How often do we blank? A systematic review and Bayesian meta-analysis of mind blanking report rates during experience-sampling
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Abstract
Occasionally, during the stream of thought, people report experiencing no mental content or being unable to access any content, a mental state termed mind-blanking (MB). While MB appears to be a ubiquitous component of our mental lives, there is currently no systematic characterisation of how often MB occurs and under what conditions. The present preregistered systematic review and meta-analysis aimed to determine how often MB is reported in experience-sampling studies. Our search strategy yielded a sample of 59 studies, probing mental reports for more than 8500 participants. Using Bayesian linear modelling, we estimated the meta-analytic MB report rate at 10% of total experience sampling. We did not find any evidence for an effect of experience-sampling parameters on MB report rates. However, we identified that low arousal was associated with higher MB report frequency. Additionally, and contrary to the established literature, ADHD MB rates did not differ from our normative, baseline MB rate. Finally, using our meta-analytically derived posterior estimate, we simulated synthetic experience-sampling studies to determine appropriate sample sizes. In doing so, we provide heuristic sample-size recommendations to ensure high statistical power in prospective investigations. We recommend that prospective experience-sampling studies include 35 participants and 50 probes per participant, which should provide over 95% power to detect medium-sized effects. Overall, the present meta-analysis suggests that MB is fundamentally an infrequent mental state, yet its inclusion in experience-sampling paradigms provides accuracy and granularity into the full scope of mental states during spontaneous thinking.








Introduction
During wakefulness, the mind fluctuates across different forms of mental content, a dynamic reflected in the stream of thought. However, the stream of thought is not continuously characterised by reportable mental content. Probing people to report their thoughts will occasionally return answers such as “I am thinking of nothing”, “I am not thinking of anything”, “my mind is blank” or “I was not paying attention to anything in particular”. More formally, mind blanking (MB) is a mental state where people have no reportable experiences or are unable to report any content (Andrillon et al., 2025; Boulakis & Demertzi, 2025; Ward & Wegner, 2013).
So far, MB has been examined alongside the study of mind-wandering, which refers to moments when our thoughts are decoupled from our present environment and turn toward self-generated content (Smallwood & Schooler, 2015). Where the two states seem to diverge is that MB is an attention-decoupled state only insofar as it signals a decoupling of attention from perception, whereas mind-wandering additionally involves the reorientation of mental content. Therefore, the strong assumption of a grouping between task-unrelated states, such as MB and mind-wandering, can obscure the existence of MB as a mental state at the borders of conscious content. Indeed, unless specifically available as an option, MB reports may even be misclassified as mind-wandering due to the absence of a more suitable mental state, hence potentially inflating the overall mind-wandering report rates (Robison et al., 2019). For these reasons, accurately identifying and quantifying the prevalence of MB remains a key challenge in research on spontaneous thinking.
So far, MB has been quantified in various ways. Experience-sampling is a method in which participants intermittently report their immediate past thoughts (Myin-Germeys & Kuppens, 2021). Experience-sampling reports can be embedded across a wide variety of experimental settings or environmental contexts, showing that people report “blank” or “nothing” during task engagement (Andrillon et al., 2021; Corcoran et al., 2025; Robison et al., 2019; Stawarczyk et al., 2020; Stawarczyk & D’Argembeau, 2016), rest (Boulakis et al., 2025; Koroma et al., 2023; Mortaheb et al., 2022; Van Calster et al., 2017) and their everyday lives (Anderson & McDaniel, 2019). Current evidence consistently indicates that mind blanking (MB) is reported less frequently than other mental states. Yet how often we experience MB remains ambiguous. Although a few studies have suggested that MB occurs in approximately 10% of experience-sampling reports (Andrillon et al., 2021; Boulakis et al., 2025; Corcoran et al., 2025), empirical findings reveal substantial variability, with rates ranging from 2% to 26% (Flicker et al., 2025; Koroma et al., 2023; Unsworth, Miller, et al., 2025; Unsworth & Robison, 2016; Welhaf et al., 2025). Such estimates span over an order of magnitude, reflecting marked heterogeneity across studies. At present, the sources of between-study variation in MB rates remain unclear. One potential source of variation pertains to experience-sampling designs. For example, self-caught experience-sampling, in which participants monitor their stream of thought and report any instances of MB when they become aware of it, has been associated with increased MB report frequency relative to probe-caught experience-sampling, in which intermittent probes prompt participants to report their immediate past thoughts (Ward & Wegner, 2013). Likewise, retrospective reports of MB were higher after a thinking-aloud session than after a silent thinking session (Garg et al., 2025).
Other moderators that introduce between-study heterogeneity include arousal levels, dispositional differences, and clinical profiles. Studies examining MB under different arousal conditions have noted that MB occurs more frequently as participants become progressively less alert (Andrillon et al., 2021; Boulakis, Kusztor, et al., 2025; Boulakis et al., 2025; Pinggal et al., 2025; Stawarczyk et al., 2020; Stawarczyk & D’Argembeau, 2016). Additionally, dispositional factors and attentional capacities, such as attentional and inhibitory control, may also significantly alter how frequently individuals experience MB (Kawagoe et al., 2024; Koroma et al., 2023; Van den Driessche et al., 2017). Taken together, there seems to be a gap in the current MB literature regarding when and how frequently it occurs.  
To date, the ~10% MB occurrence rate is a literature heuristic without statistical validation. The present study aimed to synthesise the current state of knowledge on MB during experience-sampling by estimating a meta-analytic, normative MB report rate. In a preregistration (https://osf.io/js7ag/overview), we hypothesised that MB report rates would vary around ~10%, as MB is an infrequent mental state, and that MB would present a low degree of heterogeneity, as experience-sampling paradigms follow similar procedures. Then, using meta-regression, we aimed to examine the experimental manipulations and individual studies that deviated from the meta-analytic estimate. While we hypothesised weak differences among experimental paradigms, we predicted a higher propensity to report MB when arousal would be manipulated and in individuals with ADHD. Finally, we present an approach for leveraging the meta-analytic posterior estimate and for calculating sample sizes for future studies. Overall, the aim of this study is twofold. Retrospectively, it aims to validate the commonly held assumption that MB is an infrequent mental event. Prospectively, using a Bayesian framework, it aims to quantify a normative, baseline MB report rate in the absence of arousal manipulations or clinical conditions, thereby enabling the informed design of future experience-sampling protocols.
Methods
[bookmark: _Int_HsCMItFj]Open Science practices. The meta-analysis followed the PRISMA standards (Moher et al., 2015). Before study extraction, the protocol was preregistered at OSF (https://osf.io/js7ag/overview) and adhered to the Generalised Systematic Review Registration protocol (van den Akker et al., 2023). Deviations from the registration are clearly annotated. All extracted study metadata, descriptive estimates and effect sizes, code to replicate the meta-analysis, and code to simulate power for future studies is available on https://gitlab.uliege.be/poc/mb-meta-analysis. All results can be found on the institutional repository on https://doi.org/10.58119/ULG/ESYDU2.
Literature Search. On 11/09/2025, PAB searched the following databases: MEDLINE (PubMed), Google Scholar, Web of Science, Scopus, PsycINFO, bioRxiv, and PsyArXiv. Each database was accessed through its respective interface: PubMed for MEDLINE; the Google Scholar web interface; the Web of Science platform; Scopus; Ovid or EBSCOhost for PsycINFO; and the official websites of bioRxiv and PsyArXiv. Given the recency of MB research, we included preprint servers in our search databases. Additionally, we complemented our analysis by querying the ULiège library. We did not consider any additional sources, such as dissertations or conference proceedings. We developed query terms to identify MB reports in experience-sampling data. We considered only studies in English and only studies after 1980. A full access log for each database is available in Supplementary Table 1. An example of the MEDLINE strategy can be found below: 
[bookmark: _Int_mrncQMW3]("mind blanking" OR "mind-blanking" OR "thinking of nothing" OR "thinking about nothing") AND ("experience-sampling" OR "thought sampling" OR "spontaneous thinking" OR "probe-caught" OR "probe catch" OR "self-caught" OR "self caught" OR “mental state” OR “attentional lapses” OR "questionnaire") AND  (english[lang]) AND  ("1980/01/01"[Date - Publication]: "3000"[Date - Publication])
Eligibility criteria. We included all studies that utilised experience-sampling probes of MB reports. We considered any instance in which people reported “blank mind,” “thinking of nothing,” “not thinking of anything,” or any instances in which the authors directly referred to the experience as an MB. We did not exclude any clinical or preclinical population, as the aim was to examine whether these populations deviate from neurotypical MB report rates. A study was included only if we could extract the probability of an MB report and the sample size. We excluded any studies that a) represented a re-analysis of an existing article in our database, b) did not provide MB frequency, or c) the definition of MB was too wide to be included in our analysis, d) the methodology deviated from that of an experience-sampling study using probes. For the systematic review, we also included all manuscripts that examined whether the MB report propensity would be altered across experimental conditions, regardless of whether the underlying MB report frequencies were provided or could be computed. For instance, this would include studies using the self-caught approach, in which the percentage of MB reports cannot be computed because there is no fixed sampling denominator.  
Data extraction and coding. Data was extracted by two independent researchers, PAB and AAD. In the first stage, duplicates were automatically identified and removed using Zotero. Next, in the screening phase, the database was further filtered to include only titles and abstracts containing keywords, such as MB or experience-sampling-relevant items, such as mind-wandering, attentional lapses, or spontaneous thinking. In the retrieval phase, both researchers scanned the entire text for mentions of MB-relevant keywords, such as “absence” or “thinking of nothing”. Finally, during the extraction phase, both researchers read the whole manuscripts and retained only articles that met our inclusion/exclusion criteria. After every extraction round (screening, retrieval, extraction), both reviewers compared their respective extracted databases. Any disagreements were resolved through discussion. A third researcher, AD, resolved any discrepancies by reading the full text.
PAB and AAD independently extracted information from the extraction database. Our primary estimate of interest was the MB report rate, expressed as the number of MB reports divided by the total number of experience-sampling reports. Before a study was excluded from the meta-analysis for not reporting MB rates, we contacted the study’s authors to request either the raw data or the MB rates. These studies were still included in the systematic review if they analysed MB as a distinct item and provided information on MB. If a study included multiple conditions or multiple sessions, we estimated one MB report rate per condition/session when data were provided. Study metadata included: a) number of participants, b) how MB was defined, c) how MB was presented to participants, d) whether MB was presented as a cohort of different experiences (not thinking of anything + no recall of immediate past thoughts) or one experience (my mind is blank), e) number of thought options, f) number of experience-sampling probes presented, g) total time of experience-sampling session in minutes (if absent, approximated from study design information), h) task setting, coded as a categorical variable with three levels: ecological, rest or task, representing whether MB was probes in everyday life, in the lab under free-thinking conditions or during task engagement, i) what task was used, if any and j) task complexity, coded as a categorical variable with two levels (more/less), following the classification scheme proposed in Randall et al. (2014). Given the high degree of heterogeneity in MB definitions across studies, and the fact that authors did not always clearly specify how MB was defined or presented to participants, we chose to cluster MB categories under representative approximate titles. Population level parameters included: a) age, coded as a categorical variable with three levels: children, adult, senior, based on how each study characterised their own population sample, b) clinical characterisation, coded as a categorical variable of three levels: neurotypical, preclinical and clinical, c) clinical symptomatology, coded as a categorical variable with the different diagnoses in the database. Arousal manipulations were categorised into baseline (no manipulation), sleep deprivation, and post-exercise. When a study included probes of vigilance levels (Andrillon et al., 2021; Corcoran et al., 2025) or the Karolina Sleepiness Scale (Stawarczyk et al., 2020; Stawarczyk & D’Argembeau, 2016), we estimated standardised mean differences at the contrast level (MB > task, MB > mind-wandering). Standardised mean differences were adjusted for small-sample bias by calculating effect sizes using the within-subjects version of Hedges’ g. Hedges’ g values were calculated by averaging each participant’s arousal ratings across all mental states and then estimating the effect size based on those within-subject averages. 
 Finally, as an exploratory analysis beyond our preregistration, we extracted information on the presence and modality of brain stimulation (TMS, tDCS), drug intake, the instructions to suppress thoughts and the type of presented probes (scale or forced-choice response). These factors were selected during database inspection as potential manipulations that would meaningfully alter MB report propensity.
Bayesian Hierarchical Modelling. We utilised a random-effects Bayesian approach to estimate the posterior MB report rate, as well as the within- and between-study heterogeneity (Gronau et al., 2021; Higgins et al., 2009; Röver, 2020; Verde, 2019). This hierarchical model consisted of two levels: at the first level, every observed report rate  was assumed to be an estimate of the true MB report rate . Therefore, every study originated from a normal distribution centred on the true response rate, scaled by the variance parameter . In the second level of the model, each study's true report rate  was modelled as being sampled from a higher-level distribution. This overarching distribution had a mean corresponding to the pooled effect across all studies and a variance  quantifying the between-study heterogeneity. The model contained weakly informative parameters. The mean parameter  was sampled from a normal distribution  and the  parameter was modelled as a Half-Cauchy distribution . We consider the Half-Cauchy distribution as an adequate prior, as it is a) positive, which fulfils the requirement of variance being a positive parameter, b) heavy-tailed, permitting large values while assuming that small variance parameters are more likely. The Bayesian model is defined as:




Meta-regressions were conducted by introducing covariates using linear modelling of the parameter, following the Bayesian linear modelling framework (McElreath, 2020). At the second level of the meta-regression, rather than assuming a common distribution for all ​, we allowed each study's true effect to vary systematically with observed covariates ​ (for example, number of available experience-sampling options). Specifically, we modelled ​ as being drawn from a normal distribution with a mean  and a between-study variance . The Bayesian model was defined as: 





All models were fit to the log-odds converted probabilities. Given that raw probability scores follow a bounded distribution at [0,1] and we anticipate MB report rates to be low, this raises the issue of log-odds-transformed uniform distribution U(0,1)tential overestimation of rate precision (Lipsey & Wilson, 2001). Therefore, we used the logit transformation of the raw probabilities, which follows an unbounded distribution. A benefit of this approach is that log odds and probabilities are interchangeable, and our posteriors could be expressed in either form. This improves model fit while retaining the interpretability of the posterior parameters. The standard error of the logit-transformed rate was estimated as:

