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A B S T R A C T

Although uncontrollability is the core feature of perseverative thought that best accounts for its relationship to psychopathology, other features – for example, 
valence and content – have also been identified as potentially clinically relevant in their own right. We describe results from a proof-of-concept study that examined 
the extent to which major underlying features of worry could be used to predict which of three common cognitive regulatory strategies (mindful acceptance; focused 
attention meditation; and thought suppression) would help regulate that worry. N = 40 adults selected for high trait worry (80% also met criteria for one or more 
DSM-5 anxiety-related diagnoses) generated and provided feature ratings for three idiographic thought topics. Participants then attempted to control each worry 
using each of the three strategies during functional magnetic resonance imaging (fMRI) in a within-subjects design with a total of 468 observations. We used Bayesian 
multilevel modeling to test preregistered hypotheses regarding the extent to which each of five empirically-derived underlying dimensions of a worry (uncontrol
lability; negative valence; self-focus; apprehension; and social-memory content) could be used to predict which strategy would be most efficacious for regulating that 
worry. We did not find support for our preregistered hypotheses; however, in exploratory analyses, we found that mindfulness-based strategies were particularly 
effective compared to thought suppression for thoughts rated as higher (versus lower) in uncontrollability. Future research should test these principles in larger 
samples, using more diverse expressions of perseverative thought.

Perseverative thought is an established transdiagnostic mechanism 
of psychopathology that is centrally defined by its repetitive and 
difficult-to-control quality (Hallion et al., 2022; Watkins, 2008). Some 
frameworks define perseverative thought primarily as a superordinate 
category of worry and rumination (e.g., Topper et al., 2014), while 
others extend the definition to include obsessions (e.g., Arditte et al., 
2016) or any thought that is subjectively experienced as 
difficult-to-control (e.g., Hallion et al., 2022). Across frameworks, 
repetitiveness and uncontrollability are commonly identified as in
dicators of a single underlying dimension that is primarily responsible 
for driving the relationship of these thoughts to psychopathology (e.g., 
Ehring et al., 2011; Hallion & Ruscio, 2013; Watkins, 2008). However, 
theoretical and data-driven approaches converge in their identification 
of other features with potential clinical relevance. For example, 
data-driven studies that apply a quantitative approach to model 
perseverative thought have identified several major dimensions with 
potential clinical relevance (e.g., Ehring et al., 2011; Hallion et al., 2022; 
Segerstrom et al., 2003; Szkodny & Newman, 2019). A recent 
data-driven study identified a five-factor within-person solution, with 
underlying dimensions reflecting uncontrollability, valence, interper
sonal content, self-focus, and anxious apprehension (Hallion et al., 

2022). Other research has focused on different yet interrelated features, 
including functionality, incongruency with one’s self-concept (egodys
tonicity), intrusiveness, and temporality (past, present, or future; 
Szkodny & Newman, 2019). Similarly, theoretical models of persever
ative thought have generated a range of specific features – including 
verbal-linguistic quality, negative valence, self-focus, and abstractness, 
among others – that are potentially maladaptive in their own rights 
(Watkins, 2008, 2018). With the possible exception of valence, these 
associated features and dimensions of perseverative thought have 
received substantially less empirical attention than the central feature of 
uncontrollability, particularly regarding their potential to function as 
transdiagnostic mechanisms in their own right.

We propose that transdiagnostic frameworks can be advanced using 
a multidimensional lens in which intervention selection is mapped 
directly onto thought features. As an illustrative example, consider the 
treatment of obsessions (defined here as thoughts high in intrusiveness, 
anxious apprehension, and inconsistency with one’s self-concept). 
Although exposure therapy is generally considered to be the front-line 
best practice for treatment of obsessions (e.g., Foa & McLean, 2016), 
we are aware of no work that has investigated the extent to which the 
major distinguishing features of obsessions – namely, intrusiveness and 
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inconsistency with one’s self-concept (egodystonicity) – predict the 
extent to which the thought will be responsive to exposure. Conse
quently, whereas a great deal of work has investigated which techniques 
work best for which “type” of thought, transdiagnostic approaches in 
which interventions are mapped directly onto thought features 
(bypassing categorical classification) are rare.

