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Abstract
Psychological inflexibility is theorized to underlie difficulties adjusting mental processes in response to changing circumstances.
People show inflexibility across a range of domains, including attention, cognition, and affect. But it remains unclear whether
common mechanisms underlie inflexibility in different domains. We investigated this possibility in a pre-registered replication
and extension examining associations among attentional, cognitive, and affective inflexibility measures. Participants (N = 196)
completed lab tasks assessing (a) emotion-induced blindness, the tendency for task-irrelevant emotional stimuli to impair
attention allocation to non-emotional stimuli; (b) emotional inertia, the tendency for feelings to persist across time and contexts;
and global self-report measures of (c) repetitive negative thinking, the tendency to repeatedly engage in negative self-focused
thoughts (i.e., rumination, worry). Based on prior research linking repetitive negative thinking with negative affect inertia, on one
hand, and emotion-induced blindness, on the other, we predicted positive correlations among all three measures of inflexibility.
However, none of the three measures were related and Bayes factors indicated strong evidence for independence. Supplementary
analyses ruled out alternative explanations for our findings, e.g., analytic decisions. Although our findings question the overlap
between attentional, cognitive, and affective inflexibility measures, this study has methodological limitations. For instance, our
measures varied across more than their inflexibility domain and our sample, relative to previous studies, included a high
proportion of Asian participants who may show different patterns of ruminative thinking to non-Asian participants. Future
research should address these limitations to confirm that common mechanisms do not underlie attentional, cognitive, and
affective inflexibility.
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Optimal psychological functioning requires constant adapta-
tion to changing situational demands (Kashdan & Rottenberg,
2010). For instance, although it is functional to be fearful and
hyperaware of your surroundings when walking alone at night

(Keltner & Gross, 1999), it is equally important for fear and
hyperawareness to subside after safely arriving home.
Emotions that persist when they are no longer situationally
relevant may reflect psychological inflexibility, a psychopa-
thology hallmark involving difficulty adjusting thoughts, feel-
ings, and behaviors in response to changing circumstances
(Kashdan & Rottenberg, 2010; Stange et al., 2017).
Researchers have investigated several forms of psychological
inflexibility, but it remains unclear whether different forms of
inflexibility are driven by common underlying mechanisms.
We sought to answer this question by examining associations
among attentional, cognitive, and affective inflexibility
measures.

Previous studies have linked repetitive negative thinking, a
form of cognitive inflexibility that encompasses rumination
(Nolen-Hoeksema et al., 2008) and worry (Borkovec & Inz,
1990), with emotional inertia, a form of affective inflexibility
where feelings are resistant to change over time (Kuppens
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et al., 2010). Repetitive negative thinking and emotional iner-
tia have been hypothesized to be two sides of the same coin,
both driven by impaired disengagement from negative stimuli
and events (Brose et al., 2015; Koval et al., 2012, 2015).
Whereas repetitive negative thinking is typically assessed
using global questionnaires, emotional inertia is operational-
ized as the autoregressive slope of repeatedly sampled affect
(Suls et al., 1998). Repetitive negative thinking and negative
affect inertia are positively related in European samples, both
when inertia is captured in daily life (e.g., Brose et al., 2015)
and in the lab (Koval et al., 2016; as in the current study).
Taken together, these and other studies suggest cognitive
and affective inflexibility may bemutually reinforcing or driv-
en by common processes (Gilbert et al., 2019; Stefanovic
et al., 2021).

Research on a phenomenon known as emotion-induced
blindness suggests that the same processes underlying cogni-
tive and affective inflexibility might also drive attentional in-
flexibility. In an emotion-induced blindness paradigm, a series
of non-emotional (neutral) images are rapidly presented in a
centrally located stream. One of these neutral images—the
target—is rotated to the left or right. On some trials, an emo-
tional or neutral distractor appears within the image stream.
Participants’ ability to detect the orientation of the target im-
age is impaired when it follows an emotional, relative to a
neutral, distractor (Most et al., 2005). In other words, the emo-
tional image temporarily “blinds,” hence the term emotion-
induced blindness. Emotion-induced blindness is most robust
when the neutral target appears shortly after the emotional
distractor (e.g., 100-200 ms; Kennedy & Most, 2015), and
tends to dissipate as the latency between the emotional and
neutral stimuli increases. Thus, researchers propose that
emotion-induced blindness reflects early perceptual competi-
tion between emotional and non-emotional stimuli (e.g., Most
& Wang, 2011).

But prior research suggests emotion-induced blindness
may also be influenced by individual differences in cognitive
and affective inflexibility. Consistent with this idea, emotion-
induced blindness has been linked with individual differences
in difficulty terminating (but not initiating) episodes of worry
assessed in daily life in a predominantly Caucasian sample
(Berenbaum et al., 2018), and with self-reported repetitive
negative thinking (using similar measures to the current
study; Kennedy & Most, 2015; Onie & Most, 2017, but see
Onie & Most, 2021). In an experiment with U.S. undergradu-
ates, Haddara et al. (2019) found that emotion-induced blind-
ness persisted at longer latencies (e.g., 400–700 ms) following
an anticipatory anxiety induction (i.e., the threat of electric
shock). This finding suggests that heightened anxiety—
which characterizes episodes of worry and repetitive negative
thinking—may make it more difficult for people to flexibly
shift their attention away from emotional and towards neutral
stimuli.