	Heterogeneity was examined twofold. First, we estimated a Bayesian proxy of I2 as:

where reflects heterogeneity and  reflects study variance. I2 is the percentage of total variation in study results that is due to real differences between studies, rather than random sampling error.  Finally, we applied a leave-one-out approach to identify the studies that contributed most to the overall heterogeneity in the pooled estimate. Specifically, we iteratively generated subsets of the dataset, each excluding one study, and recalculated the between-study variance  for each subset. The difference between the original  and the recalculated  for each subset provided a measure of each study’s influence on heterogeneity, allowing us to rank the studies according to their contribution.
Model fit. We fit the models using a Markov Chain Monte Carlo No-U-Turn Sampler (MCMC-NUTS). MCMC is a class of algorithms for sampling from an unknown posterior distribution. The sampler uses a stochastic, random-walk procedure to draw samples from a random variable and then approximates the desired distribution by integrating the sum of the drawn samples (Harrison, 2010). The NUTS sampler is the mechanism of effective sample generation. As MCMC is sensitive to its tuning parameters, NUTS facilitates the sampling process by providing good candidate points in the distribution of the algorithm to sample (Hoffman & Gelman, 2011). For each model, we sampled 10,000 posterior draws, with a 2,000-sample tuning period. To assess model convergence, we sampled the posterior from four independent chains. We visually inspected the trace plots to identify any points where the sampler became stuck and retained only models with a scale reduction factor below 1.01.
Sensitivity analysis. We performed two sensitivity analyses to establish the potential influence of priors on parameter estimation. Firstly, we used a Student’s T distribution as the likelihood function. The t-distribution has heavier tails and therefore assigns higher probability to extreme values. As a result, extreme data points exert less influence on parameter estimation because they are less surprising.  Since our goal is to examine robustness to outliers, we utilised a t-distribution with 2 degrees of freedom. Secondly, we examined the influence of the theta parameter. The parametrisation focused on sampling from a logistic distribution L(0,1), which corresponds to a log-odds-transformed uniform distribution U(0,1). This places a realistic bound on what the model should anticipate as potential log-odds, since MB rates are constrained to [0,1].  
	Statistical Inference. We performed statistical inference on the model's posterior distributions by examining whether the 89% highest-density intervals (HDI) contained zero (Kruschke, 2014; McElreath, 2020). To test the equivalence of covariates, we utilised the ROPE (region of practical equivalence) approach. In the original preregistration, we specified a ROPE of [-0.1, 0.1] as the equivalence range. However, since the posteriors represent differences in log-odds, a more appropriate range is [-0.18, 0.18]. To be consistent with our inference approach, we also utilised the 89% HDI posterior region that falls within the ROPE, rather than the entire posterior. Therefore, if the 89% HDI posterior distribution lies entirely outside the ROPE, the parameter can be considered credibly different from the null, leading to a rejection of the null hypothesis. Conversely, if the posterior falls entirely within the ROPE, then the null hypothesis is accepted, as all the most plausible parameter values are deemed practically negligible. Finally, if the posterior overlaps the ROPE, the evidence is inconclusive, and no clear decision about the null hypothesis can be made. While we perform statistical inference on the posterior rather than point estimates, we also provide two sets of information about the model. First, regarding the posterior distribution, we report the evidence ratio (ER) for a directional hypothesis in the case of contrasts and a non-directional hypothesis in the case of regression betas, defined as the ratio of the posterior mass supporting an effect. For example, an ER of 10 indicates that the posterior assigns 10 times as much probability mass to the predicted direction as to its alternative. We additionally report the posterior probability (p-value) associated with this directional hypothesis. Then, regarding the model's predictive capacity, we provide the Watanabe–Akaike information criterion and leave-one-out cross-validation scores. Both approximate the out-of-sample predictive accuracy relative to a null model.
	Analysis strategy. We adopted a two-step analysis plan. First, we estimated a baseline, normative MB rate based on a subset of our database that did not introduce any manipulation that could potentially alter MB rates. Then, we added the target studies as covariates in the same model to test whether they differed from this baseline. Because of the random-effects structure, each study was treated as its own distribution. We assessed differences by comparing the posterior distributions of the target studies to the baseline.
Power calculations. To present how information from the posteriors could be informative for future study designs, we conducted simulation-based power calculations (DeBruine & Barr, 2021; Kumle et al., 2021). Specifically, we simulated a simple two-condition within-subjects design in which an experimental manipulation increased the MB report rate. We simulated binomial datasets for sample sizes ranging from 10 to 200, for a number of probes ranging from 30 to 50 and for effect sizes ranging from a log odds ratio of .35 to 1.85, following the formula:

where j denotes a subject and i denotes one experience-sampling probe. The random effects structure was approximated as  for both random intercepts and slopes, as present in Boulakis et al. (2025). The beta error was set at 0.05, consistent with registered report standards. The alpha error was set at 0.01, as p-values between 0.05 and 0.02 may provide evidence favouring the null hypothesis in high-powered studies, even when they indicate statistical significance (Lindley, 1957; Maier & Lakens, 2022) .
Software. Duplicate removal was automatically conducted using Zotero (https://www.zotero.org/). Extraction comparisons between PAB and AAD were conducted in Python using the numpy (Harris et al., 2020) and pandas (McKinney, 2010) libraries. All statistical analyses and visualisations were conducted in R (R Core Team, 2025).  Models were fit using brms (Bürkner, 2017). Posteriors were compared using emmeans (Lenth, 2025) and easystats (Lenth, 2025; Lüdecke et al., 2022).  Model simulations for the power calculations were conducted using lme4 (Bates et al., 2015). The accompanying GitLab repository (https://gitlab.uliege.be/poc/mb-meta-analysis) contains a reproducible renv (Ushey & Wickham, 2026) environment with all the dependencies to automatically replicate our analyses.
Results
	A full summary of the search strategy is shown in the PRISMA flow diagram in Figure 1. Database query for combinations of “mind blanking” and “experience-sampling” terms resulted in 1666 articles. After duplicate removal (n=399), through an iterative process of screening and discussion, two authors independently agreed on 63 articles for the systematic review and 59 articles for the meta-analysis based on their full content. The items included in the systematic review but not the meta-analysis were either re-analysis (Boulakis et al., 2023; Mortaheb et al., 2022; Munoz-Musat et al., 2025) or we could not estimate MB report rates (Garg et al., 2025).
[image: ]
Figure 1. PRISMA flow diagram of literature search results. We queried 6 databases (PubMed, Google Scholar, Scopus, PsycINFO, BioRxiv, PsyArXiv) and the ULiège library for articles containing mind blanking reports during experience-sampling. An initial search yielded 1666 articles. A total of 59 studies were deemed eligible and are included in the current meta-analysis. For the systematic review, we also included all manuscripts that employed MB probes, regardless of whether they represented re-analyses of prior MB studies or whether MB report rates could not be extracted (n = 63).
In total, across all experiments, sessions, and conditions in these 59 studies, we extracted 151 MB rates, spanning ~8500 individuals and ~240000 experience-sampling probes. Detailed characteristics of the meta-analytic database are presented in Table 1. Of the studies that defined MB or provided key MB characteristics, there was wide heterogeneity in how MB was defined, with “no reportable content” being the most frequent, representing 21% of the studies, followed by “absence of thought” (19%) and “lack of conscious awareness” (11%) (Supplementary Figure S1a). While most definitions expressed some form of absence of reportable content, a subset of them referred to MB as absence of attention (“not paying attention to anything” = 5%) or memory (“lack of memory” = 3%). The way MB was explained to participants was less heterogeneous, with most presentations opting for “my mind was blank” (34%) (Supplementary Figure S1b). Similar to MB definitions, MB presentations extended past descriptions of no thought to attention (“I was not focused on the task” = 11%, “I zoned out” = 2.2%), memory (“I don’t remember” = 2.2%) or sleepiness (“I’m drowsy” = 2.2%). Finally, our meta-analysis spanned a wide range of experimental paradigms across tasks, task settings, and experience-sampling configurations. The database primarily contained studies in which participants performed a task (85%), with the remaining studies conducted either at rest in the laboratory (6.6%) or in ecological settings (8.3%).  
Table 1. MB report rate meta-analytic database
	Article
	Exp/Sess.
	Definition
	Presentation
	N Subjects
	MB Rate
	N Probes
	N Options
	Duration (mins)[footnoteRef:1] [1:  When the duration of the experience-sampling session was not directly stated in the manuscript, we approximated the duration of the session by considering the number of trials and the duration of each trial. We did not allow for a buffer time for experience-sampling probes. ] 

	Setting
	Task
	Complexity
	Age
	Clinical
	Arousal
	Stimulation

	Aasen,(2025)
	1a
	moments with no content
	not focused on task
not thinking of anything
	34
	0.378
	25
	scale
	25
	task
	FT-RSGT
	less
	adult
	neurotypical
	sleep deprivation
	

	
	1b
	
	
	34
	0.144
	25
	scale
	25
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	

	Adam,(2020)
	1a
	not focused on anything
	zoned out
	23
	0.193
	18
	3
	26
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	
	1b
	
	
	23
	0.065
	18
	3
	26
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	Alexandersen,(2025)
	1a
	
	not focused on task
not thinking of anything
	30
	0.086
	44
	scale
	44
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	rTMS-sham

	
	1b
	
	
	30
	0.102
	44
	scale
	44
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	rTMS-iTBS

	
	1c
	
	
	30
	0.077
	44
	scale
	44
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	rTMS-cTBS

	Anderson,(2019)
	1
	
	not thinking of anything
not focused on task
	61
	0.1
	30
	7
	
	ecological
	Ecological
	
	adult
	neurotypical
	
	

	
	2
	
	
	122
	0.09
	30
	7
	
	ecological
	Ecological
	
	adult
	neurotypical
	
	

	Andrillon,(2021)
	1a
	feeling of empty mind
lack of conscious awareness
absence of mental activity
	focusing on nothing, don’t remember
	26
	0.127
	30
	4
	40.5
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	
	1b
	
	
	26
	0.119
	30
	4
	40.5
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	Beikmohamadi,(2024)
	1
	no reportable content
	
	292
	0.11
	36
	5
	20
	task
	SART
	less
	adult
	neurotypical
	
	

	Bertschi,(2025)
	1
	
	my mind was blank
	30
	0.064
	
	5
	30
	task
	CPT
	less
	adult
	neurotypical
	vigilance
	

	Boulakis,(2025)
	1
	no reportable content
	not thinking of anything
	38
	0.1
	40
	4
	50
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	Boulakis,(2025)
	1a
	thinking of nothing
	thinking of nothing
	26
	0.2
	40
	4
	80
	rest
	Rest
	
	adult
	neurotypical
	sleep deprivation
	

	
	1b
	
	
	26
	0.106
	40
	4
	80
	rest
	Rest
	
	adult
	neurotypical
	post exercise
	

	
	1c
	
	
	26
	0.124
	40
	4
	80
	rest
	Rest
	
	adult
	neurotypical
	
	

	Burdett,(2018)
	1
	
	
	11
	0.18
	52
	
	
	ecological
	Ecological
	
	adult
	neurotypical
	
	

	Corcoran,(2025)
	1a
	absence of thought
	focusing on nothing
don’t remember
	40
	0.139
	30
	4
	40.5
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	
	1b
	
	
	40
	0.147
	30
	4
	40.5
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	Drevland,(2025)
	1a
	no reportable content
	
	40
	0.314
	44
	scale
	44
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	rTMS-sham

	
	1b
	
	
	40
	0.327
	44
	scale
	44
	task
	FT-RSGT
	less
	adult
	neurotypical
	
	rTMS-cTBS

	Flicker,(2025)
	1
	
	my mind was blank
not thinking of anything
	95
	0.263
	4
	5
	20
	task
	Colouring
	less
	adult
	neurotypical
	
	

	Huijser,(2020)
	1
	
	not paying attention
not thinking of anything
	34
	0.023
	48
	6
	35
	task
	SART
	less
	adult
	neurotypical
	
	

	Jin,(2019)
	1
	
	not paying attention
not thinking of anything
	18
	0.049
	54
	6
	
	task
	Various
	
	adult
	neurotypical
	
	

	Kawagoe,(2019)
	1
	lack of conscious awareness
not paying attention to anything
not aware of stimuli
	my mind was blank
	29
	0.32
	15
	4
	10
	task
	Thought Silence
	less
	adult
	neurotypical
	
	

	Kiss,(2024)
	1a
	
	not alert
my mind was blank
	106
	0.042
	30
	4
	25
	task
	PVT
	less
	adult
	neurotypical
	vigilance
	

	
	
	
	
	106
	0.061
	30
	4
	25
	task
	PVT
	less
	adult
	neurotypical
	vigilance
	

	
	
	
	
	77
	0.051
	30
	4
	25
	task
	PVT
	less
	adult
	neurotypical
	vigilance
	

	
	
	
	
	77
	0.058
	30
	4
	25
	task
	PVT
	less
	adult
	neurotypical
	vigilance
	

	Koroma,(2023)
	1a
	moments with no content
reduced awareness
absence of thought
lack of memory
	an empty mind
thinking of nothing
no memory of content
	20
	0.16
	40
	3
	30
	rest
	Rest
	
	senior
	neurotypical
	
	

	
	1b
	
	
	20
	0.21
	40
	3
	30
	rest
	Rest
	
	adult
	neurotypical
	
	

	Madiouni,(2020)
	1a
	
	absence of thought content
an empty mind
	25
	0.094
	30
	5
	25
	task
	SART
	less
	adult
	ADHD
	vigilance
	

	
	1b
	
	
	28
	0.026
	30
	5
	25
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	McCormick,(2018)
	1a
	
	
	6
	0.09
	20
	
	
	ecological
	Ecological
	
	adult
	HippoDamage
	
	

	
	1b
	
	
	12
	0.02
	20
	
	
	ecological
	Ecological
	
	adult
	neurotypical
	
	

	Miller,(2025)
	1a
	not focused on anything
absence of thought
	not alert
my mind was blank
	63
	0.004
	18
	5
	16
	task
	Delayed Free Recall
	more
	adult
	neurotypical
	
	

	
	1b
	
	
	61
	0.01
	18
	5
	16
	task
	Delayed Free Recall
	more
	senior
	neurotypical
	
	

	
	2a
	
	
	108
	0.045
	27
	5
	25
	task
	Delayed Free Recall
	more
	adult
	neurotypical
	
	

	
	2b
	
	
	108
	0.02
	27
	5
	25
	task
	Delayed Free Recall
	more
	senior
	neurotypical
	
	

	Ortega,(2025)
	1
	lack of conscious awareness
	not thinking of anything
	116
	0.076
	42
	3
	
	ecological
	Ecological
	
	adult
	neurotypical
	
	

	Pinggal,(2026)
	1a
	absence of thought
thinking of nothing
	thinking of nothing
	31
	0.106
	40
	4
	52
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	
	1b
	
	
	32
	0.182
	40
	4
	52
	task
	SART
	less
	adult
	ADHD
	vigilance
	

	Robison,(2017)
	2a
	
	not alert
my mind was blank
	171
	0.117
	10
	5
	
	task
	Antisaccade
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	171
	0.085
	15
	5
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	Robison,(2018)
	1b
	
	not alert
my mind was blank
	205
	0.12
	11
	6
	
	task
	Antisaccade
	less
	adult
	neurotypical
	
	