As a step toward achieving this goal, the present study offers a proof- 
of-concept examination of the extent to which major underlying features 
of a thought can moderate the effectiveness of a regulatory strategy for 
facilitating regulation of that thought. We used an existing dataset in 
which participants engaged in worry, then attempted to control their 
worries, using each of two common mindfulness-based strategies 
(focused attention meditation and acceptance) and a thought suppres
sion control condition (within-subjects design). Data were collected as 
part of a larger study (Westbrook et al., 2023) in which adult high 
worriers (80% of whom met diagnostic criteria for one or more DSM-5 
disorders) underwent functional magnetic resonance imaging (fMRI) 
while worrying and then attempting to control their worry using each of 
the three aforementioned strategies (focused attention meditation; 
acceptance; thought suppression). Although we expected certain stra
tegies to be more effective than others, all of the strategies are 
commonly used to regulate worry with varying levels of effectiveness 
(Fox et al., 2015; Jendrusina et al., 2020). Consequently, none of the 
strategies was considered uniquely antithetical to or tautological with 
uncontrollability. Prior to the scan, participants completed a structured 
interview to identify personally-relevant worry topics and reminder cues 
for use during the scan. Participants also rated each of their worries on 
the basis of a wide range of features with established or proposed 
theoretical or clinical relevance (e.g., valence; temporal orientation) 
following Hallion et al. (2022). During the scan session, participants 
were shown reminder cues and asked to worry “in the way that you 
normally do, but as intensely as possible” (worry period; 35s). After each 
worry period, participants were instructed to stop worrying using the 
strategy presented on the screen (worry disengagement period; 30–35s; 
jittered to reduce predictability). At the offset of each worry disen
gagement period, participants were presented with a thought probe and 
asked to report whether they were still worrying or thinking negative 
thoughts at the time of the signal.

The primary paper from this dataset (Westbrook et al., 2023) de
scribes a significant within-person effect of condition, wherein partici
pants were more successful in achieving disengagement in the focused 
attention mindfulness condition compared to the acceptance mindful
ness or thought suppression conditions. In the present study, we ask 
whether the effectiveness of the two mindfulness-based strategies 
(relative to thought suppression) varies as a function of the features of 
the worry to be regulated (e.g., severity of uncontrollability, self-focus, 
or negative valence). To achieve this goal, we calculated five dimension 
ratings for each worry using participant ratings following scoring pro
cedures described in our prior work (see Hallion et al., 2022). This 
resulted in each worry topic receiving a severity score for each of five 
major dimensions: uncontrollability, self-focus, social memory (episodic 
memories with interpersonal focus), negative valence (or tone), and 
anxious apprehension.

We preregistered six theoretically-motivated hypotheses on the Open 
Science Framework (https://osf.io/szd93) and conducted additional 
exploratory analyses. Given the centrality of uncontrollability to major 
models of worry and perseverative thought, we were particularly 
interested in the extent to which participant-rated uncontrollability 
would predict differential efficacy of each mindfulness strategy for 
facilitating disengagement. However, we also generated predictions for 
several other dimensions. First, we predicted main effects of subjective 
(i.e., participant-rated) uncontrollability, anxious apprehension, and 
negative valence on disengagement success, such that worries higher in 
these dimensions would be more difficult to regulate in the scanner 
irrespective of the strategy used to regulate them. Based on prior work 
suggesting salutary effects of meditation on attentional control (Zainal & 

Newman, 2024), we predicted that focused attention meditation would 
be especially effective (compared to acceptance and thought suppres
sion) for thoughts higher (vs. lower) in subjective uncontrollability. 
Based on prior work demonstrating salutary effects of mindfulness 
practice on anxiety (Hofmann & Gómez, 2017) and meta-analytic 
findings suggesting a unique inverse relationship of mindfulness with 
intolerance of uncertainty (Sahib et al., 2023), we further hypothesized 
that the mindfulness-based strategies would be especially effective (vs. 
thought suppression) for thoughts higher (vs. lower) in anxious appre
hension. We also predicted that both mindfulness-based strategies 
would be especially effective (vs. thought suppression) for thoughts 
higher (vs. lower) in negative valence, self-focus, or social memory 
content, which each hypothesis tested separately for each moderator.

