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Abstract 

States of attention such as engagement and mind-wandering fluctuate dynamically over time. 

Although aggregate retrospective reports of attention have been used in prior research, the full 

nature of people’s remembered momentary attentional states (RMASs) – i.e., how attentive they 

were at a specific moment in time – remains largely unexplored. Across two experiments, 

participants (NE1 = 102, NE2 = 97) watched online video lectures while being intermittently 

probed to report their subjective levels of attentional engagement (E1) or mind-wandering (E2). 

After watching the lecture, participants were then presented with short excerpts from it and were 

asked to recall their level of attentional engagement or mind-wandering when they initially 

watched the excerpt within the lecture. When reporting on attentional engagement (E1), cross-

correlation analyses revealed concordance between the temporal dynamics of participants’ in-

the-moment and retrospective ratings. However, when reporting on mind-wandering (E2), there 

was only concordance for videos that were considered less engaging. Contrasts across 

experiments revealed that the overlap between in-the-moment and retrospective ratings were 

significantly lower when participants reported mind-wandering compared to attentional 

engagement. Together, our findings suggest that people may have enduring RMASs for general 

attentional engagement but less-robust memories for the specific experience of mind-wandering. 



v 
 

Acknowledgments 

 I would like to thank my supervisor, Dr. Daniel Smilek, for his guidance and enthusiasm 

throughout this project; my collaborators, Dr. Effie J. Pereira and Dr. Jeffrey D. Wammes for 

their contributions to the design, programming, and analysis of these studies; my labmates – 

especially Lydia and Alyssa – for their support with transitioning into a new city during 

lockdown and with navigating the demands of a new degree online; and my readers, Dr. Michael 

Dixon and Dr. Evan Risko, for their time and feedback on this thesis. 

 Additionally, I thank my parents for their ongoing unconditional support in all my 

pursuits, and for being incredible role models both within and outside of academia; Patt for her 

advice and support through transitioning into graduate school and adulthood; and Tom for his 

unwavering encouragement and reminders to eat lunch when I was too busy analyzing data or 

writing up results to remember. 

 This research was conducted at the University of Waterloo and was supported by the 

Discovery grant from the National Sciences and Engineering Research Council of Canada 

(NSERC) awarded to Dr. Daniel Smilek. It was also supported by the Canada Graduate 

Scholarship for the Master’s program (CGS-M), which I received from NSERC. 

  



vi 
 

Dedication 

To the Barbaras with love, gratitude, and admiration. 

  



vii 
 

Table of Contents 

Author’s Declaration ....................................................................................................................... ii 

Statement of Contributions ............................................................................................................ iii 

Abstract .......................................................................................................................................... iv 

Acknowledgments........................................................................................................................... v 

Dedication ...................................................................................................................................... vi 

List of Figures .............................................................................................................................. viii 

List of Tables ................................................................................................................................. ix 

Introduction ..................................................................................................................................... 1 

Experiment 1: Attentional Engagement ........................................................................................ 13 

Method ...................................................................................................................................... 17 

Participants ............................................................................................................................ 17 

Materials & Stimuli ............................................................................................................... 17 

Procedure ............................................................................................................................... 19 

Results ....................................................................................................................................... 20 

Discussion ................................................................................................................................. 27 

Experiment 2: Mind-Wandering ................................................................................................... 28 

Method ...................................................................................................................................... 29 

Participants ............................................................................................................................ 29 

Materials & Stimuli ............................................................................................................... 30 

Procedure ............................................................................................................................... 30 

Results ....................................................................................................................................... 31 

Discussion ................................................................................................................................. 37 

Comparing Attentional Engagement and Mind-Wandering ......................................................... 39 

General Discussion ....................................................................................................................... 41 

References ..................................................................................................................................... 48 

Appendices .................................................................................................................................... 57 

 

  



viii 
 

List of Figures 

Figure 1. A sample participant’s less-engaging video condition results depicting the cross-
correlation analytic procedure used. 

Figure 2. A sample participant’s cross-correlations for the less-engaging video condition. 

Figure 3. The video-viewing task and video-stimulated recall task procedures for Experiment 1. 

Figure 4. Mean engagement probe responses for the ‘less-engaging’ Yale lecture and ‘more-
engaging’ TEDx Talk video conditions as a function of immediate and retrospective probe types. 

Figure 5. Mean cross-correlation scores as a function of time lag from the (a) less-engaging and 
(b) more-engaging video conditions of Experiment 1. 

Figure 6. Mean immediate and retrospective (a) intentional and (b) unintentional mind-
wandering probe responses for the less-engaging and more-engaging video conditions of 
Experiment 2. 

Figure 7. Mean cross-correlation scores as a function of time lag from the (a) less-engaging 
intentional mind-wandering, (b) less-engaging unintentional mind-wandering, (c) more-engaging 
intentional mind-wandering, and (d) more-engaging unintentional mind-wandering conditions of 
Experiment 2. 

Figure 8. Mean cross-correlation scores as a function of time lag from the standardized (a) 
Experiment 1 less-engaging, (b) Experiment 2 less-engaging, (c) Experiment 1 more-engaging, 
and (d) Experiment 2 more-engaging conditions.  



ix 
 

List of Tables 

Table 1. Correlations between attentional-engagement probe responses and content-recall quiz 
results for Experiment 1. 

Table 2. Correlations between mind-wandering probe responses and content-recall quiz results 
for Experiment 2.  



1 
 

Introduction 

Attention can vary between states of engagement with the external environment and 

states of engagement with internal thoughts (i.e., mind wandering), dynamically fluctuating 

between external and internal content on a moment-to-moment basis. Suppose you were a 

student attending a 90-minute university lecture. Naturally, your attention would ebb and flow 

throughout the duration of the lecture, perhaps being completely engrossed in the presentation 

one moment but distracted by unrelated thoughts (i.e., mind-wandering) in another; these 

fluctuations over time are referred to as temporal dynamics. Prior studies have demonstrated that 

attentional states can vary during all activities, including during periods of rest (Christoff et al., 

2016; Delorme & Brandmeyer, 2019; Hasenkamp et al., 2012; Tusche et al., 2014), during 

leisure activities (Feng et al., 2013; Killingsworth & Gilbert, 2010; Kopp et al., 2016), and 

during work activities (Risko et al., 2013; Szpunar, Khan, et al., 2013; Szpunar, Moulton, et al., 

2013). Optimal performance on everyday tasks requires levels of attentional engagement to 

match task demands, and if attentional engagement is suboptimal, performance errors can occur 

(Carriere et al., 2008; Ralph et al., 2017; Randall et al., 2014; Thomson et al., 2015). 

While researchers have begun exploring how attentional engagement unfolds over time 

(e.g., Brosowsky et al., 2020; Thomson et al., 2014; Wammes et al., 2016), very little is known 

about people’s memories for the temporal dynamics of their prior attentional states. We can 

imagine that as a student that attends lectures, you might later be studying the lecture’s content 

and recall that your attention was not completely focused during a specific point in the 

presentation. Such a memory might be useful because you might then decide to allocate more 

study time to the specific lecture content to which you failed to attend. The current thesis 
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explores the possibility that individuals might have enduring memories for momentarily 

fluctuating attentional states, specifically states of attentional engagement and mind-wandering. 

Capturing Self-Reported Attentional Experiences 

Several methods exist for capturing dynamic fluctuations in self-reported attentional 

states. These include immediate thought probes, wherein participants are directly asked about 

their attentional states intermittently throughout a task (Christoff et al., 2009; Risko et al., 2012; 

Wammes, Seli, et al., 2016); aggregate retrospective questionnaires, wherein participants are 

asked to report the number of attentional experiences that occurred across an entire task after 

they have completed it (Barron et al., 2011; Kane et al., 2021; Smallwood et al., 2004); and 

short-term retrospective thought probes, wherein participants are asked to report whether an 

attentional experience had occurred since the preceding probe (Antrobus, 1968; Giambra, 1995; 

Shaw & Giambra, 1993). Each of these methods captures a unique aspect of the temporal 

dynamics of attention with varying levels of delay between the initial attentional experience and 

when individuals report on that experience. Thus, in studies using these methods there is implied 

examination of memory for attentional states. In what follows, each of these three methods will 

be considered in greater detail. 

Immediate Probe Reports 

The goal of immediate thought probing is to tap into an individual’s ongoing, in-the-

moment experiences with as little demand on memory as possible by asking about some aspect 

of their attentional state experienced right before the presentation of a thought probe. Although 

the wording of probes can vary between studies, the general procedure remains the same with 

probes being presented several times throughout a task. For example, probes in a study by 

Smallwood et al. (2008) asked participants, “Just prior to being asked, was your attention on- or 
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off-task?” with response options of ‘tuning out’, ‘zoning out’, or ‘on task’. Probes in a study by 

Christoff et al. (2009) asked participants, “Where was your attention focused just before the 

probe?” with response options from 1 (on-task) to 7 (off-task) and was followed up with, “How 

aware were you of where your attention was focused?” with response options from 1 (aware) to 

7 (not aware). As another example, probes in a study by Stawarczyk et al. (2011) asked 

participants to characterize the ongoing conscious experience they had just prior to the probe 

with response options including ‘on-task’, ‘task-related interference’ (i.e., interfering thoughts 

related to the appraisal of the task), ‘external distractions’, or ‘stimulus-dependent and task-

unrelated thoughts’ (i.e., mind-wandering or daydreams). Using a variety of probes such as those 

mentioned above, researchers have been able answer many different questions regarding 

individuals’ attentional experiences. 

