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Perseverative thought (also known as repetitive thought) is an established transdiagnostic mechanism of inter-
nalizing psychopathology characterized primarily by its repetitive, difficult to control quality. Subjective diffi-
culty concentrating frequently coincides with perseverative thought and may function as both mechanism and
clinical consequence of perseverative thought. Although cognitive theories suggest a bidirectional relationship
between perseverative thought and difficulty concentrating, experimental and longitudinal investigations pro-
vide mixed evidence. The current study addresses this gap by testing a bidirectional relationship between
momentary perseverative thought and difficulty concentrating using ecological momentary assessment (EMA) (8
surveys per day for 14 days) with 200 adult community participants (N = 155 with compliance > 70 %)
oversampled for moderate/severe perseverative thought. Multilevel modeling tested concurrent and time-lagged
associations. Difficulty concentrating and perseverative thought were concurrently and prospectively related
within-person: higher difficulty concentrating at T-1 predicted higher perseverative thought at T, and higher
perseverative thought at T-1 predicted higher difficulty concentrating at T (f =.19 —.20, p < .001). Findings held
when controlling for the outcome at T-1 (f =.02 — .06, p < .001). These findings demonstrate covariation be-
tween difficulty concentrating and perseverative thought within-person in daily life consistent with theoretical
models that predict bidirectional relationships. Findings suggest that intervening on difficulty concentrating
and/or perseverative thought may reduce the “vicious cycle” of perseverative thought episodes.

Difficulty concentrating is a diagnostic criterion of many internal-
izing disorders, including generalized anxiety disorder (GAD), major
depressive disorder (MDD), and post- traumatic stress disorder (PTSD;
DSM-5; APA, 2013). Many of these disorders are also characterized by
excessive perseverative thought (sometimes called repetitive thought),
which are repetitive, intrusive, and difficult to control thoughts such as
worry, rumination, and intrusive memories (APA, 2013). Major
descriptive frameworks (e.g., DSM-5; APA, 2013) and theoretical models
(Eysenck & Calvo, 1992; Koster et al., 2011) propose that perseverative
thought impairs cognitive functioning (e.g., difficulty concentrating
caused by worry; DSM-5), that cognitive dysfunction contributes to
perseverative thought (Koster et al., 2011), or that the relationship is
bidirectional (Hirsch & Mathews, 2012). Prior research aimed at
investigating these models has relied heavily on task-based assessments
of cognitive functioning (Caulfield & Hallion 2023). However, these
studies largely overlook the subjective experience of difficulty

concentrating, which is the clinical (distressing and/or impairing)
symptom with which patients present (APA, 2013). The present study
therefore investigated the temporal associations between perseverative
thought and subjective cognitive control (which we refer to here inter-
changeably as “attentional control” or “difficulty concentrating,”
consistent with the published literature) in real-world, ecologically valid
contexts.

Theoretical models that predict a bidirectional relationship between
subjective difficulty concentrating and perseverative thought include
the impaired disengagement hypothesis, which proposes that impaired
cognitive control impedes the ability to disengage from negative infor-
mation, which in turn perpetuates rumination (Koster et al., 2011);
processing efficiency theory, which proposes that worry competes for
cognitive resources, impairing performance on competing tasks that
require attention (Eysenck & Calvo, 1992); and the cognitive model of
pathological worry (Hirsch & Mathews, 2012), which proposes that
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top-down cognitive control impairments in worry-prone individuals
increase the likelihood that worry-related cues will capture attention
and evolve into a worry episode. This worry episode is proposed to
consume attentional resources in turn, further impairing the ability to
redirect attention away from worry.