No previous research has examined associations between
negative affect inertia and emotion-induced blindness.
However, given that both constructs have been linked with
repetitive negative thinking (Koval et al., 2016; Onie &
Most, 2017), we reasoned that negative affect inertia and
emotion-induced blindness may also be associated. This asso-
ciation would support the proposal that a commonmechanism
underlies inflexibility across attentional, cognitive, and affec-
tive domains (e.g., Gilbert et al., 2019). Domain-general psy-
chological inflexibility may confer increased risk of psycho-
pathology by leading to a tendency to get stuck in self-
perpetuating cycles of negative thoughts, feelings, and behav-
iors (Robinson et al., 2006; Stange et al., 2017). It is thus
important to understand whether such domain-general inflex-
ibility exists.

In the current study, we investigated whether measures of
three different forms of psychological inflexibility are related,
and therefore may be influenced by common underlying pro-
cesses.We used the samemeasures as the studies we sought to
replicate: undergraduate participants completed an emotion-
induced blindness task (as in Onie & Most, 2017), an emo-
tional film-task to assess negative affect inertia (as in Koval
et al., 2016), and global worry and rumination questionnaires
to assess repetitive negative thinking (as in Onie & Most,
2017; Koval et al., 2016 assessed rumination only). In line
with these studies, we hypothesized that repetitive negative
thinking would be positively associated with (a) emotion-
induced blindness (H1; Onie & Most, 2017) and (b) negative
affect inertia (H2; Koval et al., 2016). Extending these studies,
we predicted emotion-induced blindness would be positively
associated with negative affect inertia (H3). Consistent with
the notion that individual differences in emotion-induced
blindness at longer latencies may reflect inflexible attention
allocation, for both H1 and H3, we predicted stronger associ-
ations with emotion-induced blindness on trials that had a
longer interval between the emotional distractor and the neu-
tral target.

Method

We pre-registered hypotheses and data collection procedures
(https://aspredicted.org/kb7mu.pdf). Data and analysis code
are publicly available (https://osf.io/e6rwk/).

Participants

We powered this study based on the correlation effect sizes
reported in the studies we sought to replicate. These correla-
tions were r = .34 for emotion-induced blindness and repeti-
tive negative thinking (rumination and worry; Onie & Most,
2017), and r = .19 for negative affect inertia and rumination
(Koval et al., 2016). We therefore designed our study to be
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sufficiently powered to detect effect sizes around r = .25.
Using G*Power 3.1 (Faul et al., 2009), we determined that a
sample size of N = 180 would allow us to detect
correlational effects of this magnitude with 80% power and
an alpha level of .01.1 We therefore aimed to recruit 200
participants to allow for attrition or data loss.

We recruited 209 first-year University of Melbourne psy-
chology students who participated for course credit.We exclud-
ed six participants due to technical errors during the film-task.
We excluded a further seven participants based on their perfor-
mance on the emotion-induced blindness task. The emotion-
induced blindness task includes trials with and without
distractors. In line with our pre-registration and Onie and
Most (2017), we excluded seven participants who scored more
than 3 SDs below mean accuracy on distractor trials, and more
than 3 SDs belowmean accuracy collapsed across all trials (i.e.,
distractor and no-distractor trials). The final sample (N = 196)
comprised 154 female, 41 male, and 1 non-binary participant,
aged 17 to 36 (M = 19.13, SD = 2.09). Participants reported
their ethnicity as Chinese (49.5%), Caucasian (24%), non-
Chinese Asian (22.4%), or “other” (4.2%; including African,
Middle Eastern, Hispanic). The University of Melbourne
Human Research Ethics Committee approved this study (appli-
cation 1953918.1). Data were collected in 2019, prior to the
COVID-19 pandemic.

Measures

Repetitive Negative Thinking

As in Onie and Most (2017), we assessed repetitive negative
thinking using the Penn State Worry Questionnaire (Meyer
et al., 1990) and the Ruminative Response Scale (Treynor
et al., 2003). The Penn State Worry Questionnaire comprises
16-items (e.g., “my worries overwhelm me”). Participants rat-
ed how typical each item is of them from 1 (not at all typical of
me) to 5 (very typical of me). The Ruminative Response Scale
comprises 22-items representing three subscales: reflection
(e.g., “Write down what you are thinking and analyze it”),
brooding (e.g., “Think about a recent situation, wishing it
had gone better”), and depression-related (e.g., “Think about
how passive and unmotivated I feel”). Participants rated how
often they do each item when feeling down, sad, or depressed
on a 4-point scale (1 = almost never, 2 = sometimes, 3 = often,
4 = almost always). Total scores on the Penn State Worry
Questionnaire and Ruminative Response Scale showed excel-
lent internal consistency in our sample (see Table 1). Scores
on both scales correlated at r = .55 and were combined into a
repetitive negative thinking measure (Samtani et al., 2021),

also highly reliable in our sample (α = .93). To compare our
sample’s scores on these measures with Onie and Most’s
(2017) sample (Worry: M = 47.44, SD = 13.67; Rumination:
M = 48.03, SD = 11.78), we present sum scores in Table 1, but
used mean scores for all analyses.