Importantly, immediate thought probes allow researchers to collect time-sensitive data 

that can be used to deduce the temporal dynamics of an individual’s attention, i.e., how one’s 

attention fluctuates over time (Thomson et al., 2014). Specifically, researchers have observed 

‘time-on-task effects’ using immediate probing. For example, mind-wandering (probed as, 

“Were you mind-wandering?” with response options of ‘yes’ or ‘no’) has been found to increase 

as a function of time from the first half to the second half of a video-recorded university lecture 

(Risko et al., 2012). Furthermore, changes in mind-wandering over time on task (probed as 

asking whether participants were ‘on-task’ or ‘off-task’) have been found to significantly predict 

changes in visual-search accuracy (Thomson et al., 2014). Therefore, employing immediate 

probes throughout a task provides researchers with many different time-specific data points that 

can be analyzed to unveil the temporal dynamics of an individual’s self-reported fluctuating 

attention across a task. 
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Immediate probing is the most commonly employed method for capturing self-reports in 

studies examining the temporal dynamics of attention due to several of its benefits. First, 

immediate probes can be employed across a diverse set of activities. Studies have examined the 

temporal dynamics of attention throughout trial-based attentional tasks such as the sustained 

attention to response task (SART; Christoff et al., 2009; Seli, Risko, & Smilek, 2016), flanker 

tasks (Kane et al., 2016; Kane et al., 2021), and the metronome-response task (MRT; Anderson 

et al., 2020; Seli, Cheyne, et al., 2013). Additionally, researchers have used immediate probing 

throughout free-flowing, unconstrained activities such as reading (Phillips et al., 2016; Soemer & 

Schiefele, 2019) and watching a video (Risko et al., 2012; Wammes & Smilek, 2017). Immediate 

probes have also been employed in naturalistic settings such as during live classroom lectures 

(Wammes, Boucher, et al., 2016; Wammes et al., 2019) and throughout everyday activities 

(Kane et al., 2007; McVay et al., 2009). Therefore, this method allows for the examination of 

dynamically fluctuating attentional states across many different activities. 

Second, immediate probes require little memory for an individual’s attentional state as 

they ask about one’s immediately preceding experience (Myin-Germeys et al., 2009; Robison et 

al., 2019; Weinstein, 2018). As such, immediate probe responses can typically predict task 

performance. For example, mind-wandering probe reports have been found to correlate 

negatively with target accuracy on the SART (McVay & Kane, 2009; 2012), behavioural 

variability on the MRT (Seli, Cheyne, et al., 2013), recall of lecture material (Risko et al., 2012), 

and text comprehension (Smallwood et al., 2008). Furthermore, immediate mind-wandering 

reports have been associated with pupil dilation (Unsworth & Robison, 2016) and specific brain 

activity (i.e., EEG; Baird et al., 2014). Thus, it can be assumed that individuals’ immediate 
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reports of their ongoing attentional experiences are not meaningfully impacted by memory 

limitations (Weinstein, 2018). 

Finally, immediate probes can be analyzed across different timeframes, such as 

individual points along a short timeseries or aggregated for broader examination. For example, 

Wammes, Boucher, et al. (2016) had undergraduate students respond to attention probes up to 

three times in each of 36 live lectures presented throughout a 12-week psychology course. This 

allowed for examinations of students’ dynamic self-reported attention (a) over the course of an 

average lecture, (b) over the course of an average week, and (c) over the entire term. This 

demonstrates how the immediate-probing method can allow for precise comparisons of self-

reported attentional states across various timeframes. 

Overall, the immediate-probing method employs the shortest possible delay between an 

individual’s attentional experience and when they report on that experience. Although there is 

inherently some form of retrospection involved in reporting on an experience occurring just prior 

to a probe, it is often assumed that since the delay is so short memory would have a minimal 

impact on the attentional state being probed.  

Aggregate Retrospective Reports 

Alternatively, aggregate retrospective reporting employs the longest delay of the three 

methods between an individual’s attentional experience and their reported recall of that 

experience. This method involves individuals completing a task and then reporting on their 

overall levels of attention experienced throughout that task. For example, items from the 

Thinking Content subscale of the Dundee Stress State Questionnaire (DSSQ; Matthews et al., 

1999; Matthews et al., 2013) are commonly used as a retrospective index of concentration and 

mind-wandering (e.g., Banks et al., 2015; Barron et al., 2011; Kane et al., 2021; Smallwood et 
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al., 2006). These items ask participants about the aggregated frequency that they remember 

thinking about different topics, both on-task and off-task, during a task on a scale from 1 (never) 

to 5 (very often). For example, “I thought about personal worries” and “I thought about 

something that happened in the distant past”. When assessing retrospective reports of attention, 

the DSSQ has been found to correlate positively with immediate mind-wandering probes 

responded to throughout a SART task (r = .36; Kane et al., 2021), supporting some overlap 

between individuals’ in-the-moment and aggregated retrospective self-reports of attentional 

experiences. 

One benefit of aggregate retrospective reports is that they can be employed at the end of a 

study without the need to interrupt an ongoing task, an issue that has been shown to impact 

immediate reporting of attentional experiences (Myin-Germeys et al., 2009; Seli, Carriere, et al., 

2013). Seli, Carriere, et al. (2013) presented immediate thought probes throughout an attention 

task at varying intervals (between 5-25 probes total) and found a significant relation between the 

time between probes and proportions of participants’ probe-caught mind-wandering. 

Specifically, more frequently presented probes were associated with fewer mind-wandering 

reports, suggesting that probing participants too frequently on their attention in the moment 

might lead to altered self-reported mind-wandering either due to a lack of time to experience 

mind-wandering between probes or, more likely, reducing the likelihood that individuals will 

report on their mind-wandering experiences. Employing retrospective reports following task 

completion might eliminate the disruptiveness of immediate probing (Smallwood & Schooler, 

2015).  
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While the aggregate retrospective-report method has some advantages, researchers have 

expressed concerns regarding the recall accuracy of retrospective reports. Kane et al. (2021) 

summarized the disadvantages of aggregated retrospective questionnaires, stating: 

These questionnaires allow efficient data collection, but their validity as measures of 

individual differences in mind-wandering propensity rests on people’s ability to notice 

their fleeting conscious experiences as they occur, to faithfully recall and aggregate them 

over long (typically unspecified) timescales, and then to accurately translate that 

aggregation into a relative frequency or agreement rating. (p. 2401) 

The effect of having a longer delay between an immediate and aggregate retrospective 

report of attention, as well as the effect of having to report on the aggregate experience, has not 

been thoroughly examined. However, limitations with the aggregate retrospective report 

technique have been found in the context of other conscious states, such as affect. For example, 

Ellison et al. (2020) examined whether individuals could recall moment-to-moment self-esteem 

and stress states similarly to how they had originally rated those experiences in the moment. The 

researchers had participants complete 32 pairs of probes via smartphone every 15 minutes for 

eight hours during two days of regular routine: a self-esteem probe (“Right now, I feel good 

about myself”) and a stress probe (“Right now, I feel stressed”), with response options for both 

probes ranging from 0 (not at all) to 100 (extremely). Then, they had participants return to the 

lab approximately one week later to recall their average self-esteem and stress experiences on the 

same 0-100 scale. The authors found that participants recalled similar aggregate levels of self-

esteem but higher aggregate levels of stress than they had originally reported. These results 

suggest that individuals’ aggregated recall of some prior states (such as stress) can be inflated 

and therefore are not always representative of their immediately reported experiences. 
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Furthermore, retrospective reporting of affective and physiological experiences has been 

found to rely on saliency and recency effects. The peak-end rule describes how individuals 

typically report retrospectively on aggregate affective and physiological experiences based on 

the peak intensity (i.e., the most salient experience) and the end intensity (i.e., the most recent 

experience) rather than on an equally weighted average of the entire experience (Redelmeier & 

Kahneman, 1996). This has been shown to persist regardless of the length of an experience, a 

phenomenon referred to as duration neglect (see Alaybek et al., 2022 for a review and meta-

analysis). For example, Redelmeier and Kahneman (1996) compared colonoscopy and lithotripsy 

patients’ in-the-moment pain ratings (reported every 60 seconds via an electronic device as being 

between 0 [no pain] and 10 [extreme pain]) and their aggregate retrospective pain ratings 

(reported one hour after the clinical procedure as their ‘total amount of pain experienced’ 

between 0 [no discomfort] and 10 [awful discomfort]). They found strong correlations between 

the participants’ aggregate retrospective pain ratings and the peak (r = .61) and end pain (r = 

.44), but no significant correlation with procedure duration (r = .12). Furthermore, a simple 

multivariate model with peak pain and end pain as predictors of patients’ aggregate retrospective 

pain reports was not significantly improved by adding total pain, average pain, initial pain, or 

duration as predictors. Thus, Redelmeier and Kahneman (1996) concluded that participants’ 

retrospective reporting of the overall pain experienced during the two types of medical 

procedures were characterized by peak and end experiences, a finding that has been supported 

consistently in the literature (Alaybek et al., 2022). Therefore, reports at the end of a study likely 

impose a memory demand and a bias towards saliency and recency that is not apparent in 

immediate probing, and thus might be a less-accurate method of collecting self-reported attention 

than immediate probes. 
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Short-Term Retrospective Probe Reports 

Short-term retrospective probing is a much less-common approach to capturing self-

reported attentional experiences that combines the minimal delay of immediate probing and the 

recall of retrospective questionnaires while avoiding some of the weaknesses associated with 

retrospective reporting. This method involves participants responding to probes throughout a 

task, reporting whether they experienced mind-wandering in the interval between the last probe 

and the current probe. For example, Antrobus (1968) probed participants every 15 seconds, 

asking whether they remembered mind-wandering at least once since the previous probe (with 

response options of ‘yes’ or ‘no’); Shaw and Giambra (1993) probed participants every 25 

seconds, asking participants to report if they had mind-wandered since the previous probe (with 

responses reported via keys denoted ‘spontaneous’ [ins key] or ‘deliberate’ [+ key]); and 

Giambra (1995) had participants respond to probes every 29 seconds, asking participants to 

report whether they had mind-wandered since the last probe (with responses reported via a key 

denoted ‘TUT’ [task-unrelated thought; i.e., mind-wandering]). Although these might seem like 

very short intervals, they still require participants to report on their recall of attentional 

experiences since the last time they responded.  

Remembered Momentary Attentional States 

Although the aforementioned methods have been used in prior research, the full nature of 

people’s memories for how attentive they were at a specific moment in time – here referred to as 

remembered momentary attentional states (RMASs) – remains largely unexplored. Specifically, 

studies have yet to examine people’s ability to recall their moment-to-moment attentional 

fluctuations after a task has been completed. Considering individuals typically have some control 

over their attentional experiences (e.g., the capability to intentionally mind-wander; Seli, Risko, 
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& Smilek, 2016; Seli, Risko, Smilek, et al., 2016), recall of specific past attentional experiences 

could be useful for informing how one might allocate one’s attention when a similar situation is 

encountered in the future. For example, an individual might recall that they typically have a 

harder time paying attention near the end of a lecture and so plan to exert more effort to sustain 

their attention later in a lecture. Thus, there is reason to believe that people may have durable 

memories of specific prior attentional states, and understanding the nature of these memories 

could shed light on how people could use such knowledge to guide their attention in the future. 