Collectively, theoretical models converge in their prediction of an
association between perseverative thought and attentional impairments
but diverge in predictions about the precise nature of these relation-
ships. In this study, we tested predictions consistent with a “vicious
cycle” account in which perseverative thought impairs attentional
control, and impaired attentional control in turn reduces the ability to
disengage from perseverative thought. The current study conceptualizes
attentional impairments at the level of subjective experience, given the
clinical relevance of difficulty concentrating to psychopathology char-
acterized by perseverative thought (e.g., APA, 2013; Hallion et al.,
2018). Crucially, this framework allows the possibility that individuals
high in perseverative thought might perceive their own cognitive
functioning as impaired even if objective attentional impairment is ab-
sent (e.g., Gentes & Ruscio, 2014). We view this question of mechanism
(“objective” deficit versus metacognitive appraisal) as an important but
distinct question that is beyond the scope of this paper.

Cross-sectional empirical studies offer consistent support for a rela-
tionship between perseverative thought and subjective attentional
control, such that higher trait perseverative thought is reliably associ-
ated with lower self-reported attentional control (more severe difficulty
concentrating). For example, attentional control deficits are often self-
reported by adults with GAD (Armstrong et al., 2011) and other psy-
chopathology (Hsu et al., 2019). Difficulty concentrating also contrib-
utes unique variance in the relationship between GAD symptoms and
clinical severity (Hallion et al., 2018). Self-reported attentional control
deficits are also related to perseverative thought and GAD symptoms in
non-clinical samples, including undergraduate students (Bartholomay
et al., 2023). Attentional control also shows specific associations with
rumination (Hsu et al., 2015) and symptoms of anxiety and depression
(Mills et al., 2016).

While cross-sectional research consistently supports a relationship
between perseverative thinking and difficulty concentrating, experi-
mental findings are less consistent regarding temporal and causal re-
lationships. A reasonably-sized literature offers support for the
prediction that perseverative thought directly impacts cognitive func-
tioning. For example, experimentally-induced worry has been shown to
impact performance on cognitive tests of working memory and sus-
tained attention (Caulfield & Hallion 2023; Hallion et al., 2014; Rapee,
1993). Adults with GAD have also been found to exhibit deficits in
attentional control during worry compared to a control group without
GAD (Stefanopoulou et al., 2014). There is also empirical support for
predictions that cognitive functioning may causally impact persevera-
tive thought. For example, attentional training has been linked to lower
frequency of worry-related intrusive thoughts (Fox et al., 2015) and
improvements in symptoms of anxiety and depression (Hazen et al.,
2009). One study of undergraduates in which working memory and a
worry task impacted each other over one day suggests a bidirectional
relationship (Trezise & Reeve, 2016). Further, one MRI study imple-
menting tasks and rest periods to increase generalizability to real-life
experiences of rumination observed heightened activity during rest
within the medial prefrontal cortex (Berman et al., 2011), a region
associated with induced rumination (Cooney et al., 2010). More
recently, we have shown differential activation in medial prefrontal
regions during successful (compared to unsuccessful) attempts to
disengage from worry (Westbrook et al., 2023). By contrast, studies that
aim to manipulate cognitive control directly are less consistent in
showing an effect on perseverative thought (e.g., Zetsche et al., 2024),
but these findings could be attributable to insufficient manipulation of
the independent variable rather than absence of a causal relationship
(Hallion et al., 2024). Moreover, some studies do find evidence for
cognitive functioning as a potential mechanism of perseverative thought
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severity (Zainal & Newman, 2024). Experimental paradigms are there-
fore valuable for probing the potentially causal relationship between
perseverative thinking and cognitive control deficits. However,
experimentally-induced perseverative thought may differ from
naturally-occurring perseverative thought in important ways
(Donaldson et al., 2007), particularly given theoretical predictions of a
role for cognitive control failures in the naturalistic onset of persever-
ative thought episodes (Hirsch & Mathews, 2012).