Negative Affect Inertia

We used the same film-task as Koval et al. (2016; Study 2),
which is a slightly modified version of the task developed by
Koval et al. (2013). The task—programmed in Psychopy (Peirce
et al., 2019)—comprised 10 film-clips (four negative, four pos-
itive, two neutral; all < 3 min). These film-clips were selected
from a validated database (Schaefer et al., 2010) and shown in
the following fixed order: negative, negative, neutral, positive,
neutral, negative, positive, positive, negative, positive (as in
Koval et al., 2013, 2016). Immediately after viewing each film-
clip (regardless of film-clip valence), participants rated their mo-
mentary2 positive (happy, amused) and negative (disgusted, an-
gry, sad, nervous) affect (from 1 = not at all to 100 = very much).
Participants then viewed a 20-s neutral image (a recovery period)
before again rating their affect. In addition to rating affect twice
after each film-clip (once before, once after the recovery period),
participants rated their affect before the first film-clip (baseline),
yielding 21 affect ratings total. The baseline rating was made
shortly after completing a neutral practice trial, which was not
included in analyses. For more film-clip task details, see Koval
et al. (2013, 2016).

As pre-registered, we calculatedmomentary negative affect
during the film-task by taking the mean of angry, sad, and
nervous ratings at each measurement occasion. The negative
affect scale showed good multilevel reliability: αwithin = .79,
αbetween = .89 (Geldhof et al., 2014).3 We also calculated
momentary positive affect (see supplementary material
Table S7). The validity of the film-task is supported by previ-
ous studies showing that negative affect inertia based on the
film-task correlates positively with negative affect inertia in
daily life modelled using experience-sampling data (Koval
et al., 2013, 2015) and is similarly associated with rumination
(cf. Koval et al., 2012, 2016).

Emotion-Induced Blindness

We used the same images and rapid serial visual presentation
task as Onie andMost (2017), programmed inMATLABwith
Psychophysics Toolbox extensions (Brainard, 1997; Pelli,

1 Our pre-registration incorrectly states that we would achieve 85% power
with N=180 and α = .01 due to an error in the original write-up of our power
analysis.

2 As in Koval et al. (2016), participants were instructed to rate their current
emotions honestly and intuitively, rather than how they thought someone
should respond to the film.
3 The negative affect scale was also reliable when including disgust (αwithin =
.82,αbetween = .93). In the supplementarymaterials, we report the inertia results
including disgust in the negative affect scale (Table S5), as well as results of
analyses for positive affect inertia (Table S7).
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1997). Each trial comprised a stream of 17 landscape and
architectural images presented for 100 ms each. Participants
were instructed to indicate (via keypress) the rotation (90° left
or right) of a target image embedded within this stream. Also
embedded within most trials was a negative (e.g., medical
trauma, violence) or neutral (e.g., animals, people) distractor
image. Images were originally sourced from the International
Affective Picture System (Lang et al., 2005) and other public
sources. In a pilot study, Kennedy and Most (2012) had 12
participants rate this image set on valence (1 = very negative, 9
= very positive) and arousal (1 = low arousal, 9 = high
arousal). Relative to the neutral images, the negative images
were significantly lower in valence, MNegative = 1.73,
SDNegative = 0.53; MNeutral = 5.01, SDNeutral = 0.45), t(11) =
35.0, p <.001, and higher in arousal, MNegative = 6.06,
SDNegative = 0.68; MNeutral = 3.20, SDNeutral = 0.55, t(11) =
24.4, p <.001. The distractor image appeared either 200 ms
(lag 2) or 400 ms (lag 4) before the target image. We included
lag 2 and 4 trials because emotion-induced blindness may be
more sensitive to individual differences at longer latencies
(i.e., at lag 4 vs. lag 2), although previous research suggests
the effect is reliable at both lags (Ciesielski et al., 2010). There
were 300 trials in total: 240 had distractors (120 negative, 120
neutral) and 60 did not (baseline trials). We calculated split-
half reliabilities using the splithalf package (Parsons, 2020) in
R. Split-half reliabilities on the emotion-induced blindness
task ranged from good to excellent: r = .73 to .92 (see
Table 1).

We operationalized emotion-induced blindness as the dif-
ference in target detection accuracy following negative vs.
neutral distractors, separately for lag 2 and lag 4 trials. This
operationalization matches several studies examining whether
emotion-induced blindness is sensitive to individual differ-
ences (Berenbaum et al., 2018; Haddara et al., 2019; Most
et al., 2005; Olatunji et al., 2013; Onie & Most, 2017).

However, other operationalizations also exist, such as using
accuracy following negative distractors only (Onie & Most,
2017) or comparing accuracy following negative distractors at
different lags to index emotional disengagement specifically
(Kennedy & Most, 2015; Olatunji, 2021). We report analyses
using these alternative operationalizations in the supplemen-
tary materials (Tables S1-S2).

Procedure

Participants attended the lab in groups of two to seven but
completed the study individually, seated in separate cubicles.
After providing consent, participants provided demographic
information and completed several global self-report mea-
sures, including the repetitive negative thinking question-
naires.4 Lastly, participants completed the emotion-induced
blindness and inertia tasks in counterbalanced order (deter-
mined by coin toss before each group’s session). All tasks
and questionnaires were presented on a 21.5-in. monitor with
1920 × 1080 resolution and 60-Hz refresh rate. Consistent
with the studies we sought to replicate (Koval et al., 2016;
Onie & Most, 2017); participants’ head position was not
fixed. Debriefing procedures concluded the 60-min session.