1. Method

1.1. Participants

Participantswere 40 adult high worriers (M age = 27, range = 20–43; 
80% women, 20% men) who participated in a neuroimaging (fMRI) 
study aimed at characterizing the neural correlates of mindful disen
gagement from worry (Westbrook et al., 2023). One participant was 
excluded for falling asleep during the task. Participants were required to 
be native English speakers and meet various fMRI inclusion criteria (e.g., 
no metal in the body), with common psychiatric exclusions (e.g., no 
neurological disorder, psychosis, or current alcohol or substance use 
disorder; see Westbrook et al., 2023 for detailed inclusion and exclusion 
criteria). At screening, participants were required to score ≥ 65 on the 
Penn State Worry Questionnaire (PSWQ; Meyer et al., 1990), endorse 
ratings of either “always” or “often” on the first three items with refer
ence to past-week worry, and score ≤ 13 on the Patient Health 
Questionnaire-9 (PHQ-9; Kroenke et al., 2001) indicating no more than 
moderately severe depression. Although the sample was intentionally 
transdiagnostic, 80% of participants met (DSM-5; American Psychiatric 
Association, 2022) criteria for one or more anxiety-related disorders on 
the Anxiety and Related Disorders Interview Schedule for DSM-5 
(ADIS-5; Brown & Barlow, 2014).

1.2. Study procedures

All research protocols received ethical approval from the University 
of Pittsburgh and Carnegie Mellon University Institutional Review 
Boards. Following an initial screening via email or phone to assess 
preliminary eligibility, participants underwent a baseline laboratory 
visit that lasted approximately 4 h. During the initial visit, participants 
provided informed consent, completed a semi-structured diagnostic 
interview (ADIS-5; Brown & Barlow, 2014) administered by trained 
post-baccalaureate and graduate student research assistants, and filled 
out self-report measures. Participants who met eligibility criteria then 
underwent a structured interview to identify personally-relevant worry 
topics (see Idiographic Worry Topics, below), followed by an fMRI scan 
approximately one week later (see Westbrook et al., 2023 for further 
details). During the scan session, participants received training in the 
main study tasks, which included guidance on cued worry, mindfulness 
(acceptance/focused attention), and thought suppression task condi
tions. Participants then completed the fMRI protocol (see Worry Disen
gagement Protocol, below).

1.3. Measures

1.3.1. Screening
Trait worry. The Penn State Worry Questionnaire (PSWQ; Meyer 

et al., 1990) is a 16-item self-report measure of an individual’s typical 
frequency and uncontrollability of worry. Items are rated on a 5-point 
Likert scale, from 1 (“not at all typical of me”) to 5 (“very typical of 
me”). The PSWQ is a widely-used measure of trait-like worry with strong 
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psychometric properties (Molina & Borkovec, 1994), such as good 
convergent and discriminant validity (Crittendon & Hopko, 2006).

Depression. The Patient Health Questionnaire – 9 (PHQ-9; Kroenke 
et al., 2001) is a widely-used nine-item self-report measure of an in
dividual’s depression symptoms over the past two weeks. Items corre
spond to DSM-5 criteria for major depressive disorder and are rated on a 
scale of 0–3. We included participants with scores ≤ 13, corresponding 
to no more than moderately severe depression.