Assessing RMASs requires approaching the retrospective measurement of attentional 

experiences differently than prior retrospective methods have. This is due to the need to capture 

the precise temporal dynamics of attention after a task has been completed, which cannot be met 

by aggregate estimates of attentional engagement. One possible approach is stimulated recall, a 

method wherein participants’ retrospective experiences are measured with the aid of audio or 

video stimuli from the original event (Bloom, 1953; Calderhead, 1981; Gass & Mackey, 2016; 

Lyle, 2003). For example, communication researchers have used this method to examine second-

language students’ dynamic self-ratings of anxiety throughout an oral presentation to their class 

by video-recording the presentations and having participants watch the recording as a recall cue 

while rating their initial experiences of anxiety (Gregersen et al., 2014). These dynamic ratings 

of anxiety were found to have strong convergence with heart-rate data that was collected during 

the recorded presentations, demonstrating that participants’ cued retrospective reports of anxiety 

were consistent with a physiological measure of anxiety. Stimulated recall has also been used to 

capture memories of students’ thoughts during classroom lectures (O'Brien, 1993), children’s 

perceptions of their learning (Morgan, 2007), teachers’ pedagogical beliefs (Meade & 

McMeniman, 1992), musicians’ techniques for successful collaboration (Dempsey, 2010), 
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physicians’ memory for clinical encounters (see Sinnott et al., 2017 for a review), and 

individuals’ working-memory constraints due to cognitive load (Beers et al., 2006). Given the 

success of this method, it seems reasonable to posit that stimulated recall could be used to cue 

individuals’ memory of prior experiences for the purpose of reporting on their specific RMASs. 

Stimulated recall has several strengths when assessing subjective experiences 

retrospectively (Bloom, 1953; Gass & Mackey, 2016; Lyle, 2003). First, like immediate probing, 

stimulated recall can be used quite widely across a number of activities given that there is no 

direct interruption to the initial behaviour itself. Second, also like immediate probing, stimulated 

recall can be utilized to recall as many time points as necessary allowing for specific probing of 

dynamic and free-flowing experiences. Finally, unlike aggregate retrospective reporting, 

stimulated recall does not require participants to mentally average specific experiences to arrive 

at a representative overall experience that may be influenced by forgetting (Ellison et al., 2020) 

or particularly salient but non-representative moments (Alaybek et al., 2022; Redelmeier & 

Kahneman, 1996). Instead, stimulated recall involves a re-presentation of a particular moment 

from the original task to cue an individual’s recall of their experiences during that specific 

timepoint. For these complementary reasons, this method could prove particularly beneficial for 

assessing RMASs with a high degree of temporal specificity across a number of diverse 

activities, especially considering that stimulated recall could be effectively matched with 

immediate subjective reports to make immediate and retrospective probes more directly 

comparable. 

The Present Studies 

Across two experiments, we examined the nature of individuals’ retrospective reporting 

of dynamic fluctuations in their momentary attentional states, focusing on the broader experience 
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of attentional engagement and the more specific experience of mind-wandering. To do so, we 

utilized immediate thought probes during a video-viewing task to capture participants’ in-the-

moment assessments of attention (immediate reports). Following this, we implemented video-

stimulated recall by presenting participants with short clips from the video they had just viewed 

and asking them to estimate their attention when they first viewed that section of the video 

(retrospective reports). Immediate and retrospective reports were then assessed for temporal 

overlap using cross-correlation analysis to quantitatively evaluate the correspondence between 

the two timeseries. Experiment 1 assessed the congruence between participants’ immediate and 

retrospective reports of attentional engagement. Experiment 2 then assessed the congruence 

between participants’ immediate and retrospective reports of mind-wandering. The results of the 

two RMASs were then compared to assess whether there was greater correspondence between 

immediate and retrospective probe reports when assessing attentional engagement than when 

assessing mind-wandering. 
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Experiment 1: Attentional Engagement 

In Experiment 1, we examined the overarching RMAS of attentional engagement by 

assessing the degree of correspondence between individuals’ immediate and retrospective probe 

reports of this attentional state. When one is in a state of engagement, attention is primarily 

focused on the task at hand (Weinstein et al., 2018). We chose to examine memory for 

attentional engagement first because we assumed that it is a broad attentional experience and so 

could be easier to recall than a more specific state such as mind-wandering. To examine the 

nature of individuals’ memory for their initial attentional engagement while viewing a video 

lecture, we compared individuals’ immediate reports of attentional engagement captured during 

the initial viewings of the lecture to their retrospective recall cued by re-presentations of 

segments of the lecture. Two video lectures were selected to assess whether similar outcomes 

would be observed in lectures that were inherently less or more engaging: a Yale lecture (less 

engaging) and a TEDx Talk (more engaging). Additionally, we had participants complete a short 

quiz following the tasks to assess their recall of the video content. Finally, we assessed the 

concordance between the temporal dynamics of participants’ immediate and retrospective reports 

of attentional engagement for both video conditions. 

Our analyses were aimed at addressing several issues. First, we assessed the average 

immediate and average retrospective reports as a function of video engagingness to evaluate 

whether there is any overall bias in recall of attentional engagement relative to immediate reports 

and to confirm that the manipulation of video engagingness was successful. Second, we assessed 

the relations between immediate reports of attentional engagement, retrospective reports of 

attentional engagement, and recall of the lecture content; robust correlations among these 

measures would be consistent with the notion that they each index momentary levels of 
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attentional engagement. Finally, and most importantly, we examined the degree of 

correspondence in the temporal dynamics of the immediate and retrospective measures. In this 

analysis we also examined whether the degree of correspondence between immediate and 

retrospective measures depended on the engagingness of the video viewed. 

To compare the temporal dynamics of the immediate and retrospective measures, we 

used cross-correlation, an analytic method that calculates the degree of overlap between the 

timeseries that underlie the two measures (Brunsdon & Skinner, 1987; Derrick & Thomas, 2004; 

Gregson, 2014; Heath, 2000). We used this technique because the time stamps for the immediate 

and retrospective thought probes never overlapped based on video runtime, which precluded a 

direct comparison of the probes across measures. The cross-correlation analysis was applied to 

each video condition separately. 

As a concrete example of a single cross-correlation analysis, consider the sample data 

depicted in Figure 1. Here, we can assume that discrete responses to thought probes of 

attentional engagement are merely time points along a continuous underlying timeseries of 

attentional engagement. In this manner, we can consider immediate probe responses to be data 

points along an immediate timeseries (Figure 1a), which represents the reference set or ground 

truth of an individual’s attentional engagement over time. Similarly, retrospective probe 

responses can be considered data points along a retrospective timeseries (Figure 1b), which 

represents the evaluation set that is meant to be compared against the reference set. 

To examine whether immediate and retrospective timeseries are representative of the 

same underlying fluctuations in attentional engagement, cross-correlation assesses the precise 

temporal relationship between the two by calculating whether they occur in a time-locked pattern 

relative to one another. For this, we first assess the cross-correlation score between the  
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Figure 1. 
A Sample Participant’s Less-Engaging Video Condition Results Depicting the Cross-Correlation Analytic Procedure Used. 

 
Note: Since (a) immediate probe responses and (b) retrospective probe responses are assumed to represent discrete points along a continuum of 
attentional engagement, we converted these responses into two independent, continuous timeseries. Then, to evaluate whether the immediate and 
retrospective timeseries were representative of the same underlying fluctuations in attentional engagement, we assessed for the degree of overlap 
between the two (c) at a time lag of 0 (r0) and (d) at various other time lags (e.g., +1 minute; r+1).  
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immediate and retrospective timeseries when the two directly overlap, at a time lag of 0 (Figure 

1c). Then, we assess cross-correlation scores between the two when the retrospective timeseries 

is shifted forwards or backwards in time, at various other time lags (e.g., at a time lag of +1 

minute, as in Figure 1d). Given that cross-correlation scores can range from +1 (perfectly 

correlated) to 0 (not correlated) to –1 (negatively correlated), if immediate and retrospective 

timeseries represent the same underlying fluctuations in attentional engagement, we would 

expect to find a maximally-positive cross-correlation score when the timeseries directly overlap 

at a time lag of 0 compared to when the timeseries are shifted in some manner at any other time 

lag (as in Figure 2). 

 
Figure 2. 
A Sample Participant’s Cross-Correlations for the Less-Engaging Video Condition. 

 
Note: Within the sample participant’s less-engaging data, cross-correlation scores were maximal at a time 
lag of 0 (r0), indicating a high degree of overlap in attentional-engagement fluctuations between the 
immediate and retrospective timeseries. 
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Method 

Participants 

 It was determined a priori that 103 participants would be required for within-subject 

comparisons1. A strategic overshoot of this sample size was planned to account for participants 

being recruited in groups and for expected attrition due to quality control in online testing (Peer 

et al., 2014). In total, 118 participants (89 women, 26 men, 3 unknown; Mage = 21.2 years, SDage 

= 8.3 years) were recruited for the experiment through the University of Waterloo’s online 

participant pool. Informed written consent was obtained from all participants, and they received 

partial course credit as compensation for their time. All protocols and procedures were approved 

by the university’s research ethics board. 

 Prior to analysis, we removed data from any participants who indicated that they had 

previously viewed at least one of the video lectures used for the study given that prior knowledge 

of the video content could impact both immediate and retrospective ratings of attentional 

engagement (13 participants). We also removed data from any participants that were non-

responsive to over 20% of immediate or retrospective thought probes given the difficulty of 

tracking attentional engagement accurately in these cases (3 participants). As such, data from 

102 participants (82 women, 19 men, 1 unknown; Mage = 21.5 years, SDage = 8.9 years) were 

included in the final analyses. 

Materials & Stimuli 

 Video lectures. Two 15-minute video lectures were used as the video stimuli for the task: 

an open-sourced Yale lecture on Roman architecture (Kleiner, 2009) and a TEDx Talk on ‘The 

 
1 An a-priori power analysis was conducted using G*Power (test family = exact, statistical test = correlation; Faul et 
al., 2009) to determine the required sample size needed to detect a small effect size (Cohen et al., 1988). Based on 
an alpha of .05 and power of .95, it was determined that 103 participants would be needed. 
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Super Mario Effect’ (Rober, 2018). The videos contained both audio and video elements, and 

each video was displayed at full screen resolution, embedded in the browser, with no playback 

controls visible. The TEDx Talk was hypothesized to be more engaging than the Yale lecture 

since the former involved varying camera angles, an animated presenter, colourful slides, and a 

more captivating topic. Prior to the task, each participant was asked to report on their familiarity 

with the video topics on a scale from 1 (not at all familiar) to 7 (very familiar). Overall, 

participants did not report any differences in familiarity between the two topics (art history, M = 

2.3, SD = 1.4; computer science M = 2.7, SD = 1.8; t[101] = 1.76, p = .081, dz = .17). 