Statistical Analyses

Consistent with our pre-registration, we used correlations to
examine the relationship between repetitive negative thinking
and emotion-induced blindness (H1). Because our focus was
on estimating the relationship between two variables, this ana-
lysis differs slightly from Onie and Most (2017), who sought
to test whether emotion-induced blindness predicted repetitive

Table 1 Descriptive statistics and reliability estimates of key variables

Variable M (SD) Actual range Possible range Reliability

Repetitive negative thinking (RRS & PSWQ total) 104.87 (20.41) 48–156 48–163 .93a

Rumination (RRS total) 51.14 (10.96) 27–83 22–88 .89a

Worry (PSWQ total) 53.72 (12.21) 21–80 16–80 .92a

EIB lag-2 negative accuracy (%) 68.2 (11.4) 33.3–91.7 0–100 .73c

EIB lag-2 neutral accuracy (%) 74.9 (13.2) 21.7–98.3 0–100 .84c

EIB lag-4 negative accuracy (%) 76.4 (15.5) 16.7–96.7 0–100 .89c

EIB lag-4 neutral accuracy (%) 81.3 (15.9) 16.7–100 0–100 .92c

Negative affect inertia (autoregressive slope) .181 (.208) - - Within: .79
Between: .89b

RRS, Ruminative Response Scale; PSWQ, Penn State Worry Questionnaire; EIB, emotion-induced blindness
a Cronbach’s alpha; b Alpha values estimated using multilevel structural equation modelling (Geldhof et al., 2014); c Spearman Brown split-half
correlation calculated with 5,000 permutations (Parsons, 2020). Sums are provided; dividing the repetitive negative thinking scores by 38, RRS scores
by 22, and PSWQ scores by 16 provides mean scores

4 Participants also completed a personality and trait disgust scale, which were
not analyzed in the current study.
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negative thinking over-and-above another form of attentional
bias using multiple regression. Also consistent with our pre-
registration, we used multilevel models to examine how neg-
ative affect inertia relates to repetitive negative thinking (H2)
and emotion-induced blindness (H3). This approach matches
prior work examining the relationship between inertia and
rumination (Koval et al., 2012, 2016). We decided post-hoc
to supplement the results of these frequentist analyses with
Bayes factors (as in Onie & Most, 2017). We included
Bayes factors because it is not possible to determine whether
non-significant findings represent the absence of an effect, or
that the data cannot distinguish between the null and alterna-
tive hypotheses based on p values alone (Dienes, 2014;
Quintana & Williams, 2018). By directly comparing relative
evidence for and against the null hypothesis, Bayes factors
provide evidence for three possibilities: that the data (1) favor
the alternative hypothesis (Bayes factors over 1), (2) favor the
null hypothesis (Bayes factors <1), or (3) favor neither hy-
pothesis (Bayes factors ~ 1; Dienes, 2014). In the current
study, we quantified the level of evidence indicated by the
Bayes factors (BF10) following Wetzels et al. (2011): for the
alternative hypothesis (decisive >100, very strong = 30–100,
strong = 10–30, substantial = 3–10, anecdotal = 1–3) and for
the null hypothesis (anecdotal = 1–0.3, substantial = 0.3–0.1,
strong = 0.1–0.03, very strong = 0.03–0.01, decisive < 0.01).

We used JASP statistical software (JASP Team, 2020) to
estimate correlations between repetitive negative thinking
(and separately worry and rumination) scores and emotion-
induced blindness at lag-2 and lag-4, i.e., to test H1. We cal-
culated Bayes factors in JASP with default Cauchy priors
(Rouder et al., 2009). We used Mplus 8.6 (Muthén &
Muthén, 2017) to test whether negative affect inertia positive-
ly related with repetitive negative thinking (H2) and emotion-
induced blindness (H3). Specifically, we estimated multilevel
autoregressive models with data from the emotional film-task
(as in Koval et al., 2016). At level-1, we regressed each par-
ticipant’s momentary negative affect at time t onto their
“lagged” negative affect at time t–1, with higher
autoregressive slopes reflecting greater inertia (Suls et al.,
1998). We person-mean centered lagged negative affect,
meaning that autoregressive slopes were purely within-per-
sons, and the level-1 intercept represented mean negative af-
fect across the film-task (Hamaker & Grasman, 2015). At
Level-2, the intercept and autoregressive slope were allowed
to vary randomly across participants and were regressed onto
standardized repetitive negative thinking (H2; and separately
worry and rumination) or emotion-induced blindness (H3)
scores. We calculated Bayes factors for our multilevel param-
eter estimates using the approach outlined by Wagenmakers
(2007): we compared the Bayesian information criterion
(BIC) from each model including the hypothesized effect with
the criterion obtained from a null-hypothesis model where the
hypothesized association was constrained to zero. Our original

(pre-registered) power analysis was based on estimating
single-level correlations rather than multilevel interaction ef-
fects. Thus, we used Murayama et al.’s (2022) multilevel
power calculator to verify that our sample size (N = 196,
cluster size = 21) was sufficient to detect a cross-level inter-
action equivalent to r = .20 with 80% power (α =.05).