	
	1c
	
	
	203
	0.08
	21
	6
	
	task
	Stroop
	less
	adult
	neurotypical
	
	

	Robison,(2019)
	1a
	
	not focused on task
not thinking of anything
zoned out
my mind was blank
	29
	0.08
	45
	5
	30
	task
	SART
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	34
	0.09
	90
	5
	30
	task
	SART
	less
	adult
	neurotypical
	
	

	
	2
	
	
	29
	0.09
	45
	5
	25
	task
	SART
	less
	adult
	neurotypical
	
	

	
	3a
	
	
	29
	0.04
	75
	6
	25
	task
	SART
	less
	adult
	neurotypical
	
	

	
	3b
	
	
	30
	0.08
	75
	6
	25
	task
	SART
	less
	adult
	neurotypical
	
	

	
	3c
	
	
	29
	0.07
	75
	6
	25
	task
	SART
	less
	adult
	neurotypical
	
	

	Robison,(2019)
	2
	
	my mind was blank
	33
	0.07
	8
	6
	30
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	
	3a
	
	
	38
	0.18
	
	6
	30
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	
	3b
	
	
	38
	0.13
	8
	6
	30
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	Robison,(2020)
	1a
	not paying attention to anything
absence of thought
not aware of stimuli
	my mind was blank
	305
	0.09
	10
	6
	8
	task
	Digit React
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	313
	0.13
	5
	6
	9
	task
	Breath Count
	less
	adult
	neurotypical
	
	

	
	1c
	
	
	332
	0.09
	15
	6
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1d
	
	
	331
	0.04
	5
	6
	12
	task
	Reading Span
	more
	adult
	neurotypical
	
	

	
	1e
	
	
	328
	0.12
	4
	6
	7.5
	task
	n-back (1)
	less
	adult
	neurotypical
	
	

	
	1f
	
	
	328
	0.16
	4
	6
	7.5
	task
	n-back (3)
	more
	adult
	neurotypical
	
	

	
	1g
	
	
	324
	0.15
	2
	6
	7.5
	task
	Visual Search
	more
	adult
	neurotypical
	
	

	
	1h
	
	
	324
	0.14
	2
	6
	7.5
	task
	Visual Search
	less
	adult
	neurotypical
	
	

	Robison,(2021)
	2a
	
	my mind was blank
	88
	0.135
	20
	5
	16
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	85
	0.093
	20
	5
	16
	task
	PVT
	less
	adult
	pain
	
	

	Robison,(2021)
	1a
	
	my mind was blank
	35
	0.106
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	34
	0.093
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1c
	
	
	35
	0.094
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2a
	
	
	35
	0.061
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	37
	0.112
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2c
	
	
	34
	0.103
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2d
	
	
	33
	0.091
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3a
	
	
	38
	0.065
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3b
	
	
	37
	0.076
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3c
	
	
	36
	0.075
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4a
	
	
	31
	0.123
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4b
	
	
	28
	0.088
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4c
	
	
	31
	0.097
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4d
	
	
	31
	0.121
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4e
	
	
	35
	0.114
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	Robison,(2022)
	1a
	
	not alert
my mind was blank
i'm drowsy
	60
	0.172
	30
	5
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	62
	0.046
	30
	5
	30
	task
	PVT
	less
	senior
	neurotypical
	
	

	Robison,(2022)
	1a
	
	my mind was blank
	256
	0.112
	16
	5
	10
	task
	Change Detection
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	257
	0.119
	16
	5
	15
	task
	PVT
	less
	adult
	neurotypical
	
	

	Robison,(2022)
	2a
	
	my mind was blank
	151
	0.122
	18
	5
	20
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	151
	0.108
	18
	5
	20
	task
	PVT
	less
	adult
	neurotypical
	
	

	Sakuragi,(2024)
	1
	thinking of nothing
no reportable content
not aware of stimuli
	thinking of nothing
	96
	0.066
	40
	6
	30
	task
	Vigilance
	less
	adult
	neurotypical
	
	

	Sakuragi,(2025)
	1
	absence of thought
	absence of thought content
	32
	0.162
	15
	8
	27.5
	task
	Sound Attention
	less
	adult
	neurotypical
	
	

	Shinagawa,(2023)
	1
	
	not concentrating on thoughts
	28
	0.036
	20
	
	22.5
	task
	SART
	less
	adult
	neurotypical
	
	

	Simor,(2025)
	1
	
	not focused on task
not thinking of anything
	37
	0.14
	30
	scale
	
	task
	ASRT
	less
	adult
	neurotypical
	
	

	Stawarcyzk,(2016)
	1
	
	not thinking of anything
not focused on task
my mind was blank
absence
	95
	0.035
	28
	5
	23.5
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	Stawarcyzk,(2020)
	1
	
	not thinking of anything
not focused on task
my mind was blank
absence
	33
	0.044
	30
	5
	30
	task
	SART
	less
	adult
	neurotypical
	vigilance
	

	Torres,(2024)
	1a
	
	my mind was blank
	67
	0.082
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-A

	
	1b
	
	
	67
	0.085
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-C

	
	1c
	
	
	67
	0.075
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-sham

	
	2a
	
	
	20
	0.144
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-A

	
	2b
	
	
	20
	0.165
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-sham

	
	3a
	
	
	20
	0.075
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-C

	
	3b
	
	
	20
	0.058
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-sham

	
	4a
	
	
	20
	0.108
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-A

	
	4c
	
	my mind was blank
	20
	0.098
	24
	5
	25
	task
	PVT
	less
	adult
	neurotypical
	
	TDCS-C

	Unsworth,(2016)
	1
	
	not alert
my mind was blank
i'm drowsy
	37
	0.2
	30
	5
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2018)
	1
	
	
	35
	0.21
	30
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2018)
	1a
	
	not alert, my mind was blank
	152
	0.12
	15
	5
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	157
	0.17
	12
	5
	
	task
	Stroop
	less
	adult
	neurotypical
	
	

	
	2
	
	
	28
	0.18
	30
	5
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3
	
	
	71
	0.14
	30
	7
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4a
	
	
	39
	0.08
	23
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	4b
	
	
	42
	0.16
	23
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2019)
	1a
	
	not alert, my mind was blank
	204
	0.12
	11
	5
	
	task
	Antisaccade
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	204
	0.08
	12
	5
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2021)
	1a
	
	my mind was blank
	356
	0.09
	15
	5
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	328
	0.2
	8
	5
	
	task
	Discrete Whole Report
	more
	adult
	neurotypical
	
	

	
	1c
	
	
	357
	0.05
	12
	5
	
	task
	Stroop
	less
	adult
	neurotypical
	
	

	
	1d
	
	
	341
	0.16
	21
	5
	6
	task
	SART
	less
	adult
	neurotypical
	
	

	Unsworth,(2021)
	1
	
	my mind was blank
	169
	0.1
	1
	6
	0.5
	rest
	Rest
	
	adult
	neurotypical
	
	

	Unsworth,(2022)
	1
	
	my mind was blank
	82
	0.1
	20
	6
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2024)
	1a
	
	my mind was blank
	175
	0.14
	11
	5
	
	task
	Antisaccade
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	175
	0.12
	12
	5
	3
	task
	Flanker
	less
	adult
	neurotypical
	
	

	
	2a
	
	
	320
	0.12
	11
	5
	
	task
	Antisaccade
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	320
	0.1
	12
	5
	3
	task
	Flanker
	less
	adult
	neurotypical
	
	

	Unsworth,(2025)
	1a
	
	my mind was blank
	45
	0.07
	4
	5
	2
	task
	Cue Recall
	more
	adult
	neurotypical
	
	

	
	1b
	
	
	45
	0.04
	4
	5
	2
	task
	Cue Recall
	more
	adult
	neurotypical
	
	

	
	2a
	
	
	65
	0.05
	4
	5
	2
	task
	Cue Recall
	more
	adult
	neurotypical
	
	

	
	2b
	
	
	66
	0.07
	4
	5
	2
	task
	Cue Recall
	more
	adult
	neurotypical
	
	

	
	3a
	
	
	41
	0.01
	4
	5
	2
	task
	Recognition
	more
	adult
	neurotypical
	
	

	
	3b
	
	
	41
	0.02
	4
	5
	2
	task
	Recognition
	more
	adult
	neurotypical
	
	

	Unsworth,(2025)
	1a
	
	my mind was blank
	39
	0.12
	10
	5
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	1b
	
	
	40
	0.08
	10
	5
	30
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2a
	
	
	37
	0.14
	30
	5
	
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	2b
	
	
	42
	0.08
	30
	5
	
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3a
	
	
	36
	0.14
	30
	5
	
	task
	PVT
	less
	adult
	neurotypical
	
	

	
	3b
	
	
	38
	0.17
	30
	5
	
	task
	PVT
	less
	adult
	neurotypical
	
	

	Unsworth,(2020)
	1
	
	my mind was blank
	319
	0.09
	15
	6
	10
	task
	PVT
	less
	adult
	neurotypical
	
	

	Van Calster,(2017)
	1
	
	
	9
	0.032
	40
	
	30
	rest
	Rest
	
	adult
	neurotypical
	
	

	
	2
	
	
	40
	0.065
	50
	4
	53
	rest
	Rest
	
	adult
	neurotypical
	
	

	Van den Driessche,(2017)
	1a
	no reportable content
	not focused on task
not think of anything
an empty mind
	20
	0.192
	32
	5
	60
	task
	SART
	less
	children
	N-ADHD
	
	

	
	1b
	
	
	20
	0.11
	32
	5
	60
	task
	SART
	less
	children
	T-ADHD
	
	

	
	1c
	
	
	20
	0.081
	32
	5
	60
	task
	SART
	less
	children
	various
	
	

	
	1d
	
	
	20
	0.08
	32
	5
	60
	task
	SART
	less
	children
	neurotypical
	
	

	
	2a
	
	
	15
	0.144
	32
	5
	60
	task
	SART
	less
	adult
	ADHD
	
	

	
	2b
	
	
	25
	0.06
	32
	5
	60
	task
	SART
	less
	adult
	neurotypical
	
	

	Van den Driessche,(2025)
	1
	absence of focus
no reportable content
	
	30
	0.048
	10
	5
	15
	task
	CRT
	less
	adult
	neurotypical
	
	

	Vékony,(2025)
	1
	no reportable content
	not focused on task
not thinking of anything
	240
	0.157
	30
	scale
	
	task
	CTT
	more
	adult
	neurotypical
	
	

	Vékony,(2025)
	1
	no reportable content
	not focused on task,
not thinking of anything
	135
	0.139
	25
	scale
	
	task
	ASRT
	less
	adult
	neurotypical
	
	

	Ward,(2013)
	1
	lack of conscious awareness
not aware of stimuli
	not thinking of anything
my mind was blank
	23
	0.145
	6
	1
	45
	task
	Reading
	more
	adult
	neurotypical
	
	

	
	3
	
	
	143
	0.123
	10
	1
	30
	ecological
	Reading
	more
	adult
	neurotypical
	
	

	Welhaf,(2025)
	1a
	
	my mind was blank
	349
	0.02
	5
	4
	5.5
	task
	SART
	less
	senior
	neurotypical
	
	

	
	1b
	
	
	155
	0.04
	5
	4
	5.5
	task
	SART
	less
	senior
	neurotypical
	
	

	Wiggs,(2024)
	1
	
	not thinking of anything
my mind was blank
	54
	0.103
	32
	5
	60
	task
	SART
	less
	children
	neurotypical
	
	

	Note. Experiments are denoted by numbers. Different sessions / groups / tasks are denoted by lettering. SART = sustained attention to response task (Robertson et al., 1997), ASRT = alternating serial reaction task (Farkas et al., 2024), CTT = cognitive trade-off task (Vekony et al., 2025), PVT = psychomotor vigilance task (Dinges & Powell, 1985), FT-RSGT = finger tapping random sequence generation (Boayue et al., 2021), CPT = continuous performance task (Rosenberg et al., 2013), TDCS-A = transcranial direct current stimulation – anodal at F4, TDCS-C = transcranial direct current stimulation – anodal at P10, rTMS-cTBS = repeated transcranical magnetic stimulation – continuous theta burst stimulation, rTMS-iTBS = repeated transcranical magnetic stimulation – intermittent theta burst stimulation



Baseline MB model. First, we defined a baseline model of MB rates. The baseline model contained studies that did not utilise a) an arousal manipulation, b) a stimulation (TDCS/TMS) to alter thought frequency, c) a clinical population, d) drug intake, e) an experimental manipulation that directly alters the stream of thought, such as intentional thought-silencing. All these parameters were iteratively introduced into the meta-regression models at a later stage of the analysis to assess whether they differed from the baseline model. Therefore, our strategy was first to specify a normative, baseline level of MB occurrence and, second, to see whether different manipulations would deviate from this normative rate. 
The baseline model contained 129 MB rates across 58 studies. The meta-analysis indicated that MB occurs at a rate of 10.5%, HDI89 = [9.5, 11.6] (Figure 2a,b). There was a low amount of within-study heterogeneity ( = 0.27, HDI89 = [0.2, 0.36],  = 17.8%) (Figure 2c) and low to moderate amount of between-study heterogeneity ( = 0.32, HDI89 = [0.17, 046],  = 24.7%) (Figure 2d). Individual posterior estimates, collapsed across articles, can be found in Supplementary Figure S2.  We further investigated the contribution of individual studies to between-study heterogeneity. To do so, we conducted a leave-one-out analysis in which each study was sequentially removed from the dataset, and the model was refitted. For each reduced dataset, we quantified the change in estimated between-study heterogeneity relative to the full dataset. This procedure enabled us to rank studies by their contribution to overall heterogeneity. Looking at the rates that showed the largest decrease in heterogeneity, we can see that they indeed represent studies with either very large or very small MB report rate (Drevland et al., 2025; Kiss & Linnell, 2024; Miller & Castel, 2025; Welhaf et al., 2025). 
Sensitivity analysis. We tested two different prior parameterisations. Instead of a normal prior, we used a Student’s T distribution, which is more robust to outliers and less prone to shrinkage. We found similar rates (MB rate = 10.4%, HDI89 = [9.3, 11.5],  = 0.27, HDI89 = [0.2, 0.36],  = 0.32, HDI89 = [0.17, 0.46]). Additionally, we tested a more plausible prior by sampling from a logistic distribution, which is equivalent to drawing values uniformly from the interval [0,1] and applying the logit transform. This did not affect our estimate (MB rate = 10.4%, HDI89 = [9.4, 11.5],  = 0.27, HDI89 = [0.19, 0.36],  = 0.32, HDI89 = [0.17, 0.46]). 

