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Abstract

In the current study, we explored the behavioural and cognitive correlates of the
transdiagnostic trait ‘compulsive behaviour and intrusive thought’ (CIT). CIT is associated
with impaired metacognition, which in turn has been associated with cognitive offloading
behaviours such as external reminder-setting that play a key role in fulfilling cognitive goals.
In an online study (N=600) we investigated individual differences in compulsivity,
metacognition, and external reminder-usage. Compulsive individuals had reduced
preference for external reminders. This was partially, but not fully, attributable to their
relative overconfidence. In contrast to previous studies, we found no evidence for an
impaired confidence-action link: compulsive individuals used their metacognition to guide
offloading just as much as their noncompulsive counterparts. Given the compensatory nature
of cognitive offloading, our findings imply that compulsive individuals are at increased risk
of inadequate external memory support. Along with transdiagnostic variation in the general
population, this finding could also have implications for clinical conditions, such as OCD.
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Introduction

In recent studies of clinically relevant individual differences, there has been a paradigm shift
towards of the study of transdiagnostic traits, challenging the traditional, diagnostic approach.
Using factor analysis, temporally stable (see Fox et al., 2023a @ ; Sookud, Martin, Gillan, & Wise,
2024 %), transdiagnostic phenotypes can be extracted from extensive symptom datasets (Wise,
Robinson, & Gillan, 2023 2). These traits are not confined to a single clinical diagnosis but instead
can span a range of conditions, at the same time addressing the diagnostic heterogeneity within
conditions, such as obsessive-compulsive disorder (OCD; e.g., Gillan et al., 2016(% ; Wise & Dolan,
2020(®). There are obvious practical benefits of these methodologies, such as their potential to
reduce the clinical burden by making the treatment of comorbid conditions more efficient and
effective (Harvey, Watkins, Mansell, & Shafran, 2004). At the same time, they contribute valuable
insights into mental health conditions by increasing statistical power and opening new avenues of

inquiry (Dalgleish, Black, Johnston, & Bevan, 2020).

In the present study, our focus lies on the latter with the goal to investigate the downstream
cognitive and behavioural correlates associated with transdiagnostic compulsivity. This symptom
dimension represents a clinical concept characterized by an inability to regulate repetitive
behaviours that are harmful to oneself, commonly observed in a variety of conditions, particularly
obsessive-compulsive disorder (OCD), schizophrenia, addiction, and eating disorders. Previous
research links transdiagnostic compulsivity to impairments in metacognition, defined as thinking
about one’s own thoughts, encompassing a broad spectrum of self-reflective signals, such as
feelings of confidence (e.g., Rouault, Seow, Gillan & Fleming, 20187 ; Seow & Gillan, 2020(7;
Benwell, Mohr, Wallberg, Kouadio, & Ince, 20222 Fox et al., 2023a (% ; Fox et al., 2023b; Hoven,
Luigjes, Denys, Rouault, van Holst, 2023a (®). Other studies have shown that metacognitive signals
such as feelings of confidence guide cognitive offloading strategies like setting external reminders
as memory aids (e.g., Gilbert, 2015 ; Boldt & Gilbert, 2019 ). Here, we aim to bridge these two
literatures by investigating compulsivity, metacognition, and cognitive offloading within a single
experimental paradigm. While compulsivity and cognitive offloading have both separately been
linked to metacognition, the relationship between the two - with metacognition as a potential
mediating factor — has not previously been systematically examined. This matters because
cognitive offloading plays an integral role in our daily lives and is a key contributor to our
effectiveness as cognitive agents (Gilbert et al., 2023 ).

Metacognition guides reminder setting

Reminders constitute an example of cognitive offloading, defined as the use of physical action to
reduce the cognitive demands of a task. By offloading memory demands this way, we not only
increase the likelihood of successfully completing tasks (Boldt & Gilbert, 2019 ), but we may also
free up cognitive resources for other activities (Dupont, Zhu & Gilbert, 2022 ). Choosing between
setting a reminder and relying on memory is not a trivial matter. Prior research has emphasized
the role of metacognition in determining when individuals resort to cognitive offloading (Gilbert et
al., 2023 ; Gilbert, 20152 ; Boldt & Gilbert, 2019 @3 ; Sachdeva & Gilbert, 2020 @; Risko & Gilbert,
2016 %): People tend to set more reminders when they feel less confident. In other words, people
tend to set reminders when they think that they will forget, and this effect holds even after taking
into account actual memory ability (e.g., Boldt & Gilbert, 2019 ). The link between confidence and
offloading is observed both for situational fluctuations in confidence due to varying task
difficulties (state variable; Boldt & Gilbert, 2022 (%), and for a general predisposition towards over-

or underconfidence (trait variable; Boldt & Gilbert, 2019(®%).
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Metacognition, compulsivity, and checking behaviours

Given the known metacognitive impairments associated with compulsivity, changes in reminder-
setting behaviour are plausible. More specifically, individuals characterized by transdiagnostic
compulsivity have been consistently found to exhibit overconfidence (Rouault, Seow, Gillan &
Fleming, 2018 (3; Seow & Gillan, 2020 % ; Benwell, Mohr, Wallberg, Kouadio, & Ince, 20222 ; Fox et
aI2023aE:’, Fox et al., 2023b; Hoven et al., 2023a ). If we consider the link between reminder
setting and confidence, this implies a reduced likelihood of utilizing external aids, such as
reminders. However, while transdiagnostic compulsivity is liked to overconfidence, the opposite
pattern of underconfidence is more common in patients with OCD, a compulsive disorder (as
reviewed in Hoven, Lebreton, Engelmann, Denys, Luigjes, & van Holst, 20197 ). Recent research
suggests that metacognitive impairments in transdiagnostic compulsivity and OCD may originate
from different mechanisms (Hoven, Rouault, von Holst, & Luigjes, 2023c (%), advising caution
against broad generalizations between these groups. It should also be noted that the composite
measure of transdiagnostic compulsivity includes questionnaire items linked not only with OCD
but also other clinical conditions such as eating disorders (Tasca et al., 2011 Z; Gillan et al.,

2016 ). This results in an overlap between transdiagnostic compulsivity and other traits such as

rigid perfectionism.

Despite opposite trends in metacognitive monitoring performance (under-versus overconfidence),
individuals high in transdiagnostic compulsivity and those with a diagnosis of OCD show similar
impairments in metacognitive control, characterized by a disrupted connection between
confidence and future actions (Seow & Gillan, 2020 % ; Vaghi, Luyckx, Sule, Fineberg, Robbins, & De
ino, 2017 2). Metacognitive impairments are also central to explanations of compulsive
behaviours, notably in OCD patients. In such patients, compulsivity can manifest in the form of
checking behaviours, for example, checking that doors are locked or that appliances are switched
off (Den Ouden et al., 2022 2). Whilst checking behaviours are also present in other compulsive
disorders (e.g., ‘body checking’ in eating disorders; Mountford, Haase, & Waller, 2006 (%), in OCD,
these checks are often repetitive and ritualised and are typically associated with obsessive
thoughts. However, the exact function that checking compulsions serve is unclear; patients
commonly report that they have the aim of reducing anxiety generally, preventing a feared
consequence from taking place or that they are performed automatically and without thinking
(Starcevic et al., 2011 @). Understanding these motivators has been challenging as studies rely on
self-report of often highly individual real-world behaviours.

Some research argues that OCD patients’ checking arises from low memory confidence despite
intact memory (Tolin, Abramowitz, Brigidi, Amir, Street, & Foa, 2001 ). Our study has the potential
to shed some light on the link between confidence and checking: While checking behaviours can
be seen as a way of ensuring that a necessary action was performed in the past, reminder-setting
is a way of ensuring that a necessary action will be performed in the future. In other words, a
reminder can serve as a future checkpoint that allows us to revisit a task at an appropriate time to
complete it, perhaps by setting an alarm on our phone, jotting down a note, or strategically placing
a related object somewhere visible. Given these insights, one might expect an increased reliance
on reminders among OCD patients as they strive to establish more checkpoints. By contrast, seeing
as transdiagnostic compulsivity is associated with increased confidence, this could be associated
with the opposite pattern: a decreased reliance on reminders.

Three possible mechanisms for changes in reminder setting

If, as hypothesised, compulsivity is linked with altered reminder-setting, this could be attributed to
at least three underlying mechanisms. First is the Metacognitive Control Mechanism: Previous
research has found that more compulsive individuals tend to have impaired metacognitive control
(Seow & Gillan, 2020 @), meaning they use metacognitive signals to a lesser extent to guide future
behaviour. Compulsivity is a hallmark symptom of OCD and similar deficits in metacognitive

Annika Boldt et al., 2025 eLife. https://doi.org/10.7554/eLife.98114.2 3 of 50


https://doi.org/10.7554/eLife.98114.2

7 eLife

control have been observed in a case-control studies comparing OCD patients with healthy
controls examining how confidence and action are correlated (Vaghi et al., 2017 2 ; though see also
Hoven, Mulder, Denys, van Holst & Luigjes, 2023b % ; Marzuki et al., 2022 2). In the context of our
study, a Metacognitive Control Mechanism would be reflected in a disrupted relationship between
confidence levels and their tendency to set reminders (i.e., the interaction between the bias to be
over- or underconfident and transdiagnostic CIT in a regression model predicting a bias to set
reminders).

Second, more compulsive individuals might conceivably differ in their reminder-setting strategies
due to an altered level of confidence. We call this the Metacognitive Monitoring Mechanism, which
suggests that the issue arises when forming the confidence signal, rather than in its behavioural
application (for clarification on metacognitive monitoring versus control in cognitive offloading,
see Boldt & Gilbert, 2022 (2). Prior evidence exists for overconfidence in compulsivity (Rouault et

al., 2018 ; Seow & Gillan, 2020 ; Benwell et al., 2022 ; Fox et al., 2023a (@ ; Fox et al., 2023b;
Hoven et al., 2023a @), which would therefore result in fewer reminders.

Lastly, there could be a direct link between compulsivity and reminder-usage, independent of any
metacognitive influence. We refer to this as the Direct Mechanism and it constitutes any possible
influences that affect reminder setting in highly-compulsive CIT participants outside of
metacognitive mechanisms, such as perfectionism and the wish to control the task without
external aids. Our study aims to differentiate between these three mechanisms. Back when we
preregistered our hypotheses only a limited number of studies about confidence and
transdiagnostic CIT were available. This resulted in us hypothesising to find support for the
Metacognitive Control Mechanism and that highly compulsive individuals would offload more due
to an increased need for checkpoints. Both of these hypotheses turned out to be incorrect.

Anxious-depressed transdiagnostic phenotype

As well as investigating individual differences in compulsivity, we also measured an anxious-
depression factor. Based on previous findings, we predicted opposite influence of these two factors
on confidence. Whereas compulsivity has been linked to increased confidence, anxious-depressed
individuals typically display relative underconfidence (Rouault, Seow, Gillan & Fleming, 2018 (%;
Seow & Gillan, 2020 % ; Benwell, Mohr, Wallberg, Kouadio, & Ince, 2022 ). By taking a
transdiagnostic approach, we were able to jointly investigate the influence of these two factors of
confidence which could potentially cancel out if they were investigated separately.

Online reminder-setting task

In the present preregistered study, we asked 600 participants drawn from the general population
to complete several individual differences questionnaires. These responses were then weighted to
produce both a ‘compulsive behaviour and intrusive thought’ (CIT) factor and an ‘anxious-
depression’ (AD) factor (Gillan, et al., 2016 & ; Wise & Dolan, 2020 (2). Participants’ scores on these
factors were then correlated with their behaviour in a reminder-setting task, which was a
modified, 20-minute version of the online reminder setting task developed by Gilbert and
colleagues (2020; Figure 6(2).

Participants performed a highly-demanding, short-term memory task. On some trials they relied
on internal memory alone (which typically resulted in poor accuracy); on other trials they could
set external reminders (which dramatically improved accuracy). The key manipulation was the
number of points associated with the two strategies. Correct responses always earned 10 points if
participants used internal memory, but a lower number of points between 2-9 if they used
external reminders. The latter number of points varied from trial to trial, and participants were
required each time to decide which strategy they preferred (e.g., 10 points for each correct
response with internal memory, or 6 points for each correct response with external reminders).
The ‘optimal indifference point’ was that point value at which an unbiased individual would be
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indifferent between the two strategies, based on their objective accuracy in the two conditions.
The ‘actual indifference point’ was the point at which they were actually indifferent, based on all
of their decisions. By comparing these two values, we obtained a ‘reminder bias’: the extent to
which an individual had a pro- or anti-reminder bias relative to their individually-calculated
optimal strategy. Note that this is different from the absolute rate of reminder usage, because the
same absolute rate might reflect inadequate use of reminders in a person with poor memory and
excessive reminder usage in a person with good memory ability. Along with the reminder bias, we
also calculated a metacognitive bias, which represents participants’ over- or underconfidence in
memory ability, relative to objective performance. Our study controlled for age, gender,
educational attainment, as well as cognitive ability (ICAR5; Kirkegaard & Bjerrekaer, 2016 ), and
working memory.