1.3.2. Diagnostic interview
Anxiety Disorders Interview Schedule for DSM-5 (ADIS-5; Brown 

& Barlow, 2014). We assessed diagnostic status using the ADIS-5, a 
gold-standard semi-structured interview for assessing internalizing 
psychopathology in adults. Interviews were completed by trained 
post-baccalaureate and graduate student diagnosticians under the su
pervision of the PI. All diagnostic decisions and severity ratings were 
reviewed in weekly consensus meetings. Participants were not required 
to have a DSM-5 diagnosis in order to participate; however, 80% of the 
sample met criteria for one or more DSM-5 disorders, most commonly 
generalized anxiety disorder (62.5%) and social anxiety disorder 
(62.5%).

1.3.3. Idiographic Worry Topics
Worry and Rumination Interview. The Worry and Rumination 

Interview (WARI; Ruscio et al., 2011 unpublished measure) is a struc
tured interview in which participants work with an experimenter to 
identify personally-relevant current worry topics. We utilized an 
adapted version of the worry module. Working with a trained under
graduate research assistant, participants identified three current worry 
topics for use during the scan protocol (Worry Disengagement Protocol, 
below). For each worry topic, participants generated a concise (2–5 
word) reminder phrase to evoke worry during the scanning session. We 
encouraged participants to select thought topics that would still be 
relevant a week later. We did not have sufficient data nor a compelling 
theoretical rationale for examining thematic analysis-derived worry 
topics as moderators in the proposed analyses; therefore, open text re
sponses were not examined.

Thought Feature Ratings. Immediately following the WARI inter
view, participants rated each of their idiographic worry topics using a 
Likert scale (0–4) on approximately 40 theoretically-relevant features 
(Hallion et al., 2022). For each worry, we calculated five dimension 
scores using procedures and following on factor loadings described in 
Hallion et al. (2022). Dimensions and their constituent items were as 
follows:

Uncontrollability. The uncontrollability dimension was a three-item 
composite of ratings for “repetitive (repeats over and over again),” 
“intrusive (comes into my mind when I don’t want it there),” and “un
controllable (hard to stop thinking about once I’ve started”). Uncon
trollability has been put forth as the central defining feature of 
perseverative thought (see Ehring et al., 2011); consequently, uncon
trollability ratings could also be interpreted as a proxy for overall worry 
severity. Cronbach’s alpha was 0.83 for uncontrollability in this sample.

Negative valence. Negative valence was created by reverse-scoring 
and averaging the items “happy” and “proud,” then adding the items 
“sad,” “angry,” and “guilty.” Cronbach’s alpha was 0.78 for valence in 
this sample.

Self-focus. Self-focus was calculated by first averaging the “self- 
critical thoughts” and “evaluating myself or my performance” items, 
then adding the “personal task,” “why I feel or act the way I do,” and 
“personal problem” items.

Social memory: The “social memory” factor appears to represent 
episodic memory with an interpersonal focus. We calculated this item by 
averaging the “a social interaction” and “my relationship with someone 
else” items, then adding the “past,” and “memory” items.

Apprehension: Apprehension was calculated by first averaging the 
“nervous” and “afraid” items then adding the “uncertain” item.

1.4. Worry Disengagement Protocol

Immediately prior to the fMRI scan, participants were instructed in 
the focused attention meditation, acceptance, and thought suppression 
regulatory strategies and were given the opportunity to ask questions. 
Participants then completed a practice run in a mock scanner and 
received an additional opportunity to ask questions.

During the fMRI scan, participants completed the worry disengage
ment task, which included two runs of six blocks each (12 blocks total). 
Each block included a cued worry period (35s) in which the participant 
worried “in their usual way, but as intensely as possible” about the topic 
presented on the screen. Immediately after each worry period, partici
pants completed a disengagement period (30–35s) in which they were 
instructed to stop worrying using one of the three previously-trained 
strategies in a within-subjects design. Each disengagement period 
resolved in a thought probe in which participants answered a series of 
yes/no questions about their thoughts at the time of the signal. As in 
Westbrook et al. (2023), we operationalized unsuccessful disengage
ment as a “yes” response to “worrying” or “having negative thoughts” at 
the signal, while successful disengagement was operationalized as a 
“no” response to both items. Participants completed four worry- 
disengagement-probe blocks for each of the three strategies 
(counterbalanced).

