

5. Conclusion
The present study reports novel findings regarding the differential relationship between coping strategies and thoughts.
Emotion-focused coping was linked to decreased automatically constrained thoughts whereas avoidant coping predicted
decreased deliberately constrained thoughts. Problem-focused coping was associated with worse mood for participants

Page 15/24



who reported more automatic constraints and less deliberate constraints, highlighting that thought constraints moderate
coping outcomes. These acute relationships between coping and thoughts inform our understanding of how coping
strategies lead to long term benefits or harms to emotional wellbeing, making them an important area of exploration with the
goal of informing how individuals can better cope with stress.
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Figure 1

Coping strategies predict thoughts reported after a stress induction task.

Note. Significant relationships between coping strategy usage (scale of 1-4) and thoughts (scale of 1-7). Coloured bands
around each line represent 95% CI. Unstandardized axes were used for visualization purposes. (A) Problem-focused coping
predicted less automatically constrained thoughts. (B) Emotion-focused coping predicted less automatically constrained
thoughts. (C) Avoidant coping predicted less deliberately constrained thoughts. (D) Problem-focused coping predicted less
freely moving thoughts.
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Figure 2

Thoughts moderate the relationship between problem-focused coping and later affect.

Note. (A) Greater problem-focused coping using predicted worse mood assessed after the attention task for participants
who reported more automatically constrained thoughts (1.44 SD) and better mood for participants who reported less
automatically constrained thoughts (-1.33 SD). (B) Greater problem-focused coping usage predicted worse mood after the
attention task for participants who reported less deliberately constrained thoughts (-1 SD). Coloured bands around each line
represent 95% CI. Unstandardized axes were used for visualization purposes.
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