Previewing our results, in line with previous evidence, we found that confidence varied positively
with the CIT factor and negatively with the AD factor. However, contrary to our initial
expectations, more compulsive individuals offloaded less rather than more, and there was no
evidence for disruption in the link between metacognition and offloading. Instead, we discovered
an incomplete mediation effect: while a significant proportion of the reduced reminder setting
could be attributed to overconfidence, not all the variance was accounted for by this variable.
Even after controlling for it, compulsivity still predicted reduced reminder setting. This constitutes
a combination of the Metacognitive Monitoring Mechanisms and the Direct Mechanism.

Results

Here we present the results of a preregistered online study on the relationship between reminder
setting, metacognition and transdiagnostic compulsivity. We excluded 69 out of a total of 669
participants based on our six preregistered criteria described in the Methods and Materials
section, leaving us with a final sample of 600 participants. All participants completed a previously
validated reminder setting task in combination with 49 items from six mental health
questionnaires. Three-hundred-and-seventy-five participants identified as male, 218 as female and
7 as other. Participants were on average 32.9 years old (min = 18; max = 76). Figure 1@ shows the
included (black) and excluded (red) data, with higher average performance for included
participants when reminders were used (96.1%) compared to when people had to do the task
unaided (59.2%).

We calculated six key measures for each participant:

1. The first relevant measure is the optimal indifference point (OIP). The OIP describes the
reward value (2-9 points) at which an unbiased, reward-maximising participant should be
indifferent between the two strategies: using reminders or relying on their own memory.
The OIP is calculated from their accuracy with and without reminders. Imagine a
participant who achieves 60% accuracy when using their own memory or 100% accuracy
when using reminders. In this case the OIP would be 6, because scoring 6 points per item
with reminders (100% accuracy) would earn the same number of points as scoring 10
points with internal memory (60% accuracy). For any reward above 6, it would be optimal
to choose external reminders; for any reward below 6 it would be optimal to choose
internal memory.

2. In contrast, the second relevant measure is the actual indifference point (AIP), which is the
number of points at which participants showed indifference between the two strategies.
This measure is calculated by fitting a psychometric function to participants’ choices at
different levels of reward for targets when reminders were used. Please note that all
choices were used to calculate the AIP, as participants only found out whether or not they
would use a reminder after the decision was made.
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3. Together, these variables can be used to calculate the third measure, the reminder bias,
which is the difference between the OIP and the AIP and therefore reflects participants’
tendency to over- or under-use reminders, relative to the optimal strategy. Note that the
optimal strategy is calculated individually for each participant and will depend on their
own level of performance when using internal memory and external reminders.

4. Fourth, we calculated a metacognitive bias, reflecting participants’ over- or
underconfidence. This is calculated by subtracting objective accuracy (percentage of
targets remembered when using internal memory) from the percentage that they predicted
that they would be able to remember.

5. Fifth and sixth, based on the questionnaire ratings we calculated how much someone
scored on the transdiagnostic CIT and AD factors. Our analyses focus on the relationship
between these key measures.

Replication and sanity checks

In the following section, we aim, where the design allows it, to replicate four previous effects for
this task. First, with Hypothesis 1, we predicted that the reminder bias and metacognitive bias are
negatively correlated replicating previous findings (as reviewed in Gilbert et al., 2023 (). This
effect tests the above-mentioned link between metacognition and cognitive offloading: the less
confident someone feels, the more they use reminders. There was indeed a significant negative
correlation, r = -0.2, p <.001 (Figure 2(%). Second, in replication of previous findings (e.g., Gilbert
et al., 2020 @; Sachdeva & Gilbert, 2020 3; Kirk, Robinson & Gilbert, 2021 3 ; Engeler & Gilbert,
2020%), Hypothesis 2 expressed our expectation to find an excessive use of reminders reflected in
significantly higher optimal indifference points (OIPs) compared to actual indifference points
(AIPs). In other words, we expected the reminder bias to be greater than zero, which was indeed
the case, m=0.52,t = 5.1, p <.001, d = 0.21. Third, with Hypothesis 3, we expected to replicate that
participants would be underconfident in their own memory (e.g., Engeler & Gilbert, 2020 @),
expressed in an average, negative metacognitive bias. Our data supported this hypothesis, m =
-3.64,t=-3.1, p=.001, d = -0.13. Fourth, Hypothesis 4 predicts that as in previous studies, we
would find evidence for compensatory reminder use. Keeping in mind that the OIP reflects the cut-
off at which participants should be indifferent between offloading and not offloading and the AIP
the cut-off they actually displayed, then looking at these two measures together should show that
participants with poorer memory and greater benefit from reminders (lower OIP) tend to use
them more (lower AIP). Indeed, the optimal and actual indifference points were positively
correlated suggesting participants who benefited most from reminders were more likely to use
them, r = 0.36, p <.001. Taken together, we found that participants showed the usual hallmarks of
this offloading task, using their confidence to strategically decide when to offload, general
tendencies for setting reminders and for underconfidence, and compensatory reminder use.

Testing our key hypotheses

Elevated confidence in CIT and reduced confidence in AD

We predicted that the metacognitive bias would correlate negatively with AD (Hypothesis 8a; more
anxious-depressed individuals tend to be underconfident). For CIT, we preregistered a non-
directional, significant link with metacognitive bias (Hypothesis H6a). We found support for both
hypotheses, both for AD, § = -0.22, SE = 0.04, t = -5.00, p < 0.001, as well as CIT, B = 0.15, SE = 0.05, t
=3.30, p = 0.001, controlling for age, gender, and educational attainment (Figure 3(%; see also
Table S1@). Note that for CIT this effect was positive, more compulsive individuals tend to be
overconfident.
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Figure 1

Average accuracy as a function of whether a reminder was used. “No Reminder”: forced internal condition; “Reminder”:
forced external condition. Each pair of dots linked by a line indicates one participant. The red data points are excluded
participants. The box plots indicate the median surrounded by the interquartile range (25t and 75t percentile). The whiskers
show the minimum and maximum. The preregistered exclusion criteria for the accuracies with or without reminder are
indicated as horizontal dotted lines (10% and 70% respectively).
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Figure 2

People’s tendency to set reminders above or below the optimal offloading strategy (reminder bias) plotted against people’s
tendency towards over- or underconfidence (metacognitive bias). The solid line indicates the fitted relationship between both
variables. The dashed line represents the 95% confidence interval around it. Each circle represents a single participant.
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Figure 3

Standardised regression weights for the ‘anxious-depression’ factor (AD) and the ‘compulsive behaviour and intrusive
thought' factor (CIT) predicting metacognitive bias. Error bars indicate 95% confidence intervals. Asterisks indicate
significance: “***": <0.001; “**": < 0.01; “*": < 0.05.
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We furthermore preregistered to also test this for raw confidence (percentage of circles
participants predicted they will remember, rather than the accuracy-corrected metacognitive bias
score; Hypotheses H8b and H6b). Indeed, the same patterns were found for both AD, B =-0.29, SE =
0.04, t = -6.44, p < 0.001, and CIT, B = 0.16, SE = 0.05, t = 3.50, p < 0.001 (see Table S22). Including
scores from the cognitive ability test as an additional covariate (Hypotheses H8c and H6c
respectively) furthermore did not change the results, AD, § = -0.20, SE = 0.04, t = -4.47, p < 0.001;
CIT, B =0.12, SE = 0.04, t = 2.74, p = 0.006 (see Table S3 %). Taken together, these results suggest that
concordant with our hypotheses, compulsivity was linked to inflated confidence and anxiety to
deflated confidence.

Contrary to Expectations, Compulsivity Reduced Pro-offloading Bias

We expected to find a positive link between CIT factor scores and reminder bias. In other words,
we predicted that more compulsive individuals would show a greater pro-offloading bias, relative
to the optimal strategy (Hypothesis H5a). However, our results showed the exact opposite effect
with a significantly reduced reminder bias in compulsive individuals, = -0.16, SE = 0.04, t = -3.60,
p < 0.001, controlling for age, gender, and educational attainment (Figure 4(%; see also Table

S4 @). This trend persisted when, instead, we predicted the absolute number of reminders chosen
by the participant (Hypothesis H5b), p = -0.14, SE = 0.05, t = -3.08, p = 0.002 (see Table S5), as
well as when predicting the AIP (Hypothesis H5c), B = 0.15, SE = 0.05, t = 3.32, p < 0.001 (see Table
S6 ).

Previous studies have found reduced working memory in OCD (Harkin & Kessler, 2011 2), which
could potentially lead to increased reminder use in compulsivity. However, the reduced reminder
bias persisted if d’ from the 2-back task was included as an additional covariate (Hypothesis H5d),
B =-0.15, SE = 0.05, t = -3.27, p = 0.001 (see Table S7 @). Finally, we predicted that our results
would persist independent of whether or not the scores from the cognitive ability test were
included as an additional covariate (Hypothesis H5e), which was indeed the case, = -0.16, SE =
0.05, t = -3.55, p < 0.001 (see Table S8 ). It should be noted that all our regression models
included both CIT and AD as predictors to separate out the potentially competing influences of
these predictors, as well as age, gender, and educational attainment as demographic covariates.

We furthermore preregistered to conduct the same tests for the AD factor but without any
directional hypotheses. AD was not significantly linked to any changes in reminder bias, = 0.06,
SE = 0.04, t = 1.43, p = 0.15 (see Table S4 @), absolute number of reminders, B = 0.06, SE = 0.05, t =
1.32, p = 0.19 (see Table S5), or AIP, B = -0.08, SE = 0.04, t = -1.74, p = 0.08, controlling for age,
gender, and educational attainment (see Table $6 ). This null effect did not change when
working memory, § = 0.05, SE = 0.04, t = 1.21, p = 0.23 (see Table S7(®), or scores from the cognitive
ability test were included as additional covariates, B = 0.06, SE = 0.04, t = 1.40, p = 0.16 (see Table
S8(%).

Taken together, these results suggest that compulsive individuals are less biased towards
offloading, in contrast to our hypothesised direction of the effect, but consistent with the
observation of increased confidence in their ability on this task.

No Evidence for Impaired Confidence-Offloading Link

We predicted to find support for the Metacognitive Control Mechanism, meaning that CIT would act
as a moderator on the link between confidence and offloading (Hypothesis H7a). In other words,
we expected to find that the correlation between the metacognitive and the reminder bias to be
weakened in highly compulsive individuals. However, the interaction between metacognitive bias
and compulsivity in a model predicting the reminder bias was not significant, p = -0.01, SE = 0.04, t
=-0.18, p = 0.86, controlling for age, gender, and educational attainment (see Table S9 (2). This
means that in our task, confidence and offloading were linked just as much as in their low
compulsive counterparts. These results remained the same even if working memory performance
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Figure 4

Standardised regression weights for the ‘anxious-depression’ factor (AD) and the ‘compulsive behaviour and intrusive
thought’ factor (CIT) predicting reminder bias. Error bars indicate 95% confidence intervals. Asterisks indicate significance:
“HRERT: <0.001; “F*": < 0.01; “*": < 0.05.
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(d’ from the 2-back task) was included as an additional covariate (Hypothesis H7b), f = -0.01, SE =
0.04, t = -0.26, p = 0.80 (see Table S10 @), or if scores from the cognitive ability test were included
as an additional covariate (Hypothesis H7c), B = -0.01, SE = 0.04, ¢ = -0.18, p = 0.86 (see Table
$1032).