[image: ]
Figure 2. Mind blanking (MB) during probed experience-sampling represents 10% of total probes. We conducted a Bayesian random-effects meta-analysis to establish a baseline estimate of MB frequency. The model was fit on log-odds–transformed MB probabilities. To ensure this baseline was not biased by experimental manipulations, we restricted the analysis to studies that did not alter the arousal state of participants, apply any form of TMS/tDCS stimulation, include clinical populations, administer pharmacological agents, or implement experimental manipulations directly affecting the stream of thought, such as thought silencing. All results are presented on the back-transformed probability scale to facilitate interpretation. a) Posterior distribution of MB probabilities during probe-caught experience-sampling (10.5%, HDI89 = [9.5, 11.6]). b) Empirical cumulative density function of distribution (ECDF). The dashed, red line indicates the posterior median, and the shaded grey area represents 89% HDI. c) Posterior distribution of within-study heterogeneity ( = 0.27, HDI89 = [0.2, 0.36]). d) Posterior distribution of between-study heterogeneity ( = 0.32, HDI89 = [0.17, 0.46]). Overall, we observed low to moderate heterogeneity. Note. Interval line plots indicate median (point) and 89% HDI (line span). HDI = highest density interval.
Experience-sampling parameters meta-regression. Having established a baseline for how frequently MB occurs, we set out to examine whether the MB report rate varies with population and experience-sampling parameters. Model comparisons relative to the null using Bayesian Factors are provided in Supplementary Table S2. Control analyses using only the adult populations are provided in Supplementary Table S3, however, results remained consisted across populations. All results represent posterior marginal log-odds distributions over the fixed effects, as estimated by the model. 
[image: ]
Figure 3. Metaregressions of experience-sampling parameters on mind-blanking (MB) report rates. We introduced moderators into our baseline Bayesian model to examine whether they influence how frequently seniors report MB. a) We found strong evidence that seniors report MB less frequently than other age groups. b) Presenting MB as one unique item (not thinking of anything) or multiple items (not thinking of anything, no recall) did not affect MB report rate. c) We did not observe any differences in MB reports across laboratory or ecological sampling. d) Task complexity did not alter how frequently reported MB. e) Marginal posterior distributions of MB report rate across different psychological tasks. Tasks are ranked by their associated MB rate, from lowest (top) to highest (bottom). f) We did not find any evidence for a substantial effect of the number of experience-sampling probes on MB. g) Similarly, we found no evidence for any effect of the number of available options to choose from (i.e., on-task, off-task, MB [n options=3] vs on-task, task-related interference, external distraction, mind-wandering, MB [n options=5]). h) MB report rate does not appear to alter across the duration of experience-sampling sessions. i) Sampling density, defined as the number of probes divided by the duration of the session they were presented, did not show a relationship with MB report rate. Note. Green shaded areas indicate a ROPE region at [-0.18, 0.18]. Black dashed lines indicate the boundaries of the ROPE region. The red dashed lines indicate a log-odds difference of 0. Interval line plots indicate median (point) and 89% HDI (line span). CRT = choice response task; SART = sustained attention to response task; CPT = continuous performance task; FT-RSGT = finger-tapping random sequence generation task; PVT = psychomotor vigilance task; DWR = discrete whole report; ASRT = alternating serial reaction time; VS = visual search; CTT = cognitive trade-off task; HDI = highest density interval.
First, we found that seniors report less overall MB compared to adults (EMMdiff = -1.04, HDI89 = [-1.47, -0.59], ER = 7999, p = 1, %ROPE = 0) and children (EMMdiff = -0.81, HDI89 = [-1.59, -0.02], ER = 19.2, p = 0.95, %ROPE = 5.14). The posterior difference between adults and children included zero (EMMdiff = -0.23, HDI89 = [-0.91, 0.46], ER = 2.34, p = 0.7, %ROPE = 31.87) (Figure 3a). We found no differences in whether MB was presented as one concept (i.e., thinking of nothing) vs multiple (i.e., thinking of nothing + no recall) (EMMdiff = -0.03, HDI89 = [-0.27, 0.2], ER = 1.44, p = 0.6, %ROPE = 86.62) (Figure 3b). We found no evidence for effects for task setting either (ecological vs task: EMMdiff = -0.04, HDI89 = [-0.47, 0.39], ER = 0.53, p = 0.35, %ROPE = 38.94; ecological vs rest: EMMdiff = -0.15, HDI89 = [-0.74, 0.45], ER = 0.78, p = 0.44, %ROPE = 55.67; rest vs task: EMMdiff = 0.1, HDI89 = [-0.33, 0.61], ER = 1.76, p = 0.64, %ROPE = 49.06). We also found no support for an effect of task complexity on MB frequency (EMMdiff = -0.06, HDI89 = [-0.22, 0.31], ER = 0.59, p = 0.37, %ROPE = 78.08) (Figure 3d). The full task posterior ranking, from the least to the most frequent in reporting MB, is shown in Figure 3e. When looking for probe-specific effects,  the number of probes presented across the sampling session (b=0, HDI89 = [-0.01, 0.1], ER=0.004, p=0), the number of experience-sampling options presented (b=0.02, HDI89 = [-0.08, 0.12], ER=0.07, p=.06), the duration of the experience-sampling session (b=0, HDI89 = [0, 0.01], ER=0.09, p=.01) and sampling density  (b=-0.05, HDI89 = [-0.18, 0.09], ER=0.1, p=.09) did not show evidence for an effect (Figure 3f-i). 
Exploratory analysis 1. One study (Kawagoe et al., 2019) asked participants to try and empty their minds instead of capturing spontaneously occurring blanks, reaching an MB report rate of 32%. This represents a case of deliberate MB or thought silencing, in which participants continuously monitor and suppress their thoughts. The study of Kawagoe et al. (2019) did include an experience-sampling condition of spontaneous MB; therefore, there was no way to examine whether deliberate and spontaneous MB differ in frequency. In our case, we refit the baseline model by including this study as a unique categorical predictor. We aimed to examine whether this novel data point would represent a sufficiently surprising observation under the normative model. We found strong evidence that this manipulation greatly increased the number of MB occurrences (EMMdiff = 1.4, HDI89 = [0.45, 2.34], ER = 107, p = 0.99, %ROPE = 0) (Supplementary Figure S3). 
Exploratory analysis 2. A subset of studies opted to use a series of questions rather than forced-choice response categories, such as MB, mind-wandering or on-task engagement (Aasen et al., 2025; Alexandersen et al., 2025; Drevland et al., 2025; Simor et al., 2025; Vekony et al., 2025; Vékony et al., 2025). These questions probed participants’ subjective experience using Likert scales regarding their attentional focus and the degree to which they experience content. On this 4-point Likert scale,  an MB is defined as any response ≤ 2 in task orientation and content specificity. Upon inspection of our database, we observed that these scales lead to increased MB rates (for example, Drevland et al.(2025) suggest an MB rate of 31%). Following the approach described above, we examined whether these Likert scales were associated with an increased MB rate. We found strong evidence that using such scales greatly increased the number of MB occurrences (EMMdiff = 0.55, HDI89 = [0.18, 0,92], ER = 99, p = 0.99, %ROPE = 0.2) (Supplementary Figure S4). 
Arousal metaregression. We found two studies that sampled MB under different arousal states, namely sleep deprivation and post-exercise (Aasen et al., 2025; Boulakis et al., 2025) and eight studies that presented vigilance probes alongside mental state probes (Andrillon et al., 2021; Boulakis, Kusztor, et al., 2025; Corcoran et al., 2025; Kiss & Linnell, 2024; Madiouni et al., 2020; Pinggal et al., 2026; Stawarczyk et al., 2020; Stawarczyk & D’Argembeau, 2016). For arousal states, we introduced them into the baseline model and examined their differences relative to baseline MB levels. We found strong evidence that sleep deprivation increases MB (EMMdiff = 1.03, HDI89 = [0.46, 1.62], ER = 326, p = 1, %ROPE = 0). We did not find support for exercise (EMMdiff = 0.24, HDI89 = [-0.68, 1.17], ER = 1.97, p = 0.66, %ROPE = 25.33) (Figure 4a). While the latter analysis might appear to be a direct re-analysis of a previous study (Boulakis et al., 2025)our normative MB rate is a cross-study estimate and therefore less prone to potential sampling variability. Regarding vigilance, we extracted Hedge’s g for the contrasts [MB > being on task] and [MB > mind-wandering] and fit the meta-analytic model. MB was linked to reduced vigilance compared to both task engagement (Hedge’s g = -1.11, HDI89 = [-1.3, -0.91], ER = Inf, p = 1, %ROPE = 0) and mind-wandering (Hedge’s g = -0.19, HDI89 = [-0.36, -0.03], ER = 33.1, p = 0.97, %ROPE = 12.34) (Figure 4b). It should be reiterated that for posterior HDI within the ROPE, we cannot rule out the possibility that the effect size may be practically equivalent to null. 
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Figure 4. Metaregressions of arousal link mind blanking (MB) to reduced arousal. a) We found strong evidence that sleep deprivation (SD) increases MB report rate. We did not find any support for exercise-related changes. b) MB was associated with reduced experienced vigilance, both relative to task engagement and to mind-wandering. Green-shaded areas indicate a ROPE region at [-0.18, 0.18]. Blue-shaded areas indicate a ROPE region at [-0.1,0.1]. Note. Black dashed lines indicate the boundaries of the ROPE region. The red dashed lines indicate a log-odds difference of 0. Interval line plots indicate median (point) and 89% HDI (line span). HDI = highest density interval; SD = sleep deprivation; MB = mind blanking; MW = mind-wandering; ON = on-task engagement. 
Clinical population metaregression. Our database included three studies with an ADHD population (Madiouni et al., 2020; Pinggal et al., 2026; Van den Driessche et al., 2017) and one study with hippocampal damage (McCormick et al., 2018). Given the low number of studies, here we combined studies from both adults and children. For ADHD, we included only studies with a clear categorical distinction between diagnosed and non-diagnosed individuals, excluding those that relied solely on continuous self-reported ADHD measures in undergraduate students (Beikmohamadi & Meier, 2024). Overall, we did not observe strong evidence for any clinical population. ADHD showed the largest effect, with a large overall shift in the posterior distribution toward more frequent MB, yet the HDI includes zero (EMMdiff = 0.45, HDI89 = [-0.1, 1.02], ER = 9.15, p = 0.9, %ROPE = 18.22) (Figure 5).  We did not observe any evidence for hippocampal damage increasing MB (EMMdiff = 0.15, HDI89 = [-1.07, 1.37], ER = 1.37, p = 0.58, %ROPE = 20.64) (Figure 5).  
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Figure 5. Metaregressions of clinical diagnosis do not provide strong support for a relationship with mind blanking (MB). Across ADHD and hippocampal damage, the posterior distributions included zero, indicating substantial uncertainty around the estimated effects. Although the ADHD group showed an overall increase in MB (ER = 9.15), the posterior distribution was wide, precluding strong inference. Green-shaded areas indicate a ROPE region of [-0.18, 0.18]. Note. Black dashed lines indicate the boundaries of the ROPE region. The red dashed lines indicate a log-odds difference of 0. Interval line plots indicate median (point) and 89% HDI (line span). HDI = highest density interval; ER = evidence ratio; ADHD = Attention-deficit/hyperactivity disorder; NT=neurotypical
Exploratory analysis 3: : A subset of studies applied TMS (Alexandersen et al., 2025; Drevland et al., 2025) or tDCS (Torres et al., 2024) brain stimulation to examine shifts in mind-wandering propensity. We did not observe any evidence that either TMS (stimulation site: left Angular Gyrus, intermittent theta burst stimulation: EMMdiff = 0.17, HDI89 = [-0.74, 1.08], ER = 1.59, p = 0.61, %ROPE = 26.58, continuous theta burst stimulation: EMMdiff = 0.46, HDI89 = [-0.19, 1.11], ER = 6.68, p = 0.87, %ROPE = 21.33) or tDCS (stimulation site: trigeminal nerve, Anode at F4: EMMdiff = 0.02, HDI89 = [-0.62, 0.65], ER = 1.07, p = 0.52, %ROPE = 39.07, Anode at P10: EMMdiff = -0.13, HDI89 = [-0.79, 0.53], ER = 0.62, p = 0.38, %ROPE = 36.7) successfully altered MB report rate (Supplementary Figure S5).
Exploratory analysis 4: Finally, we identified one study that administered THC and reported an MB rate of 19% (Adam et al., 2020). Similarly to the thought-silencing instruction, we introduced it as a categorical variable and examined whether it separated from the baseline model. Although there was an increase in MB, the posterior contrast included zero, and we cannot make an inference claim (EMMdiff = 0.55, HDI89 = [-0.34, 1.43], ER = 5.15, p = 0.84, %ROPE = 17.91) (Supplementary Figure S6).
	Power simulations. With a baseline MB report rate of 10.5%, we wanted to examine how future studies can develop efficient, well-powered experience-sampling designs and what these studies should expect in terms of MB reports. Therefore, we performed a power calculation for a within-subject, two-condition logistic regression, in which one condition represented a baseline experience-sampling session and the second condition represented an experimental manipulation aimed at increasing MB. We varied the sample size (from 10 to 200), the effect size (log odds, from low effect = 0.35 to high effect =1.85 (Cohen, 2013), and the number of probes during the session (30,40,50) (Figure 6). Note that this is a simplified scenario meant to compare the number of utilised probes, assuming that the effects of other parameters, such as sampling density or session duration, are held constant. A small effect size, corresponding to an increase in MB reports of ~1.2 – 2 requires > 200 participants to achieve a power of 0.95 at an α-error of 0.01. A medium log-odds effect of 0.9, corresponding to an increase in MB reports of ~3.5-6 requires 40 participants for 30 probes/session, and 35 participants for 40 probes/session and 50 probes/session. Notably, this effect size results in approximately twice as many MB probes as in the baseline condition. Finally, a large log-odds effect of 1.45 requires 20 participants for 30 probes/session, and 15 participants for 40 and 50 probes/session.
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Figure 6. Simulated power for a two-condition experience-sampling study. We simulated a two-condition, within-subject experiment consisting of a “baseline” and an “experimental” experience-sampling condition. In the baseline condition, we simulated mind-blanking (MB) reports at a rate of 10.5%, as per the posterior estimate of our baseline model. In the experimental condition, we varied the effect size of MB report increase from 0.35 to 1.85, corresponding to range of changes capturing small, medium and large effect sizes. We also varied the number of probes (30, 40, 50) from which we sampled MB reports. Note. The x-axis shows the number of subjects. The left y-axis shows the effect size examined. The right y-axis indicates the expected number of MB reports increases in experimental conditions relative to the baseline. The dashed horizontal lines highlight whether the effect sizes are considered small, medium or large, based on the partition of Cohen, (2013). 
Discussion
	The present study aggregated MB reports in order to examine the prevalence of MB during experience-sampling. Retrospectively, we validated our main hypothesis that 1/10 probes yield an MB response. We also highlighted a set of experience-sampling design parameters and population characteristics that alter the MB report rate. Prospectively, we provide basic guidelines to inform future designs aimed at studying which conditions affect MB.
	Our baseline model showed an MB report rate of 10.5%. This rate was accompanied by low within- and between-study heterogeneity, suggesting that MB rates generally remained constant across studies. This result was consolidated by strong evidence for no effect for most of the experience-sampling parameters examined, suggesting that experience-sampling studies tend to produce similar MB rates irrespective of design choices such as the number of probes or the number of response options. Yet, we found evidence for two manipulations that increased MB rates: a) deliberate vs spontaneous and b) using scales vs alternative, forced-choice responses. Deliberate MB can be elicited by requesting participants to actively try to suppress any thoughts and was associated with a 32% MB report rate (Kawagoe et al., 2019). Instructing participants to think of nothing is linked to a distinct functional connectivity profile relative to mind-wandering, characterised by reduced connectivity between the default mode network and the visual networks, as well as the default mode network and the frontal network (Kawagoe et al., 2018) and BOLD deactivations in areas implicated in self-generated thought and inner speech, such as Broca’s area, the left hippocampus, the left anterior insula and supplementary motor cortices (Kawagoe et al., 2019). At this point, it is important to stress that thought-silencing is not a spontaneous activity, but an active process that demands constant monitoring and suppression of thoughts, thereby recruiting cognitive control mechanisms. Therefore, whether this manipulation constitutes an MB is still debated (Boulakis et al., 2023; Fell, 2022; Kaufmann et al., 2024). However, the brain profile points to a state of disengagement from both internal and external experiences. Another source of heterogeneity was the usage of multiple Likert scales instead of alternative, forced-choice response categories to probe for features of thoughts, such as attentional focus and content (Aasen et al., 2025; Alexandersen et al., 2025; Drevland et al., 2025; Simor et al., 2025; Vekony et al., 2025; Vékony et al., 2025). In these studies, an MB is defined as a response of ≤2 on each of the two 4-point Likert-scale items assessing attention orientation and content specificity. This practice was observed consistently across the identified studies. This practice was associated with individuals being 1.7 times more likely to report MB. To our knowledge, this is the first time this comparison of design options has been reported. Given that mental states vary across different levels, such as clarity of content or content-orientation, more fine‑grained scales could isolate blank moments that could be misattributed as other states if presented through coarser categorical options. At the same time, the thresholding criteria for what constitutes an MB on these scales may be too liberal, leading to an overestimation of MB report rates.  Here, the issue remains unresolved and warrants further exploration. Overall, however, our meta-analytic baseline rate, characterised by low heterogeneity and strong evidence against the effect of most experience-sampling parameters, suggests that MB rates fluctuate mostly around 10.5%.