1.5. Data analyses

We conducted a series of Bayesian hierarchical linear models 
(Kavelaars et al., 2023), incorporating the repeated practice of the three 
strategies nested within participants, with random intercepts accounting 
for participant-level variations. Bayesian methods provide benefits over 
traditional frequentist approaches, given their ability to optimally 
manage small sample sizes (Baldwin & Fellingham, 2013). Moreover, 
they offer stability, especially in the convergence of complex models 
during data fitting and seamless accommodation of missing data, which 
was handled using multiple imputation, the gold standard approach (Lee 
& Shi, 2021). Model estimation utilized the 4.0.1 R version with the brms 
package (version 2.22.0).

Each Bayesian hierarchical linear model used a binomial outcome 
(worry disengagement success) to examine the effects of strategy, the 
severity of one of the five thought features, and their two-way interac
tion while adjusting for within-person random effects. This strategy 
accommodates the nested data structure by estimating fixed between- 
person effects and within-person variance components (Assmann 
et al., 2023). No priors were used. We used four stationary Markov 
chains to approximate the posterior distribution of each parameter uti
lizing the Monte Carlo No U-Turn Sample (Hoffman & Gelman, 2014). 
Each chain consisted of 2000 sampling iterations, with a 1000-iteration 
burn-in phase that was discarded. Gelman-Rubin convergence statistics 
close to 1 denoted the convergence of the four chains to a unified dis
tribution (Gelman & Rubin, 1992). We calculated the highest 95% 
credible intervals (CrIs) from these samples, using CrIs excluding 0 as 
indicators of statistical significance.

2. Results

2.1. Main effects of worry dimensions on disengagement success

Table 1 presents results for the main effects of uncontrollability, 
apprehension, and negative valence on worry disengagement success. 
Contrary to our hypotheses, we did not find a main effect of participant- 
rated uncontrollability on disengagement success (β = − 0.01, 95% CrI 
[− 0.15, 0.12]), nor did we find hypothesized main effects of appre
hension (β = 0.02, 95% CrI [− 0.16, 0.21]) or negative valence (β =
− 0.02, 95% CrI [− 0.08, 0.03]).
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2.2. Moderating effects of worry dimensions on disengagement success

Uncontrollability. We did not find the hypothesized moderating 
effect of subjective (participant-rated) uncontrollability on disengage
ment success for focused attention compared to the other two strategies 
(acceptance and thought suppression). However, subjective uncontrol
lability emerged as a significant moderator in exploratory analyses 
comparing the two mindfulness conditions to the thought suppression 
control (b = 0.21, 95% CrI [0.01, 0.41]; see Table 2 and Fig. 1). Simple 
slope analyses showed that higher pre-scan uncontrollability ratings 
predicted higher probability of successful worry disengagement only 

when participants were exercising focused attention and acceptance (b 
= 0.20, 95% CrI [0.02, 0.39]). Pre-scan uncontrollability ratings did not 
predict disengagement success during thought suppression (b = − 0.14, 
95% CrI [− 0.39, 0.06]).

Additional Dimensions. We did not find the hypothesized moder
ating effects of valence, apprehension, self-focus, or social memory 
content on disengagement success for the mindfulness strategies 
(focused attention and acceptance) compared to thought suppression 
(see Table 2).

3. Discussion

The present study provided a proof-of-concept examination of the 
extent to which five major dimensions underlying worry (i.e., uncon
trollability, self-focus, negative valence, social memory content, and 
apprehensiveness of the worry) could predict the effectiveness of 
mindfulness-based regulatory strategies (vs. thought suppression) for 
regulating that worry. Our primary preregistered hypotheses were not 
supported. Namely, we did not find hypothesized main effects of worry 
dimensions on disengagement success, nor did we find support for the 
hypothesis that focused attention meditation would be especially 
effective (vs. acceptance and thought suppression) for worries rated as 
especially uncontrollable. We also did not find support for the prediction 
that mindfulness-based strategies would be more effective (vs. a thought 
suppression control) for worries that were rated as higher in negative 
valence, self-focus, social memory, or apprehensiveness.