Longitudinal investigations of the relationship between persevera-
tive thought and difficulty concentrating have also offered insights into
their temporal associations. Executive functioning has been shown to
prospectively predict worry months (Bredemeier & Berenbaum, 2013)
and even years later (Zainal & Newman, 2018). In another study,
attentional disengagement predicted trait rumination, which in turn
predicted daily negative affect over one week (Yaroslavsky et al., 2019).
Finally, in another prospective study using attention switching, cogni-
tive control deficits predicted rumination, which in turn predicted
depressive symptoms at one year follow-up (Demeyer et al., 2012).
Taken together, longitudinal findings suggest that cognitive functioning
predicts perseverative thought over time. However, no studies to date
have used intensive time series methods to characterize the temporal
dynamics of perseverative thought and subjective difficulty concen-
trating as they unfold in daily life.

The present study therefore used an ecological momentary design to
test predictions of a bidirectional relationship between difficulty
concentrating and perseverative thought in community adults over-
sampled for moderate/severe perseverative thought. EMA is ideal for
testing relationships between constructs that may vary at the momen-
tary level, particularly cognitive constructs such as worry that vary
within-person on the order of hours (Trezise & Reeve, 2016). Using EMA
to examine the within-person momentary relationship between persev-
erative thought and difficulty concentrating in real-world, naturalistic
contexts can therefore provide unique insight into their association. We
preregistered our hypotheses and analytic plan on the Open Science
Framework (OSF; https://osf.io/yaz9f). Specifically, we predicted that
1) difficulty concentrating at time T-1 would predict perseverative
thought severity at time T, and that this association would remain sig-
nificant after controlling for perseverative thought severity at time T-1;
2) perseverative thinking at time T-1 would predict difficulty concen-
trating at time T, and 3) that this association would remain significant
after controlling for difficulty concentrating at time T-1.

1. Method
1.1. Participants

Participants were recruited as part of a larger study investigating the
latent structure and neural correlates of perseverative thought. Partici-
pants were English speakers aged 18 years or older who owned a
smartphone and consented to participate. Participants who contacted
the lab in response to an advertisement were screened via telephone or
Qualtrics survey and selected to represent the full range of trait
perseverative thought severity as assessed by the Perseverative Thinking
Questionnaire (PTQ; Ehring et al., 2011). We applied recruitment
thresholds at screening to ensure adequate distribution of perseverative
thought severity (10 % low PTQ, 30 % moderate, 60 % severe), gender
(< 60 % women), and race/ethnicity (< 60 % white). Data collection for
the larger study was ongoing at the time of analysis; consequently, the
current sample does not perfectly match those distributions. Because
participants were recruited as part of a larger protocol, a subset of
participants (n = 45) also met additional eligibility criteria pertaining to
MRI safety (e.g., no metal in the body) and mental health history (no
history of Dbipolar disorder, psychotic disorder, attention
deficit-hyperactivity disorder, or substance use disorder).

All participants for whom data were available at the time of analysis
(N = 200) were included in the initial sample. As meta-analyses report
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an average of about 80 % compliance with EMA protocols among par-
ticipants (Wen et al., 2017; Williams et al., 2021), we excluded partic-
ipants with < 70 % compliance in responding to EMA signals. This
resulted in a final sample of 155 participants (72 % women, 4 %
nonbinary; 71 % white, 14 % Black or African American, 10 % Asian or
Asian American; 6 % other race/ethnicity; M age = 30.04 years, SD =
7.37). Participants represented the full range of anxiety and depression
severity, with over half the sample scoring at or above established
clinical cut-offs for moderately severe anxiety (54 %), depression
(39 %), or stress (40 %) on the Depression, Anxiety, and Stress Scales —
21 item version (DASS-21; Antony et al., 1998). Additional de-
mographics and clinical characteristics are outlined in Table 1.

1.2. Procedure

Participants completed screening via phone or Qualtrics and pro-
vided consent prior to completing study procedures. Eligible partici-
pants first completed an orientation session including practice questions
and baseline questionnaires. Participants then completed a two-week
protocol consisting of 8 surveys per day for 14 days (administered via
the LifeData app). Signals occurred at semi-random intervals within 2-
hour blocks, constrained such that signals were spaced at least 20 mi-
nutes apart. The start time for the signals was personalized to each
participant’s wake-time schedule. Participants had unlimited time to
complete the first survey of each day and did not receive notifications to
complete additional surveys until the first survey of each day was
completed. Participants received $10 for completion of baseline
assessment and $1 per completed signal with stepwise bonus incentives
for meeting certain compliance thresholds.