Contrary to our initial hypotheses, we found that increased CIT was associated with decreased
rather than increased bias towards offloading. Seeing as CIT was also associated with increased
confidence, and high confidence predicts low bias towards offloading, we tested whether the
relationship between CIT and offloading was mediated via confidence: whilst parts of the
reduction of reminders could be traced back to overconfidence, § = -0.18, SE = 0.04, t = -4.51, p <
0.001, there was still a significant proportion of variance that was linked to compulsivity
independently of this, B = -0.14, SE = 0.05, t = -3.03, p = 0.003. Figure 57 summarises this
incomplete mediation effect. In previous sections we have already reported the total effect of CIT
on the reminder bias, f = -0.16, SE = 0.05, t = -3.60, p < 0.001. Equally, we have already reported
the effect of CIT on the mediator (the metacognitive bias), p = 0.12, SE = 0.05, t = 2.76, p = 0.006.

We validated this outcome through an exploratory causal mediation analysis. The indirect
influence of the CIT factor on reminder bias going through the metacognitive bias was calculated
to be (0.12) * (-0.18) = -0.02. To determine the significance of this influence, we implemented
bootstrapping procedures. We computed unstandardized indirect effects for each of the 1,000
bootstrapped samples, followed by the calculation of the 95% confidence interval, identifying the
indirect effect at the 2.5th and 97.5th percentiles. The bootstrapped unstandardized indirect effect
(the average causal mediation effect) computed to be -0.02, with the 95% confidence interval
ranging from -0.05 to -0.01. This indicated that the effect was statistically significant at p < 0.001.

Finally, we preregistered to run the same analysis for the AD factor without hypothesising about
any specific direction for any potential effects. However, we did not find evidence for a
moderation effect (an interaction between AD scores and metacognitive bias when predicting the
reminder bias), f = -0.04, SE = 0.04, t = -1.13, p = 0.26, controlling for age, gender, and educational
attainment (see Table S12).

In summary, whilst we found no support for the Metacognitive Control Mechanism (as would be
reflected in a disrupted link between confidence and offloading), we did find support for both the
Metacognitive Monitoring Mechanism (reduced pro-reminder bias as a downstream consequence
of overconfidence) and the Direct Mechanism (independent contribution of CIT on offloading). The
Supplement furthermore lists several additional analyses, both planned and exploratory.

Discussion

In the current study, we explored the behavioural and cognitive correlates of two transdiagnostic
traits: ‘compulsive behaviour and intrusive thought’ (CIT) and ‘anxious-depression’ (AD). We
focused on changes in cognitive offloading and metacognition related to transdiagnostic
compulsivity. Our results replicated that more compulsive individuals were relatively
overconfident, while those who were more anxious-depressed were relatively underconfident.
Contrary to expectations, we observed a decreased bias towards reminders among more
compulsive participants. This reduction in bias was only partially accounted for by their relative
overconfidence. This partial mediation can be interpreted through both a Metacognitive
Monitoring Mechanism (differences in the formation of the confidence signal rather than its
behavioural application) and a Direct Mechanism (no metacognitive involvement). We found no
support for a Metacognitive Control Mechanism, which would centre on how confidence is used to
adapt behaviour (Nelson & Narens, 1990; Boldt & Gilbert, 2022 (@).
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Figure 5

Diagram of the mediation analysis testing for the influence of the ‘compulsive behaviour and intrusive thought’ factor (CIT)
on reminder bias, both directly and indirectly through the metacognitive bias. Standardised regression coefficients are given
for each path. The value in parentheses indicates the influence of CIT on reminder bias controlling for the influence of the
metacognitive bias. Asterisks indicate significance: “***": <0.001; “**": < 0.01; “*": < 0.05.

Annika Boldt et al., 2025 eLife. https://doi.org/10.7554/eLife.98114.2 13 of 50


https://doi.org/10.7554/eLife.98114.2
https://doi.org/10.7554/eLife.98114.2

7 eLife

Perfectionism and the need to control as potential explanations
Contrary to our hypothesis, our study revealed an inverse relationship between transdiagnostic
compulsivity and offloading: the reminder bias was reduced in more compulsive individuals. One
possible interpretation is perfectionism: Some compulsive individuals may avoid using reminders
altogether due to rigid, perfectionistic beliefs about needing to remember everything without
relying on external aids, and using reminders could trigger their anxiety or feed into their
obsessions about being forgetful or unreliable. This interpretation aligns with findings suggesting
that perfectionism serves as a transdiagnostic maintaining and risk factor for various mental
health conditions, including compulsive disorders like eating disorders and OCD (Egan, Wade, &
Shafran, 2011 3).

No effect of anxiety on offloading

Interestingly, we found no significant influence of the anxious-depressed (AD) transdiagnostic
phenotype on offloading. This aligns with a recent study by Kirk, Robinson, & Gilbert (2021) &,
which also found no effect of anxiety on offloading. However, their study, which used the ‘trait’
component of the STAI to measure anxiety (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs,
1983 (@), found no relative underconfidence among anxious participants either. Our
transdiagnostic approach likely revealed this confidence effect by separating the counteracting
influences of AD and CIT factors. This distinction underscores the value of a transdiagnostic

approach.

Our findings align with those reported in a recent study by Mohr, Ince, and Benwell (2024) . The
authors observed that while high-AD participants were underconfident in a perceptual task, this
underconfidence did not lead to increased information-seeking behaviour. Future research should
explore whether this is due to their pessimism regarding the effectiveness of confidence-
modulated strategies (i.e., setting reminders or seeking information) or whether it stems from
apathy. Another possibility is that the relevant downstream effects of anxiety were not measured
in our study and instead may lie in reminder-checking behaviours.

No evidence for an impaired confidence-action link in compulsivity
Contrary to Seow and Gillan (2020) 2 and Vaghi et al. (2017) 3, our study did not find the impaired
confidence-action link (Metacognitive Control Mechanism) reported for transdiagnostic
compulsivity and OCD patients on this task. This may be because of differences between tasks —
prior work used a reinforcement learning task with a clear learning element from trial to trial.
Alternatively, it is possible our study was underpowered, as our sample size was designed to detect
overconfidence in compulsivity, not the more nuanced but still psychometrically robust
confidence-action link (Loosen, Seow & Hauser, 2023), which would have required a far larger
sample size. Recent studies also failed to find decreased action-confidence coupling with relatively
small groups of OCD patients and controls (Hoven et al., 2023b (% ; Marzuki et al., 2022 (7). Indeed,
both our paradigm and the earlier predictive-inference task tested for an interaction effect, which
is more challenging to power adequately. Future research should consider using more direct
measures that ideally aim to manipulate confidence directly.

Implications

Participants in our current study were recruited from the general population through Prolific,
meaning that the variance likely represents primarily subclinical sources. Consequently, caution
should be exercised when extrapolating these results to clinical populations. For example, a recent
study indicated that metacognitive impairments in OCD originate from different mechanisms than
those observed in transdiagnostic compulsivity (Hoven et al., 2023c (). Given its metacognitive
impairments and the prevalent symptom of checking, OCD still remains a particularly relevant
patient group for studying reminder setting and future studies need to explore this area further.
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Due to their underconfidence, OCD patients might engage in more frequent reminder setting. This
behaviour could serve as a compensatory mechanism, especially since OCD patients often face
challenges with working memory (Harkin & Kessler, 2011 %) and prospective memory (Harris,
Vaccaro, Jones, & Boots, 20107 ; Racsmany, Demeter, Csigd, Harsanyi, & Németh, 2011 2).
However, it could also worsen their checking symptoms as more reminders means more

opportunities to check.

On the other hand, it is possible that the observed underconfidence in OCD populations may
actually reflect the impact of an uncontrolled anxiety factor, effectively neutralizing the influence
of compulsivity on confidence. This confounding issue could explain the inconsistent findings
regarding confidence bias in both compulsivity and OCD. If this was the case, then future research
should investigate which influences on confidence — the reductions caused by the AD factor or the
increases caused by the CIT factor — are the driving force behind any changes in reminder setting
in OCD.

A pivotal question remains: will the overall reduction in reminder setting, referred to as a “Direct
Effect” in this study, also be observed in OCD patients and other compulsive disorders? Such
findings could support the hypothesis that an inherent aspect of compulsivity leads to the
decreased use of external aids, potentially due to perfectionism or a need for control.

Limitations

Our results are based on a well-validated paradigm which our lab has previously used on other,
published studies (as reviewed in Gilbert et al., 2023 ). However, reliance on a single behavioural
task also means that our results might not generalise onto cognitive offloading more broadly or
even reminder setting in other contexts. As a first step, future work should aim to replicate our
findings in the context of other experimental designs.

Another limitation is that in the present study, we focused solely on measuring two
transdiagnostic factors: CIT and AD. We omitted the third factor, ‘social withdrawal’ (SW). By doing

for online research (Sauter, Draschkow & Mack, 2020 3). Nevertheless, this focused approach
could introduce variability in capturing these transdiagnostic phenotypes. A recent preprint from
Hopkins and colleagues (2022) supports this approach. They used machine learning to select 71
items capable of reliably measuring all three factors, suggesting that future transdiagnostic studies
might similarly adopt more concise item sets.

Conclusion

With the present study, we investigated the downstream cognitive and behavioral effects of two
transdiagnostic traits, CIT and AD. In particular, we were interested in the effect these factors have
on metacognition and cognitive offloading, operationalised as prospective confidence and
reminder setting respectively. We replicated the finding that more compulsive individuals tend to
be relatively overconfident, whereas anxious-depressed individuals tend to be relatively
underconfident. Contrary to our hypotheses, however, we found that compulsivity was linked
reduced offloading and that this effect was only in part explained by overconfidence.

Fulfilling delayed intentions (i.e., prospective memory) is a vital process for daily living and
behavioral independence. However, this process is also highly fallible (e.g., Crawford, Smith,
Maylor, Della Sala & Logie, 2003 %). External memory aids are highly effective and commonplace
tools that compensate for these memory failures (e.g., Jones, Benge & Scullin, 2021 @; Scullin et al.,
2022 3). Our findings suggest that compulsive individuals are at particular risk of inadequate

external memory support and would potentially benefit from interventions that target cognitive
offloading strategies.
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Methods

Task and Procedure

For the present, preregistered study, we used a novel variant of an online cognitive-offloading task
(“optimal reminders task”; cf. Gilbert et al., 2020 @). This task allowed us to measure how people
set reminders in relation to their confidence. All procedures, hypotheses, and planned analyses
were preregistered at https://osf.io/kztf8 2 prior to the commencement of data collection.

On every trial, participants were instructed to move several numbered, yellow circles to the
bottom of a square in consecutive order (see Figure 6A (Z). Whenever a circle was removed, a new
one appeared up to a total of 15 circles. The source of difficulty of this task stems from the ‘special’
circles, which constitute the delayed intentions people have to fulfil. These circles flashed in a
colour (blue, orange, or magenta) when they first appear on screen before fading to yellow.
Participants’ task was to drag these circles to their colour-corresponding side once the time has
come to remove the respective special circle (top, left or right). There were 6 special circles per
trial. On some trials, participants had to rely on their own memory to complete the task and
remember the target locations of the special circles. On other trials, they set spatial reminders
indicating the locations to which the special circles must be moved to. More specifically, they were
taught to move the special circle next to the border through which it would have to be moved out
of the square later.

Every trial began with a decision: participants could choose to do the task without reminders and
earn 10 points for every special circle they remembered to move to the correct border, or they
could choose to use reminders but earn less for each special circle (Figure 6B (). Critically, this
lesser amount was varied between 2 and 9 points, allowing us to calculate participants’
indifference point when trading off the benefit of reminders with their reduced reward. This
actual indifference point (AIP) could then be contrasted against their optimal indifference point
(OIP), calculated from participants’ accuracy with or without reminders, see below for further
details. Since our task included only 4 trials each with or without reminders, we counterbalanced
the assignment of odd or even target values to these conditions.

Together, there were three key conditions in our task, presented intermixed throughout the
experiment: the Forced Internal condition (FI; 4 trials) in which participants had to remember the
circles unaided, the Forced External condition (FE; 4 trials) in which they had to use reminders,
and the Choice Only (CO; 8 trials) condition in which they were free to choose whichever strategy
they preferred but the trial ended after only six circles and without any special circles. To give
participants the impression of maximum agency over the task, we only told them that their choice
would be overwritten whenever there was a mismatch with the pseudorandomly assigned
condition (25.3% of all trials; SD = 5.8; see Figure 6C (). This way, participants were unable to tell
which condition they were currently in and whether it would be a partial trial. Participants used
reminders on average on 49.9% of trials (SD = 16.5).