Immediate thought probes. Participants’ in-the-moment attentional engagement was 

assessed for each video lecture using 10 immediate thought probes (i.e., 20 probes in total for 

both videos) that appeared every 1-2 minutes throughout each lecture. Each immediate probe 

asked, “Just before this screen appeared, how engaged were you with this video lecture?”, with 

response options presented as a multiple-choice Likert-style scale ranging from 1 (not at all) to 7 

(very) as black text on a grey background. 

 Retrospective thought probes. Participants’ retrospective attentional engagement was 

measured using 10 retrospective thought probes (i.e., 20 probes in total for both videos) that 

involved presenting participants with a 15-second video clip from the original video followed by 

a thought probe (i.e., video-stimulated recall). Similar to the immediate thought probes, each 

retrospective probe asked, “How engaged were you when you first watched this section of the 

video lecture?”, with response options presented as a multiple-choice Likert-style scale ranging 

from 1 (not at all) to 7 (very) as black text on a grey background. 

All retrospective thought-probe video clips were presented in sequential runtime order, 

that is, in the same temporal order that they originally appeared in the video. In addition, 
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retrospective probe timestamps were programmed to occur at least 10 seconds outside of any 

immediate probe timestamps, such that retrospective probes never overlapped with any 

immediate probes for the same participant, i.e., participants’ attentional engagement was never 

probed twice for the same content. This was done to ensure that retrospective responses were not 

based on participants’ initial immediate responses, and instead based on their actual RMAS. 

 Post-task quiz. Participants completed a multiple-choice quiz following each video 

lecture. The two quizzes each contained five items pertaining to the content of the video lecture 

they had just viewed with three or four response options each. The purpose of these quizzes was 

(1) to motivate participants to pay attention to the videos, and (2) to have an additional index of 

attentional engagement throughout the videos (e.g., if a participant both indicated that they were 

highly engaged at the end of the video and answered the content question from that section 

correctly). A copy of the quizzes used can be found in Appendix A. 

Other materials. There were two additional measures employed within the design that 

were not directly related to the aims of the current study and are thus not included in the current 

analyses. First, following the completion of the video-viewing tasks including all immediate and 

retrospective thought probes, there was a self-reported measure of participants’ level of 

motivation for completing the study’s task well. Then, there was a self-reported measure of 

participants’ general attentional-control tendencies (Derryberry & Reed, 2002). 

Procedure 

 To begin, participants were first presented with a letter of informed consent before being 

asked to provide their demographic information (gender, age), to rate their familiarity with the 

two videos’ overarching topics, and to rate their level of motivation for performing well on the 

task. Participants then received the instructions to complete the video-viewing task, which 
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stipulated that they would watch a video lecture, responding to intermediate thought probes 

throughout, and that there would be a test on their knowledge of the video content afterwards. 

Additionally, participants were asked not to take notes or multitask while viewing the lecture. 

 The main task components of the study are shown in Figure 3. Participants watched the 

video lectures, and their in-the-moment levels of attentional engagement were measured using 

immediate thought probes. Then, after viewing both video lectures, they completed the video-

stimulated recall component of the study. During this component, participants were presented 

with 15-second clips from each video they had just viewed. For each clip they were asked to 

retrospectively report their level of engagement the first time they watched that section of the 

video. Then, participants completed the recall quizzes for both videos. The order of the two 

video conditions was counterbalanced between participants. Finally, participants completed the 

self-report measure of attentional control (not analyzed here). 

Results 

 The key dependent variable assessed in this experiment was participants’ self-reported 

attentional engagement. Additionally, recall of video content was assessed as a marker of 

memory for the two video conditions. The two key independent variables in this experiment 

were probe type (immediate versus retrospective) and video type (less-engaging versus more-

engaging). All measures were normally distributed (skew <3 and kurtosis <10; Kline, 1998). 

Probe Type and Video Type 

A two-way repeated-measures ANOVA was conducted to assess the effects of probe type 

(immediate versus retrospective) and video type (less-engaging versus more-engaging) on 

participants’ self-reported attentional engagement scores (see Figure 4). There was not a 



21 
 

Figure 3. 
The Video-Viewing Task and Video-Stimulated Recall Task Procedures for Experiment 1. 

 
Note. Dotted lines indicate that the immediate and retrospective probes never occurred at the same time points in the video for the same 
participant. I.e., participants were never probed on the same section of the video lectures twice. Participants completed the video-viewing task for 
both video conditions before then completing the video-stimulated recall task for both video conditions.
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Figure 4. 
Mean Engagement Probe Responses for the ‘Less-Engaging’ Yale Lecture and ‘More-Engaging’ 
TEDx Talk Video Conditions as a Function of Immediate and Retrospective Probe Types (N = 
102). 

 
Note: Error bars represent +/ ̶  1 standard error of the mean (SEM). 
*** Significant difference at the .001 level. 
 

significant interaction between the two independent variables (F[1, 101] = 1.35, p = .248, η2
p = 

.01), nor was there a significant main effect of probe type on engagement scores (F[1, 101] = .51, 

p = .475, η2
p = .01). This indicated that participants had similar overall ratings of attentional 

engagement immediately during the video-viewing task and retrospectively. However, there was 

a significant main effect of video type (F[1, 101] = 74.36, p < .001, η2
p = .42), with participants’ 

overall engagement ratings being significantly lower for the Yale lecture than for the TEDx Talk. 

This supported defining the Yale lecture as the ‘less-engaging’ video condition and the TEDx 

Talk as the ‘more-engaging’ video condition. 
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Recall of Video Content 

On average, participants scored significantly higher on the post-task quiz for the TEDx 

Talk (M = 3.4 [68%], SD = 0.9) than for the Yale lecture (M = 3.1 [62%], SD = 1.2; t[101] = 

2.92, p = .004, dz = .29). As seen in Table 1, participants’ immediate and retrospective probe 

responses were strongly correlated for both video conditions. Furthermore, participants’ 

immediate and retrospective probe responses for attentional engagement were positively 

correlated with their post-task quiz responses, suggesting that participants who reported higher 

attentional engagement both in the moment and retrospectively also tended to perform better on 

the recall quiz than participants who reported lower attentional engagement. Although the 

patterns were similar in the less-engaging and more-engaging video conditions, the immediate 

reports of attentional engagement were more strongly correlated with the recall quiz results than 

were the retrospective reports of attentional engagement. For these comparisons, we applied a 

calculation for the test of the difference between two dependent correlations with one variable in 

common (Lee & Preacher, 2013, based on Steiger, 1980). For the less-engaging video condition, 

the immediate probes correlated more strongly with the quiz results (r = .43) than did the 

retrospective probes (r = .32, one-tailed p = .005). Similarly, for the more-engaging video 

condition, the immediate probes correlated more strongly with the quiz results (r = .43) than did 

the retrospective probes (r = .28, one-tailed p = .004).  

Cross-Correlation Results 

Using the cross-correlation analytic approach, we applied the following steps to 

determine the temporal overlap between immediate and retrospective thought probes. First, for 

each video condition, we converted our immediate and retrospective probe responses into two 

separate, continuous timeseries by interpolating each set of probe responses at 1-minute intervals  
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Table 1. 
Correlations Between Attentional-Engagement Probe Responses and Content-Recall Quiz 
Results for Experiment 1 (N = 102). 

 1 2 3 
Less-Engaging Video    

1. Immediate Probe  .89*** .43*** 
2. Retrospective Probe   .32** 
3. Recall Quiz    

More-Engaging Video    
1. Immediate Probe  .81*** .43*** 
2. Retrospective Probe   .28** 
3. Recall Quiz    

*** Significant at the .001 level. 
** Significant at the .01 level. 
 

using a piecewise polynomial function (i.e., PCHIP, Piecewise Cubic Hermite Interpolating 

Polynomial; Fritsch & Carlson, 1980; Kahaner et al., 1988). This function was selected due to its 

ability to interpolate data within the bounds of the data points to best approximate dynamic and 

fluctuating timeseries (Barker & McDougall, 2020; Dan et al., 2020; Zeinali et al., 2014). This 

resulted in two 16-point timeseries that best preserved the original probe responses. Then, for 

each video condition, we calculated cross-correlation scores between the immediate and 

retrospective timeseries using time steps of 1 minute. This step size was chosen to reflect the 

interpolation intervals used, resulting in 19 cross-correlation time lag scores ranging from –9-

minute to +9-minutes for each participant per video condition. 

Next, we used the following stepwise analysis plan to comprehensively assess the cross-

correlation results: to evaluate the concordance between the immediate and retrospective reports, 

we (1) determined whether the overlap between the two timeseries was significantly different 

from a null effect, using one-sample t-tests (compared to 0) to assess mean cross-correlation 

scores at a time lag of 0; then (2) determined if the cross-correlation coefficients at a time lag of 
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0 were the peakiest2 by comparing the 95% confidence intervals surrounding each of the time 

lags visually; finally, to determine if any differences existed between video conditions, we (3) 

used a paired-samples t-test to compare mean cross-correlation scores at a time lag of 0 between 

the less-engaging and more-engaging video conditions. 

As in typical Pearson correlations, a cross-correlation coefficient cannot be computed if 

there is zero variability within a participant’s data. Therefore, participants who had zero 

variability within either their immediate or retrospective probe responses (e.g., responded to all 

thought probes with ‘1’) were deleted listwise, resulting in 63 participants’ cross-correlation data 

being included in our comparisons.3 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients of attentional engagement significantly differed from 0 for both the 

less-engaging (M = .32, SD = .44; one-sample t[62]= 5.85, p < .001, dz = .74; Figure 5a) and 

more-engaging video conditions (M = .26, SD = .39; one-sample t[62] = 5.21, p < .001, dz = .66; 

Figure 5b). Therefore, participants rated their attentional engagement similarly when probed 

immediately and retrospectively, demonstrating that specific prior moments of attentional 

engagement can be accurately probed after the fact. 

