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Abstract 

It has been reported that when listening to a lecture, the average student spends approximately one third 

of lecture time thinking about things unrelated to the lecture material (Szpunar et al., 2013). With that 

said, drifting off mentally during the performance of a task is something that everyone experiences to 

some extent. This state of being where our internal thoughts are unrelated to the task being performed has 

been termed mind wandering (MW), and has been studied increasingly in recent years. Despite this 

increase in research on the topic, explanations for why MW occurs in the first place, and how it affects 

constructs such as attention and memory remain limited. The current study examined whether memory 

retrieval tendencies and executive control (EC) were able to predict the propensity to MW, and further 

assessed how MW affected retrieval-induced forgetting (RIF). We found evidence that both EC and 

memory retrieval tendencies are significant predictors of MW propensity. However, there was no 

evidence to suggest that MW had an effect on RIF. Overall, our findings provide a novel view of MW’s 

relationship with both memory and attention, and suggests that higher MW propensity is not always 

detrimental to performance on memory and EC tasks. 
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Chapter 1 

Introduction 

The extent to which we are able to keep our attention focused on important tasks is 

something that some of us are better at than others. With that said, drifting off mentally during the 

performance of a task (e.g., reading a paper, listening to a lecture, etc.) is something that everyone 

experiences to some extent. In fact, research suggests that individuals spend, on average, 46.9% 

of their waking hours thinking about something other than their current task (Killingsworth & 

Gilbert, 2010). This mental state has been termed mind wandering (MW), and is defined as the 

experience of switching attention from an ongoing task to unrelated thoughts (Smallwood & 

Schooler, 2015). Regarding task-unrelated thoughts, it is important to note that they are only 

considered MW when the thoughts are self-generated. For example, thinking about an upcoming 

vacation while at work would be considered MW, as it not cued by something externally. On the 

other hand, hearing a phone ring while reading a book may interrupt ongoing thoughts about the 

book, but this would be classified as external distraction, as the thoughts are a direct result of 

something experienced in one’s external environment (as opposed to thoughts generated 

internally).   

Whether mind wandering has a negative effect on our lives is still a debated topic. For 

example, there is evidence that MW disrupts the performance of ongoing cognitive tasks 

requiring sustained attention, such as reading (Dixon & Bortolussi, 2013; Farley et al., 2013). 

Further, individuals who mind wander predominantly about the past tend to rate lower on 

measures of mood and happiness (Ruby et al., 2013). However, MW focused mostly on the future 

is thought to facilitate the benefits that prospection brings to daily life (Baumeister et al., 2011), 

and MW has also been associated with an increased ability to generate novel, creative thoughts 

(Baird et al., 2012). Despite findings demonstrating that MW can have both positive and negative 
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effects, one thing is clear; the human mind spends a great deal of time occupied with task-

unrelated thoughts.  

In this thesis, I examined whether performance on various memory tasks and executive 

control tasks could predict MW propensity. Before delving into our specific hypotheses regarding 

the relationships between these constructs, and why we believe MW can be predicted by both 

memory and executive control, it is important to first understand what happens when MW occurs 

in the first place.  

1.1 How does the mind wander? 

1.1.1 How does the mind transition from external focus to MW? 

The fact that MW is characterized by a wide variety of self-generated thoughts (e.g., what 

to eat for dinner later, remembering an uncomfortable social interaction, thinking about what to 

wear to a work function, etc.) demonstrates that complex higher-order cognition can arise despite 

being completely unrelated to ongoing events or tasks in the external environment. However, the 

process through which thoughts transition from an ongoing task to unrelated thoughts is still 

unclear (Smallwood & Schooler, 2015).  

The most empirically supported explanation for how MW occurs involves an inward shift 

in attention. For instance, when we direct our attention towards some type of external goal, we 

facilitate performance by increasing the processing of important sensory input (Posner & 

Petersen, 1990). Alternatively, when the mind wanders to self-generated information, it becomes 

disengaged from events in the external world (Schooler et al., 2011). This shift in attention is 

referred to as perceptual decoupling (PD) and is defined by two key effects. First, we see an 

adjustment in terms of cognition, wherein focus shifts to intrinsic rather than extrinsic inputs 

(Franklin, Mrazek, Broadway, & Schooler, 2013). Second, it is associated with reduced attention 

to the external input (i.e., the task at-hand; Smallwood, 2013). While the majority of the research 
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linking MW to PD has been primarily based on self-report data, there is also evidence at the 

neurological level that the transition from a state of external focus to MW is marked by PD. 

1.1.2 Neurological evidence that cognition can disengage from an ongoing task.  

There appears to be evidence at the cortical level that shows the mind is able to engage in 

thoughts completely separate from an ongoing external task. For instance, an event-related 

potential (ERP) known as the P3, which indexes task-related attention to a novel stimulus (Polich, 

1986), is shown to be reduced when task-unrelated thinking occurs during the presentation of this 

novel stimulus (Barron et al., 2011). In other words, periods of MW are associated with enough 

PD to reduce the strength of an automatic brain signal seen in healthy individuals in response to a 

novel stimulus in their environment. Furthermore, this reduction is also seen in other components 

linked to the sensory processing of tactile, visual, and auditory domains (Kam et al. 2011, 2014).  