 	Regarding population parameters, we found strong evidence that senior participants experienced less MB (4%) relative to adults (11%) and children (9%). Our results are in line with an overwhelming literature on age-related decreases in mind-wandering (for a review, see Maillet and Schacter (2016); Jordão et al. (2019)). However, general theoretical accounts of mind-wandering occurrence might not be helpful regarding MB, since they all focus on what supports mind-wandering-related content rather than its absence. For example, the Control Failure × Concerns (McVay & Kane, 2010) hypothesis predicts that seniors will experience less mind-wandering as task settings do not provide strong cues to elicit relevant concerns and subsequent mind-wandering. The Executive Control Hypothesis (Smallwood & Schooler, 2006) posits that the reduction of mind-wandering is due to a reduction of executive resources necessary to sustain mind-wandering. Neither approach makes a prediction for why MB decreases in an age group marked by executive functioning decline. A dispositional account may better elaborate the age-related differences. Research suggests that older individuals tend to exhibit higher levels of conscientiousness and motivation toward experimental tasks (Frank et al., 2015; Seli et al., 2021; Shake et al., 2016). Therefore, it may be that seniors are more motivated to perform well in lab settings, leading to fewer overall lapses. We recently examined a third alternative: attentional style. We attempted to understand age-related differences in spontaneous thinking by examining the interplay between attentional style and physiological arousal at rest (Koroma et al., 2023). We found that, while in younger adults better attentional control led to more MB and less mind-wandering, in seniors, better attentional control led to more mind-wandering and less MB. Therefore, our results align with the view that age-related differences in MB are dispositional. Seniors have fewer overall off-task thoughts, and when they do, attentional style dictates whether the mind drifts or goes blank. 	
When it comes to the aspect of arousal, we found very strong evidence that low arousal states, indexed both by sleep deprivation and probe-caught moment-to-moment vigilance fluctuations, led to more frequent MB reports. Arousal constitutes an umbrella term indexing an organism's neurophysiological, behavioural, and experiential readiness to respond to environmental demands (for a brief review on definitions and operationalisations, see Smith et al. (2025)). For example, a low arousal state may be identified by low tonic pupil arousal, slower and more variable task performance, or low reported vigilance. In the case of MB, it has been related to both more sleepiness (Andrillon et al., 2021; Boulakis, Kusztor, et al., 2025; Corcoran et al., 2025; Kiss & Linnell, 2024; Madiouni et al., 2020; Pinggal et al., 2026; Stawarczyk et al., 2020; Stawarczyk & D’Argembeau, 2016) and higher reaction time variability (Corcoran et al., 2025). A potential neurophysiological explanation for the relationship between MB and arousal is that MB is often associated with sleep-like brain states that are not typically present during other waking mental states. We previously observed in fMRI that, during MB, the functional connectome organises in a “hyperconnected” manner, showing a global, all-to-all positive connectivity profile and absence of anticorrelated activity (Boulakis, Kusztor, et al., 2025; Mortaheb et al., 2022). This profile appears mostly in NREM sleep (Castro et al., 2024; El-Baba et al., 2019). This commonality may help explain why MB becomes more prevalent during sleep deprivation. Evidence for MB-sleep-like correlates is corroborated from EEG (Andrillon et al., 2021; Boulakis, Kusztor, et al., 2025; Munoz-Musat et al., 2025; Pinggal et al., 2026). Andrillon et al. (2021) previously showed that the localisation of slow-wave-like intrusions can dissociate MB from mind-wandering. Bridging EEG-fMRI, we recently showed that local sleeps and hyperconnectivity might be two sides of the same coin (Boulakis, Kusztor, et al., 2025), where the presence of local sleeps correlates cortical synchronisation, and subsequent transition to a more hyperconnected brain state (Aedo-Jury et al., 2020; Schwalm et al., 2017). The strong ties of MB to sleep-like physiology serve to highlight that MB is both a unique experiential and a neurophysiological state relative to other off-task states (Andrillon et al., 2025). Additionally, our meta-analytic results suggest a potential gradient, with on-task thoughts characterised by higher arousal than off-task thoughts. At progressively lower arousal levels, thought reportability is disturbed to the degree where it is not possible to recover thought content, and subsequently, MB is experienced (Mittner et al., 2016; Perogamvros et al., 2017). 
Another motivation for this meta-analysis was to link MB to specific pathologies. We found three studies that reported MB rates for ADHD (Madiouni et al., 2020; Pinggal et al., 2026; Van den Driessche et al., 2017) and one for hippocampal damage (McCormick et al., 2018). Having estimated a normative baseline MB rate, we examined whether MB rates in these clinical populations deviated from the baseline. Our results did not provide robust evidence for a link across ADHD or hippocampal damage. The absence of a strong link between ADHD and MB was surprising. In a seminal study, Van den Driessche et al. (2017) compared unmedicated children with ADHD, methylphenidate-treated children with ADHD, a clinical control group, and a healthy control group. Their results suggest that people with ADHD report increased rated of MB but not MW. Similarly, in adults, a clinical (Madiouni et al., 2020; Pinggal et al., 2026) and preclinical (Van den Driessche et al., 2017) ADHD profile has been characterised by more frequent MB. A recent large-scale study (n=292) replicated the positive relationship between ADHD symptomatology and MB (Beikmohamadi & Meier, 2024). While this study was not part of our meta-analytic estimate as they measured self-reported ADHD in a neurotypical population, yet they found a statistically significant relationship between ADHD scores and MB reports. An alternative explanation points to the role of arousal. Pinggal et al. (2026) replicated the finding that young adults with ADHD symptomatology experience more frequent MB. They further showed that ADHD symptomatology was mediated by the presence of slow-wave-like activity, suggesting that these symptoms might be primarily driven by cortical arousal fluctuations. Along the same lines, Madiouni et al. (2020) showed that an adult ADHD group reported both higher rates of MB and higher levels of sleepiness relative to the control population. In our meta-analysis, we observed a rightward shift in the posterior distribution of ADHD MB, indicating a higher MB report rate. Yet, the posterior distribution was wide, indicating substantial uncertainty in the estimates. This can be attributed to the fact that we identified only three studies that examined clinical/preclinical ADHD populations as separate groups.  The uncertainty introduced by the small number of studies, combined with the small-to-medium MB reported rates (min=9%, max=19%), suggests that further evidence is needed to obtain a more precise posterior estimate of ADHD-related MB effects. 
One study in our database reported a statistically significant increase in MB rates relative to their control population under pharmacological manipulation. Adam et al. (2020) administered Δ9-tetrahydrocannabinol (THC) to participants and examined task-unrelated thoughts during a visual working memory task. They reported a 19% MB report rate. So far, THC has been associated with more frequent mind-wandering (Murray & Srinivasa-Desikan, 2022) and worse working memory (Chen & Mackie, 2020; Owens et al., 2019; Scott et al., 2018). But why could it also lead to more frequent MB? Cannabis promotes a functional brain state of hyperconnectivity (Lege et al., 2025), a sleep-like brain state that was previously related to (Boulakis, Kusztor, et al., 2025; Mortaheb et al., 2022). By promoting more frequent exploration of these brain states rather than the typical anticorrelations observed in wakefulness (Demertzi et al., 2019, 2022; Lege et al., 2025), we speculate that this might lead to more frequent MB. On the phenomenological level, this suggests that TCH would lead to altered arousal, which in turn would lead to increased MB report frequency. Therefore, we tested whether we could obtain evidence that this study was distinct from our baseline model. Although the posterior distribution shifted toward more frequent MB reports, because it was based solely on one study, it was too wide to provide evidence for an effect. However, administrating THC to alter the stream of thought towards more frequent MB is an interesting prospect. 
The present meta-analysis and review focused primarily on probe-caught experience-sampling, yet MB has been examined using other experience-sampling paradigms. An alternative approach is self-caught reports. During self-caught experience-sampling, participants are requested to monitor their stream of thought and report any instances of the requested mental state. In a series of studies, Ward and Wegner (2013) found that the ratio of self-caught to probe-caught instances is greater for MB than for mind-wandering. It might be the case that MB is self-caught more easily than other mental states, as it represents a stark decoupling of awareness from perception. This implies that it is easier to become metacognitively aware of MB than of other mental states. Another experience-sampling design associated with more retrospective MB is the thinking-aloud paradigm. Garg et al. (2025) found that individuals retrospectively evaluated a thinking-aloud session as containing more MB compared to a silent-thinking session. A potential explanation is that the thinking-aloud condition demanded greater meta-awareness of the stream of thought, thereby increasing the saliency of the MB reported. However, this interpretation seems unlikely, given that thinking-aloud and silent-thinking do not present stark phenomenological and meta-awareness differences (Garg et al., 2025; Gilles et al., 2025). Therefore, a more likely alternative explanation to this increase is that MB reflects moments of inability to verbalise, rather than bring forth mental content, generated by the constant pressure to produce content in thinking-aloud settings.
Another line of MB research relies on self-evaluating questionnaires rather than experience-sampling reports (Andrillon et al., 2025). In doing so, they describe MB at the trait level, offering a dispositional account of MB. Some of these instruments are designed to map individuals’ self-reported MB experiences onto latent structures that capture core components of the MB experience (Kawagoe et al., 2024; Moraitou & Efklides, 2009), while others include MB-related questions to general scales that measure properties of spontaneous thinking  (for some examples, see the Task-Unrelated Thoughts Questionnaire (Kowalczyk et al., 2023) and the Daydreaming Characteristics Questionnaire (Theodor-Katz & Soffer-Dudek, 2025)). Kawagoe et al. (2024) found that a one-factor latent solution of their Mind-Blanking Questionnaire (MBQ) negatively correlated with executive and attentional control and had a positive relationship with sleepiness and lower mental health scores in the Patient Health Questionnaire. This questionnaire showed invariance across population parameters. Another questionnaire, the Blank in the Mind Questionnaire (ΒΙΜQ; Moraitou & Efklides (2009)) reported a three-factor solution to their questionnaire, representing the MB experience, lack of knowledge and negative affect due to memory failure. The MB experience factor, comprised of items such as “Suddenly I felt a blank in my thought because I forgot what I wanted to say” and “It was like there was a white page in my mind”, positively correlated with cognitive failures. Overall, there exist self-report tools that present a low-cost, fast and accessible alternative to probing individuals’ beliefs about their own experiences. However, it should be noted that self-report questionnaires depend on individuals' ability to accurately monitor and recall how frequently they experience MB. In the case of experience-sampling, the issues of self-belief bias and recall inaccuracy are ameliorated by the immediacy of the response (Ellison et al., 2020). While there are some preliminary evidence that self-reported questionnaire scores and probe-caught frequency correlate for other mental states, such as mind-wandering (Mrazek et al., 2013), prospective MB questionnaire studies should aim to quantify what aspects of the MB experience they capture and whether they reflect individuals’ beliefs about their MB experiences rather than spontaneous MB occurrences. 
[bookmark: _Int_B9JAOy5R]Having established a baseline MB report rate, we further examined what constitutes an appropriate sample size for different effect sizes and experience-sampling probes in a within-subjects design. We simulated a two-condition logistic regression for effect sizes ranging from small to large. Type-I and Type-II were set at 0.01 and 0.05, respectively, consistent with current registered-report standards and recommendations for well-powered studies (Maier & Lakens, 2022). In addition to requiring statistical significance, we implemented an equivalence criterion to ensure that observed effects were meaningfully different from zero rather than trivially small. We observed that a larger number of probes (from 30 to 50) had a small effect on reducing sample size (~5-10 participants). What was interesting was the relative increase in expected MB across probes: For small effect sizes (log odds=0.35), the expected difference corresponded to approximately one additional MB report across 30 probes and two additional reports across 50 probes. Such a modest increase may have limited practical relevance. Accordingly, future studies should carefully consider whether powering exclusively for medium-to-large effect sizes would be more appropriate, as this would reflect a meaningful smallest effect size of interest (Anvari & Lakens, 2021; Riesthuis, 2024). In any case, because MB occurs sparsely, changes in reported MB are likely to translate into only very small absolute differences (e.g., one or two additional MBs). We therefore strongly encourage researchers to estimate how many MBs their manipulation is expected to produce given the number of probes in their specific design, in order to assess the combined sensitivity of probe number and effect size. To facilitate this process, we provide an online script that allows users to specify key parameters of their experience-sampling protocol, including the number of probes and a range of effect sizes (https://gitlab.uliege.be/poc/mb-meta-analysis). The script enables simulation of statistical power and provides interpretable estimates of the expected magnitude of change in MB reports.
Upon exploration of our meta-analytic database, we recurrently observed a tendency to group MB with other mental states, particularly mind-wandering and external distractions, under the category of task-unrelated thoughts, and solely analysing this grouping. This approach was adopted in approximately 22% of the studies in the database. This was also a reason why some studies were excluded from the database, as we were unable to isolate MB from other mental states. The approach of aggregating MB with other states, and not treating it as a separate event, is problematic for two reasons: first, from a statistical perspective, this approach might inflate the estimated proportion of other mental states, particularly that of mind-wandering. Since appropriate power planning for mental state effects is contingent on their proportion, powering for an inflated proportion estimate risks an underpowered design. Second, this approach risks mixing separate physio-cognitive mental state profiles. An emergent literature has shown that MB has a unique and dissociable phenomenological (Ward & Wegner, 2013), neural (Boulakis et al., 2023; Boulakis, Kusztor, et al., 2025; Kawagoe et al., 2019; Mortaheb et al., 2022), electrophysiological (Andrillon et al., 2021; Boulakis, Kusztor, et al., 2025; Munoz-Musat et al., 2025) and physiological profile (Boulakis et al., 2025; Corcoran et al., 2025; Unsworth & Robison, 2018). Additionally, MB is dissociable from other states at the behavioural level, based on the type of errors participants commit in the cognitive task, which differs across mental states. For example, in sustained attention tasks, mind-wandering is typically associated with more impulsive behaviour, as indexed by more false errors. Inversely, MB is characterised by sluggishness, indexed by more misses (Andrillon et al., 2021; Munoz-Musat et al., 2025). Grouping these results without a per-state examination risks misattributing MB-related behaviour to task-unrelated thoughts, and vice versa. Similarly, the neural markers of MB do not always align with mind-wandering. Andrillon et al. (2021) found that MB-related slow-wave-like activity is localised parietally, but mind-wandering slow-wave-like activity is localised frontally. Consequently, grouping off-task states may smooth out state-specific neural and behavioural signatures, leading to reduced granularity and potential effect misattribution to an incorrect state. 
	When it comes to limitations, a key challenge in MB research is the rarity of MB reports. Because these events occur infrequently, researchers have limited data to work with. This makes it difficult to estimate parameters precisely or to calculate narrow confidence intervals. As a result, it is often unclear whether imprecise estimates reflect genuine variability in the phenomenon or simply insufficient sampling of MB reports. Therefore, it is important to consider potential avenues for more efficient MB sampling. Looking at our meta-analytic database, one study reported a ~25% MB rate. In this study, the authors embedded thought probes within a mandala colouring session, aiming to reduce anxiety (Flicker et al., 2025). Post-hoc reports of mental states showed a positive correlation between a flow state during colouring. Presumably, MB and the flow state present experiential similarities, namely, loss of self-awareness and an altered sense of time (Nakamura & Csikszentmihalyi, 2014). Therefore, we hypothesise that tasks that promote flow states inadvertently lower monitoring of the stream of thought and increase MB propensity. Another approach to improving the efficiency of MB sampling is to present thought probes during critical periods rather than at random intervals. The rationale is that, if off-task states are associated with poorer task performance, then administering probes during periods of reduced performance should increase the likelihood of sampling off-task episodes. So far, there is experimental evidence that presenting online “catch” probes at moments of worsened behavioural performance can capture specific attentional states (deBettencourt et al., 2019; Franklin et al., 2011; Robison & Unsworth, 2019). Pertinent to MB, Robison and Unsworth (2019) reported an 18% MB rate when utilising catch-probes. Accordingly, a promising direction for future MB research is to validate the conditions under which the behavioural differences between MB and other on- and off-task states are most pronounced (e.g., miss vs false-alarm errors during SART) and to leverage these differences to more efficiently sample MB. 	
	In conclusion, the present study synthesised the available literature on MB report rates with the dual objective of reassessing commonly held assumptions about MB and informing the design of subsequent experience-sampling studies. Our findings suggest that MB occurs infrequently, is mediated by modifications in arousal levels, and exhibits substantial consistency across sampling approaches. Accordingly, we argue that MB should be systematically included as a separate category in future thought-sampling studies to promote a more granular characterisation of the physio-cognitive correlates of mental states during spontaneous thought. To facilitate this inclusion, we recommend that prospective studies target medium effect sizes as the smallest effect sizes of interest, with a sample size of at least 35 participants and 50 probes per participant. 
References