The 95% confidence intervals in Figures 5a and 5b indicate that the cross-correlation 

coefficients were highest around the 0 lag for both video conditions, as they were significantly 

higher than time lags -9 to -2 and +3 to +9. Therefore, the congruence between participants’ 

immediate and retrospective reports of attentional engagement was strongest when the timeseries  

 
2 A ‘peakier’ cross-correlation = high cross-correlation coefficient at a time lag of 0 with other time lags dropping 
off on either side; a less ‘peaky’ cross-correlation = low cross-correlation coefficient at a time lag of 0, with or 
without other time lags dropping off on either side. 
3 This reduction of sample size did not impact the results of the analyses compared to when all possible participants 
were included (see Appendix B). 
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Figure 5. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging and (b) 
More-Engaging Video Conditions of Experiment 1 (N = 63). 

 
Note. Error bars represent 95% confidence intervals. 
 

were directly overlaid and/or only shifted by up to 2 minutes, suggesting that participants were 

reporting on their RMASs of attentional engagement. 

Comparing video conditions. Finally, the cross-correlation coefficients for the less-

engaging and more-engaging video conditions did not differ significantly at a time lag of 0 (t[62] 
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= .97, p = .337, dz = .16). Therefore, the video condition did not affect participants’ concordance 

between the immediate and retrospective reports. 

Discussion 

 The goal of Experiment 1 was to examine the overarching RMAS of attentional 

engagement by assessing the degree of correspondence between individuals’ immediate and 

retrospective probe reports of this attentional state. Our findings indicated that when using short 

cues from the original video-viewing task, participants’ reports of memories of attentional states 

corresponded moderately well with their in-the-moment reports. This was observed both when 

looking at the aggregated reports and within the temporal dynamics of the probes across the task. 

Furthermore, our findings indicated that this correspondence was not affected by the overall 

engagingness of the videos used for the task. Therefore, at least when probing about individuals’ 

attentional engagement, retrospective reports of RMASs can be similar to in-the-moment reports 

of an initial attentional experience.  
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Experiment 2: Mind-Wandering 

 In Experiment 2, we examined the more specific RMAS of mind-wandering by assessing 

the degree of correspondence between individuals’ immediate and retrospective probe reports of 

this attentional state. When one is in a state of mind-wandering, attention drifts from the primary 

task to unrelated thoughts (Smallwood & Schooler, 2006). Although it might be assumed that 

attentional engagement and mind-wandering occur on opposite ends of an attentional spectrum, 

this has been called into question (Anderson, 2011; Seli et al., 2018; Weinstein et al., 2018). 

Instead, it has been suggested that mind-wandering is only one form attentional disengagement 

(Danckert, 2018), with other forms of disengagement including states such as external 

distractions (Stawarczyk et al., 2011) and blanking (Ward & Wegner, 2013). Furthermore, 

because it has been shown that the type of state being probed might affect how participants’ 

reports on their attentional experiences (e.g., “At the time of the ding, my mind was on something 

other than the text” versus “At the time of the ding, my mind was on the text”; Weinstein et al., 

2018), one’s degree of mind-wandering cannot be assumed based on their report of attentional 

engagement or vice-versa (Weinstein et al., 2018). Thus, it is unclear whether RMASs for mind-

wandering will show similar correspondence with immediate reports to what we found when 

assessing RMASs for overall attentional engagement. 

Mind-wandering experiences are often divided into two separate classifications: 

intentional mind-wandering, wherein an individual has deliberately let their thoughts drift away 

from the task at hand; and unintentional mind-wandering, wherein an individual might find that 

their thoughts have drifted away from the task without their explicit control (Giambra, 1995; 

Seli, Risko, & Smilek, 2016; Seli, Risko, Smilek, et al., 2016). Although individuals might 

experience both types of mind-wandering throughout a task, it is important to differentiate 
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between the two. This is because intentional and unintentional mind-wandering have been found 

to: (a) occur at different rates depending on context, such as intentional mind-wandering 

occurring more often in an easier attention task and unintentional mind-wandering occurring 

more often in a more difficult attention task (Seli, Risko, & Smilek, 2016); and (b) to associate 

with different behaviours, such as intentional but not unintentional mind-wandering relating to 

fidgeting (Carriere et al., 2013). Therefore, in the present study we distinguished between 

intentional and unintentional mind-wandering to understand how either might be affected in 

retrospective reporting. 

In Experiment 2, we examined individuals’ retrospective reporting of intentional and 

unintentional mind-wandering for the same two video lectures as in Experiment 1. We had 

participants complete the same short quizzes at the end of each video condition to assess their 

recall for the video content, and we assessed the concordance between the temporal dynamics of 

participants’ immediate and retrospective reports of mind-wandering for both video conditions. 

Our analyses were aimed at addressing similar issues as in Experiment 1. 

Method 

Participants 

 One hundred and twenty-three participants (87 women, 31 men, 1 non-binary, 3 

unknown; Mage = 19.7 years, SDage = 3.1 years) who had not participated in Experiment 1 were 

recruited for the experiment through the University of Waterloo’s online participant pool. 

Informed written consent was obtained from all participants, and they received partial course 

credit as compensation for their time. All protocols and procedures were approved by the 

university’s research ethics board. 
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 Prior to data analysis, we removed data from any participants who indicated that they had 

previously viewed at least one of the video lectures used for the study (19 participants) or if they 

were non-responsive to over 20% of immediate or retrospective thought probes (7 participants). 

As such, data from 97 participants (73 women, 20 men, 1 non-binary, 3 unknown; Mage = 19.9 

years, SDage = 3.4 years) were included in the final analyses. 

Materials & Stimuli 

 The materials and stimuli were identical to those used in Experiment 1, except the 

immediate and retrospective thought probes asked about participants’ subjective reports of 

intentional and unintentional mind wandering on a scale from 0 (not at all) to 10 (completely). 

Immediate probe: “To what extent were you [intentionally/unintentionally] mind wandering just 

before this probe appeared?”. Retrospective probe: “To what extent were you 

[intentionally/unintentionally] mind wandering when you first watched this section of the video 

lecture?”. Twenty immediate probes were presented to each participant (10 intentional, 10 

unintentional) and 10 retrospective clips were shown to each participant (each with an intentional 

and unintentional probe, counterbalanced). Overall, participants did not report any differences in 

familiarity between the two topics (computer science, M = 2.1, SD = 1.6; art history, M = 2.0, SD 

= 1.2; t[96] = 0.62, p = .537, dz = .06). 

Procedure 

 The procedures were identical to those of Experiment 1, except for the probe wording 

(mind-wandering instead of attentional engagement) and the addition of the independent variable 

of mind-wandering intentionality (intentional versus unintentional). 
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Results 

The key dependent variable assessed in this experiment was participants’ self-reported 

mind-wandering. Additionally, recall of video content was assessed as a marker of memory. The 

three key independent variables in this experiment were probe type (immediate versus 

retrospective), video type (less-engaging versus more-engaging), and mind-wandering 

intentionality (intentional versus unintentional). All measures were normally distributed (skew 

<3 and kurtosis <10; Kline, 1998). 

Probe Type, Video Type, and Intentionality 

A three-way repeated-measures ANOVA was conducted to assess the effects of probe 

type (immediate versus retrospective), video type (less-engaging versus more-engaging), and 

mind-wandering intentionality (intentional versus unintentional) on participants’ self-reported 

mind-wandering scores (see Figure 6). There was not a significant main effect of probe type 

(F[1, 96] = 2.11, p = .150, η2
p = .02). However, there was a significant main effect of video type 

(F[1, 96] = 78.08, p < .001, η2
p = .45) with participants reporting significantly higher mind-

wandering in the less-engaging video condition than in the more-engaging video condition. This 

effect was qualified by a significant two-way interaction with probe type (F[1, 96] = 7.60, p = 

.007, η2
p = .07), indicating that the immediate probe responses were significantly higher than the 

retrospective probe responses in the less-engaging video condition but that there was no 

significant difference between probe types in the more-engaging video condition. Additionally, 

there was a significant main effect of mind-wandering intentionality (F[1, 96] = 9.89, p = .002, 

η2
p = .09) with participants reporting significantly higher unintentional mind-wandering than 

intentional mind-wandering overall. This effect was not qualified by either a two-way interaction 

with probe type (F[1, 96] = 2.57, p = .112, η2
p = .03) nor with video type (F[1, 96) = .25, p =  
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Figure 6. 
Mean Immediate and Retrospective (a) Intentional and (b) Unintentional Mind-Wandering 
Probe Responses for the Less-Engaging and More-Engaging Video Conditions of Experiment 2 
(N = 97). 

 
Note: Error bars represent +/ ̶  1 standard error of the mean (SEM). 
** Significant difference at the .01 level. 
n.s. Not a significant difference at the .05 level. 
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.619, η2
p = .00). Finally, the three-way interaction between the three independent variables did 

not reach significance (F[1, 96] = .15, p = .704, η2
p = .00). 

Therefore, participants reported significantly less mind-wandering retrospectively than 

they had in the moment, suggesting that perhaps specific mind-wandering experiences aren’t as  

memorable or distinguishable in less-engaging contexts such as the Yale lecture video. 

Furthermore, participants reported mind-wandering unintentionally more than intentionally 

overall, which has been noted in some prior studies (e.g., Seli, Risko, & Smilek, 2016) but not in 

others (e.g., Wammes, Boucher, et al., 2016). 

Recall of Video Content 

As with Experiment 1, participants scored significantly higher on the TEDx Talk’s post-

task quiz (M = 3.5 [70%], SD = 0.8) than on the Yale lecture’s post-task quiz (M = 3.1 [62%], SD 

= 1.3; t[96] = 2.96, p = .004, dz = .30). As seen in Table 2, participants’ immediate and 

retrospective probe responses for mind-wandering were negatively correlated with their post-task 

quiz responses, suggesting that participants who reported more mind-wandering both in the 

moment and retrospectively also tended to perform poorer on the recall quiz than participants 

who reported less mind-wandering. Unlike in Experiment 1, the correlations between the content 

recall and the immediate reports of mind-wandering were not statistically different from the 

correlations between content recall and the retrospective reports of mind-wandering for either 

video condition. For these comparisons, we again tested the difference between two dependent 

correlations with one variable in common (Lee & Preacher, 2013, based on Steiger, 1980). For 

the less-engaging video condition, the correlations between the immediate probes and the quiz 

results were similar to the correlations between the retrospective probes and the quiz results for 

both the intentional probes (intentional immediate r = -.48 and retrospective r = -.47, one-tailed  
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Table 2. 
Correlations Between Mind-Wandering Probe Responses and Content-Recall Quiz Results for 
Experiment 2 (N = 97). 