Participants were asked to rate their confidence once during the experiment, being asked to
indicate the “percentage of the special circles [they] can correctly drag to the instructed side of the
square” (Figure 6D @). Importantly, this confidence judgement was given after the first practice
trials and before the offloading strategy was introduced to ensure participants answered this
question with regard to their own perceived memory capabilities. Average confidence was 55.6%
(proportion of trials on which participants predicted to remember to move the special circles; SD =
24.2).
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every single one correct. 0% would mean that you can never get any of them correct.
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Figure 6

A) Example sequence of events within a single trial. Trajectories of movement made by a fictive participant are shown as
black arrows. The blue coloured circle corresponds to the left boundary of the square and indicates that this circle must be
moved to this side rather than the bottom. B) Example of an offloading decision which participants were required to make
before each trial. C) After each decision, they were informed whether or not they would perform the upcoming trial with
reminders. The cell’s shading indicates the participant’s original choice. D) Confidence was rated once before the
introduction of the offloading strategy on a scale ranging from 0 to 100%. E) Sequence of events within the task. All aspects of

the task were performed online in the web browser.
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In addition to the reminder task, we included items from six individual differences questionnaires
shortened to include only the items required to reliably measure the CIT and AD factors (Wise &

Stanford, & Barratt, 1995(%), 11 items from the Obsessive Compulsive Inventory — Revised (OCIR;
Foa, Huppert, Leiberg, Hajcak, Langner, et al., 2002(%), and 11 items from the ‘trait’ part of the
State-Trait Anxiety Inventory (STAIL Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983 ). A list
of all included items can be found in the Supplement.

We furthermore included a catch item in the BIS-11 (“I competed in the 1917 Summer Olympics
Games.”) to ensure participants were paying attention to the task as well as three covariates aimed
at measuring cognitive ability (a 5-item version of the International Cognitive Ability Resource;
ICARS5; Kirkegaard & Bjerrekaer, 2016 (2 ; Condon & Revelle, 2014(%); educational attainment

working memory (100 consecutive letters of the 2-back task; e.g. Kirchner, 1985). The logic behind
including the latter covariate was that whilst our key dependent variables already corrected for
working memory (more specifically: unaided prospective memory performance) this could tap
into additional working memory components not measured already and potentially impacted in
compulsivity based on the finding that they have often been found to be impaired in OCD (Harkin

& Kessler, 2011 ). Together, these elements resulted in a total duration of approximately 35 mins.

The sequence of events within the task is shown in Figure 6E .

Participants

Participants were invited on prolific.co to participate for £3.90. Based on points won during the
main task, the upper 50% of participants were furthermore rewarded with a bonus payment of £1.
We restricted our search to the Prolific standard sample, allowed participants from all countries,
with a minimum of 18 years. All participants had to be fluent in English and were required to have
an approval rate of over 90% based on Prolific’s criteria. Moreover, we required participants to
not have participated in one of the four pilots prior to this study.

We calculated our sample size based on the link between confidence and transdiagnostic
compulsivity as reported in two recent studies (Rouault et al., 20182 ; Seow & Gillan 2020 ). To be
able to detect a link between these variables of B = 0.23, p < 0.001, as in Rouault et al. (2018) &, we
required N = 288 participants (two-sided testing, power = 0.8, CL = 0.95). To be able to detect a link
of B = 6.74, p <0.001, as in Seow and Gillan (2020), we required N = 291 participants (two-sided
testing, power = 0.8, CL = 0.95). In both cases, the power calculation was based on a partial
regression approach, excluding the effect in question from the model and comparing the
explained variance compared to the full model. Since we are furthermore aiming to test a
moderation effect of compulsivity on the link between the metacognitive bias and the reminder
bias, we decided to collect a larger sample of N = 600 after exclusions.

We preregistered six exclusion criteria, based on which we excluded and replaced 69 participants:
Nine participants were excluded due to a higher hit rate on forced internal than forced external
trials, 22 participants were excluded due to less that 70% accuracy on FE trials, and 3 participants
due to less than 10% accuracy on FI trials. We furthermore preregistered to exclude participants
with a negative correlation between value and reminder choice (1 = reminder, = no reminder),
as this would indicate participants did not understand the instructions: in order to maximise
points in our task, participants should preferentially choose reminders when this strategy brings a
higher number of points. Based on this, we excluded 40 participants. No participants were
excluded based on scoring lower or higher 3 times the median absolute deviation (MAD),
calculated separately based on both the reminder bias and the metacognitive bias. Finally, we
excluded 9 participants because they failed to answer with “Do not agree at all” to the catch item.
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Figure 1@ visualizes the exclusions shown in red. In total, we excluded 10.3% of all participants.
There were an additional 26 participants excluded for technical reasons, raising the exclusion rate
to 13.7%.

Key dependent variables

Our task allowed us to calculate several dependant variables relevant in the context of our study
question. The first is the OIP, the optimal indifference point. The OIP describes the number of
points at which an unbiased, reward-maximising participant is indifferent between the two
strategies (reminders or no reminders) and is calculated as:

0IP = (10 * ACCp))/ACCeg

Where ACCpg is the accuracy measured during trials in which participants had to solve the task
using reminders (FE condition) and ACCpy is the accuracy measured during trials in which
participants had to solve the task without reminders (FI condition). In contrast, the AIP is the
actual indifference point, which is the point cut-off at which participants actually were indifferent
and is operationalised as the threshold parameter a from fitting a psychometric function to the
choice data (target values predicting the decision whether or not to use reminders). Fitting was
done using the quickpsy package in R.

Setting the OIP and the AIP in relation, we can calculate the reminder bias, reflecting participants’
tendency to use reminders corrected for their actual performance and calculated as the difference
between both indifference points:

bias,em = OIP — AIP

Positive values reflecting that people set more reminders relative to the optimal strategy. The
fourth measure is the metacognitive bias, reflecting participants’ over- or underconfidence relative
to their performance and was calculated as:

bias..q = confidence — ACCy;
Negative values can be interpreted as underconfidence.

Crucially, our study relies on the key assumption that the metacognitive bias can predict the
reminder bias, but ACCy; contributes to both biases. To avoid circularity, we therefore split the
accuracy data to avoid potentially inflating the correlation. More specifically, we included only the
even trials to calculate the ACCgy for the OIP, whereas we included only the odd trials to calculate
the ACC; for the metacognitive bias. All available trials from the FE condition were used to
calculate the OIP.

It should be noted that we had incorrectly stated in the preregistration that accuracy from forced
external trials would contribute to the calculation of the metacognitive bias. However, the
metacognitive bias is a judgement given about the unaided memory performance, in fact
confidence is measured before participants were even introduced to the offloading strategy (see
above). We therefore used only the internal trials in calculating the metacognitive bias.

Finally, the transdiagnostic scores for the ‘compulsive behaviour and intrusive thought’ (CIT)
factor and the ‘anxious-depression’ (AD) factor were calculated from participants’ ratings to the
individual differences questionnaires by multiplying them with the item weights from Wise and

were non-overlapping with 24 items forming the AD score and 25 items forming the CIT score.
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Preregistered Hypotheses and Statistical Analyses

We preregistered 8 hypotheses (see Table 1), half of which were sanity checks (H1-H4) aimed to
establish whether our task would generally lead to the same patterns as previous studies using a
similar task (as reviewed in Gilbert et al., 2023 (%). H1 was a replication of the central finding of
the link between confidence and offloading. More specifically, we entered the unconfounded
metacognitive bias and reminder bias into a Pearson correlation analysis. We expected to find a
negative relationship between the two measures, which we planned to test for significance using a
one-sided test. We furthermore expected to find that people would use more reminders than
optimal. This pro-reminder bias would be reflected in a positive reminder bias (H2). We planned
to test this using a one-sided paired t-test. Relatedly, we expected to find people to be generally
underconfident (i.e., expecting to remember fewer special circles than they actually did when
doing the task without reminders). Such underconfidence would be reflected in a negative
metacognitive bias (H3), which we again planned to test this using a one-sided paired t-test.
Furthermore, we expected that those who required more reminders would also be the ones to use
them more, as reflected in a positive correlation between the AIP and OIP, again as a one-sided test
(H4). We decided to use Spearman’s rho due to the data most likely being distributed around the
extremes of the scale. For H2-H4 (as well as H5, H6, and H8, see below), we used the biases and
indifference points calculated from all available trials as there was no circularity issue.

Hypotheses H5-H8 were the key hypotheses of our study. Here, we address them out of order in
the interest of an improved logical flow. Hypothesis H6 predicted that more compulsive
individuals would show a confidence bias, reflected in a reliable predictor of the CITs scores on
the metacognitive bias from the following regression model:

biasyera ~ CIT + AD + age + gender + education + ¢

Though we did not preregister a direction for this effect, in the light of recent findings it has now
become clear that compulsivity would most likely be linked to overconfidence (Rouault et al.,

depressed individuals tend to be underconfident. This would be reflected in AD scores being
negatively linked to the metacognitive bias. The model above represents the main models
designed to test hypotheses H6a and H8a. We furthermore also tested these hypotheses but
predicted raw confidence (percentage of circles participants predicted they would remember; H6b
and H8Db respectively), as well as extending the main model with the scores from the cognitive
ability test (CAR5) as an additional covariate (H6c and H8c respectively). For this as well as all
following regression models, we z-transformed all non-binary variables prior to fitting the models.

With H5, we predicted that more compulsive individuals would show a bias towards more
offloading, reflected in a positive regression coefficient when using the CIT score as a predictor of
the reminder bias. This hypothesis was not a replication, consequently we decided to carry out the
test two-sided. Throughout this section, whenever not explicit specified, we plan to carry out a test
two-sided. Due to the diametrically opposing effects of CIT and AD, both transdiagnostic scores
need to be entered into the model, alongside our demographic covariates age, gender, and
educational attainment:

bias, e, ~ CIT + AD + age + gender + education + ¢

We fitted several different versions of this model: the main model predicted the reminder bias
(H5a), but we also fit one with the absolute number of reminders chosen (H5b), or the AIP (H5c).
To understand whether any differences in offloading behaviour could stem from differences in
working memory capacity not already captured by our correction for unaided task performance,
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Number | Hypothesis Support?
H1 The reminder bias and metacognitive bias are negatively yes
correlated.
H2 Participants use reminders excessively. yes
H3 Participants are underconfident in their own memory. yes
H4 OIP and AIP are positively correlated. yes
H5a Positive link between CIT and reminder bias. no (significant
negative effect)
H5b Positive link between CIT and absolute nhumber of reminders no (significant
chosen. negative effect)
H5c Positive link between CIT and AIP. no (significant
negative effect)
H5d Positive link between CIT and reminder bias even if working no (significant
memory is included as a covariate. negative effect)
H5e Positive link between CIT and reminder bias even if cognitive no (significant
ability is included as a covariate. negative effect)
H6a A significant link exists between CIT and metacognitive bias yes (positive)
(preregistered as a two-sided test, so either more or less
confident).
H6b A significant link exists between CIT and raw confidence. yes (positive)
Héc A significant link exists between CIT and metacognitive bias yes (positive)
even if cognitive ability is included as a covariate.
H7a CIT acts as a moderator on the link between confidence and ho
offloading. In other words, we expect to find that the
correlation between the metacognitive and the reminder bias
to be weakened in highly compulsive individuals.
H7b CIT acts as a moderator on the link between confidence and ho
offloading even if working memory is included as a covariate.
H7c CIT acts as a moderator on the link between confidence and ho
offloading even if cognitive ability is included as a covariate.
H8a A significant negative link exists between AD and metacognitive | yes
bias (i.e., more anxious-depressed individuals tend to be
underconfident).
H8b A significant negative link exists AD and raw confidence. yes
H8c A significant negative link exists between AD and metacognitive | yes
bias even if cognitive ability is included as a covariate.
Table 1

List of preregistered hypotheses together with the empirical support our study found. Lighter grey shading indicates sanity

check hypotheses and darker grey shading indicates key hypotheses. OIP = optimal indifference point. AIP = actual
indifference point. CIT = compulsive behaviour and intrusive thought.
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we furthermore extended the main model by also including the d’ from a 2- back task as a
covariate (H5d). Finally, we fit an extended version of the main model with scores from the
cognitive ability test (ICAR5) as an additional covariate to capture cognitive ability (H5e). We ran
the same analysis but for the AD factor. We included this test as a preregistered analysis but did
not specify any directional hypotheses.