Aasen, S. R., Babiker, S. M. E., Vangen, A. M. K., Haugan, S. B., Sandell, S. A. O., Saksvik-Lehouillier, I., Kam, J., Mittner, M., & Csifcsák, G. (2025). The Effects of Partial Sleep Deprivation on Mind Wandering, Executive Performance and Affect (Kmqfz_v3). OSF Preprints. https://doi.org/10.31219/osf.io/kmqfz_v3
Adam, K. C. S., Doss, M. K., Pabon, E., Vogel, E. K., & de Wit, H. (2020). Δ9-Tetrahydrocannabinol (THC) impairs visual working memory performance: A randomized crossover trial. Neuropsychopharmacology (New York, N.Y.), 45(11), 1807–1816.
Aedo-Jury, F., Schwalm, M., Hamzehpour, L., & Stroh, A. (2020). Brain states govern the spatio-temporal dynamics of resting-state functional connectivity. eLife, 9, e53186. https://doi.org/10.7554/eLife.53186
Alexandersen, A., Aasen, S. R., Csifcsák, G., & Mittner, M. (2025). Evidence for the efficacy of theta-burst stimulation above the angular gyrus for reducing mind wandering propensity: A successful pre-registered study. Cortex, 191, 25–40. Scopus. https://doi.org/10.1016/j.cortex.2025.07.006
Anderson, F. T., & McDaniel, M. A. (2019). Hey buddy, why don’t we take it outside: An experience sampling study of prospective memory. Memory & Cognition, 47(1), 47–62.
Andrillon, T., Burns, A., Mackay, T., Windt, J., & Tsuchiya, N. (2021). Predicting lapses of attention with sleep-like slow waves. Nature Communications, 12(1), 3657. https://doi.org/10.1038/s41467-021-23890-7
Andrillon, T., Lutz, A., Windt, J., & Demertzi, A. (2025). Where is my mind? A neurocognitive investigation of mind blanking. Trends in Cognitive Sciences, 29(7), 600–613.
Anvari, F., & Lakens, D. (2021). Using anchor-based methods to determine the smallest effect size of interest. Journal of Experimental Social Psychology, 96, 104159. https://doi.org/10.1016/j.jesp.2021.104159
Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects Models Using lme4. Journal of Statistical Software, 67, 1–48. https://doi.org/10.18637/jss.v067.i01
Beikmohamadi, L. A., & Meier, M. E. (2024). Examining the relations among working memory capacity, attention-deficit/hyperactivity disorder symptomology, and conscious experience. Psychology of Consciousness (Washington, D.C.), 11(2), 217–233.
Bertschi, S., Rosenberg, M. D., Vogel, E. K., & Chidharom, M. (2025). The Subjective Experience of Being Out-of-the-Zone: Investigating Objective and Subjective Attention Fluctuations (Fzqug_v1). PsyArXiv. https://doi.org/10.31234/osf.io/fzqug_v1
Boayue, N. M., Csifcsák, G., Kreis, I. V., Schmidt, C., Finn, I., Hovde Vollsund, A. E., & Mittner, M. (2021). The interplay between executive control, behavioural variability and mind wandering: Insights from a high-definition transcranial direct-current stimulation study. European Journal of Neuroscience, 53(5), 1498–1516. https://doi.org/10.1111/ejn.15049
Boulakis, P. A., & Demertzi, A. (2025). Relating mind-blanking to the content and dynamics of spontaneous thinking. Current Opinion in Behavioral Sciences, 61, 101481. https://doi.org/10.1016/j.cobeha.2024.101481
Boulakis, P. A., Kusztor, A., Tsuchiya, N., Andrillon, T., & Demertzi, A. (2025). Distinct cortical profiles underlie the common reportability of thought-free experiences (p. 2025.10.14.681984). bioRxiv. https://doi.org/10.1101/2025.10.14.681984
Boulakis, P. A., Mortaheb, S., van Calster, L., Majerus, S., & Demertzi, A. (2023). Whole-Brain Deactivations Precede Uninduced Mind-Blanking Reports. The Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 43(40), 6807–6815. https://doi.org/10.1523/JNEUROSCI.0696-23.2023
Boulakis, P. A., Simos, N. J., Zoi, S., Mortaheb, S., Schmidt, C., Raimondo, F., & Demertzi, A. (2025). Variations of autonomic arousal mediate the reportability of mind blanking occurrences. Scientific Reports, 15(1), 4956. https://doi.org/10.1038/s41598-024-81618-1
Burdett, B. R. D., Charlton, S. G., & Starkey, N. J. (2018). Inside the commuting driver’s wandering mind. Transportation Research. Part F, Traffic Psychology and Behaviour, 57, 59–74.
Bürkner, P.-C. (2017). brms: An R Package for Bayesian Multilevel Models Using Stan. Journal of Statistical Software, 80, 1–28. https://doi.org/10.18637/jss.v080.i01
Castro, P., Luppi, A., Tagliazucchi, E., Perl, Y. S., Naci, L., Owen, A. M., Sitt, J. D., Destexhe, A., & Cofré, R. (2024). Dynamical structure-function correlations provide robust and generalizable signatures of consciousness in humans. Communications Biology, 7(1), 1–12. https://doi.org/10.1038/s42003-024-06858-3
Chen, H.-T., & Mackie, K. (2020). Adolescent Δ9-Tetrahydrocannabinol Exposure Selectively Impairs Working Memory but Not Several Other mPFC-Mediated Behaviors. Frontiers in Psychiatry, 11, 576214. https://doi.org/10.3389/fpsyt.2020.576214
Cohen, J. (2013). Statistical Power Analysis for the Behavioral Sciences (2nd ed.). Routledge. https://doi.org/10.4324/9780203771587
Corcoran, A. W., Le Coz, A., Hohwy, J., & Andrillon, T. (2025). When your heart isn’t in it anymore: Cardiac correlates of task disengagement. Communications Biology, 8(1), 1646. https://doi.org/10.1038/s42003-025-09026-3
deBettencourt, M. T., Keene, P. A., Awh, E., & Vogel, E. K. (2019). Real-time triggering reveals concurrent lapses of attention and working memory. Nature Human Behaviour, 3(8), 808–816. https://doi.org/10.1038/s41562-019-0606-6
DeBruine, L. M., & Barr, D. J. (2021). Understanding Mixed-Effects Models Through Data Simulation. Advances in Methods and Practices in Psychological Science, 4(1), 2515245920965119. https://doi.org/10.1177/2515245920965119
Demertzi, A., Kucyi, A., Ponce-Alvarez, A., Keliris, G. A., Whitfield-Gabrieli, S., & Deco, G. (2022). Functional network antagonism and consciousness. Network Neuroscience, 6(4), 998–1009. https://doi.org/10.1162/netn_a_00244
Demertzi, A., Tagliazucchi, E., Dehaene, S., Deco, G., Barttfeld, P., Raimondo, F., Martial, C., Fernández-Espejo, D., Rohaut, B., Voss, H. U., Schiff, N. D., Owen, A. M., Laureys, S., Naccache, L., & Sitt, J. D. (2019). Human consciousness is supported by dynamic complex patterns of brain signal coordination. Science Advances, 5(2), eaat7603. https://doi.org/10.1126/sciadv.aat7603
Dinges, D. F., & Powell, J. W. (1985). Microcomputer analyses of performance on a portable, simple visual RT task during sustained operations. Behavior Research Methods, Instruments, & Computers, 17(6), 652–655. https://doi.org/10.3758/BF03200977
Drevland, R. N., Aasen, S. R., Csifcsák, G., & Mittner, M. (2025). Reducing mind wandering using continuous theta burst stimulation. Transcranial Magnetic Stimulation, 100181.
El-Baba, M., Lewis, D. J., Fang, Z., Owen, A. M., Fogel, S. M., & Morton, J. B. (2019). Functional connectivity dynamics slow with descent from wakefulness to sleep. PLOS ONE, 14(12), e0224669. https://doi.org/10.1371/journal.pone.0224669
Ellison, W. D., Trahan, A. C., Pinzon, J. C., Gillespie, M. E., Simmons, L. M., & King, K. Y. (2020). For whom, and for what, is experience sampling more accurate than retrospective report? Personality and Individual Differences, 163, 110071. https://doi.org/10.1016/j.paid.2020.110071
Farkas, B. C., Krajcsi, A., Janacsek, K., & Nemeth, D. (2024). The complexity of measuring reliability in learning tasks: An illustration using the Alternating Serial Reaction Time Task. Behavior Research Methods, 56(1), 301–317. https://doi.org/10.3758/s13428-022-02038-5
Fell, J. (2022). What is mind blanking: A conceptual clarification. The European Journal of Neuroscience, 56(6), 4837–4842. https://doi.org/10.1111/ejn.15782
Flicker, S. M., Sancier-Barbosa, F., Tang, A. N., Ho, A., Zhong, S., Alafranji, R. R., & Clemons-Castanos, C. R. (2025). Mechanisms of Anxiety Reduction During Adult Coloring: Mindfulness, Flow, Enjoyment, and Distraction. Mindfulness, 16(6), 1693–1704.
Frank, D. J., Nara, B., Zavagnin, M., Touron, D. R., & Kane, M. J. (2015). Validating older adults’ reports of less mind-wandering: An examination of eye movements and dispositional influences. Psychology and Aging, 30(2), 266–278. https://doi.org/10.1037/pag0000031
Franklin, M. S., Smallwood, J., & Schooler, J. W. (2011). Catching the mind in flight: Using behavioral indices to detect mindless reading in real time. Psychonomic Bulletin & Review, 18(5), 992–997. https://doi.org/10.3758/s13423-011-0109-6
Garg, A., Shelat, S., Gross, M. E., Smallwood, J., Seli, P., Taxali, A., Sripada, C. S., & Schooler, J. W. (2025). Opening the black box: Think Aloud as a method to study the spontaneous stream of consciousness. Consciousness and Cognition, 128, 103815. https://doi.org/10.1016/j.concog.2025.103815
Gilles, A., Panneels, G., D’Argembeau, A., & Stawarczyk, D. (2025). Validity of the think-aloud procedure in comparison to other methods for studying the phenomenological features and memory of spontaneous thought. Consciousness and Cognition, 134, 103910. https://doi.org/10.1016/j.concog.2025.103910
Gronau, Q. F., Heck, D. W., Berkhout, S. W., Haaf, J. M., & Wagenmakers, E.-J. (2021). A Primer on Bayesian Model-Averaged Meta-Analysis. Advances in Methods and Practices in Psychological Science, 4(3), 25152459211031256. https://doi.org/10.1177/25152459211031256
Harris, C. R., Millman, K. J., van der Walt, S. J., Gommers, R., Virtanen, P., Cournapeau, D., Wieser, E., Taylor, J., Berg, S., Smith, N. J., Kern, R., Picus, M., Hoyer, S., van Kerkwijk, M. H., Brett, M., Haldane, A., del Río, J. F., Wiebe, M., Peterson, P., … Oliphant, T. E. (2020). Array programming with NumPy. Nature, 585(7825), 357–362. https://doi.org/10.1038/s41586-020-2649-2
Harrison, R. L. (2010). Introduction To Monte Carlo Simulation. AIP Conference Proceedings, 1204, 17–21. https://doi.org/10.1063/1.3295638
Higgins, J. P. T., Thompson, S. G., & Spiegelhalter, D. J. (2009). A re-evaluation of random-effects meta-analysis. Journal of the Royal Statistical Society. Series A, (Statistics in Society), 172(1), 137–159. https://doi.org/10.1111/j.1467-985X.2008.00552.x
Hoffman, M. D., & Gelman, A. (2011). The No-U-Turn Sampler: Adaptively Setting Path Lengths in Hamiltonian Monte Carlo (arXiv:1111.4246). arXiv. https://doi.org/10.48550/arXiv.1111.4246
Huijser, S., Verkaik, M., van Vugt, M. K., & Taatgen, N. A. (2020). Captivated by thought: “Sticky” thinking leaves traces of perceptual decoupling in task-evoked pupil size. PloS One, 15(12), e0243532-.
Jin, C. Y., Borst, J. P., & van Vugt, M. K. (2019). Predicting task-general mind-wandering with EEG. Cognitive, Affective, & Behavioral Neuroscience, 19(4), 1059–1073.
Jordão, M., Ferreira-Santos, F., Pinho, M. S., & St Jacques, P. L. (2019). Meta-analysis of aging effects in mind wandering: Methodological and sociodemographic factors. Psychology and Aging, 34(4), 531–544. https://doi.org/10.1037/pag0000356
Kaufmann, A., Parmigiani, S., Kawagoe, T., Zabaroff, E., & Wells, B. (2024). Two models of mind blanking. European Journal of Neuroscience, 59(5), 786–795. https://doi.org/10.1111/ejn.16164
Kawagoe, T., Onoda, K., & Yamaguchi, S. (2018). Different pre-scanning instructions induce distinct psychological and resting brain states during functional magnetic resonance imaging. The European Journal of Neuroscience, 47(1), 77–82. https://doi.org/10.1111/ejn.13787
Kawagoe, T., Onoda, K., & Yamaguchi, S. (2019). The neural correlates of “mind blanking”: When the mind goes away. Human Brain Mapping, 40(17), 4934–4940. https://doi.org/10.1002/hbm.24748
Kawagoe, T., Yoshimura, S., Muranaka, S., Xethakis, L., & Onoda, K. (2024). Developing the Japanese and English versions of the Mind Blanking Questionnaire (MBQ): Validation and reliability. Personality and Individual Differences, 220, 112539. https://doi.org/10.1016/j.paid.2023.112539
Kiss, L., & Linnell, K. J. (2024). The role of mood and arousal in the effect of background music on attentional state and performance during a sustained attention task. Scientific Reports, 14(1), 9485–19.
Koroma, M., Robert de Beauchamp, A., Mortaheb, S., Boulakis, P. A., Bastin, C., & Demertzi, A. (2023). Elsewhere or Blanked? Ongoing mental states are regulated by pupil-linked arousal and attentional style in healthy ageing. bioRxiv : The Preprint Server for Biology.
Kowalczyk, M., Klonowska, M., & Mikietyńska, A. (2023). Separating the General and Content-Specific Components of Self-Reported Propensity for Mind-Wandering. Journal of Individual Differences, 44(4), 271–278. https://doi.org/10.1027/1614-0001/a000402
Kruschke, J. (2014). Doing Bayesian Data Analysis: A Tutorial with R, JAGS, and Stan. Academic Press.
Kumle, L., Võ, M. L.-H., & Draschkow, D. (2021). Estimating power in (generalized) linear mixed models: An open introduction and tutorial in R. Behavior Research Methods, 53(6), 2528–2543. https://doi.org/10.3758/s13428-021-01546-0
Lege, K. S., Mallaroni, P., Mortaheb, S., Mason, N. L., Theunissen, E. L., Tse, D. H. Y., Toennes, S. W., Demertzi, A., & Ramaekers, J. G. (2025). Cannabis Perturbs Dynamic Brain States. Biological Psychiatry. https://doi.org/10.1016/j.biopsych.2025.10.015
Lenth, R. V. (2025). emmeans: Estimated marginal means, aka least-squares means [Manual]. https://rvlenth.github.io/emmeans/
Lindley, D. V. (1957). A Statistical Paradox. Biometrika, 44(1/2), 187–192. https://doi.org/10.2307/2333251
Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis (pp. ix, 247). Sage Publications, Inc.
Lüdecke, D., Ben-Shachar, M. S., Patil, I., Wiernik, B. M., Bacher, E., Thériault, R., & Makowski, D. (2022). easystats: Framework for Easy Statistical Modeling, Visualization, and Reporting. CRAN. https://doi.org/10.32614/CRAN.package.easystats
Madiouni, C., Lopez, R., Gély-Nargeot, M.-C., Lebrun, C., & Bayard, S. (2020). Mind-wandering and sleepiness in adults with attention-deficit/hyperactivity disorder. Psychiatry Research, 287, 112901. https://doi.org/10.1016/j.psychres.2020.112901
Maier, M., & Lakens, D. (2022). Justify Your Alpha: A Primer on Two Practical Approaches. Advances in Methods and Practices in Psychological Science, 5(2), 25152459221080396. https://doi.org/10.1177/25152459221080396
Maillet, D., & Schacter, D. L. (2016). From mind wandering to involuntary retrieval: Age-related differences in spontaneous cognitive processes. Neuropsychologia, 80, 142–156. https://doi.org/10.1016/j.neuropsychologia.2015.11.017
McCormick, C., Rosenthal, C. R., Miller, T. D., & Maguire, E. A. (2018). Mind-Wandering in People with Hippocampal Damage. Journal of Neuroscience, 38(11), 2745–2754. https://doi.org/10.1523/JNEUROSCI.1812-17.2018
McElreath, R. (2020). Statistical Rethinking: A Bayesian Course with Examples in R and STAN (2nd ed.). Chapman and Hall/CRC. https://doi.org/10.1201/9780429029608
McKinney, W. (2010). Data Structures for Statistical Computing in Python. In S. van der Walt & J. Millman (Eds.), Proceedings of the 9th Python in Science Conference (pp. 56–61). https://doi.org/10.25080/Majora-92bf1922-00a
McVay, J. C., & Kane, M. J. (2010). Does Mind Wandering Reflect Executive Function or Executive Failure? Comment on  and. Psychological Bulletin, 136(2), 188–207. https://doi.org/10.1037/a0018298
Miller, A. L., & Castel, A. D. (2025). Mind-wandering when studying valuable information: The roles of age, dispositional traits, and contextual factors. Journal of Experimental Psychology. General, 154(1), 190–227.
Mittner, M., Hawkins, G. E., Boekel, W., & Forstmann, B. U. (2016). A neural model of mind wandering. Trends in Cognitive Sciences, 20(8), 570–578. https://doi.org/10.1016/j.tics.2016.06.004
Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., Stewart, L. A., & PRISMA-P Group. (2015). Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Reviews, 4(1), 1. https://doi.org/10.1186/2046-4053-4-1