Results

Preliminary Analyses

We first calculated descriptive statistics for each measure (see
Table 1). Rumination and worry levels were higher than those
reported by Onie and Most (2017), also in an Australian univer-
sity sample. Rumination levels in both the current study andOnie
andMost exceeded those found in a European university sample
by Koval et al. (2016;M = 39.38). There were no obvious floor
or ceiling effects, and variance in rumination and worry levels—
indicated by the standard deviations in Table 1—was comparable
to the studies we sought to replicate (Koval et al., 2016; Onie &
Most, 2017). The average negative affect autoregressive (inertia)
slope was positive and significant, indicating that negative affect
tended to carry over from moment-to-moment (see Table 1).

To test whether participants showed emotion-induced blind-
ness, we ran a 2 (distractor-type: negative, neutral) × 2 (lag: 2, 4)
repeated measures ANOVA, following previous emotion-
induced blindness research (e.g., Onie & Most, 2017).
Participants were less accurate following negative (M = 72.3,
SD = 12.6) than neutral (M = 78.1, SD = 14.1) distractors; a
main effect of distractor type, F(1, 195) = 188.75, p <.001, ŋp

2

= .49. Participants performed worse when distractors appeared
200 ms (M = 71.5, SD = 11.5) than 400 ms (M = 78.9, SD =
15.3) before the target, a main effect of lag,F(1, 195) = 164.19, p
<.001, ŋp2 = .46. There was a significant distractor-type × lag
interaction, F(1, 195) = 5.63, p = .019, ŋp2 = .03 (see Table 1).
Post hoc t tests with Bonferroni correction revealed emotion-
induced blindness was stronger at lag 2, t(195) = −11.34, d =
0.81, than lag 4, t(195) = −8.29, d = 0.59. Thus, participants
showed emotion-induced blindness, and this effect was stronger
with shorter intervals between the distractor and the target.

Hypothesis Testing

Having established that participants showed the expected ef-
fects and variability on all three measures, we turn to hypoth-
esis testing. Contrary to H1, we found no evidence that repet-
itive negative thinking, rumination, or worry correlated with
emotion-induced blindness at lag 2 or lag 4 (Table 2). Figure 1
displays scatterplots of participants levels of repetitive nega-
tive thinking and emotion-induced blindness at lag 2 and lag
4. Bayes factors ranged between 0.09 and 0.15 (Table 2),
indicating either substantial (values between 0.3 and 0.1) or
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strong (values between 0.03 and 0.01) support for the null
hypothesis (Wetzels et al., 2011). These findings suggest in-
dependence between emotion-induced blindness and all as-
pects of repetitive negative thinking, failing to replicate Onie
and Most’s (2017) findings.

Contrary to H2, we found no evidence that repetitive
negative thinking, rumination, or worry predicted nega-
tive affect inertia (Table 3). The Bayes factor for all three
models was .017. This Bayes factor indicates very strong
support for the null hypothesis (values between 0.03 and
0.01; Wetzels et al., 2011) of no association between neg-
ative affect inertia and any aspect of repetitive negative
thinking (see Fig. 2). Indeed, repetitive negative thinking
did not significantly correlate with the autoregressive in-
ertia slope (r = −.04, p = .339, 95% [CI −.24, .16]).
Therefore, we failed to replicate Koval et al. (2016).
Despite not being associated with negative affect inertia,
repetitive negative thinking, worry, and rumination were
associated with higher mean negative affect levels, shown

by the significant associations with the intercept reported
in Table 3.

Finally, contrary to H3, we found no evidence for an asso-
ciation between negative affect inertia and emotion-induced
blindness at lag 2 or lag 4 (see Table 3 and Fig. 3). Although
the model for negative affect inertia and lag 2 emotion-
induced blindness was positive with a p value of .06, the
Bayes factor of 0.095 indicated strong evidence for the null
hypothesis. Indeed, the Bayes factors for this series of models
were 0.017 and 0.095, indicating either strong (values be-
tween 0.1 and 0.03) or very strong (values between 0.03 and
0.01) support for the null hypothesis. There was also no asso-
ciation between mean negative affect and emotion-induced
blindness at lag 2 or lag 4.

Supplementary Analyses

We ran additional, non-preregistered analyses to ensure meth-
odological and analytic decisions did not explain our null

Table 2 Correlations (r, [95%
CI]) between emotion-induced
blindness at lag 2 and lag 4 and
the repetitive negative thinking
composite, rumination, and worry

EIB-lag 2 EIB-lag 4

Repetitive negative thinking (RRS & PSWQ) −.03, [−.17, .11]
BF10 = 0.096

.03, [−11, .17]
BF10 = 0.099

Rumination (RRS total) −.07, [−.21, .07]
BF10 = 0.150

.01, [−.13, .15]
BF10 = 0.090

Worry (PSWQ total) .01, [−.13, .15]
BF10 = 0.090

.04, [−.10, .18]
BF10 = 0.107

No correlations were statistically significant. RRS Ruminative Response Scale, PSWQ Penn State Worry
Questionnaire, EIB emotion-induced blindness, BF Bayes factor