Our final hypothesis, H7, aimed to differentiate between the Metacognitive Monitoring Mechanism,
the Metacognitive Control Mechanism, and the Direct Mechanism. We tested how compulsivity
would affect the relationship between confidence and offloading. More specifically, we predicted
that CIT scores would act as a moderator variable between the metacognitive and the reminder
bias and that highly compulsive individuals would have a weaker link. We tested this by fitting the
following regression model to the data:

bias,em ~ biASyerq * CIT + AD + age + gender + education + ¢

To avoid circularity, we used the unconfounded metacognitive bias and reminder bias for this
analysis. The moderation of CIT is reflected in its interaction term with the bias,,,;, predictor. A
significant interaction term can be interpreted as support for the Metacognitive Control
Mechanism. In addition to this main model (H7a), we furthermore also tested whether this effect
would persist if working memory (2-back d’; H7b) or educational attainment (H7c) were included
as additional covariates. We ran the same analysis but for the AD factor. We included this test as a
preregistered analysis but did not specify any directional hypotheses.

It should be noted that whilst not explicitly preregistered, our planned models also allow testing
for a mediation effect (metacognitive bias acting as a mediator on the effect of the CIT score on the
reminder bias). This is done by comparing the effect of CIT on the reminder bias when the effect of
the metacognitive bias is accounted for (Hypothesis 7) to when it is not (Hypothesis 5). In addition,
we included a causal mediation analysis (not preregistered), using the mediation package in R.
This analysis involved testing of the indirect effect using bootstrapping. More specifically, we
computed unstandardised indirect effects for each of our 1000 bootstrapped samples and based on
those the 95% confidence interval. To keep the information entering into the mediation analysis
constant, we re-fitted the models from our sections on H5 and H6/H8 but with the unconfounded
metacognitive bias and reminder bias respectively. Furthermore, we had to treat the covariate
‘gender’ as a continuous variable as the mediation package would otherwise not have been able to
fit the data. We expect that this difference is unlikely to cause any issues with the interpretation of
our effects. A significant mediation effect can be interpreted as support for the Metacognitive
Monitoring Mechanism. A significant direct effect can be interpreted as support for the Direct
Mechanism.
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Table S1

Predicting metacognitive bias. All continuous variables are z-transformed. SE = standard error; m = male; f = female; o =

other.
B SE t P

Intercept 0.01 0.05 0.21 0.831
AD -0.22 0.04 -5.00 <0.001
CIT 0.15 0.05 3.30 0.001
Age -0.02 0.05 -0.43 0.666
genderl (mvs. f) -0.17 0.08 -2.06 0.040
gender2 (mvs. o) -0.28 0.37 -0.76 0.447
education -0.002 0.04 -0.05 0.960

Table S2

Predicting confidence. All continuous variables are z-transformed. SE = standard error; m = male; f = female; o = other.

B SE t p
Intercept 0.06 0.05 1.26 0.209
AD -0.29 0.04 -6.44 <0.001
CIT 0.16 0.05 3.50 <0.001
Age -0.12 0.05 -2.21 0.028
genderl (mvs. f) -0.24 0.08 -2.97 0.003
gender2 (mvs. o) -0.20 0.37 -0.54 0.589
education 0.03 0.04 -0.72 0.474
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Table S3

Predicting metacognitive bias with ICAR5 scores as an additional covariate. All continuous variables are z-transformed. SE =
standard error; m = male; f = female; o = other.

B SE t p
Intercept 0.03 0.05 0.70 0.487
AD -0.20 0.04 -4.47 <0.001
CIT 0.12 0.04 2.74 0.006
Age -0.04 0.05 -0.75 0.454
genderl (mvs. f) -0.21 0.08 -2.61 0.009
gender2 (mvs. o) -0.43 0.36 -1.20 0.232
education 0.03 0.04 0.87 0.383
ICARS -0.19 0.04 -4.87 <0.001
Table S4

Predicting reminder bias. All continuous variables are z-transformed. SE = standard error; m = male; f = female; o = other.

B SE t p
Intercept -0.02 0.05 -0.31 0.756
AD 0.06 0.04 1.43 0.153
CIT -0.16 0.04 -3.60 <0.001
Age -0.13 0.05 -2.43 0.015
genderl (mvs. f) 0.02 0.08 0.31 0.758
gender2 (mvs. o) 0.84 0.37 2.30 0.022
education -0.05 0.04 -1.18 0.237
Table S5

Predicting absolute number of reminders. All continuous variables are z-transformed. SE = standard error; m = male; f =

female; o = other.

B SE t p
Intercept -0.03 0.05 -0.65 0.518
AD 0.06 0.05 1.32 0.187
CIT -0.14 0.05 -3.08 0.002
Age -0.04 0.05 -0.72 0.474
genderl (mvs. f) 0.10 0.08 1.14 0.255
gender2 (mvs. o) 0.69 0.38 1.82 0.070
education -0.08 0.04 -2.08 0.038
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Table S6

Predicting AIP. All continuous variables are z-transformed. SE = standard error; m = male; f = female; o = other.

B SE t p
Intercept 0.02 0.05 0.39 0.700
AD -0.08 0.04 -1.74 0.082
CIT 0.15 0.05 3.32 < 0.001
Age 0.05 0.05 0.94 0.350
genderl (mvs. f) -0.06 0.08 -0.73 0.465
gender2 (mvs. o) -0.70 0.37 -1.89 0.059
education 0.07 0.04 1.79 0.073

Table S7

Predicting reminder bias with 2-back d’ as an additional covariate. All continuous variables are z-transformed. SE = standard
error; m = male; f = female; o = other.

B SE T p
Intercept -0.02 0.05 -0.40 0.686
AD 0.05 0.04 1.21 0.228
T -0.15 0.05 -3.27 0.001
Age -0.13 0.05 -2.46 0.014
genderl (mvs. f) 0.02 0.08 0.31 0.758
gender2 (mvs. o) 0.81 0.36 2.24 0.026
education -0.05 0.04 -1.31 0.190
2-back d’ 0.10 0.04 2.38 0.018

Table S8

Predicting reminder bias with ICARS scores as an additional covariate. All continuous variables are z-transformed. SE =
standard error; m = male; f = female; o = other.

B SE T p
Intercept -0.02 0.05 -0.32 0.748
AD 0.06 0.04 1.40 0.161
CIT -0.16 0.05 -3.55 <0.001
Age -0.13 0.05 -2.42 0.016
genderl (mvs. f) 0.03 0.08 0.32 0.749
gender2 (mvs. o) 0.84 0.37 2.30 0.022
education -0.05 0.04 -1.19 0.236
2-back d’ 0.01 0.04 0.13 0.899
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Table S9

Predicting reminder bias with metacognitive bias as an additional covariate (i.e., testing for a moderation effect). All
continuous variables are z-transformed. SE = standard error; m = male; f = female; o = other; MetaBias = metacognitive bias.

B SE T p
Intercept -0.03 0.05 -0.60 0.552
Metacognitive Bias | -0.19 0.04 -4.56 <0.001
AD 0.03 0.05 0.66 0.508
CIT -0.14 0.05 -3.14 0.002
Age -0.10 0.05 -1.93 0.054
genderl (mvs. f) 0.03 0.08 0.35 0.725
gender2 (mvs. o) 0.94 0.37 2.58 0.010
education -0.06 0.04 -1.64 0.101
CIT X MetaBias -0.01 0.04 -0.18 0.860

Table S10

Predicting reminder bias with metacognitive bias and 2-back d’ as additional covariates. All continuous variables are z-
transformed. SE = standard error; m = male; f = female; o = other; MetaBias = metacognitive bias.

B SE T p
Intercept -0.03 0.05 -0.67 0.504
Metacognitive Bias | -0.17 0.04 -4.19 < 0.001
AD 0.02 0.05 0.55 0.582
CIT -0.13 0.05 -2.92 0.004
Age -0.10 0.05 -1.95 0.051
genderl (mvs. f) 0.03 0.08 0.38 0.707
gender2 (mvs. o) 0.92 0.37 2.53 0.012
education -0.06 0.04 -1.73 0.084
2-back d’ 0.08 0.04 1.86 0.064
CIT X MetaBias -0.01 0.04 -0.26 0.798
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B SE T p
Intercept -0.03 0.05 -0.60 0.552
Metacognitive Bias | -0.19 0.04 -4.50 <0.001
AD 0.03 0.05 0.66 0.512
CIT -0.14 0.05 -3.12 0.002
Age -0.10 0.05 -1.93 0.055
genderl (mvs. f) 0.03 0.08 0.35 0.725
gender2 {(mvs. o) 0.94 0.37 2.57 0.010
education -0.06 0.04 -1.62 0.107
ICARS 0.001 0.04 0.03 0.975
CIT X MetaBias -0.01 0.04 -0.18 0.860
Table S11

Predicting reminder bias with metacognitive bias and ICAR5 scores as additional covariates. All continuous variables are z-
transformed. SE = standard error; m = male; f = female; o = other; MetaBias = metacognitive bias.
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Table S12

Predicting reminder bias with metacognitive bias and ICAR5 scores as additional covariates. All continuous variables are z-
transformed. SE = standard error; m = male; f = female; o = other; MetaBias = metacognitive bias.

B SE T p
Intercept -0.04 0.05 -0.73 0.465
Metacognitive Bias | -0.19 0.04 -4.54 < 0.001
AD 0.03 0.05 0.62 0.539
CIT -0.14 0.05 -3.11 0.002
Age -0.10 0.05 -1.93 0.054
genderl (mvs. f) 0.03 0.08 0.35 0.724
gender2 (mvs. o) 0.94 0.37 2.58 0.010
education -0.06 0.04 -1.51 0.132
AD X MetaBias -0.04 0.04 -1.13 0.258

Annika Boldt et al., 2025 eLife. https://doi.org/10.7554/eLife.98114.2 28 of 50


https://doi.org/10.7554/eLife.98114.2
https://doi.org/10.7554/eLife.98114.2

7 eLife

Questionnaire Items

Apathy Evaluation Scale (AES)

Response scores:

¢ Not at all characteristic (1)
¢ Slightly characteristic (2)

¢ Somewhat characteristic (3)
e Very characteristic (4)

e AES 2.1get things done during the day. (Reverse)
e AES_7.1approach life with intensity. (Reverse)

e AES 17.1have initiative. (Reverse)

e AES 18.1have motivation. (Reverse)

Barrett’s Impulsivity Scale (BIS)

Response scores:

e Rarely/never (1)

e Occasionally (2)

e Often (3)

¢ Almost always/Always (4)

e BIS 1.1plan tasks carefully. (Reverse)

e BIS 6.1have “racing” thoughts.

e BIS 9.1 concentrate easily. (Reverse)

e BIS_13.1plan for job security. (Reverse)

e BIS 14.1say things without thinking.

e BIS 15.1like to think about complex problems. (Reverse)
e BIS 17.1act “on impulse”.

e BIS 20.1 am a steady thinker. (Reverse)

e BIS 22.1buy things on impulse.

e BIS 25.1spend or charge more than I earn.

e BIS 26.1 often have extraneous thoughts when thinking.
e BIS check. I competed in the 1917 Summer Olympics Games.

Eating Attitudes Test (EAT)

Response Scores:

e Always (3)

e Usually (2)

e Often (1)

e Sometimes (0)
e Rarely (0)

e Never (0)
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e EAT 1.1am terrified about being overweight.

e FEAT 11.1am preoccupied with a desire to be thinner.

e EAT 12.1think about burning up calories when I exercise.

e EAT 14.1am preoccupied with the thought of having fat on my body.

Obsessive Compulsive Inventory (OCI)

Response scores:

e Not at all (0)

e Alittle (1)

e Moderately (2)
e Alot(3)

e Extremely (4)

e OCI_1.1have saved up so many things that they get in the way.

e OCI 2.1 check things more often than necessary.

e OCI 4. 1feel compelled to count while I am doing things.

e OCI 6. 1find it difficult to control my own thoughts.

e OCL 7.1collect things I don’t need.

e OCI 9.1 get upset if others change the way I have arranged things.

e OCI_11. 1 sometimes have to wash or clean myself simply because I feel contaminated.
e OCI_12.1am upset by unpleasant thoughts that come into my mind against my will.
e OCI_13.1 avoid throwing things away because I am afraid I might need them later.
e OCI _16. I feel that there are good and bad numbers.

e OCI_18. I frequently get nasty thoughts and have difficulty in getting rid of them.