2. Measures
2.1. Trait measures
Trait perseverative thought was assessed at screening via the

Perseverative Thinking Questionnaire (PTQ; Ehring et al., 2011), a
15-item self-report questionnaire assessing transdiagnostic repetitive

Table 1
Demographic and clinical characteristics.
M SD Range %

Age 30.04 7.37 20-46
Gender
Woman - - - 71.61
Man - - - 24.52
Nonbinary - - - 3.87
Race - - -
White - - - 70.97
Black or African American - - - 13.55
Asian or Asian American - - - 9.68
American Indian or Alaska Native - - - 0
Other - - - 5.81
Ethnicity
Hispanic/Latino - - - 3.23
Not Hispanic/Latino - - - 96.77
PTQ 33.65 10.86 0-60
PSWQ 62.32 10.52 33-80
DASS—21-Depression 13.34 10.06 0-42
DASS—21-Anxiety 10.84 8.02 0-40
DASS—21-Stress 17.56 8.15 0-38

Note. PTQ = Perseverative Thinking Questionnaire; PSWQ = Penn State Worry
Questionnaire; DASS-21 = Depression, Anxiety, and Stress Scale. Two partici-
pants were determined ineligible for MRI protocols following completion of the
baseline survey (including PSWQ and DASS-21 responses) and were subse-
quently enrolled in the EMA only protocol. Baseline survey data were collected
for both MRI and EMA only protocols, but most recently collected PSWQ and
DASS-21 data (from EMA only protocols) were retained for analyses. DASS-21
subscales were multiplied by two for interpretability per scoring instructions.
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thinking (e.g., “The same thoughts keep going through my mind again
and again”). Items are endorsed using a 5-point scale ranging from
0 (never) to 4 (almost always), with higher scores indicating more severe
perseverative thinking. The PTQ had high internal consistency in the
current sample (a =.96) and previous research has indicated high
convergent validity with measures of rumination and worry (Ehring
et al., 2011).

Trait worry was assessed at baseline via the Penn State Worry
Questionnaire (PSWQ; Meyer et al., 1990), a 16-item self-report ques-
tionnaire assessing severity of worry (e.g. “I worry all the time”). Items
are endorsed using a 5-point scale from 1 (not at all typical of me) to 5
(very typical of me), with higher scores indicating more severe worry.
The PSWQ had high internal consistency in the present sample (o =.91).

Trait attentional control was assessed at baseline via the 20-item
Attentional Control Scale (ACS; Derryberry & Reed, 2002). Items are
endorsed on a 4-point scale from 1 (almost never) to 4 (always), with
higher scores indicating greater attentional control abilities. The ACS
has high internal consistency in the current sample (a = 0.87).

The Depression, Anxiety, and Stress Scale — Short Form (DASS-21;
Antony et al., 1998) is a 21-item short form version of the Depression,
Anxiety, and Stress Scale (DASS; Lovibond & Lovibond, 1995), which
was used at baseline to assess depressive, anxiety, and stress symptoms
in the past week. Items are endorsed using a 4-point scale from 0 (never)
to 3 (almost always), with higher scores indicating more severe
depression, anxiety, and stress. The DASS provides clinical cut-offs
(normal, mild, moderate, severe, and extremely severe) that aid in
contextualizing the clinical symptom severity of the sample (Lovibond &
Lovibond, 1995). Scores on the DASS-21 are multiplied by two for
interpretation of cut-offs (Antony et al., 1998). High internal consistency
was exhibited among the DASS-21 depression (a« =.90), anxiety (a =
0.81), and stress (o« =.81) subscales.