Fig. 1 Scatterplots of repetitive
negative thinking with emotion-
induced blindness (EIB) at lag 2
(panel A) and lag 4 (panel B)
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results. The results of these analyses appear in the supplemen-
tal materials. First, to confirm that our null findings related to
emotion-induced blindness were not due our specific
operationalization of emotion-induced blindness, we re-ran
the emotion-induced blindness analyses using two alternative

indices: accuracy following negative distractors only (as in
Onie & Most, 2017) and the difference in accuracy on nega-
tive distractor trials between lag 4 and lag 2 (as in Kennedy &
Most, 2015). For the correlations between repetitive negative
thinking and emotion-induced blindness (Table S1), we found

Table 3 Results of multilevel
autoregressive models estimating
associations between raw
negative affect inertia, repetitive
negative thinking, and emotion-
induced blindness

Association with intercept (mean negative affect)

95% CI

Outcome/predictor Estimate (SE) p value LL UL

Repetitive negative thinking 2.899 (1.033) .005 0.874 4.924

Rumination 2.400 (1.107) .03 0.230 4.570

Worry 2.678 (0.986) .007 0.746 4.611

EIB lag-2 −1.232 (0.965) .202 −3.122 0.659

EIB lag-4 −0.987 (0.989) .318 −2.926 0.952

Association with inertia slope (cross-level interaction) Bayes factors

Repetitive negative thinking −0.009 (0.025) .717 −0.058 0.040 0.017

Rumination −0.007 (0.024) .764 −0.054 0.039 0.017

Worry −0.009 (0.025) .722 −0.058 0.040 0.017

EIB lag-2 0.041 (0.022) .062 −0.002 0.085 0.095

EIB lag-4 0.006 (0.022) .764 −0.036 0.049 0.017

N = 196 for all analyses; estimates in bold are statistically significant at p < .05. EIB, emotion-induced blindness

Fig. 2 Scatterplot of repetitive negative thinking and negative affect inertia (autoregressive slope)
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substantial or strong evidence for the null hypothesis. For the
multilevel models testing the association between negative
affect inertia and emotion-induced blindness (Tables S2), we
found very strong evidence for the null hypothesis. Therefore,
our results remained consistent regardless of emotion-induced
blindness operationalization.

Second, to confirm that our null findings for negative affect
inertia were not confounded by mean levels and variability in
negative affect, we re-ran multilevel models testing H2 and
H3 using within-person standardized negative affect ratings
(Table S3), which hold constant individual differences in
mean levels and variability of affect (Koval et al., 2013,
2016). Third, because autoregressive models assume station-
arity (i.e., that the mean and variance are stable over time;
Jongerling et al., 2015), we also re-ran our multilevel models
with detrended negative affect scores (Table S4). Fourth, we
re-ran models for negative affect inertia (raw and standard-
ized) including disgust (Table S5) to ensure that excluding
disgust from momentary negative affect did not change our
results. Our findings did not change with these variations in
operationalization of negative affect inertia.

Fifth, given that the brooding component of rumination
is considered particularly maladaptive (e.g., Hasegawa
et al., 2014) and has been found to correlate most strongly
with emotional inertia (Koval et al., 2012), we re-ran
analyses that involved repetitive negative thinking using
only the brooding subscale of the Ruminative Response
Scale to represent rumination (Table S6). Our H1 and H2
findings did not change. We also conducted analyses for
positive affect inertia and found no associations with

either repetitive negative thinking or emotion-induced
blindness (Table S7).

Finally, given that a majority (71.9%) of our sample iden-
tified as Asian whereas previous research on inertia and rumi-
nation has predominantly involved European samples, we ran
additional exploratory analyses testing whether ethnicity mod-
erated the relationship between repetitive negative thinking
and inertia. The results of these analyses are presented in sup-
plementarymaterial Table S8.We recommend these results be
interpreted with caution given the current study was not de-
signed to test for cross-cultural differences.

Discussion

To investigate whether inflexibility in attention, cognition,
and affect may be driven by common underlyingmechanisms,
we examined associations between emotion-induced blind-
ness, repetitive negative thinking, and negative affect inertia.
None of our three hypotheses were supported: our findings
failed to replicate prior research linking repetitive negative
thinking with (a) greater susceptibility to emotion-induced
blindness (Onie & Most, 2017) and (b) higher negative affect
inertia (Koval et al., 2016). We also found no support for our
novel hypothesis that emotion-induced blindness and negative
affect inertia would be positively related.We calculated Bayes
factors to quantify the strength of evidence against our hy-
potheses (Dienes, 2014), which consistently indicated strong
evidence for no association among these three measures.

Fig. 3 Scatterplots of negative
affect inertia (autoregressive
slope) and emotion-induced
blindness (EIB) at lag 2 (panel A)
and lag 4 (panel B)
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Supplemental analyses revealed that these findings were ro-
bust to a range of methodological and analytic decisions. At
face value, our findings suggest that responses on measures of
inflexibility in attention, cognition, and affect are unrelated
and are thus unlikely to be driven by common underlying
mechanisms. Below we consider several possible interpreta-
tions for our findings.