Self-rating Depression Scale (SDS)

Response scores:

¢ Alittle of the time (1)

¢ Some of the time (2)

e Good part of the time (3)
¢ Most of the time (4)

e SDS_11. My mind is as clear as it used to be. (Reverse)

e SDS_12.1find it easy to do the things I used to. (Reverse)
e SDS_13.1am restless and can’t keep still.

e SDS_14. 1 feel hopeful about the future. (Reverse)

e SDS_16.1find it easy to make decisions. (Reverse)

e SDS 17.1feel that I am useful and needed. (Reverse)

e SDS_18. My life is pretty full. (Reverse)

e SDS_20.1 still enjoy the things I used to do. (Reverse)
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State Trait Anxiety Inventory (STAI)

Response scores:

¢ Almost never (1)
e Sometimes (2)

e Often (3)

¢ Almost always (4)

e STAI 1.1feel pleasant. (Reverse)

e STAI 3.1 feel satisfied with myself. (Reverse)

e STAI 5.1 feel like a failure.

e STAI 8.1 feel that difficulties are piling up so that I cannot overcome them.

e STAI 9. 1worry too much over something that really doesn’t matter.

e STAI 10.1am happy. (Reverse)

e STAI 12.1lack self-confidence.

e STAI 13.1feel secure. (Reverse)

e STAI 16.1am content. (Reverse)

e STAI 19.1am a steady person. (Reverse)

e STAI 20.1get in a state of tension or turmoil as I think over my recent concerns and
interests.

Educational Attainment Questions

Educational attainment was based on the ISCED 2011 categories and included the following
options mapped onto 1 to 9 in response to the question “What is the highest level of education you
have completed to this date?”:

1. “Early childhood education or no formal education (e.g. early childhood education and
development, play school, reception, pre-primary, pre-school, educacion inicial)”

2. “Primary education (e.g. primary education, elementary education, basic education;
typically ends around age 10 to 12 years)”

3. “Lower secondary education (e.g. lower grades of secondary school, junior secondary
school, middle school, junior high school)”

4. “Upper secondary education (e.g. upper grades of secondary school, senior secondary
school, senior high school; typically ends around age 17 to 18 years)”

5. “Post-secondary non-tertiary education (e.g. technician diploma, primary professional
education, préparation aux carriéres administratives; usually designed for direct labour
market entry)”

6. “Short-cycle tertiary education (e.g. junior college, higher technical education, community
college education, technician or advanced/higher vocational training, associate degree,
bac+2; practically-based, occupationally-specific and prepare for the labour market but can
also be a pathway to other tertiary education programmes)”

7. “Bachelor’s or equivalent level”

8. “Master’s or equivalent level”

9. “Doctoral or equivalent level”
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Planned additional analyses

We preregistered several analyses that whilst planned were not thought out in detail and thus of a
more exploratory nature.

First, we investigated the relationship between the transdiagnostic phenotypes and unaided task
performance (accuracy on trials in which participants were not allowed to use a reminder). We
predicted task performance (accuracy on FI trials) from the two transdiagnostic factors and our
demographic covariates (age, gender, and education).

ACCy; ~ CIT + AD + age + gender + education + &

Neither AD, p = -0.02, SE = 0.05, t = -0.44, p = 0.66; nor CIT, = -0.03, SE = 0.05, t = -0.66, p = 0.51,
were significant predictors, suggesting there was no evidence to support meaningful performance
differences for these two transdiagnostic phenotypes.

Second, we planned to investigate whether participants would show a response “stickiness” in
their reminder use as reported by Scarampi & Gilbert (2020) @@ and whether such response
perseverance would correlate with their CIT (e.g., Shahar et al., 2021 %) and AD scores. We
conducted this analysis based on a subset of participants: only participants whose first trial was
not a partial trial were included (choice condition, as no strategy was performed that could later
be repeated). Furthermore, only participants who indicated with their strategy choice that they
would have chosen the strategy they were randomly assigned were included. This resulted in a
subset of N=157 participants. We then calculated the proportion of the remaining trials in which
participants chose to repeat this strategy and compared the resulting proportion to 50%.

Participants repeated this strategy on only 31.6% of the remaining trials, significantly lower than
50%, t(156) = -8.43, p < 0.001, d = 0.67. We need to keep in mind that the strategy in question was
the one they did not choose on the first trial. Most people have an overall preference for or against
reminders in this task independent of the manipulation of reward. A person who shows numbers
lower than 50% might thus have repeatedly chosen the same strategy they had overwritten on that
first trial, reflecting stable biases for their preferred response strategies. We furthermore tested
whether this response perseverance was predicted by CIT or AD (and demographic covariates)
fitting the following regression model to the data:

perseverance ~ CIT + AD + age + gender + education + ¢

We indeed found that the effect was modulated by CIT: Compulsive individuals showed more
response perseverance, § =0.21, SE = 0.09, t = 2.17, p = 0.03, whereas there was no significant effect
of AD, B =-0.08, SE = 0.09, t = -0.85, p = 0.40. As a conclusion, we can say that the more compulsive
individuals show a tendency to repeat that first forced/overwritten trial later in the remaining
experiment. However, caution should be advised to not over-interpret this effect as only a small
subset of our sample was included in the analysis.

Exploratory analyses
During our analysis, several additional questions arose, which we aimed to address with
exploratory analyses.

First, we aimed to understand whether highly compulsive individuals would approach our task
differently, potentially even struggling with it. For instance, some OCD patients prefer ordered
sequences, and it might therefore have been aversive for our compulsive individuals to move the
target circles out of the numbered order to set reminders. Additionally, they might have been put
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off by the scattered nature of the visual display and might have spent time rearranging circles, for
example in a grid-like fashion. We therefore tested whether the transdiagnostic phenotypes were
reliable predictors of response times (RTs), depending on condition with the following linear
mixed model with random intercepts for participants:

RT ~ condition * (CIT + AD) + age + gender + education + ¢

Where condition denoted whether or not participants did the task with (FE) or without (FI)
reminders. CIT did not predicted RT at our significance cut-off, p = -0.04, SE = 0.02, t(1142) = - 1.91,
p = 0.06. The same was true for AD, B = -0.04, SE = 0.02, t(1176) = -1.89, p = 0.06.

However, there was a crucially significant interaction between CIT and condition, B = 0.08, SE =
0.02, t(9566) = 3.35, p < 0.001. In other words, when reminders were possible, compulsive
individuals were slower (0.04); but when reminders were not possible, compulsive individuals
were faster (-0.04). There was no such interaction effect for the AD factor, = -0.02, SE = 0.02,
t(9561) = -0.96, p = 0.34.

We followed up this analysis by fitting two additional linear mixed models with random intercepts
for participants to gain insight into what actions highly compulsive individuals might have been
performing during the reminder trials that might have led to the increase in RT. The first model
predicted the trial-wise number of times that participants re-arranged a circle they had previously
already moved:

circlesmopedagain ~ condition * CIT + AD + age + gender + education + ¢

Compulsive individuals showed a tendency to this more often, however, this effect did not reach
our level of significance, g = 0.03, SE = 0.02, ¢t (1299) = 1.91, p = 0.06.

The second model focused on a smaller subset of trials (m = 4.2 trials per participant; min = 4, max
=12) in which more than one circle was moved and expressed the extent to which these circles
were moved in their numbered order:

circleSpopedinoraer ~ condition * CIT + AD + age + gender + education + ¢

Contrary to expectation, highly compulsive individuals showed a reduced tendency to move
circles in their numbered order, § = -0.10, SE = 0.04, t (943.7) = -2.69, p = 0.007. Taken together,
high CIT individuals took significantly longer on reminder trials, but we cannot say with certainty
why and this will therefore need to be the focus of future studies.

Second, we asked whether the transdiagnostic phenotypes affected the compensatory nature of
reminder use (cf. Hypothesis 4), meaning people who need reminders more tend to be the ones
who use them more. The motivation for this analysis was the compulsive individual’s tendency
towards a reduced reminder bias. To this end, we fit a regression model to predict the AIP from
the OIP, the transdiagnostic phenotypes, and the demographic covariates:

AIP ~ OIP = (CIT + AD) + age + gender + education + ¢

The key effects of interest were the interaction terms between the transdiagnostic phenotypes and
the OIP.

Indeed, this seems to be the case reflected numerically in the interaction between CIT and OIP
when predicting AIP, in other words, there was a stronger link between AIP and OIP in low
compulsive individuals, compared to high compulsive individuals. However, this effect did not
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reach our required level of significance, B = -0.08, SE = 0.04, t = -1.83, p = 0.07. There was no such
interaction effect for the AD factor, B = -0.002, SE = 0.04, t = 0.06, p = 0.95. In a follow-up analysis,
we then investigated the influence of compulsivity on accuracy in the FE condition by fitting the

following regression model:

ACCpp ~ CIT + AD + age + gender + education + ¢

Compulsive individuals were found to be less accurate on reminder trials, f = -0.10, SE=0.5, t =
-2.06, p = 0.04, pointing towards a picture of not only impaired reminder setting but also impaired
reminder use. We note that whilst this is an interesting finding, it certainly needs follow-up in
future studies to understand the mechanisms at play.
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Reviewer #1 (Public review):
Summary:

Boldt et al test several possible relationships between trandiagnostically-defined compulsivity
and cognitive offloading in a large online sample. To do so, they develop a new and useful
cognitive task to jointly estimate biases in confidence and reminder-setting. In doing so, they
find that over-confidence is related to less utilization of reminder-setting, which partially
mediates the negative relationship between compulsivity and lower reminder-setting. The
paper thus establishes that, contrary to the over-use of checking behaviors in patients with
OCD, greater levels of transdiagnostically-defined compulsivity predicts less deployment of
cognitive offloading. The authors offer speculative reasons as to why (perhaps it's
perfectionism in less clinically-severe presentations that lowers the cost of expending
memory resources), and sets an agenda to understand the divergence in cognitive between
clinical and nonclinical samples. Because only a partial mediation had robust evidence,
multiple effects may be at play, whereby compulsivity impacts cognitive offloading via
overconfidence and also by other causal pathways.

Strengths:

The study develops an easy-to-implement task to jointly measure confidence and replicates
several major findings on confidence and cognitive offloading. The study uses a useful
measure of cognitive offloading - the tendency to set reminders to augment accuracy in the
presence of experimentally manipulated costs. Moreover, the utilizes multiple measures of
presumed biases -- overall tendency to set reminders, the empirically estimated indifference
point at which people engage reminders, and a bias measure that compares optimal
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indifference points to engage reminders relative to the empirically observed indifference
points. That the study observes convergenence along all these measures strengthens the
inferences made relating compulsivity to the under-use of reminder-setting. Lastly, the study
does find evidence for one of several a priori hypotheses and sets a compelling agenda to try
to explain why such a finding diverges from an ostensible opposing finding in clinical OCD
samples and the over-use of cognitive offloading.

Weaknesses:

Although I think this design and study are very helpful for the field, I felt that a feature of the
design might reduce the tasks's sensitivity to measuring dispositional tendencies to engage
cognitive offloading. In particular, the design introduces prediction errors, that could induce
learning and interfere with natural tendencies to deploy reminder-setting behavior. These
PEs comprise whether a given selected strategy will be or not be allowed to be engaged. We
know individuals with compulsivity can learn even when instructed not to learn (e.g., Sharp,
Dolan and Eldar, 2021, Psychological Medicine), and that more generally, they have trouble
with structure knowledge (eg Seow et al; Fradkin et al), and thus might be sensitive to these
PEs. Thus, a dispositional tendency to set reminders might be differentially impacted for
those with compulsivity after an NPE, where they want to set a reminder, but aren't allowed
to. After such an NPE, they may avoid moreso the tendency to set reminders. Those with
compulsivity likely have superstitious beliefs about how checking behaviors lead to a
resolution of catastrophes, that might in part originate from inferring structure in the
presence of noise or from purely irrelevant sources of information for a given decision
problem.

It would be good to know if such learning effects exist, if they're modulated by PE (you can
imagine PEs are higher if you are more incentivized - e.g., 9 points as opposed to only 3 points
- to use reminders, and you are told you cannot use them), and if this learning effect
confounds the relationship between compulsivity and reminder-setting.