 1 2 3 4 5 

Less-Engaging Video      
Intentional MW      

1. Immediate Probe  .69*** .61*** .55*** -.48*** 

2. Retrospective Probe   .51*** .68*** -.47*** 
Unintentional MW      

3. Immediate Probe    .69*** -.39*** 
4. Retrospective Probe     -.36*** 

Content Recall      
5. Recall Quiz      

More-Engaging Video      

Intentional MW      

1. Immediate Probe  .66*** .81*** .53*** -.40*** 
2. Retrospective Probe   .56*** .77*** -.32** 

Unintentional MW      
3. Immediate Probe    .69*** -.35*** 
4. Retrospective Probe     -.23* 

Content Recall      
5. Recall Quiz      

Note. MW = mind-wandering. 
*** Significant at the .001 level. 
** Significant at the .01 level. 
* Significant at the .05 level. 
 

p = .4; unintentional immediate r = -.39 and retrospective r = -.36, one-tailed p = .3). The same 

was observed for the more-engaging video condition (intentional immediate r = -.40 and 

retrospective r = -.32, one-tailed p = .2; unintentional immediate r = -.35 and retrospective r = -

.23, one-tailed p = .1). 

Cross-Correlation Results 

Cross-correlation calculations were identical to those of Experiment 1, with the addition 

of the independent variable of mind-wandering intentionality (intentional versus unintentional). 
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We then used the same stepwise analysis plan to comprehensively assess whether the immediate 

and retrospective timeseries for each type of mind-wandering probe in each video lecture were 

representative of the same underlying fluctuations in mind-wandering. 

Participants who had zero variability within either their immediate or retrospective probe 

reports (e.g., responded to all thought probes with ‘1’) were deleted listwise, resulting in 58 

participants’ cross-correlation data being included in our comparisons.4 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients only differed significantly from 0 for the less-engaging video’s 

intentional probes (M = .12, SD = .38; one-sample t[57] = 2.47, p = .016, dz = .32; Figure 7a) but 

not for the less-engaging video’s unintentional probes (M = .02, SD = .40; one-sample t[57] = 

.47, p = .644, dz = .06; Figure 7b). Furthermore, the average cross-correlation coefficients for the 

more-engaging video condition did not differ significantly from 0 for either the intentional 

probes (M = .01, SD = .32; one-sample t[57] = .29, p = .774, dz = .04; Figure 7c) nor the 

unintentional probes (M = -.04, SD = .38; one-sample t[57] = -.86, p = .395, dz = -.11; Figure 7d). 

Therefore, participants only rated their mind-wandering similarly when probed immediately and 

retrospectively about their intentional mind-wandering during one video condition, 

demonstrating that mind-wandering might not be accurately probed after the fact. 

 The 95% confidence intervals in Figures 7a-d suggest that the cross-correlation 

coefficients at the 0 lag were not significantly higher than at any other time lag, except for the 

less-engaging intentional mind-wandering condition (Figure 7a) where the 0 lag was 

significantly higher than lags -7 to -9 and +6 to +9. Therefore, the overall congruence between 

participants’ immediate and retrospective reports of mind-wandering were not strongest when 

 
4 This reduction of sample size did not impact the results of the analyses compared to when all possible participants 
were included (see Appendix C). 
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Figure 7. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging Intentional MW, (b) Less-Engaging 
Unintentional MW, (c) More-Engaging Intentional MW, & (d) More-Engaging Unintentional MW Conditions of Experiment 2 (N = 
58). 

 
Note. MW = mind-wandering. Error bars represent 95% confidence intervals.
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directly overlaid, suggesting that participants might not have been reporting on their RMASs of 

mind-wandering or that they had poor recollection of those states. 

Comparing video conditions. Finally, there was not a significant interaction between 

video type (less-engaging versus more-engaging) and mind-wandering type (intentional versus 

unintentional) on mean cross-correlation coefficients at a time lag of 0 (F[1, 57] = .29, p = .594, 

η2
p = .01). There was also not a significant main effect of either video type (F[1, 57] = 2.86, p = 

.096, η2
p = .05) nor of mind-wandering type (F[1, 57] = 2.90, p = .094, η2

p = .05). Therefore, 

neither video condition nor mind-wandering type affected participants’ concordance between the 

immediate and retrospective reports. 

Discussion 

 The goal of Experiment 2 was to examine the more specific RMAS of mind-wandering 

by assessing the degree of correspondence between individuals’ immediate and retrospective 

probe reports of this attentional state. Our findings indicate that probing mind-wandering 

retrospectively with short cues from the original video-viewing task does not always result in a 

correspondence with immediate probes collected during the initial task. When probes were 

aggregated into an average score, we observed that participants reported less mind-wandering 

retrospectively than they had in the moment. This was only found for the less-engaging video 

condition, suggesting that there was a discrepancy between how they experienced mind-

wandering during the original task and how they reported on that mind-wandering after the fact. 

This finding was also observed within the temporal dynamics of the probes across the task, with 

there being low correspondence between immediate and retrospective probe reports of 

intentional mind-wandering in the less-engaging video condition and no correspondence for the 

rest of the comparisons (unintentional mind-wandering in either video condition and intentional 
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mind-wandering in the more-engaging video condition), although the differences between 

conditions and intentionality were not significant overall. Therefore, when probing about 

individuals’ mind-wandering, retrospective reports of RMASs are not always similar to in-the-

moment reports of an initial attentional experience. 
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Comparing Attentional Engagement and Mind-Wandering 

Although it might appear that the results from Experiment 1 and Experiment 2 were 

drastically different with momentary states of attentional engagement being recalled but mind-

wandering being more nuanced, we aimed to directly compare the results of the two experiments 

to determine if these differences were significant. Specifically, we examined whether there was 

greater correspondence between immediate and retrospective probe reports when assessing 

attentional engagement than when assessing mind-wandering. To facilitate direct comparisons, 

we used combined intentional and unintentional mind-wandering results from Experiment 25 to 

compare attentional engagement with overall mind-wandering. 

For this comparison, we standardized each participant’s raw probe responses, re-ran the 

cross-correlation analyses, then compared the results using independent t-tests. For the less-

engaging video condition, average cross-correlation coefficients were significantly higher at a 

time lag of 0 when asking participants about attentional engagement (M = .31, SD = .44; Figure 

8a) than when asking about overall mind-wandering (M = .11, SD = .42; Figure 8b; t[119] = 

2.62, p = .010, d = .48). The same was observed for the more-engaging video condition: average 

cross-correlation coefficients were significantly higher at a time lag of 0 for attentional 

engagement (M = .25, SD = .41; Figure 8c) than for overall mind-wandering (M = .08, SD = .42; 

Figure 8d; t[119] = 2.14, p = .034, d = .39). Therefore, there was stronger concordance between 

the immediate and retrospective reports of attention when participants were probed about levels 

of attentional engagement compared to when they were probed about levels of mind-wandering.6

 
5 To investigate overall mind-wandering reports, we averaged each participant’s raw intentional and unintentional 
mind-wandering scores into overall mind-wandering scores. As a sanity check, we also re-ran the cross-correlation 
analyses on these combined scores, which had similar results as when intentional and unintentional mind-wandering 
cross-correlations were examined separately (see Appendix D). 
6 The same results were observed when including all possible participants in the analyses (see Appendix E). 



40 
 

Figure 8. 
Mean Cross-Correlation Scores as a Function of Time Lag from the Standardized (a) E1 Less-Engaging, (b) E2 Less-Engaging, (c) 
E1 More-Engaging and (d) E2 More-Engaging Conditions (NE1 = 63, NE2 = 58). 

 
Note. E1 = Experiment 1 (attentional-engagement probes), E2 = Experiment 2 (overall mind-wandering probes). Error bars represent 95% 
confidence intervals. 
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General Discussion 

Across two experiments, we examined the degree of correspondence between the 

temporal dynamics of immediately and retrospectively probed self-reports of attention. In 

Experiment 1, when participants reported on their remembered momentary attentional states 

(RMASs) of engagement, we found moderate correspondence between in-the-moment 

(immediate) reports and their RMASs in two different video-lecture conditions. This 

correspondence was found both when the probes were aggregated into an average score and 

when the timeseries of the probes were compared, supporting the conclusion that individuals 

could recall specific momentary experiences of attentional engagement. However, the results 

were not so clear in Experiment 2, in which participants reported on the more specific RMAS of 

mind-wandering (intention and unintentional). When examining the aggregated levels of this 

attentional state, we found that participants rated their mind-wandering (intentional and 

unintentional) similarly across in-the-moment and retrospective probes for the more-engaging 

TEDx Talk but that they reported less mind-wandering retrospectively than they had in-the-

moment for the less-engaging Yale lecture. When the timeseries of the probes were compared, 

only intentional mind-wandering reports for the less-engaging video showed a significant degree 

of correspondence between retrospective and immediate probes. 

When the results of the two experiments were compared directly, it became clear that 

there was significantly less temporal correspondence between participants’ immediate and 

retrospective reports of mind-wandering (Experiment 2) than of attentional engagement 

(Experiment 1). The results of this exploratory between-study comparison suggest that perhaps a 

broader RMAS such as attentional engagement displays stronger correspondence between the 

temporal dynamics of immediate and retrospective probe reports than a more specific RMAS 
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such as mind-wandering. Taken together, these results are consistent with the notion that people 

have enduring memories for momentary episodes of general attentional engagement, but a much 

weaker memory for their momentary episodes of the more specific state of mind-wandering. 

While we suggest that the degree of correspondence between immediate and 

retrospective probes for attentional engagement is based on enduring memory for prior moments 

of engagement, it is possible that other factors might have contributed to participants’ reports of 

their RMASs. One alternative explanation to the present findings could be that individuals do not 

remember their initial momentary attentional state and instead base retrospective reports on their 

memory for the material covered in the video cues presented at recall. That is, when participants 

are shown the video clip to cue their recall, they may first evaluate if they remember the content 

of the clip and then report an RMAS consistent with the success of the recall of the video clip. 