In exploratory analyses, however, we found preliminary evidence 
suggesting that mindfulness-based strategies were more effective (vs. 
thought suppression) for thoughts rated as more uncontrollable. 
Notably, this exploratory analysis followed the structure of our other 
preregistered analyses, in that the mindfulness-based strategies were 
collapsed and compared to thought suppression. That significant 
moderation was found when both mindfulness strategies were collapsed 
and compared to suppression, but not when focused attention was 
compared to the other two strategies, suggests that the finding is likely 
to be driven by the acceptance condition. Given the number of statistical 
tests performed, spurious findings cannot be ruled out. However, the 
finding is coherent within existing theoretical models. Behaviorally, 
acceptance might have induced nonreactivity to internal experiences, a 
nonjudgmental attitude toward inner experiences, and heightened 
awareness of the consequences of one’s actions in ways that promoted 
worry disengagement during high uncontrollability (Fisak et al., 2012). 

Table 1 
Bayesian univariate multilevel models of the main effects of perseverative 
thoughts on worry disengagement success (Hypothesis 1).

β (SE) Lower CrI Upper CrI

a. Uncontrollability as the predictor
Intercept 0.25 (0.64) − 0.97 1.54
Uncontrollability − 0.01 (0.07) − 0.15 0.12

b. Apprehension as the predictor
Intercept 0.02 (0.57) − 1.10 1.17
Apprehension 0.02 (0.09) − 0.16 0.21

c. Valence as the predictor
Intercept 0.37 (0.40) − 0.41 1.13
Negative valence − 0.02 (0.03) − 0.08 0.03

Note. β, Bayesian regression estimates; SE, standard error associated with β; CrI, 
95% limit of the credible interval. These analyses were based on 468 observa
tions across 39 participants.

Table 2 
Bayesian multivariate multilevel models of perseverative thoughts as the 
moderator and strategy as the predictor predicting worry disengagement 
success.

β (SE) Lower CrI Upper CrI

a. Uncontrollability as the predictor (Hypothesis 2)
Intercept 0.03 (0.71) − 1.40 1.41
FA vs. AC and TS 0.43 (0.85) − 1.26 2.14
Uncontrollability − 0.01 (0.08) − 0.17 0.14
FA vs. AC and TS x Uncontrollability 0.03 (0.10) − 0.17 0.24

b. Uncontrollability as the predictor (Exploratory hypothesis)
Intercept 0.60 (0.88) − 1.13 2.37
FA and AC vs. TS − 0.84 (0.85) − 2.55 0.80
Uncontrollability − 0.12 (0.10) − 0.31 0.07
FA and AC vs. TS x Uncontrollability 0.21 (0.10) 0.01 0.41

c. Apprehension as the predictor (Hypothesis 3)
Intercept 0.15 (0.60) − 0.99 1.36
FA and AC vs. TS − 0.57 (0.59) − 1.72 0.54
Apprehension 0.05 (0.10) − 0.15 0.24
FA and AC vs. TS x Apprehension − 0.05 (0.10) − 0.25 0.14

d. Negative valence as the predictor (Hypothesis 4)
Intercept 0.70 (0.42) − 0.11 1.55
FA and AC vs. TS − 0.96 (0.50) − 1.94 0.03
Negative valence − 0.03 (0.03) − 0.09 0.03
FA and AC vs. TS x Negative valence 0.01 (0.05) − 0.08 0.10

e. Self-focus as the predictor (Hypothesis 5)
Intercept 0.21 (0.50) − 0.77 1.21
FA and AC vs. TS − 0.63 (0.52) − 1.65 0.36
Self-focus 0.02 (0.04) − 0.05 0.09
FA and AC vs. TS x Self-focus − 0.02 (0.04) − 0.10 0.06

f. Social memory as the predictor (Hypothesis 6)
Intercept 0.62 (0.45) − 0.25 1.51
FA and AC vs. TS − 0.73 (0.49) − 1.71 0.23
Social memory − 0.03 (0.05) − 0.14 0.07
FA and AC vs. TS x Social memory − 0.02 (0.07) − 0.16 0.12