A more subtle point, I think this study can be more said to be an exploration than a deductive
of test of a particular model -> hypothesis -> experiment. Typically, when we test a hypothesis,
we contrast it with competing models. Here, the tests were two-sided because multiple
models, with mutually exclusive predictions (over-use or under-use of reminders) were
tested. Moreover, it's unclear exactly how to make sense of what is called the direct
mechanism, which is supported by the partial (as opposed to complete) mediation.

https://doi.org/10.7554/eLife.98114.2.sa2

Reviewer #2 (Public review):
Summary:

Boldt et al., investigated whether previously established relationships between
transdiagnostic psychiatric symptom dimensions and confidence distortions would result in
downstream influences on the confidence-related behaviour of reminder setting. 600
individuals from the general population completed a battery of psychiatric symptom
questionnaires and an online reminder-setting task. In line with previous studies, individuals
high in compulsivity (CIT) showed over-confidence in their task performance, whereas
individuals high in anxious-depression (AD) tended to be under-confident. Crucially, the over-
confidence associated with CIT partially mediated a decreased tendency to use external
reminders during task performance, whereas the under-confidence associated with AD did
not result in any alteration in external reminder setting. The authors suggest that
metacognitive monitoring is impaired in CIT which has a knock-on effect on reminder setting
behaviour, but that a direct link also exists between CIT and reduced reminder setting
independently of confidence.
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Strengths:

The study combines the latest advances in transdiagnostic approaches to psychopathology
with a cleverly designed external reminder-setting task. The approach allows for
investigation of what some of the downstream consequences associated with impaired
metacognition in sub-clinical psychopathology may be.

The experimental design and hypotheses were pre-registered prior to data collection.
The manuscript is well written and rigorous analysis approaches are used throughout.
Weaknesses:

Participants only performed a single task so it remains unclear if the observed effects would
generalise to reminder setting in other cognitive domains.

The sample consisted of participants recruited from the general population. Future studies
should investigate whether the effects observed extend to individuals with the highest levels
of symptoms (including clinical samples).

https://doi.org/10.7554/eLife.98114.2.sa1

Author response:

The following is the authors’ response to the original reviews.

Reviewer #1:

(1) You claim transdiagnostic phenotypes are temporally stable -- since they're relatively
new constructs, do we know how stable? In what order?

This is an important question. We have added two recent references to support this claim on
page 1 and cite these studies in the references on pages 25 and 28:

“Using factor analysis, temporally stable (see Fox et al., 2023a; Sookud, Martin, Gillan, & Wise,
2024), transdiagnostic phenotypes can be extracted from extensive symptom datasets (Wise,
Robinson, & Gillan, 2023).”

Fox, C. A., McDonogh, A., Donegan, K. R, Teckentrup, V., Crossen, R. J., Hanlon, A. K,, ... Gillan,
C. M. (2024). Reliable, rapid, and remote measurement of metacognitive bias. Scientific
Reports, 14(1), 14941. https://doi.org/10.1038/s41598-024-64900-0

Sookud, S., Martin, I., Gillan, C., & Wise, T. (2024, September 5). Impaired goal-directed
planning in transdiagnostic compulsivity is explained by uncertainty about learned task
structure. https://doi.org/10.31234/osf.io/zp6vk

More specifically, Sookud and colleagues found the intraclass correlation coefficient (ICC) for
both factors to be high after a 3- or 12 month period (ICCpp, 3= 0.87; ICCpp 15 = 0.87; ICCcyt 3
=0.81; ICC¢yt 3= 0.76; see Tables S41 and S50 in Sookud et al., 2024).

(2) On hypotheses of the study:

I didn't understand the logic behind the hypothesis relating TDx Compulsivity ->
Metacognition > Reminder-setting

It seems that (a) Compulsivity relates to overconfidence which should predict less
remindersetting
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Compulsivity has an impaired link between metacognition and action, breaking the B->C
link in the mediation described above in (a). What would this then imply about how
Compulsivity is related to reminder-setting?

"In the context of our study, a Metacognitive Control Mechanism would be reflected in a
disrupted relationship between confidence levels and their tendency to set reminders."
What exactly does this predict - a lack of a correlation between confidence and
remindersetting, specifically in high-compulsive subjects?

Lastly, there could be a direct link between compulsivity and reminder-usage,
independent of any metacognitive influence. We refer to this as the Direct Mechanism
Why though theoretically would this be the case?

"We initially hypothesised to find support for the Metacognitive Control Mechanism and
that highly compulsive individuals would offload more".

The latter part here, "highly compulsive individuals would offload more" is I think the
exact opposite prediction of the Metacognitive control mechanism hypothesis
(compulsive individuals offload less). How could you possibly have tried to find support,
then, for both?

Is the hypothesis that compulsivity positively predicts reminder setting the "direct
mechanism" - if so, please clarify that, and if not, it should be added as a distinct
mechanism, and additionally, the direct mechanism should be specified.

There's more delineation of specific hypotheses (8 with caveats) in Methods.

"We furthermore also tested this hypothesis but predicted raw confidence (percentage of
circles participants predicted they would remember; H6b and H8b respectively),” What is
the reference of "this hypothesis" given that right before this sentence two hypotheses
are mentioned? To keep this all organized, it would be good to simply have a table with
hypotheses listed clearly.

We agree with the reviewer that there is room to improve the clarity of how our hypotheses
are presented. The confusion likely arises from the fact that, since we first planned and
preregistered our study, several new pieces of work have emerged, which might have led us
to question some of our initial hypotheses. We have taken great care to present the
hypotheses as they were preregistered, while also considering the current state of the
literature and organizing them in a logical flow to make them more digestible for the reader.
We have clarified this point on page 4:

“Back when we preregistered our hypotheses only a limited number of studies about
confidence and transdiagnostic CIT were available. This resulted in us hypothesising to find
support for the Metacognitive Control Mechanism and that highly compulsive individuals
would offload more due to an increased need for checkpoints.”

The biggest improvement we believe comes from our new Table 1, which we have included in
the Methods section in response to the reviewer’s suggestion (pp. 21-22):

“We preregistered 8 hypotheses (see Table 1), half of which were sanity checks (H1-H4) aimed
to establish whether our task would generally lead to the same patterns as previous studies
using a similar task (as reviewed in Gilbert et al., 2023).”

We furthermore foreshadowed more explicitly how we would test the Metacognitive Control
Mechanism in the Introduction section on page 4, as requested by the reviewer:
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“In the context of our study, a Metacognitive Control Mechanism would be reflected in a
disrupted relationship between confidence levels and their tendency to set reminders (i.e.,
the interaction between the bias to be over- or underconfident and transdiagnostic CIT in a
regression model predicting a bias to set reminders).”

To avoid any confusion regarding the term ‘direct’ in the ‘Direct Mechanism’, we now
explicitly clarify on page 4 that it refers to any non-metacognitive influences. Additionally, we
had already emphasized in the Discussion section the need for future studies to specify these
influences more directly.

Page 4: “We refer to this as the Direct Mechanism and it constitutes any possible influences
that affect reminder setting in highly-compulsive CIT participants outside of metacognitive
mechanisms, such as perfectionism and the wish to control the task without external aids.”

The reviewer was correct in pointing out that, in the Methods section, we incorrectly referred
to ‘this hypothesis’ when we actually meant both of the previously mentioned hypotheses. We
have corrected this on page 23:

“We furthermore also tested these hypotheses but predicted raw confidence (percentage of
circles participants predicted they would remember; H6b and H8b respectively), as well as
extending the main model with the scores from the cognitive ability test (ICARS5) as an
additional covariate (H6c and H8c respectively).”

Finally, upon revisiting our Results section, we noticed that we had not made it sufficiently
clear that hypothesis H6a was preregistered as non-directional. We have now clarified this on
page 9:

“We predicted that the metacognitive bias would correlate negatively with AD (Hypothesis 8a;
more anxious-depressed individuals tend to be underconfident). For CIT, we preregistered a
non-directional, significant link with metacognitive bias (Hypothesis H6a). We found support
for both hypotheses, both for AD, B =-0.22, SE = 0.04, t =-5.00, p < 0.001, as well as CIT, B =
0.15, SE = 0.05, t = 3.30, p = 0.001, controlling for age, gender, and educational attainment
(Figure 3; see also Table S1). Note that for CIT this effect was positive, more compulsive
individuals tend to be overconfident.”

(3) You say special circles are red, blue, or pink. Then, in the figure, the colors are cyan,
orange, and magenta. These should be homogenized.

Apologies, this was not clear on our screens. We have corrected this now but used the labels
“blue”, “orange” and “magenta” as our shade of blue is much darker than cyan:

Page 16: “These circles flashed in a colour (blue, orange, or magenta) when they first appear
on screen before fading to yellow.”

(4) The task is not clearly described with respect to forced choice. From my
understanding, "forced choice” was implicitly delivered by a "computer choosing for
them". You should indicate in the graphic that this is what forced choice means in the
graphic and description more clearly.

This is an excellent point. On pages 17 and 18 we now include a slightly changed Figure 6,
which includes improved table row names and cell shading to indicate the choice people
gave. Hopefully this clarifies what “forced choice” means.

(5) If I have point (4) right, then a potential issue arises in your design. Namely, if a
participant has a bias to use or not use reminders, they will experience more or less
prediction errors during their forced choice. This kind of prediction error could introduce
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different mood impacts on subsequent performance, altering their accuracy. This will
have an asymmetric effect on the different forced phases (ie forced reminders or not). For
this reason, I think it would be worthwhile to run a version of the experiment, if feasible,
where you simply remove choice prior to revealing the condition. For example, have a
block of choices where people can "see how well you do with reminders" -- this removes
expectation and PE effects.

[See also this point from the weaknesses listed in the public comments:]

Although I think this design and study are very helpful for the field, I felt that a feature of
the design might reduce the tasks's sensitivity to measuring dispositional tendencies to
engage coghnitive offloading. In particular, the design introduces prediction errors, that
could induce learning and interfere with natural tendencies to deploy reminder-setting
behavior. These PEs comprise whether a given selected strategy will be or not be allowed
to be engaged. We know individuals with compulsivity can learn even when instructed
not to learn (e.g., Sharp, Dolan, and Eldar, 2021, Psychological Medicine), and that more
generally, they have trouble with structure knowledge (eg Seow et al; Fradkin et al), and
thus might be sensitive to these PEs. Thus, a dispositional tendency to set reminders
might be differentially impacted for those with compulsivity after an NPE, where they
want to set a reminder, but aren't allowed to. After such an NPE, they may avoid more so
the tendency to set reminders. Those with compulsivity likely have superstitious beliefs
about how checking behaviors leads to a resolution of catastrophes, which might in part
originate from inferring structure in the presence of noise or from purely irrelevant
sources of information for a given decision problem.

It would be good to know if such learning effects exist if they're modulated by PE (you can
imagine PEs are higher if you are more incentivized - e.g., 9 points as opposed to only 3
points - to use reminders, and you are told you cannot use them), and if this learning
effect confounds the relationship between compulsivity and reminder-setting.

We would like to thank the reviewer for providing this interesting perspective on our task. If
we understand correctly, the situation most at risk for such effects occurs when participants
choose to use a reminder. Not receiving a reminder in the following trial can be seen as a
negative prediction error (PE), whereas receiving one would represent the control condition
(zero PE). Therefore, we focused on these two conditions in our analysis.

We indeed found that participants had a slightly higher tendency to choose reminders again
after trials where they successfully requested them compared to after trials where they were
not allowed reminders (difference = 4.4%). This effect was statistically significant, t(465) = 2.3,
p = 0.024. However, it is important to note that other studies from our lab have reported a
general, non-specific response ‘stickiness,” where participants often simply repeat the same
strategy in the next trial (Scarampi & Gilbert, 2020), which could have contributed to this
pattern.

When we used CIT to predict this effect in a simple linear regression model, we did not find a
significant effect (B =-0.05, SE = 0.05, t =-1.13, p = 0.26).

To further investigate this and potentially uncover an effect masked by the influence of the
points participants could win in a given trial, we re-ran the model using a logistic mixed-
effects regression model. This model predicted the upcoming trial’s choice (reminder or no
reminder) from the presence of a negative prediction error in the current trial (dummy
variable), the ztransformed number of points on offer, and the z-transformed CIT score
(between-subject covariate), as well as the interaction of CIT and negative PE. In this model,
we replicated the previous ‘stickiness’ effect, with a negative influence of a negative PE on the
upcoming choice, B =-0.24, SE = 0.07, z = -3.44, p < 0.001. In other words, when a negative PE
was encountered in the current trial, participants were less likely to choose reminders in the
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next trial. Additionally, there was a significant negative influence of points offered on the
upcoming choice, B =-0.28, SE = 0.03, z = -8.82, p < 0.001. While this might seem
counterintuitive, it could be due to a contrast effect: after being offered high rewards with
reminders, participants might be deterred from using the reminder strategy in consecutive
trials where lower rewards are likely to be offered, simply due to the bounded reward scale.
CIT showed a small negative effect on upcoming reminder choice, B =-0.06, SE = 0.04, z =
-1.69, p = 0.09, indicating that participants scoring higher on the CIT factor tended to be less
likely to choose reminders, thus replicating one of the central findings of our study. It is
unclear why this effect was not statistically significant, but this is likely due to the limited
data on which the model was based (see below). Finally, and most importantly, the
interaction between the current trial’s condition (negative PE or zero PE) and CIT was not
significant, contrary to the reviewer’s hypothesis, B = 0.04, SE = 0.07, z = 0.57, p = 0.57.