First, we note that the null findings do not appear to be due
to floor or ceiling effects nor restricted range. Participants
demonstrated similar degrees and variability of emotion-
induced blindness and negative affect inertia as in previous
studies (Gilbert et al., 2019; Kennedy & Most, 2015; Koval
et al., 2016). Our sample reported higher average levels of
repetitive negative thinking than those observed in the two
studies we sought to replicate (Koval et al., 2016; Onie &
Most, 2017), and in other undergraduate samples (e.g.,
Hasegawa, 2013; Koval et al., 2012; Onie & Most, 2021;
Topper et al., 2014). In fact, the current sample’s rumination
levels were comparable to participants that were previously or
currently depressed (Hasegawa et al., 2014; Koval et al.,
2012).

Our finding that emotion-induced blindness did not corre-
late with repetitive negative thinking fails to replicate Onie
and Most (2017), on which we based our first hypothesis.
However, the current findings are consistent with a more re-
cent study by Onie and Most (2021), also in an Australian
undergraduate sample. In this study, participants (N = 99)
completed an emotion-induced blindness task and the same
measures of rumination and worry as the current study.
Participants also completed anxiety and depression scales,
and then scores on all questionnaires were combined into a
single index encompassing negative affect and repetitive neg-
ative thought. Neither scores on this index—nor rumination or
worry separately—related to emotion-induced blindness at
lags 1, 2, or 8 (Onie & Most, 2021), in line with the current
findings.

We consider three possible reasons for these mixed find-
ings across studies, which align with similarly mixed findings
regarding the association between emotion-induced blindness
and anxiety symptoms (e.g., Berenbaum et al., 2018; Kennedy
& Most, 2015; Proud et al., 2020). First, correlations between
emotion-induced blindness and psychopathology measures
may depend on the personal relevance of the emotional im-
ages used in the emotion-induced blindness task. Consistent
with this possibility, Olatunji et al. (2013) found combat-
exposed veterans with post-traumatic stress disorder showed
stronger emotion-induced blindness for combat-related
distractors than general negative distractors. Second, correla-
tions between emotion-induced blindness and negative affect
measures may be state- rather than trait-dependent. Research
showing that inducing state anxiety prolongs the duration of
emotion-induced blindness (Haddara et al., 2019) supports
this possibility. However, there were no trait anxiety measures

included in Haddara et al., making it a future research priority
to compare how state and trait levels of a particular domain
(e.g., anxiety) relate to emotion-induced blindness within the
same sample. Third, relatively small sample sizes may be an
underlying reason for the mixed findings. In general, stable
correlation estimates—i.e., correlations that approach the true
population value with a small confidence interval—require
sample sizes approaching 2605 (Schönbrodt & Perugini,
2013, 2018). Therefore, the significant correlations found be-
tween emotion-induced blindness and constructs like worry,
repetitive negative thinking, and anxiety in previous research
(e.g., Berenbaum et al., 2018; Kennedy&Most, 2015; Onie&
Most, 2017; Proud et al., 2020) may not reflect the true pop-
ulation value. Ongoing research should continue to clarify
which emotion-induced blindness parameters (e.g., lag, image
content) may be optimally sensitive to which kinds of individ-
ual differences, using sufficient sample sizes.

Our finding that negative affect inertia was unrelated to
repetitive negative thinking fails to replicate previous studies
assessing inertia with the same film-task (Koval et al., 2016)
and in daily life (e.g., Brose et al., 2015; Koval et al., 2012).
However, participants did show negative affect inertia and we
found a positive association between repetitive negative think-
ing and mean levels of negative affect in the film-task. These
findings suggest the lack of association with inertia was not
due to an absence of meaningful differences in how partici-
pants responded to the emotional film-task. Rather, methodo-
logical differences might partly explain the inconsistent find-
ings. Here, we focus on two differences: the repetitive nega-
tive thinking measures and sample characteristics. Whereas
we measured repetitive negative thinking via global worry
and rumination questionnaires administered at a single
occasion, Brose et al. (2015) used three items (e.g., “Today,
I keep thinking about something again and again”) rated daily
for 100 days. Therefore, perhaps daily/state measures of re-
petitive negative thinking relate more strongly to inertia than
global assessments of this construct. In line with this possibil-
ity, Brose et al. (2015) found that state repetitive negative
thinking was more strongly associated with inertia than trait
repetitive negative thinking—captured by average daily rat-
ings across the entire study.

However, this methodological difference does not explain
why we failed to replicate Koval et al.’s (2016) finding that
inertia related to global rumination levels. There are two dif-
ferences in the characteristics of Koval et al.’s sample and the
current sample. First, participants in the current study had
higher rumination levels. If there were a curvilinear relation-
ship between inertia and rumination, such that these variables

5 The exact target N depends on the expected size of the correlation. Our final
N of 196 matched the recommended sample size for a correlation of size r =
.20 (the smallest correlation we powered to detect, based on Koval et al., 2016)
to remain within a .15 corridor of stability (r = .050 to .335) with 95% confi-
dence (Schönbrodt & Perugini, 2013).
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were more strongly positively related at low versus high levels
of rumination, our findings (i.e., no association) could be driv-
en by our over-sampling of participants at the higher end of
the rumination distribution. Second, and relatedly, our sample
mostly self-identified as Chinese or Asian, whereas Koval
et al., (2012) and other prior research linking inertia with re-
petitive negative thinking, has been conducted exclusively
with European samples (e.g., Brose et al., 2015; Koval et al.,
2012). Relative to Europeans, people fromAsian backgrounds
show higher levels of rumination (Kwon et al., 2013), yet
rumination is less strongly linked with other emotional adjust-
ment measures among Asian participants (Chang et al., 2010).
This combination might explain why negative affect inertia
was unrelated to repetitive negative thinking in the current
study (see supplementary materials for exploratory analyses
including ethnicity as a moderator). Future cross-cultural re-
search could directly test this explanation by recruiting equal
numbers of Asian and European participants.