2.2. Momentary measures

Momentary perseverative thought was assessed at each signal using a
single dimensional self-report item assessing core characteristics of
perseverative thought (“At the time of the signal, my thoughts were
repetitive, intrusive, or hard to control”) using a 9-point Likert-type
response scale with anchors at 1 (not at all) and 9 (extremely). The
item was adapted from our prior research (Hallion et al., 2022) for use in
an EMA context. We assessed the validity of item by examining the as-
sociation between average within-person severity ratings and validated
trait measures of perseverative thought severity. Person-mean momen-
tary perseverative thought was positively associated with trait persev-
erative thought (PTQ r(149) = 0.41, p < .001; PSWQ r(153) = 0.20,
p = .013), offering evidence of convergent validity.

Momentary difficulty concentrating was assessed at each signal using
a dimensional self- report item (“Were you able to concentrate when you
needed to?”) with anchors at 1 (not at all) and 9 (extremely). This item
was reverse-scored to facilitate interpretation, such that higher scores
represent more difficulty concentrating. Person-mean difficulty
concentrating showed a small but significant inverse association with
trait attentional control (r(153) = -0.21, p = .007), offering some evi-
dence of convergent validity.

2.3. Statistical analysis

Analyses were conducted using R (R Core Team, 2023) to clean data
and time-lag variables (Gandrud, 2016), produce multilevel models
(Kuznetsova et al., 2017), calculate confidence intervals (Fraundorf,
2021), and impute missing data using predictive mean matching (van
Buuren & Groothuis-Oudshoorn, 2011). Code is available via the OSF
(https://osf.io/yaz9f).

Multilevel modeling was used due to the hierarchical structure of the
data with signals (Level 1) nested within participants (Level 2). All
models included a fixed effect of time and a random effect of participant.
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To examine the concurrent within-person relationships between diffi-
culty concentrating and perseverative thought in both directions,
person-mean-centered difficulty concentrating was entered as a fixed
effect with perseverative thought as the dependent variable (Model 1),
and person-mean centered perseverative thought was entered as a fixed
effect with difficulty concentrating as the dependent variable (Model 2).
To examine the temporal relationships between difficulty concentrating
and perseverative thought, four time-lagged models were tested. Time-
lagged analyses were constrained to within-day relationships only. To
test difficulty concentrating predicting perseverative thought, person-
mean centered difficulty concentrating at T-1 was entered as a fixed
effect with perseverative thought at time T as the dependent variable
(Model 3). This model was also run controlling for perseverative thought
at T-1 (Model 4). To test perseverative thought predicting difficulty
concentrating, person-mean centered perseverative thought at T-1 was
entered as a fixed effect with difficulty concentrating at time T as the
dependent variable (Model 5). This model was also run controlling for
difficulty concentrating at T-1 (Model 6).

Little’s MCAR was significant (y2 = 144, df = 14; p < .001), indi-
cating that data were not missing at random. Missing data accounted for
approximately 7 % of possible responses among participants who met
the 70 % compliance threshold. Chi-squared analyses revealed that
participants who identified as “other” racial identity missed fewer sur-
vey responses compared to individuals from other racial groups; that
compliance rates to the first survey of each day were significantly higher
than for subsequent surveys; and that compliance decreased as the
survey period progressed (e.g., more missing data for Days 13 and 14
than for Day 1). No other significant predictors of missingness were
observed.

As these data were collected as part of a larger study, we did not
conduct a priori power analyses for this paper specifically. However,
recent studies report acceptable statistical power with smaller sample
sizes and comparable or more complex models (e.g., Newman et al.,
2019 report sufficient power to detect within-person effects with 68
participants and 80 signals). We therefore have reason to believe that
the current study was well-powered to detect our effects of interest given
our sample size (155 participants with useable data and 112 signals; 17,
360 observations total) and parsimonious within-person statistical
models.

Sensitivity analyses for the time-lagged models were conducted
including gender and age as covariates, with outliers excluded, and
using multiple imputation to handle missing data. The pattern of results
was robust across all analyses; consequently, results are reported using
observed data only.