Moraitou, D., & Efklides, A. (2009). The blank in the mind questionnaire (BIMQ). European Journal of Psychological Assessment, 25, 115–122. https://doi.org/10.1027/1015-5759.25.2.115
Mortaheb, S., Van Calster, L., Raimondo, F., Klados, M. A., Boulakis, P. A., Georgoula, K., Majerus, S., Van De Ville, D., & Demertzi, A. (2022). Mind blanking is a distinct mental state linked to a recurrent brain profile of globally positive connectivity during ongoing mentation. Proceedings of the National Academy of Sciences, 119(41), e2200511119. https://doi.org/10.1073/pnas.2200511119
Mrazek, M. D., Phillips, D. T., Franklin, M. S., Broadway, J. M., & Schooler, J. W. (2013). Young and restless: Validation of the Mind-Wandering Questionnaire (MWQ) reveals disruptive impact of mind-wandering for youth. Frontiers in Psychology, 4. https://doi.org/10.3389/fpsyg.2013.00560
Munoz-Musat, E., Le Coz, A., Corcoran, A. W., Belloli, L., Naccache, L., & Andrillon, T. (2025). Behavioral, experiential, and physiological signatures of mind blanking. Proceedings of the National Academy of Sciences, 122(52), e2510262122. https://doi.org/10.1073/pnas.2510262122
Murray, C. H., & Srinivasa-Desikan, B. (2022). The altered state of consciousness induced by Δ9-THC. Consciousness and Cognition: An International Journal, 102, 1–13. https://doi.org/10.1016/j.concog.2022.103357
Myin-Germeys, I., & Kuppens, P. (2021). The Open Handbook of Experience Sampling Methodology: A Step-by-step Guide to Designing, Conducting, and Analyzing ESM Studies. Center for Research on Experience Sampling and Ambulatory Methods Leuven (REAL).
Nakamura, J., & Csikszentmihalyi, M. (2014). The Concept of Flow. In M. Csikszentmihalyi (Ed.), Flow and the Foundations of Positive Psychology: The Collected Works of Mihaly Csikszentmihalyi (pp. 239–263). Springer Netherlands. https://doi.org/10.1007/978-94-017-9088-8_16
Ortega, J. R., Gross, M. E., & Schooler, J. W. (2025). When life is but a dream: Does transliminality predict continuity of thought across the sleep-wake cycle? Philosophy and the Mind Sciences, 6.
Owens, M. M., McNally, S., Petker, T., Amlung, M. T., Balodis, I. M., Sweet, L. H., & MacKillop, J. (2019). Urinary tetrahydrocannabinol is associated with poorer working memory performance and alterations in associated brain activity. Neuropsychopharmacology, 44(3), 613–619. https://doi.org/10.1038/s41386-018-0240-4
Perogamvros, L., Baird, B., Seibold, M., Riedner, B., Boly, M., & Tononi, G. (2017). The phenomenal contents and neural correlates of spontaneous thoughts across wakefulness, nrem sleep, and rem sleep. Journal of Cognitive Neuroscience, 29(10), 1766–1777. https://doi.org/10.1162/jocn_a_01155
Pinggal, E., Jackson, J., Kusztor, A., Chapman, D., Windt, J., Drummond, S. P. A., Silk, T. J., Bellgrove, M. A., & Andrillon, T. (2025). Sleep-like Slow Waves During Wakefulness Mediate Attention and Vigilance Difficulties in Adult Attention-Deficit/Hyperactivity Disorder (p. 2025.07.27.666103). bioRxiv. https://doi.org/10.1101/2025.07.27.666103
Pinggal, E., Jackson, J., Kusztor, A., Chapman, D., Windt, J., Drummond, S. P. A., Silk, T. J., Bellgrove, M. A., & Andrillon, T. (2026). Sleep-Like Slow Waves during Wakefulness Mediate Attention and Vigilance Difficulties in Adult Attention-Deficit/Hyperactivity Disorder. The Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 46(15), e1694252025. https://doi.org/10.1523/JNEUROSCI.1694-25.2025
R Core Team. (2025). R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing. https://www.R-project.org/
Randall, J. G., Oswald, F. L., & Beier, M. E. (2014). Mind-wandering, cognition, and performance: A theory-driven meta-analysis of attention regulation. Psychological Bulletin, 140(6), 1411–1431. https://doi.org/10.1037/a0037428
Riesthuis, P. (2024). Simulation-Based Power Analyses for the Smallest Effect Size of Interest: A Confidence-Interval Approach for Minimum-Effect and Equivalence Testing. Advances in Methods and Practices in Psychological Science, 7(2), 25152459241240722. https://doi.org/10.1177/25152459241240722
Robertson, I. H., Manly, T., Andrade, J., Baddeley, B. T., & Yiend, J. (1997). `Oops!’: Performance correlates of everyday attentional failures in traumatic brain injured and normal subjects. Neuropsychologia, 35(6), 747–758. https://doi.org/10.1016/S0028-3932(97)00015-8
Robison, M. K., & Brewer, G. A. (2022). Individual differences in working memory capacity, attention control, fluid intelligence, and pupillary measures of arousal. Journal of Experimental Psychology. Learning, Memory, and Cognition, 48(9), 1296–1310.
Robison, M. K., Diede, N. T., Nicosia, J., Ball, B. H., & Bugg, J. M. (2022). A multimodal analysis of sustained attention in younger and older adults. Psychology and Aging, 37(3), 307–325.
Robison, M. K., Ellis, D. M., Pitaes, M. M., Karoly, P., & Brewer, G. A. (2021). Acute Pain Impairs Sustained Attention. Journal of Experimental Psychology. Applied, 27(3), 563–577.
Robison, M. K., Miller, A. L., & Unsworth, N. (2019). Examining the effects of probe frequency, response options, and framing within the thought-probe method. Behavior Research Methods, 51(1), 398–408. https://doi.org/10.3758/s13428-019-01212-6
Robison, M. K., Miller, A. L., & Unsworth, N. (2020). A multi-faceted approach to understanding individual differences in mind-wandering. Cognition, 198. https://doi.org/10.1016/j.cognition.2019.104078
Robison, M. K., Obulasetty, M., Blais, C., Wingert, K. M., & Brewer, G. A. (2022). The effect of binaural beat stimulation on sustained attention. Psychological Research, 86(3), 808–822.
Robison, M. K., & Unsworth, N. (2017). Variation in the use of cues to guide visual working memory. Attention, Perception & Psychophysics, 79(6), 1652–1665.
Robison, M. K., & Unsworth, N. (2018). Cognitive and contextual correlates of spontaneous and deliberate mind-wandering. Journal of Experimental Psychology. Learning, Memory, and Cognition, 44(1), 85–98.
Robison, M. K., & Unsworth, N. (2019). Pupillometry tracks fluctuations in working memory performance. Attention, Perception & Psychophysics, 81(2), 407–419.
Robison, M. K., Unsworth, N., & Brewer, G. A. (2021). Examining the effects of goal-setting, feedback, and incentives on sustained attention. Journal of Experimental Psychology. Human Perception and Performance, 47(6), 869–891.
Rosenberg, M., Noonan, S., DeGutis, J., & Esterman, M. (2013). Sustaining visual attention in the face of distraction: A novel gradual-onset continuous performance task. Attention, Perception & Psychophysics, 75(3), 426–439. https://doi.org/10.3758/s13414-012-0413-x
Röver, C. (2020). Bayesian Random-Effects Meta-Analysis Using the bayesmeta R Package. Journal of Statistical Software, 93, 1–51. https://doi.org/10.18637/jss.v093.i06
Sakuragi, M., Shinagawa, K., Terasawa, Y., & Umeda, S. (2024). The body mirroring thought: The relationship between thought transitions and fluctuations in autonomic nervous activity mediated by interoception. Consciousness and Cognition, 125, 103770. https://doi.org/10.1016/j.concog.2024.103770
Sakuragi, M., & Umeda, S. (2025). How the heart shapes the mind: The role of cardiac interoception in the interaction between bodily reactions and self-related thoughts. Acta Psychologica, 261, 105931. https://doi.org/10.1016/j.actpsy.2025.105931
Schwalm, M., Schmid, F., Wachsmuth, L., Backhaus, H., Kronfeld, A., Aedo Jury, F., Prouvot, P.-H., Fois, C., Albers, F., van Alst, T., Faber, C., & Stroh, A. (2017). Cortex-wide BOLD fMRI activity reflects locally-recorded slow oscillation-associated calcium waves. eLife, 6, e27602. https://doi.org/10.7554/eLife.27602
Scott, J. C., Slomiak, S. T., Jones, J. D., Rosen, A. F. G., Moore, T. M., & Gur, R. C. (2018). Association of Cannabis With Cognitive Functioning in Adolescents and Young Adults. JAMA Psychiatry, 75(6), 585–595. https://doi.org/10.1001/jamapsychiatry.2018.0335
Seli, P., O’Neill, K., Carriere, J. S. A., Smilek, D., Beaty, R. E., & Schacter, D. L. (2021). Mind-Wandering Across the Age Gap: Age-Related Differences in Mind-Wandering Are Partially Attributable to Age-Related Differences in Motivation. The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 76(7), 1264–1271. https://doi.org/10.1093/geronb/gbaa031
Shake, M. C., Shulley, L. J., & Soto-Freita, A. M. (2016). Effects of Individual Differences and Situational Features on Age Differences in Mindless Reading. The Journals of Gerontology: Series B, 71(5), 808–820. https://doi.org/10.1093/geronb/gbv012
Shinagawa, K., Itagaki, Y., & Umeda, S. (2023). Coexistence of thought types as an attentional state during a sustained attention task. Scientific Reports, 13(1), Article 1. https://doi.org/10.1038/s41598-023-28690-1
Simor, P., Vékony, T., Farkas, B. C., Szalárdy, O., Bogdány, T., Brezóczki, B., Csifcsák, G., & Németh, D. (2025). Mind Wandering during Implicit Learning Is Associated with Increased Periodic EEG Activity and Improved Extraction of Hidden Probabilistic Patterns. The Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 45(19), e1421242025. https://doi.org/10.1523/JNEUROSCI.1421-24.2025
Smallwood, J., & Schooler, J. W. (2006). The restless mind. Psychological Bulletin, 132(6), 946–958. https://doi.org/10.1037/0033-2909.132.6.946
Smallwood, J., & Schooler, J. W. (2015). The science of mind wandering: Empirically navigating the stream of consciousness. Annual Review of Psychology, 66, 487–518. https://doi.org/10.1146/annurev-psych-010814-015331
Smith, K. E., Woodard, K., & Pollak, S. D. (2025). Arousal May Not Be Anything to Get Excited About. Emotion Review, 17(1), 3–15. https://doi.org/10.1177/17540739241303499
Stawarczyk, D., & D’Argembeau, A. (2016). Conjoint influence of mind-wandering and sleepiness on task performance.
Stawarczyk, D., François, C., Wertz, J., & D’Argembeau, A. (2020). Drowsiness or mind-wandering? Fluctuations in ocular parameters during attentional lapses. Biological Psychology, 156, 107950. https://doi.org/10.1016/j.biopsycho.2020.107950
Theodor-Katz, N., & Soffer-Dudek, N. (2025). Where Is My Mind? The Daydreaming Characteristics Questionnaire, a New Tool to Differentiate Absorptive Daydreaming From Mind-Wandering. Journal of Attention Disorders, 29(7), 515–528. https://doi.org/10.1177/10870547251319081
Torres, A. S., Robison, M. K., McClure, S. M., & Brewer, G. A. (2024). The influence of transcranial direct current stimulation to the trigeminal nerve on attention and arousal. Cognitive, Affective, & Behavioral Neuroscience, 24(5), 860–880.
Unsworth, N., & Miller, A. L. (2024). The importance of conative factors for individual differences in attention control. Journal of Experimental Psychology. Learning, Memory, and Cognition, 50(9), 1361–1384.
Unsworth, N., Miller, A. L., & Aghel, S. (2022). Effort mobilization and lapses of sustained attention. Cognitive, Affective, & Behavioral Neuroscience, 22(1), 42–56.
Unsworth, N., Miller, A. L., & Robison, M. K. (2021). Is working memory capacity related to baseline pupil diameter? Psychonomic Bulletin & Review, 28(1), 228–237.
Unsworth, N., Miller, A. L., & Strayer, D. L. (2025). Does deep processing protect against mind wandering and other lapses of attention during learning? Memory, 33(2), 157–165. https://doi.org/10.1080/09658211.2024.2413162
Unsworth, N., & Robison, M. K. (2016). Pupillary correlates of lapses of sustained attention. Cognitive, Affective, & Behavioral Neuroscience, 16(4), 601–615.
Unsworth, N., & Robison, M. K. (2018). Tracking arousal state and mind wandering with pupillometry. Cognitive, Affective & Behavioral Neuroscience, 18(4), 638–664. https://doi.org/10.3758/s13415-018-0594-4
Unsworth, N., & Robison, M. K. (2020). Working memory capacity and sustained attention: A cognitive-energetic perspective. Journal of Experimental Psychology: Learning Memory and Cognition, 46(1), 77–103. Scopus. https://doi.org/10.1037/xlm0000712
Unsworth, N., Robison, M. K., & Miller, A. L. (2018). Pupillary correlates of fluctuations in sustained attention. Journal of Cognitive Neuroscience, 30(9), 1241–1253.
Unsworth, N., Robison, M. K., & Miller, A. L. (2019). Individual differences in baseline oculometrics: Examining variation in baseline pupil diameter, spontaneous eye blink rate, and fixation stability. Cognitive, Affective, & Behavioral Neuroscience, 19(4), 1074–1093.
Unsworth, N., Robison, M. K., & Miller, A. L. (2021). Individual differences in lapses of attention: A latent variable analysis. Journal of Experimental Psychology. General, 150(7), 1303–1331.
Unsworth, N., Robison, M. K., & Miller, A. L. (2025). Mobilizing effort to reduce lapses of sustained attention: Examining the effects of content-free cues, feedback, and points. Cognitive, Affective, & Behavioral Neuroscience, 25(3), 631–649.
Ushey, K., & Wickham, H. (2026). renv: Project Environments. https://rstudio.github.io/renv/
Van Calster, L., D’Argembeau, A., Salmon, E., Peters, F., & Majerus, S. (2017). Fluctuations of Attentional Networks and Default Mode Network during the Resting State Reflect Variations in Cognitive States: Evidence from a Novel Resting-state Experience Sampling Method. Journal of Cognitive Neuroscience, 29(1), 95–113. https://doi.org/10.1162/jocn_a_01025
van den Akker, O. R., Peters, G.-J. Y., Bakker, C. J., Carlsson, R., Coles, N. A., Corker, K. S., Feldman, G., Moreau, D., Nordström, T., Pickering, J. S., Riegelman, A., Topor, M. K., van Veggel, N., Yeung, S. K., Call, M., Mellor, D. T., & Pfeiffer, N. (2023). Increasing the transparency of systematic reviews: Presenting a generalized registration form. Systematic Reviews, 12(1), 170. https://doi.org/10.1186/s13643-023-02281-7
Van den Driessche, C., Bastian, M., Peyre, H., Stordeur, C., Acquaviva, É., Bahadori, S., Delorme, R., & Sackur, J. (2017). Attentional Lapses in Attention-Deficit/Hyperactivity Disorder: Blank Rather Than Wandering Thoughts. Psychological Science, 28(10), 1375–1386. https://doi.org/10.1177/0956797617708234
Van den Driessche, C., Chappé, C., Konishi, M., Cleeremans, A., & Sackur, J. (2025). States of mind: Towards a common classification of mental states. Consciousness and Cognition, 129, 103828. https://doi.org/10.1016/j.concog.2025.103828
Vekony, T., Brezoczki, B., Csifcsak, G., Nemeth, D., & Simor, P. (2025). A functional trade-off between executive control and implicit statistical learning is dynamically gated by mind wandering. bioRxiv, 2025–08.
Vékony, T., Farkas, B. C., Brezóczki, B., Mittner, M., Csifcsák, G., Simor, P., & Németh, D. (2025). Mind wandering enhances statistical learning. iScience, 28(2). https://doi.org/10.1016/j.isci.2024.111703
Verde, P. E. (2019). The hierarchical metaregression approach and learning from clinical evidence. Biometrical Journal. Biometrische Zeitschrift, 61(3), 535–557. https://doi.org/10.1002/bimj.201700266
Ward, A., & Wegner, D. (2013). Mind-blanking: When the mind goes away. Frontiers in Psychology, 4, 650. https://doi.org/10.3389/fpsyg.2013.00650
Welhaf, M. S., Balota, D. A., Schindler, S. E., Morris, J. C., Hassenstab, J., & Aschenbrenner, A. J. (2025). Using objective and subjective measures of mind wandering to predict progression to development of cognitive impairment and test associations with Alzheimer disease biomarkers. Journal of Clinical and Experimental Neuropsychology, 47(3), 169–184. https://doi.org/10.1080/13803395.2025.2498025
Wiggs, K. K., Fredrick, J. W., Tamm, L., Epstein, J. N., Simon, J. O., & Becker, S. P. (2024). Preliminary examination of ADHD inattentive and cognitive disengagement syndrome symptoms in relation to probe-caught mind-wandering during a sustained attention to response task. Journal of Psychiatric Research, 172, 181–186.