Indeed, it has been suggested that perhaps individuals make inferences regarding their recent 

attentive states based on their recall for immediately preceding task events. Specifically, Dixon 

and Li (2013) hypothesized that individuals infer whether they have been mind-wandering just 

prior to an immediate attention probe by assessing if their working memory contains ‘detailed 

and elaborate information’ about the prior task content. A related concern is that a state of 

inattentiveness might preclude someone from accurately assessing their attentional state.  

However, there is evidence that individuals can be aware of their own inattentiveness as people 

are able to self-catch their episodes of mind-wandering (e.g., Varao-Sousa & Kingstone, 2019). 

Given these concerns, future research might focus on investigating how individuals make 

inferences about their prior attentive states; perhaps people use various cues to infer a RMAS, 

such as cues from the retrospective stimulus itself. 
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A noteworthy aspect of our study is that we did not find a strong concordance between 

immediate and retrospective probes for mind-wandering, an often-studied attentional state (e.g., 

Banks et al., 2015; Barron et al., 2011; Kane et al., 2021; Smallwood & Schooler, 2006). One 

explanation for this outcome is that perhaps mind-wandering is not a very memorable 

experience. This would be in line with Kane et al.’s (2021) statement that they had “little 

confidence in retrospective reports of mind wandering” (p. 2402). However, an alternative 

explanation might be that people do have enduring memory for specific mind-wandering 

episodes but that we were not able to capture these memories successfully with our cued 

retrospective-report technique. Mind-wandering has been described as a ‘fleeting’ (Kane et al., 

2021; Stawarczyk, 2018) and oftentimes ‘spontaneous’ experience (Carriere et al., 2013; 

Smallwood & Schooler, 2015), which suggests that levels of mind-wandering might change 

frequently – perhaps more frequently than overall engagement. As such, it is plausible that while 

participants viewed the video their mind-wandering states might have changed more rapidly than 

our probing method could sample. Because our immediate and retrospective probes sampled 

different timepoints of the task, the immediate and retrospective probes – even those proximate 

in the time series – might not have sampled the same momentary states. Future studies could 

investigate this possibility by employing stimulated-recall cues from the same or very similar 

timepoints as those of the immediate mind-wandering probes. 

It is also worth noting that the cues implemented in our stimulated-recall task were 15-

second clips from the previously viewed video lectures, which were then compared to immediate 

probes sampling the point right before participants were probed. We chose to use a 15-second 

clip to provide participants with sufficient contextual information to trigger their memory for 

their attentional state during that clip. However, this meant that the retrospective probes were 
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less temporally specific than the immediate probes. It is possible that the duration of the clips 

may have been too long to cue specific fleeting mind-wandering experiences, which may have 

impacted retrospective reports of mind-wandering. Future studies might explore implementing 

cues of varying durations (e.g., 5 seconds or still images) to assess whether individuals can 

effectively report on RMASs with less contextual information; perhaps shorter cues might lead 

to more temporal specificity and still provide sufficient context to cue RMASs. 

Future Directions 

Given that people may be able to recall some types of RMASs (attentional engagement) 

better than others (mind-wandering), future research might investigate what factors contribute to 

the degradation of these memories. Specifically, understanding whether prevalent theories of 

forgetting such as decay or interference (Demetriou & Bakracevic, 2009; Ricker et al., 2016) 

might apply to the stability of RMASs could help clarify why some types of RMASs are better 

recalled than others and at what delay individuals might begin forgetting their RMASs. For 

example, a future study might investigate whether immediate and retrospective timeseries 

diverge with increased time between the initial task and the retrospective probes, which might 

indicate that memories of RMASs degrade over time. Alternatively, future research might 

investigate whether immediate and retrospective timeseries are less similar in a higher memory-

interference condition than in a lower memory-interference condition, which might indicate that 

having similar material within a task would increase interference with recall of RMASs. 

Future research could also examine people’s retrospective reports of other momentary 

attentional states. Although the present studies only examined two attentional experiences 

(engagement and mind-wandering), future studies could investigate whether people have robust 

RMASs for other states such as boredom (Danckert et al., 2018) or flow (Marty-Dugas et al., 
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2021). Boredom is described in the literature as “a disengaged state in which the individual is 

motivated to be engaged with their environment, but for whom all attempts to do so fail” 

(Danckert et al., 2018, p. 24) and is primarily characterized as being an unpleasant experience. 

Considered from this perspective, it might be assumed that boredom is a salient negatively 

valenced attentional experience, which might lead to memorable RMASs. Perhaps individuals 

might recall short moments of reduced boredom during attempts to engage with the environment 

(e.g., switching on a television show or picking up a book), but then recall salient increases in 

boredom with each unsuccessful attempt at engagement. Alternatively, flow is often described as 

a 'peak' experience (Csikszentmihalyi & Csikszentmihalyi, 1992), therefore perhaps its saliency 

might allow for a particularly memorable RMAS. However, descriptions of flow experiences 

also typically involve a sense of timelessness and a lack of self-conscious awareness 

(Csikszentmihalyi & Csikszentmihalyi, 1992), suggesting that perhaps specific indices of flow 

might not be discernable in retrospect. Furthermore, it has been suggested that flow might unfold 

over long periods of time on task rather than in short bursts (Marty-Dugas et al., 2021), further 

suggesting that memories of specific momentary flow experiences might not be easily recalled 

with temporal specificity. Thus, exploring other types of RMASs is imperative to understanding 

how memory for attentional experiences might vary. Based on the current findings, it might be 

hypothesized that more general experiences can be better recalled than more specific 

experiences. 

Finally, the retrospective-probing method employed in this paper could be used to 

capture temporally specific fluctuations in attentional experiences without the need to interrupt 

ongoing tasks. This would be useful given the demonstration by Seli, Carriere, et al. (2013) that 

probing too frequently during a task can lead to fewer reports of mind-wandering than when 
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probes are deployed less frequently. Of course, one solution is to reduce the frequency of 

immediate probes to reduce task disruption. Indeed, Welhaf et al. (2022) proposed that as few as 

eight thought probes might be sufficient for capturing basic mind-wandering reports during a 

task. However, reducing the frequency of probes has the knock-on effect of leaving an 

insufficient number of datapoints to faithfully capture the temporal fluctuations in attentional 

states. Thus, using retrospective probes instead of immediate probes, or supplementing sparce 

immediate-probe data with retrospective-probe data, might be a useful way forward in some 

experimental contexts. 

The problem of immediate probes interfering with task engagement could also be solved 

by using aggregate retrospective probes, as has been done in the past. Along these lines, 

Smallwood and Schooler (2015) proposed that: 

One solution [to having to probe participants too frequently in the moment] is to acquire 

self-report data after participants have completed an experimental session. Although this 

measure necessarily depends on memory, it allows the collection of data without artificial 

disruptions and is useful because by preserving the integrity of time-course data, it allows 

temporal properties in objective measures to be related to [experience sampling, i.e., 

immediate thought probing] data. (p. 495) 

However, although aggregate retrospective measures such as the DSSQ might be sufficient for 

capturing individual differences in overall attentional propensities, they are not suitable for 

capturing the temporal dynamics of attention across the duration of a task. Thus, using stimulated 

recall to retrospectively probe individuals’ RMASs provides a unique opportunity to index 

dynamic changes in attentional experiences after the fact, without the need to interrupt ongoing 

tasks. 
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Conclusion 

We found an impressive degree of overlap between participants’ immediate and 

retrospective ratings when measuring attentional engagement, but much less so when measuring 

the more specific state of mind-wandering. Retrospective reports also correlated with memory 

for video content. These findings suggest that people may have enduring remembered 

momentary attentional states (RMASs) for general attentional engagement but less-robust 

memories for the specific experience of mind-wandering. The present work constitutes a first 

systematic exploration of RMASs and opens the door to this exciting new research area of 

human attention. Furthermore, the present work introduces a methodology that can be used in 

future explorations of RMASs and one that could be used instead of immediate thought probes in 

some cases. 
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Appendices 

Appendix A 

Post-Task Quizzes 

*Correct responses are italicized 

More-Engaging Video (Super Mario Effect) 

1. Mark had his YouTube followers complete a puzzle that was designed to: 

a. Test video game playing ability 

b. Prove that anyone can learn how to code 

c. Compare perseverance on a task after losing points or not losing points (0:58) 

d. Award the fastest programmer with $200 

2. In the computer programming puzzle, participants who were not penalized for failed 

attempts on the puzzle were ______ than participants who were penalized 5 points 

a. More successful (2:12) 

b. Less successful 

c. Equally successful 

3. What is the Super Mario Effect? 

a. Video games improve learning 

b. Focusing on failures improves learning 

c. Sticking with a task improves learning (4:30) 

d. Video games improve hand-eye coordination 

4. What does Mark do for a living? 

a. Video game programmer 

b. School teacher 

c. Author 

d. Science YouTuber (5:00) 

5. Out of the projects that Mark has spoken about, which one took him the longest to create? 

a. World’s largest Nerf gun 

b. World’s largest super soaker 

c. Moving dart board (5:55) 

d. Snowball machine gun 
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Less-Engaging Video (Roman History) 

1. Most Roman residential houses were ____ high 

a. 1 story (1:35) 

b. 2 stories 

c. 3 stories 

d. 4 stories 

2. The large second-story windows were likely influenced by _________ architecture 

a. Italian 

b. French 

c. Greek (2:42) 

d. American 

3. What material were shrines usually made of? 

a. Stone 

b. Wood (10:12) 

c. Metal 

d. Glass 

4. Which of the following residential rooms was NOT discussed? 

a. Bedroom 

b. Dining room 

c. Entrance 

d. Bathroom 

5. Roman houses and ________ were built very similarly 

a. Tombs (14:00) 

b. Outhouses 

c. Cafés 

d. Churches 
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Appendix B 

Experiment 2: Mind-Wandering Cross-Correlation Analyses 

(Before Listwise Deletions) 

As many of the participants’ cross-correlation data in Experiment 1 were deleted listwise 

due to having zero variability within either their immediate or retrospective probe reports for at 

least one of the video conditions (39/102 removed; Figure 5 in main text), we sought to examine 

whether the cross-correlation results were affected by these removals. Here, we included all 

possible data, only excluding the specific cross-correlation coefficients that were impossible to 

calculate (e.g., keeping a participant’s less-engaging video’s cross-correlation if it was 

computable even if they had no corresponding more-engaging video cross-correlation). This 

resulted in 87 participants’ data being included for the less-engaging video condition and 68 

participants’ data being included for the more-engaging video condition. As paired less-engaging 

and more-engaging data were required to compare the two video types, we only re-ran the null-

effect and peakiness analyses on the available data. 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients of attentional engagement significantly differed from 0 for both the 

less-engaging (M = .34, SD = .44; one-sample t[86]= 7.14, p < .001, dz = .77; Figure B1a) and 

more-engaging video conditions (M = .26, SD = .40; one-sample t[67] = 5.28, p < .001, dz = .64; 

Figure B1b). Therefore, participants rated their attentional engagement similarly when probed 

immediately and retrospectively, demonstrating that specific prior moments of attentional 

engagement can be accurately probed after the fact even when participants were not deleted 

listwise. 