In all, this suggests that, in addition to behavioural differences, shifting one’s attention to 

self-generated thoughts unrelated to an ongoing task is associated with differences in activity at 

the neurological level. Collectively, these findings offer evidence for how we are able to 

disengage from our external environment and re-direct our attention inwards. However, a more 

intriguing question is whether we can trace the origin of a given MW episode. For instance, if 

MW is characterized by self-generated thoughts, and not the external environment, from where 

do these thoughts originate? 

1.1.3 How do individuals generate mental content unrelated to their external environment?  

As stated previously, MW episodes are defined in part by a redirection of attention 

towards internally generated information (Franklin, Mrazek, Broadway, & Schooler, 2013). This 

is supported by studies showing, through the use of self-report measures, that MW episodes are 

consistently focused on personal events that have already occurred in the past, or in anticipation 

of events that have not yet taken place (Schooler, 2002). This form of mental time travel is 

hypothesized to rely on the episodic memory system to generate the thoughts that characterize a 
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MW episode (Tulving, 2002). Episodic memory consists of experiences and autobiographical 

events (e.g., times, places, associated emotions and other contextual knowledge) that can be 

explicitly stated (Clayton, Salwiczek & Dickinson, 2007). In most cases, individuals tend to see 

themselves as actors in these events, and the emotional aspects and context surrounding an event 

are usually part of the memory, not just the bare facts of the event itself (Howard & Eichenbaum, 

2013). 

Recent neuroimaging evidence appears to further support the link between MW and the 

episodic memory system by linking self-generation of mental content to the default mode 

network (DMN), which is a large brain network of regions that are coordinated during rest 

(Garrison, Zeffiro, Scheinost, Constable, & Brewer, 2015). Importantly, the brain activity seen 

during periods of MW closely resembles that seen at resting state, leading to the assertion that the 

DMN plays an important role in the occurrence and maintenance of periods of MW (Kajimura, 

Kochiyama, Nakai, Abe, & Nomura, 2016). Meta-analyses have shown that the core of this 

system tends to be engaged in self-referential processes, with the medial temporal subsystem 

engaged by episodic processes (Smallwood & Schooler, 2015). This subsystem is characterized 

primarily by the hippocampus, which is implicated in the formation of new memories as well as 

remembering the past and imagining the future (Howard & Eichenbaum, 2013; Maguire & 

Mullally, 2013; Kumaran & McClelland, 2012). Together, these processes resemble those 

typically seen in mind wandering episodes. This provides evidence in support of the idea that the 

DMN, and therefore the episodic memory system, are involved in the generation of mental 

content seen during MW episodes. 

1.2 The current study—Goal #1: Why do some individuals mind wander more than 

others? 
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 While everyone engages in MW to a certain degree, the fact remains that individuals 

differ greatly in terms of how often they mind wander (Smallwood & Schooler, 2015). In the 

above sections, we have outlined how the episodic memory system and various aspects of 

attention are both associated with MW. Moreover, a growing amount of research is showing that 

individuals differ in terms of how often they engage in MW (Mrazek, 2013; Szpunar, Kahn, & 

Schacter, 2013; Jha et al., 2010). Seeing as there is also evidence that individual differences exist 

in memory and attentional capabilities, the main focus of this project was to determine whether 

these individual differences predicted a given individual’s propensity to mind wander. Because 

both memory and attention are vague terms that cover a breadth of different cognitive and 

behavioural capabilities, we chose to focus specifically on executive control, a set of processes 

related to attention, and memory retrieval tendencies.  

1.2.1 Executive control.  

One factor that has been identified as influential regarding MW frequency is executive 

control (EC), which can be defined as a set of cognitive processes that are necessary for the 

cognitive control of attention and behaviour, such as selecting and successfully monitoring 

behaviours that facilitate the attainment of chosen goals (Quinn & Joorman, 2015). Recent 

evidence suggests that higher levels of EC not only allow individuals to block out task-unrelated 

thoughts, but also allow individuals to flexibly adjust whether they engage in MW according to 

situational demands (i.e., only when the task is easy enough to allow for a lapse in attention; 

McVay & Kane, 2009). Based on these findings, we proposed that individuals use EC to block 

out the retrieval of memories that may interrupt their ability to remain focused on an ongoing task 

in their external environment. Specifically, we examined three components of EC: 1) inhibition, 

2) sustained-attention, and 3) working memory (WM) capacity.  

For (1) inhibition, we hypothesized that those who performed better on tasks requiring 

response inhibition would engage in less MW. These individuals should be better able to inhibit 
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thoughts and actions that prevent them from performing a task effectively (Kam & Handy, 2014). 