2

image1.png
Identification

Records identified from:
Databases (n = 1,666)
PubMed (n = 87)
Google Scholar (n =742)
Scopus (n = 106)
PsycINFO (n = 106)
BioRxiv (n = 67)
PsyArXiv (n = 5)
ULiege Library (n = 553)

Records removed before screening:
Duplicate records removed (n = 399)

\ 4

Screening

Records screened
(n =1267)

Records excluded:
(n =986)

A 4

Records sought for retrieval
(n=281)

Records not retrieved:
(n=189)

\ 4

Records assessed for eligibility (n = 94)
Review (n=92)
External (n=2)

v

Reports excluded:
MB mixed with other states (n =1)
MB definition too broad (n = 10)
Sampling methodology (n = 8)
MB not available or discussed (n = 4)
MB studied with questionnaire (n = 8)

Included

Studies included in systematic review (n = 63)

\4

Reports excluded:
MB rates not available (n = 1)
Reanalysis (n = 3)

Studies included in meta-analysis (n = 59)





image2.png
a) Metanalytic MB probability b) ECF of metanalytic MB probability

1.00 1
1
z |
3075 0
3
3 1
[ 1
o
@ 050
2 {
K |
3 1
Eoa25 1
o 1
1
—_— 0.00 .
0.08 0.10 0.12 0.08 0.10 0.12
p(MB) p(MB)
c) Within-study heterogeneity d) Between-study heterogeneity
_
0.1 02 03 04 05 0.0 02 04 06

Tau Tau




image3.png
a)Age b) Multiple MB presentations ¢) Experience sampling setting d) Task Complexity ) Marginal task MB distributions
sor Delayed Free Recall =t
ReCOgNItion =e———gm—
Reading Span
Cue Recall
CRT
Vigilance
Stroop
Various
CPT
SART
Digit React
1 08 -04 00 04 -1 0 1 04 00 04 PVT
Log Odds Log Odds Log Odds Change Detection

Children-Adult - —4i

"
"
Senior-Children - —e—L

Senior-Adult - —e— NI Yes-No -

Rest-Task -

Ecological-Rest -

More-Less -

Ecological-Task -

Flanker
g) N Experience sampling options h) Experience-sampling duration i) Sampling density Antisaccade
n-back (1)

Breath Count
Self-paced Reading
ASRT

Sound Attention
vs

4 . . c1T
o e . o . . . Discrete Whole Report
n-back (3)

. . . . FT-RSGT

: Colouring

Log Odds
Log Odds

H“HIHWHWHMH

3 4

1 2 B B
N Probes / Time R ok

Log Odds




image4.png
a) Arousal State

SD-Baseline -

—llly

Exercise-Baseline -

-2 -1 0 1 2
Log Odds

b) Vigilance contrasts

MB-ON -

MB-MW -

-1.5 -1.0 -05
Hedge's g





image5.png
Clinical Diagnosis

Hippocampal Damage-NT -

ADHD-NT -

Log Odds




image6.png
Effect size (log odds)

N Probes = 30

1.85 9.7
Large effect

145 Sk m s s 6.9
Medium effect

0.90 4BB=A - - - oo 36
Small effect

0.35 - 1.2

10 50 100 150 200

Number of subjects

N Probes = 40
85 - - 13.0
Large effect
145 Sm s mm e m oo 9.3
Medium effect
0,90 Bk =k - oo - 48
Small effect
0.35 - - 16
10 50 100 150 200
Number of subjects
power [l (0.00, 0.501 [l (050, 0.80] [l (0.80, 0.95]

(095, 1.00]

N Probes = 50

1.85 -162 %

Large effect

.45 = m e e e e 1.6

Medium effect

0.90 - e EEE R - 60

Small effect

IS
°
auleseq 0} aAe|el spodal g Ul 8seaioul pajoadx:

10 50 100 150
Number of subjects

N
S
3