The 95% confidence intervals in Figures B1a and B1b suggest that the cross-correlation 

coefficients were highest around the 0 lag for both video conditions, as they were significantly 



60 
 

higher than time lags -9 to -2 and +3 to +9. Therefore, the congruence between participants’ 

immediate and retrospective reports of attentional engagement was strongest when the timeseries 

were directly overlaid and/or only shifted by up to 2 minutes, suggesting that participants were 

reporting on their RMASs of attentional engagement even when participants were not deleted 

listwise. 
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Figure B1. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging and (b) 
More-Engaging Video Conditions of Experiment 1 (Before Listwise Deletions). 

 
Note. Error bars represent 95% confidence intervals.
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Appendix C 

Experiment 2: Mind-Wandering Cross-Correlation Analyses 

(Before Listwise Deletions) 

As many of the participants’ cross-correlation data in Experiment 2 were deleted listwise 

due to having zero variability within either their immediate or retrospective probe reports for at 

least one of the mind-wandering types in at least one of the video conditions (39/97 removed; 

Figure 7 in main text), we sought to examine whether the cross-correlation results were affected 

by these removals. Here, we included all possible data, only excluding the specific cross-

correlation coefficients that were impossible to calculate (e.g., keeping a participant’s less-

engaging video’s cross-correlation if it was computable even if they had no corresponding more-

engaging video cross-correlation). This resulted in 79 participants’ intentional data being 

included for the less-engaging video condition, 86 participants’ unintentional data being included 

for the less-engaging video condition, 67 participants’ intentional data being included for the 

more-engaging condition, and 74 participants’ unintentional data being included for the more-

engaging video condition. As paired less-engaging and more-engaging data were required to 

compare the two video types, we only re-ran the null-effect and peakiness analyses on the 

available data. 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients only differed significantly from 0 for the less-engaging video’s 

intentional probes (M = .10, SD = .36; one-sample t[78] = 2.56, p = .013, dz = .29; Figure C1a) 

but not for the less-engaging video’s unintentional probes (M = .07, SD = .42; one-sample t[85] = 

.1.54, p = .129, dz = .17; Figure C1b). Furthermore, the average cross-correlation coefficients for 

the more-engaging video condition did not differ significantly from 0 for either the intentional 

probes (M = -.02, SD = .34; one-sample t[66] = -.47, p = .637, dz = -.06; Figure C1c) nor the 
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unintentional probes (M = -.04, SD = .39; one-sample t[73] = -.97, p = .335, dz = -.11; Figure 

C1d). Therefore, participants only rated their mind-wandering similarly when probed 

immediately and retrospectively about their intentional mind-wandering during one video 

condition, demonstrating that mind-wandering might not be accurately probed after the fact even 

when participants were not deleted listwise. 

 The 95% confidence intervals in Figures C1a-d suggest that the cross-correlation 

coefficients at the 0 lag were not significantly higher than at any other time lag, except for the 

less-engaging intentional mind-wandering condition (Figure C1a) where the 0 lag was 

significantly higher than lags -7 to -9 and +6 to +9. Therefore, the overall congruence between 

participants’ immediate and retrospective reports of mind-wandering were not strongest when 

directly overlaid, suggesting that participants might not have been reporting on their RMASs of 

mind-wandering or that they had poor recollection of those states even when participants were 

not deleted listwise. 
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Figure C1. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging Intentional MW, (b) Less-Engaging 
Unintentional MW, (c) More-Engaging Intentional MW, & (d) More-Engaging Unintentional MW Conditions of Experiment 2 (Before 
Listwise Deletions). 

 
Note. Error bars represent 95% confidence intervals.



65 
 

Appendix D 

Experiment 2 Cross-Correlation Results 

(Combined Overall Mind-Wandering) 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients of overall combined mind-wandering only differed significantly 

from 0 for the less-engaging video condition (M = .12, SD = .43; one-sample t[57] = 2.14, p = 

.037, dz = .28; Figure D1a) but not for the more-engaging video condition (M = .09, SD = .38; 

one-sample t[57] = 1.86, p = .068, dz = .24; Figure D1b). This effect was driven by the 

intentional mind-wandering reports. Therefore, participants only rated their overall mind-

wandering similarly when probed immediately and retrospectively in one video condition but not 

in another, demonstrating that mind-wandering might only be accurately probed after the fact in 

certain contexts. 

 As in the intentional and unintentional analyses, the 95% confidence intervals in Figures 

D1a and D1b suggest that the cross-correlation coefficients at the 0 lag for combined mind-

wandering were not significantly higher than at any other time lag, except for the less-engaging 

condition (Figure D1a) where the 0 lag was significantly higher than lags -9, +7 and +8. This 

effect was driven by the intentional mind-wandering reports. Therefore, the congruence between 

participants’ immediate and retrospective reports of overall mind-wandering were not strongest 

when directly overlaid, again suggesting that participants might not have been reporting on their 

RMASs of mind-wandering or that they had poor recollection of those states. 

 Comparing video conditions. Finally, there was not a significant main effect of video 

type (less-engaging versus more-engaging) on mean cross-correlation coefficients at a time lag 

of 0 (t[57] = .360, p = .721). Therefore, the video condition did not affect participants’ 

concordance between the immediate and retrospective reports of overall mind-wandering. 



66 
 

Figure D1. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging 
Combined MW and (b) More-Engaging Combined MW Conditions of Experiment 2 (N = 58). 

 
Note. MW = mind-wandering. Error bars represent 95% confidence intervals. 

 The same results were observed when all possible participants were included in the 

analyses (i.e., before listwise deletions). 

Evaluating concordance between immediate and retrospective reports. Average 

cross-correlation coefficients of overall combined mind-wandering only differed significantly 

from 0 for the less-engaging video condition (M = .15, SD = .42; one-sample t[88] = 3.29, p = 
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.001, dz = .35; Figure D2a) but not for the more-engaging video condition (M = .03, SD = .39; 

one-sample t[77] = .75, p = .458, dz = .08; Figure D2b). This effect was driven by the intentional 

mind-wandering reports. Therefore, participants only rated their overall mind-wandering 

similarly when probed immediately and retrospectively in one video condition but not in another, 

demonstrating that mind-wandering might only be accurately probed after the fact in certain 

contexts. 

 As in the intentional and unintentional analyses, the 95% confidence intervals in Figures 

D2a and D2b suggest that the cross-correlation coefficients at the 0 lag for combined mind-

wandering were not significantly higher than at any other time lag, except for the less-engaging 

condition (Figure D2a) where the 0 lag was significantly higher than lags -6 to -9 and +5 to +9. 

This effect was driven by the intentional mind-wandering reports. Therefore, the congruence 

between participants’ immediate and retrospective reports of overall mind-wandering were not 

strongest when directly overlaid, again suggesting that participants might not have been 

reporting on their RMASs of mind-wandering or that they had poor recollection of those states 

even when participants were not deleted listwise. 
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Figure D2. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Less-Engaging 
Combined MW and (b) More-Engaging Combined MW Conditions (Before Listwise Deletions). 

 
Note. Error bars represent 95% confidence intervals.  
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Appendix E 

Comparing Attentional Engagement and Mind-Wandering Cross-Correlation Analyses 

(Before Listwise Deletions) 

As many of the participants’ cross-correlation data in Experiment 1 and Experiment 2 

were deleted listwise due to having zero variability within either their immediate or retrospective 

probe reports for at least one of the video conditions (Figure 8 in main text), we sought to 

examine whether the cross-correlation results were affected by these removals. Here, we 

included all possible data, only excluding the specific cross-correlation coefficients that were 

impossible to calculate (e.g., keeping a participant’s less-engaging video’s cross-correlation if it 

was computable even if they had no corresponding more-engaging video cross-correlation). This 

resulted in 87 participants’ data being included for the less-engaging video condition of 

Experiment 1, 89 participants’ data being included for the less-engaging video condition of 

Experiment 2, 68 participants’ data being included for the more-engaging video condition of 

Experiment 1, and 78 participants’ data being included for the more-engaging video condition of 

Experiment 2. 

To compare the cross-correlation results from Experiment 1 (attentional engagement) and 

Experiment 2 (overall mind-wandering), we standardized each participant’s raw probe responses, 

re-ran the cross-correlation analyses, then compared the results using independent t-tests. For the 

less-engaging video condition, average cross-correlation coefficients were significantly higher at 

a time lag of 0 when asking participants about attentional engagement (M = .33, SD = .45; Figure 

E1a) than when asking about overall mind-wandering (M = .15, SD = .41; Figure E1b), t(174) = 

2.79, p = .006, d = .42. The same was observed for the more-engaging video condition: average 

cross-correlation coefficients were significantly higher at a time lag of 0 for attentional 

engagement (M = .25, SD = .42; Figure E1c) than for overall mind-wandering (M = .03, SD = 
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.42; Figure E1d), t(144) = 3.20, p = .002, d = .53. Therefore, there was stronger concordance 

between the immediate and retrospective reports of attention when participants were probed 

about levels of attentional engagement versus mind-wandering, even when participants were not 

deleted listwise.
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Figure E1. 
Mean Cross-Correlation Scores as a Function of Time Lag from the (a) Standardized E1 Less-Engaging, (b) Standardized E2 Less-
Engaging, (c) Standardized E1 More-Engaging and (d) Standardized E2 More-Engaging Conditions (Before Listwise Deletions). 

 
Note. E1 = Experiment 1 (attentional engagement probes), E2 = Experiment 2 (overall mind-wandering probes). Error bars represent 95% 
confidence intervals. 