3. Results
Bivariate associations between trait and person-mean momentary

measures of difficulty concentrating and perseverative thought are
provided in Table 2.

Table 2
Bivariate Associations Between EMA Items and Trait Measures.
Difficulty Perseverative PSWQ PTQ
Concentrating Thought EMA
EMA Item Item
Perseverative 0.46%** - - -
Thought EMA
Item
PSWQ 0.14 0.20 - -
PTQ 0.22%* 0.41%** 0.64*** -
ACS —0.21%* —0.11 —0.33%** —0.51%**
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3.1. Concurrent and time-lagged models

Consistent with our preregistered hypotheses, difficulty concen-
trating and perseverative thought showed significant and positive con-
current within-person associations in Model 1 (difficulty concentrating
predicting perseverative thought; f# =.20, p < .001) and Model 2
(perseverative thought predicting difficulty concentrating; g =.19
p < .001; see Table 3). In the time-lagged models, higher person-mean-
centered difficulty concentrating at time T-1 predicted more severe
perseverative thought at time T (Model 3; § =.06, p < .001). This rela-
tionship remained significant after controlling for perseverative thought
at T-1 (Model 4; g =.02, p < .001). Similarly, higher person-mean-
centered perseverative thought at T-1 prospectively predicted more se-
vere difficulty concentrating at time T (Model 5; # =.06, p < .001), and
this relationship also remained significant after controlling for difficulty
concentrating at T-1 (Model 6;  =.03, p < .001; see Table 4). See Fig. 1
for a conceptual visualization of Models 4 and 6.

Findings did not differ in sensitivity analyses including covariates or
excluding outliers. Person-mean-centered difficulty concentrating at T-1
remained a significant predictor of perseverative thought at time T when
controlling for gender and age, as did person-mean-centered persever-
ative thought at T-1 as a predictor of difficulty concentrating at time T
(see Table 5). Handling missing data using multiple imputation did not
change the direction or significance of results, nor did excluding outliers
(values > 3 SD from M; see Supplemental Table 1).

4. Discussion

We tested theoretical predictions of a “vicious cycle” (bidirectional
within-person association) between perseverative thought and difficulty
concentrating using an ecological momentary design. We found robust
support for each of our preregistered hypotheses. Consistent with prior
studies conducted at the between-person level, perseverative thought
and difficulty concentrating were also positively associated at the
within-person level (i.e., when measured at the same signal). Time-
lagged multilevel models also provided support for our preregistered
predictions of a bidirectional association: higher-than-average persev-
erative thought prospectively predicted more severe difficulty concen-
trating at the next signal, including after controlling for difficulty
concentrating at the prior signal. The inverse relationship was also
supported: more difficulty concentrating prospectively predicted an in-
crease in perseverative thought, including after controlling for persev-
erative thought at the prior signal. Findings were robust across
sensitivity analyses controlling for gender and age, excluding outliers,
and using multiple imputation to handle missing data.

The present findings support and extend findings from prior empir-
ical work investigating the relationship between perseverative thought
and difficulty concentrating. Building on prior work showing a positive
association between perseverative thought and difficulty concentrating
at the between-person level (e.g., Armstrong et al., 2011; Bartholomay
et al., 2023; Mills et al., 2016), our findings further suggest that these
relationships unfold on a moment-to-moment level within individuals in
daily life. Our findings are also consistent with prior experimental and
longitudinal work, including studies suggesting that cognitive control
predicts perseverative thought (Yaroslavsky et al., 2019; Demeyer et al.,

Table 3
Within-Person concurrent relationships between perseverative thought and
difficulty concentrating.

B B SE df t P Lower Upper

CI CI

Note: *** p < .001, ** p < .05. PSWQ = Penn State Worry Questionnaire; PTQ
= Perseverative Thinking Questionnaire; ACS = Attentional Control Scale.
Average participant ratings for the difficulty concentrating and perseverative
thought EMA items were used to calculate correlations.