More generally, the current findings fit with recent doubts
about the value of complex affect dynamic indices in
predicting individual differences in personality and psycho-
logical adjustment, over-and-above mean levels of affect
(Dejonckheere et al., 2019; Wendt et al., 2020). Consistent
with this view, we found that the more complex measure of
negative affect inertia did not predict repetitive negative think-
ing, whereas the simpler measure of mean negative affect did.

Finally, there was no association between emotion-
induced blindness and negative affect inertia. One possible
explanation for this finding is that emotion-induced blind-
nessmay reflect an early perceptual impairment (Kennedy&
Most, 2012; Most &Wang, 2011; Onie et al., 2020; Zhao &
Most, 2019), particularly when there are few items between
the emotional distractor and the target image (i.e., at short
lags). In line with this idea, when people are “blinded” by an
emotional distractor and miss the subsequent target, the tar-
get is not perceptually processed (Onie et al., 2020). If
emotion-induced blindness is an early, and possibly univer-
sal, perceptual impairment, then it is unsurprising that it does
not correlate with inflexibility in other domains. Notably, a
lack of association between attentional and affective inflex-
ibility measures has also been found using attention tasks
that arguably capture distinct processes from those underly-
ing emotion-induced blindness (Gilbert et al., 2019; Iijima
et al., 2018). For example, the dot-probe task used by Iijima
et al. (2018) may capture spatial attention biases in addition
to emotional interference (Onie & Most, 2017), while the
attention-shifting task used by Gilbert et al. (2019) includes
only neutral stimuli and thus represents valence-neutral at-
tention allocation. Regardless of how attentional inflexibil-
ity was operationalized in these studies, it did not correlate
with negative affect inertia. In addition, attentional inflexi-
bility uniquely predicts depression onset, separate from oth-
er types of inflexibility (Stange et al., 2016). Together, these

studies suggest affective and attentional inflexibility are un-
related, perhaps because attentional inflexibility unfolds
over a shorter timescale relative to affective (and cognitive)
inflexibility.

We acknowledge three key limitations of the current study.
First, the study was cross-sectional and therefore tested wheth-
er responses on attentional, cognitive, and affective inflexibil-
ity measures co-occur. An alternative possibility is that re-
sponses on these types of inflexibility measures are related,
but the relationship between them emerges over time. Future
longitudinal research could examine this possibility and how
it might relate to the development of psychopathology like
depression symptoms (Stange et al., 2017; Stefanovic et al.,
2021). Relatedly, we did not measure participants’ depression
or anxiety symptoms in the current study and cannot rule out
the influence of such symptoms on our findings. Second, there
was inconsistency in whether the measures were process or
performance based: the at tent ional inf lexibi l i ty
measure (emotion-induced blindness) was performance
based, while the emotional (negative affect inertia) and
cognitive (repetitive negative thinking) inflexibility measures
were process based. Combining process- and performance-
based measures is a limitation of the broader inflexibility lit-
erature (e.g., Gilbert et al., 2019; Stange et al., 2017).Work by
Gilbert et al. (2019) suggests future research should address
this limitation; they found relationships between responses on
process, but not performance-based, inflexibility measures.
This limitation could be addressed by choosing components
of inflexibility that could feasibly be assessed using either all
performance-based, or all process-based, measures. A related
limitation is that the scale items used to measure repetitive
negative thinking were personally relevant (e.g., “my worries
overwhelm me”), while the stimuli used in the emotion-
induced blindness and inertia tasks were not. Future research
could address this content mismatch by making both tasks
more personally relevant. For example, inertia could be mea-
sured in daily life in response to personal stressors, while the
emotion-induced blindness task could include personally rel-
evant distractors (e.g., Olatunji et al., 2013). Third, our sample
included a higher proportion of women (79%) than most prior
research on psychological inflexibility (e.g., Brose et al.,
2015; Gilbert et al., 2019; Onie & Most, 2017). However,
we do not believe this skew fully explains our null results,
because Koval et al. (2016; Study 1) found a significant asso-
ciation between rumination and inertia with a similarly
skewed sample (86% women). Nevertheless, given women
ruminate slightly more than men (e.g., Johnson & Whisman,
2013), future research on psychological inflexibility should
aim to use gender-balanced samples.

Despite these limitations, this pre-registered replication and
extension study helps to balance the empirical record regard-
ing whether attentional, cognitive, and affective inflexibility
are related. Our findings suggest that attentional, cognitive,

845

1 3



Affective Science (2022) 3:836–848

and affective inflexibility may not stem from the same under-
lying processes. Rather, distinct processes may underlie in-
flexibility in these three domains.
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