It should also be noted that this exploratory analysis is based on a limited number of data
points: on average, participants had 2.5 trials (min = 0; max = 4) with a negative PE and 6.7
trials (min = 0; max = 12) with zero PE. There were more zero PE trials simply because to
maximise the number of trials included in this analysis, each participant’s 8 choice-only trials
were included and on those trials the participant always got what they requested (the trial
then ended prematurely). Due to the fact that not all cells in the analysed design were filled,
only 466 out of 600 participants could be included in the analysis. This may have caused the
fit of the mixed model to be singular.

In summary, given that these results are based on a limited number of data points, some
models did not fit without issues, and no evidence was found to support the hypotheses, we
suggest not including this exploratory analysis in the manuscript. However, if we have
misunderstood the reviewer and should conduct a different analysis, we are happy to
reconsider.

Unfortunately, conducting an additional study without the forced-choice element is not
feasible, as this would create imbalances in trial numbers for the design. The advantage of
the current, condensed task is the result of several careful pilot studies that have optimized
the task’s psychometric properties.

Scarampi, C., & Gilbert, S. J. (2020). The effect of recent reminder setting on subsequent
strategy and performance in a prospective memory task. Memory, 28(5), 677-691. https://doi
.0rg/10.1080/09658211.2020.1764974

(6) One can imagine that a process goes on in this task where a person must estimate
their own efficacy in each condition. Thus, individuals with more forced-choice experience
prior to choosing for themselves might have more informed choice. Presumably, this is
handled by your large N and randomization, but could be worth looking into.

We would like to thank the reviewer for pointing this out, as we had not previously
considered this aspect of our task. However, we believe it is not the experience with forced
trials per se, but rather the frequency with which participants experience both strategies
(reminder vs. no reminder), that could influence their ability to make more informed choices.
To address this, we calculated the proportion of reminder trials during the first half of the
task (excluding choiceonly trials, where the reminder strategy was not actually experienced).
We hypothesized that the absolute distance of this ‘informedness’ parameter should correlate
positively with the absolute reminder bias at the end of the task, with participants who
experienced both conditions equally by the midpoint of the task being less biased towards or
away from reminders. However, this was not the case, r = 0.05, p = 0.21.

Given the lengthy and complex nature of our preregistered analysis, we prefer not to include
this exploratory analysis in the manuscript.
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(7) Is the Actual indifference calculated from all choices? I believe so, given they don't
know only till after their choice whether it's forced or not, but good to make this clear.

Indeed, we use all available choice data to calculate the AIP. We now make this clear in two
places in the main text:

Page 5: “The ‘actual indifference point’ was the point at which they were actually indifferent,
based on all of their decisions.”

Page 6: “Please note that all choices were used to calculate the AIP, as participants only found
out whether or not they would use a reminder after the decision was made.”

(8) Related to 7, I believe this implies that the objective and actual indifference points are
not entirely independent, given the latter contains the former.

Yes, the OIP and AIP were indeed calculated in part from events that happened within the
same trials. However, since these events are non-overlapping (e.g., the choice from trial 6
contributes to the AIP but the accuracy measured several seconds later from that trial
contributes to the OIP) and since our design dictates whether or not reminders can be used
on those trials in question (by randomly assigning them to the forced internal/forced external
condition) this could not induce circularity.

(9) I thought perfectionism might be a trait that could explain findings and it was nice to
see convergence in thinking once I reached the conclusion. Along these lines, I was
thinking that perhaps perfectionism has a curvilinear relationship with compulsivity (this
is an intuition I'm not sure if it's backed up empirically). If it's really perfectionism, do you
see that, at the extreme end of compulsivity, there's more reminder-setting? Ie did you
try to model this relationship using a nonlinear function? You might clues simply by
visual inspection.

It is interesting to note that the reviewer reached a similar interpretation of our results. We
considered this question during our analysis and conducted an additional exploratory
analysis to examine how CIT quantile relates to reminder bias (see Author response image 1).
Each circle reflects a participant. As shown, no clear nonlinearities are evident, which
challenges this interpretation. We believe that adding this to the already lengthy manuscript
may not be necessary, but we are of course happy to reconsider if Reviewer 1 disagrees.
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Author response image 1.
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(10) [From the weaknesses listed in the public comments.] A more subtle point, I think this
study can be more said to be an exploration than a deductive test of a particular model -
> hypothesis > experiment. Typically, when we test a hypothesis, we contrast it with
competing models. Here, the tests were two-sided because multiple models, with
mutually exclusive predictions (over-use or under-use of reminders) were tested.
Moreover, it's unclear exactly how to make sense of what is called the direct mechanism,
which is supported by partial (as opposed to complete) mediation.

The reviewer’s observation is accurate; some aspects of our study did take on a more
exploratory nature, despite having preregistered hypotheses. This was partly due to the
novelty of our research questions. We appreciate this feedback and will use it to refine our
approach in future studies, aiming for more deductive testing.

Reviewer #2:

(1) Regarding the lack of relationship between AD and reminder setting, this result is in
line with a recent study by Mohr et al (2023:https://osf.io/preprints/psyarxiv/vc7ye)
investigating relationships between the same transdiagnostic symptom dimensions,
confidence bias and another confidence-related behaviour: information seeking. Despite
showing trial-by-trial under-confidence on a perceptual decision task, participants high
in AD did not seek information any more than low AD participants. Hence, the under-
confidence in AD had no knock-on effect on downstream information-seeking behaviour.
Ithink it is interesting that converging evidence from your study and the Moher et al
(2023) study suggest that high AD participants do not use the opportunity to increase
their confidence (i.e., through reminder setting or information seeking). This may be
because they do not believe that doing so will be effective or because they lack the
motivation (i.e.,, through anhedonia and/or apathy) to do so.
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This is indeed an interesting parallel and we would like to thank the reviewer for pointing
out this recently published study, which we unfortunately have missed. We included it in the
Discussion section, extending our sub-section on the missing downstream effects of the AD
factor, as well as listing it in the references on page 27.

Page 14: “Our findings align with those reported in a recent study by Mohr, Ince, and Benwell
(2024). The authors observed that while high-AD participants were underconfident in a
perceptual task, this underconfidence did not lead to increased information-seeking
behaviour. Future research should explore whether this is due to their pessimism regarding
the effectiveness of confidence-modulated strategies (i.e., setting reminders or seeking
information) or whether it stems from apathy. Another possibility is that the relevant
downstream effects of anxiety were not measured in our study and instead may lie in
reminder-checking behaviours.”

Mohr, G., Ince, R.A.A. & Benwell, C.S.Y. Information search under uncertainty across
transdiagnostic psychopathology and healthy ageing. Transl Psychiatry 14, 353 (2024). https://
doi.org/10.1038/s41398-024-03065-w

(2) Fox et al 2023 are cited twice at the same point in the second paragraph of the intro.
Not sure if this is a typo or if these are two separate studies?

Those are indeed two different studies and should have been formatted as such. We have
corrected this mistake in the following places and furthermore also corrected one of the
references as the study has recently been published:

P. 2 (top): “Previous research links transdiagnostic compulsivity to impairments in
metacognition, defined as thinking about one’s own thoughts, encompassing a broad
spectrum of self-reflective signals, such as feelings of confidence (e.g., Rouault, Seow, Gillan &
Fleming, 2018; Seow & Gillan, 2020; Benwell, Mohr, Wallberg, Kouadio, & Ince, 2022; Fox et
al., 2023a;

Fox et al.,, 2023b; Hoven, Luigjes, Denys, Rouault, van Holst, 2023a).”

P. 2 (bottom): “More specifically, individuals characterized by transdiagnostic compulsivity
have been consistently found to exhibit overconfidence (Rouault, Seow, Gillan & Fleming,
2018; Seow & Gillan, 2020; Benwell, Mohr, Wallberg, Kouadio, & Ince, 2022; Fox et al., 2023a;
Fox et al., 2023b; Hoven et al., 2023a).”

P. 4: “Prior evidence exists for overconfidence in compulsivity (Rouault et al., 2018; Seow &
Gillan, 2020; Benwell et al., 2022; Fox et al., 2023a; Fox et al., 2023b; Hoven et al., 2023a),
which would therefore result in fewer reminders.”

P. 23: “Though we did not preregister a direction for this effect, in the light of recent findings
it has now become clear that compulsivity would most likely be linked to overconfidence
(Rouault et al., 2018; Seow & Gillan, 2020; Benwell et al., 2022; Fox et al., 2023a; Fox et al.,
2023b; Hoven et al., 2023a).”

P. 24: “Fox, C. A., Lee, C. T, Hanlon, A. K,, Seow, T. X. F.,, Lynch, K,, Harty, S., ... Gillan, C. M.
(2023a). An observational treatment study of metacognition in anxious-depression. ELife, 12,
1-17. https://doi.org/10.7554/eLife.87193”

P. 24: “Fox, C. A., McDonogh, A., Donegan, K. R, Teckentrup, V., Crossen, R. J., Hanlon, A. K,, ...
Gillan, C. M. (2024). Reliable, rapid, and remote measurement of metacognitive bias. Scientific
Reports, 14(1), 14941. https://doi.org/10.1038/s41598-024-64900-0”
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(3) Typo in the Figure 1 caption: "The preregistered exclusion criteria for the for the
accuracies with....".

Thank you so much for pointing this out. We haved changed the sentence in the caption of

Figure 1 to read “The preregistered exclusion criteria for the accuracies with or without

reminder are indicated as horizontal dotted lines (10% and 70% respectively).”

‘ Typo in the Figure 5 caption: "Standardised regression coefficients are given for each
pat”.

Thank you so much for pointing this out to us, we have corrected the typo and the sentence in
the caption of Figure 5 now reads “Standardised regression coefficients are given for each
path.”

[From the weaknesses listed in the public comments.] Participants only performed a
single task so it remains unclear if the observed effects would generalise to reminder-
setting in other cognitive domains.

We appreciate the reviewer’s concern regarding the use of a single cognitive task in our
study, which is indeed a common limitation in many cognitive neuroscience studies. The
cognitive factors underlying offloading decisions are still under active debate. Notably, a
previous study found that intention fulfilment in an earlier version of our task correlates
with real-world behaviour, lending validity to our paradigm by linking it to realistic
outcomes (Gilbert, 2015). Additionally, recent unpublished work (Grinschgl, 2024) has shown
a correlation between offloading across two lab tasks, though a null effect was reported in
another study with a smaller sample size by the same team (Meyerhoff et al., 2021), likely due
to insufficient power. In summary, we agree that future research should replicate these
findings with alternative tasks to enhance robustness.

Gilbert, S. J. (2015). Strategic offloading of delayed intentions into the external environment.
Quarterly Journal of Experimental Psychology, 68(5), 971-992. https://doi.org/10.1080
/17470218.2014.972963

Grinschgl, S. (2024). Cognitive Offloading in the lab and in daily life. 2nd Cognitive Offloading
Meeting. [Talk]

Meyerhoff, H. S., Grinschgl, S., Papenmeier, F., & Gilbert, S. J. (2021). Individual differences in
cognitive offloading: a comparison of intention offloading, pattern copy, and short-term
memory capacity. Cognitive Research: Principles and Implications, 6(1), 34. https://doi.org/10
.1186/s41235-021-00298-x

(6) [From the weaknesses listed in the public comments.] The sample consisted of
participants recruited from the general population. Future studies should investigate
whether the effects observed extend to individuals with the highest levels of symptoms
(including clinical samples).

We agree that transdiagnostic research should ideally include clinical samples to determine,
for instance, whether the subclinical variation commonly studied in transdiagnostic work
differs qualitatively from clinical presentations. However, this approach poses challenges, as
transdiagnostic studies typically require large sample sizes, and recruiting clinical
participants can be more difficult. With advancements in online sampling platforms, such as
Prolific, achieving better availability and targeting may make this more feasible in the future.
We intend to monitor these developments closely and contribute to such studies whenever
possible.
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