Model 1: Difficulty concentrating predicting perseverative thought

.26 .20 .01 14890 32.09 <.001 0.25 0.28
Model 2: Perseverative thought predicting difficulty concentrating

.25 .19 .01 14890 32.09 <.001 0.23 0.26
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Table 4
Within-Person time-lagged relationships between perseverative thought (PT)
and difficulty Concentrating.

B B SE df t p Lower  Upper

CI CI

Model 3: Difficulty concentrating (T—1) predicting perseverative thought (T)
11 .06 .01 11480 11.79 <.001  0.09 0.13
Model 4: Difficulty concentrating (T—1) predicting perseverative thought (T),

controlling for perseverative thought (T—1)

.04 .02 .01 11500 443 <001 0.02 0.06
Model 5: Perseverative thought (T—1) predicting difficulty concentrating (T)
12 .06 .01 11480 13.35 <.001 0.10 0.14
Model 6: Perseverative thought (T—1) predicting difficulty concentrating (T),

controlling for difficulty concentrating (T—1)
.05 .03 .01 11410 587 <.001 0.04 0.07

2012; Fox et al., 2015) and vice versa (Stefanopoulou et al., 2014;
Donaldson et al., 2007).

The finding that perseverative thought predicted more severe diffi-
culty concentrating at the next signal is consistent with proposals that
perseverative thought consumes cognitive resources, including pre-
dictions from major theoretical frameworks (e.g., Eysenck & Calvo,
1992; Hirsch & Mathews, 2012) and descriptive clinical frameworks (e.
g., DSM-5 framing of difficulty concentrating as a consequence of
excessive worry in GAD). The finding that more severe difficulty
concentrating also predicted an increase in perseverative thought is
further consistent with suggestions that the cognitive resources that are
consumed by perseverative thought may be the very resources that are
necessary for its control (Hirsch & Mathews, 2012). This is the first study
to our knowledge to demonstrate that these temporal dynamics spon-
taneously unfold in line with theoretical predictions in naturalistic
contexts.

These findings should be interpreted in light of several strengths and
limitations. First, the present study assessed cognitive functioning using
self-report instead of task performance. This is both strength and limi-
tation: we were interested in understanding subjective cognitive func-
tioning specifically, as difficulty concentrating is a diagnostic criterion
for several major emotional disorders and clinically important in its own
right. However, momentary “objective” measures, including data from
cognitive tasks (Hafiz et al., 2020) or psychophysiological indicators
such as heart rate variability that have been linked to cognition and
worry (Chalmers et al., 2016; Forte et al., 2019) could be a valuable

Journal of Anxiety Disorders 111 (2025) 102987

complement to the present findings. Such data would permit the test of
specific theoretically-predicted cognitive mechanisms (e.g., facets of
cognitive control), and would help distinguish between cognitive defi-
cits and metacognitive distortions. Additionally, replicating the findings
within a treatment-seeking sample would help to inform the clinical
utility of the findings. Although more than half of the sample exceeded
established clinical thresholds for moderate anxiety or depression, we
did not examine clinical severity as a between-person moderator, and it
is possible that the strength or nature of the association between diffi-
culty concentrating and perseverative thought could differ in clinical
versus healthy populations. Further, we did not account for potential
confounding variables and therefore cannot make strong causal claims.
For example, past-night sleep would likely impact the severity of both
perseverative thought and subjective difficulty concentrating the
following day (Cox et al., 2018; Nota & Coles, 2018). However, it is not
clear whether past-night sleep might also have within-day effects; for
example, whether a good night’s sleep might buffer the impact of
perseverative thought on cognitive functioning the following day, or
alternatively, whether a poor night’s sleep might increase next-day
vulnerability to perseverative thought via impairments in cognitive
functioning. Regardless, the robustness of the findings across sensitivity
analyses and the consistency of our findings with the experimental
literature is consistent with, and plausibly suggestive of, a direct
mechanistic relationship between perseverative thought and subjective
cognitive functioning.