Note. β, Bayesian regression estimates; SE, standard error associated with β; CrI, 
95% limit of the credible interval; FA, focused attention; AC, acceptance; TS, 
thought suppression. These analyses were based on 468 observations across 39 
participants.

Fig. 1. Strategy predicting worry disengagement probability by uncontrolla
bility 
Note. This plot was based on estimates extracted from the relevant Bayesian 
multivariate multilevel model.
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If the finding was replicated in a preregistered confirmatory study, it 
would suggest that acceptance might be an especially promising strategy 
for worries that are experienced as severely uncontrollable.

The largely null pattern of results yields several possible in
terpretations. One possibility is the true null; namely, that the features of 
a worry are not informative for predicting whether a mindfulness ex
ercise will help regulate that worry. If “worry” is already a sufficiently 
well-delineated category, additional characterization may not improve 
predictive utility. However, this would not preclude the possibility that 
thought features might emerge as predictive when applied within a 
transdiagnostic framework. Alternatively, differences in strategy effi
cacy might reside at the individual level rather than at the level of the 
thought. It could be that some individuals respond better to specific 
strategies regardless of the qualities of the thought being regulated.

Another possibility is that we were unable to detect true, present 
effects due to inadequate statistical power (a false negative). That we did 
not find a significant main effect of pre-scan uncontrollability ratings on 
real-time worry disengagement success in the scanner is suggestive of a 
potential issue with statistical power (although other explanations are 
also possible). We used Bayesian hierarchical linear modeling and a 
within-subjects design, both of which are associated with improved 
statistical power (versus frequentist approaches and between-subjects 
designs, respectively). Replication and extension studies should use 
simulation-based power analysis methods to maximize the accuracy and 
generalizability of parameter estimates and determine the optimal 
sample size for future work (Gillies et al., 2020; van Erp & Browne, 
2021). However, moderation effects are often small and unreliable, and 
we were likely underpowered to detect these effects nevertheless. 
Because we cannot rule out this possibility, we recommend caution 
when interpreting both significant and nonsignificant results.

The present findings should also be understood in the context of the 
ultra-brief duration of each exercise: mindfulness, meditation, and 
related techniques would not necessarily be expected to generate 
notable effects within 30 seconds. Nonetheless, these brief exercises are 
akin to what people might spontaneously implement in their daily lives 
and are of particular interest with respect to informing the development 
of ecological momentary interventions (Hilt et al., 2023; Zainal & 
Newman, 2023) and just-in-time adaptive interventions (JITAI; Zainal, 
Liu, Leong, Yan, & Chakraborty, 2025). The present study aims to inform 
such innovative approaches to provide context-sensitive and timely in
terventions that pragmatically incorporate such practices into daily 
routines.

Despite the limitations of the study for directly informing theory and 
practice, the present study nevertheless achieves its primary aim of 
illustrating a transdiagnostic approach to treatment matching at the 
level of the thought. To date, questions in precision medicine have 
largely focused on questions of “for whom” (e.g., Webb et al, 2020). We 
propose that questions of “under what circumstances” hold equal 
promise and potential for tailoring and optimizing intervention. Future 
research using larger samples and more diverse expressions of persev
erative thought are needed to provide a satisfactory test of this proposal. 
If supported, a direct-mapping approach could have substantial impli
cations for precision medicine, in that it would facilitate treatment 
matching at the level of the symptom, independent of (or in addition to) 
matching at the level of the person.
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