Our use of EMA also offered several advantages and drawbacks. EMA
permits the assessment of dynamic processes that vary within-person on
a moment-to-moment basis (Stange et al., 2019). Using EMA, we were

Table 5
Within-Person time lagged relationships between perseverative thought and
difficulty concentrating in sensitivity analyses.

B p SE df t p

Lower  Upper
ClI ClI

Model 4: Difficulty concentrating (T—1) predicting perseverative thought (T),
controlling for perseverative thought (T—1) with covariates: gender, age
.04 .02 .01 11500 4.44 <.001 0.02 0.06
Model 6: Perseverative thought (T—1) predicting difficulty concentrating (T),
controlling for difficulty concentrating (T—1) with covariates: gender, age
.05 .03 .01 11410 5.88 <.001 0.04 0.07

Model 4: Difficulty Concentrating (T-1) Predicting Perseverative Thought (T) Controlling for Perseverative Thought (T-1)

Concentrating Concentrating

Perseverative Perseverative Perseverative Perseverative
Thought Thought Thought Thought
p=.02
Difficulty Difficulty Difficulty Difficulty

Concentrating Concentrating

Model 6: Perseverative Thought (T-1) Predicting Difficulty Concentrating (T) Controlling for Difficulty Concentrating (T-1)

Perseverative Perseverative

Perseverative Perseverative

Concentrating Concentrating

Thought Thought Thought Thought
p=.03
Difficulty Difficulty Difficulty Difficulty

Concentrating Concentrating

Signal 7-1 Signal T

Signal T+1

—

Fig. 1. Time-Lagged Models Between Difficulty Concentrating and Perseverative Thought. Note. Fig. 1 presents a conceptual illustration of the time-lagged models. The
statistical models included all available within-day lagged associations and were nested within-participant. All predictor variables are person-mean-centered. For

both time-lagged models, p < .001.
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able to model these processes as they naturally unfold in real- world
contexts, and on theoretically- and clinically-meaningful timescales.
However, a drawback of EMA is assessment burden. Although we
adapted items used successfully in our prior work (Hallion et al., 2022),
single-item measures are often psychometrically weaker compared to
longer validated scales. Whereas our momentary perseverative thought
item was moderately related to trait perseverative thought, the associ-
ation between momentary difficulty concentrating and trait attentional
control was significant but small. As there is no reliable association
between self-reported attentional control and task-based measures
(Gobel et al., 2022), it is perhaps not surprising that self-reports of
attentional control also did not converge strongly. Additional research
that trades greater assessment burden for more comprehensive validated
scales would be helpful in investigating the reasons for this discrepancy.
Future research might also test these relationships using alternative
methods such dynamic structural equation modeling (SEM), which
could provide a more complete picture of the temporal dynamics be-
tween these variables as they unfold (Tomarken & Waller, 2005; Zyphur
et al., 2023).

Taken together, the present findings offer robust support for theo-
retical predictions of a bidirectional relationship between difficulty
concentrating and perseverative thought. Moreover, we find evidence of
ecological validity in that these relationships were observed to unfold
spontaneously in daily life. Plausibly, either of these pathways could
therefore be targeted for intervention. However, it is also possible that a
dual-pronged approach that focuses on both improving cognitive func-
tioning (e.g., cognitive control training) and disrupting perseverative
episodes as they unfold (e.g., ecological momentary intervention) might
be necessary for clinical benefit. Ecologically-valid cognitive trainings
could be helpful in reducing the onset of perseverative thought episodes
or facilitating top-down disengagement (see Hallion et al., 2024), while
interventions aimed at facilitating attentional disengagement from
perseverative thought could plausibly have the added benefit of
improving subjective cognitive functioning. Just-in-time adaptive in-
terventions that include ecologically valid exercises aimed at improving
attentional functioning, disrupting ongoing perseverative episodes, or
both, might hold particular promise as a future direction for improving
cognitive and emotional functioning in daily life.
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