For (2) sustained-attention, we hypothesized there to be a negative relationship with MW. For 

instance, individuals who performed better on tasks that require them to sustain their attention for 

an extended period of time in order to monitor the occurrence of infrequent target trials would be 

less likely to engage in MW. This is because individuals would need to remain completely 

focused on the external task for a long period of time in order to perform well on these infrequent 

trials; something that would be more difficult for individuals who engage in more MW. Lastly, 

(3) WM capacity’s relationship with MW is intricately tied to the load of the task an individual is 

performing. For instance, when a task is highly demanding in terms of cognitive load, individuals 

with high WM capacity engage is less MW (McVay & Kane, 2010). However, if a task is of 

relatively light cognitive load, individuals with high WM capacity actually engage in more MW 

than those with low WM capacity (Rummel & Boywitt, 2014; McVay & Kane, 2012, Levinson et 

al., 2012).  

One interpretation of this finding is that there is a finite amount of mental resources that 

can be allocated to an ongoing task. Therefore, if the demand on these resources is low, 

individuals with high WM capacity will be more likely to use resources not needed for the main 

task to engage in MW. On the other hand, individuals with low WM capacity will use most of 

their resources on the main task, with little in terms of spare resources to engage in MW. 

Therefore, because our tasks were considered to be low in cognitive load, we hypothesized that 

individuals with greater WM capacity would engage in more MW, as they should have more 

“mental resources” to allocate to thoughts unrelated to the ongoing task.  

1.2.2 Memory retrieval tendencies. 

 Although most investigations of mind wandering focus on the role of attention, the fact that the 

content of MW episodes is usually derived from the episodic memory system (Smallwood & 

Schooler, 2015) suggests that it is possible that individual differences in terms of how easily 
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memories are retrieved could also contribute to differences in MW propensity. For instance, 

individuals who perform better on memory tasks demonstrate that they have a superior ability to 

retrieve memories compared to individuals who perform poorly on memory tasks. We suggest 

that these individuals with superior memory would, as a result of the ease in which they recall 

memories, be more likely to retrieve memories in daily life as well. Seeing as the majority of MW 

episodes consist of episodic memories, we assessed whether performance on an array of memory 

tests would be predictive of the amount of MW in which individuals engaged.  

 In using this novel approach to predict the propensity to MW, the idea was simply that 

some individuals would have a tendency to retrieve more memories than others. Overall, this led 

us to predict that those who performed better on our memory tasks would have a greater 

propensity to MW; largely based on the assumption that superior memory task performance 

would reflect a tendency to retrieve more memories outside of the lab as well. 

1.3 The current study—Goal #2: How does mind wandering affect memory 

representations? 

Another area of study in the MW literature that has received little attention is how MW 

may affect the way in which memories are encoded. Because periods of MW are characterized by 

a disconnect with the external environment, it is not surprising to see research reporting that MW 

is most disruptive when encoding is important to successfully completing a task. For example, 

when reading a book, MW disrupts the reader’s ability to successfully encode the information 

being read (Dixon & Bortolussi, 2013; Smallwood, 2011).  In order to expand upon our 

understanding of how MW affects our memory representations, we looked at its effect on a 

phenomenon named retrieval-induced forgetting (RIF).  

1.3.1 Retrieval-induced forgetting.  

RIF describes the phenomenon in which partially activating or retrieving a memory 

actually makes our ability to later recall that memory poorer than if we never thought of it at all 
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(Rowland & DeLosh, 2014). RIF is typically measured in a three-phase experiment consisting of 

a study phase, a retrieval-practice phase, and a final test of the studied material. During the study 

phase, participants are presented with word pairs consisting of a category name and a word that 

belongs to that category (e.g., TREE—birch, METAL—iron, etc.). In the retrieval-practice phase, 

a subset of the studied word pairs is tested in a fill-in-the-blank test. For each pair, the category 

name is shown alongside the first two letters of a studied word from that category (e.g., 

METAL—ir__), and participants are asked to complete the word. Most importantly, some 

categories are excluded from this test. This means that there is a total of three types of items: 1) 

practiced items, 2) unpracticed-related items, and 3) unpracticed-unrelated items. 

The practiced items are simply those presented on the fill-in-the-blank test. The 

unpracticed-related items are those from the same category as practiced words, but that were not 

present on the test. For example, if METAL—iron was on the test, but METAL—silver was not, 

then METAL—silver would be considered an unpracticed-related item. Lastly, the unpracticed-

unrelated items are those that were not on the fill-in-the-blank test, nor did they belong to a 

category practiced on the test. While the practiced words are typically remembered most 

accurately, the classic RIF effect is that the unpracticed-related items are remembered less 

accurately than the unpracticed-unrelated items (Goodmon & Anderson, 2011). In other words, 

by only recalling some of the items from a given category, we hinder our ability to recall the 

unpracticed items from the same category.  

Researchers continue to debate why RIF occurs, and how it relates to higher cognition 

and memory (Storm & Levy, 2012; Anderson & Levy, 2007; Neumann et al., 1993; Neumann & 

DeSchepper, 1992; Mensink & Raaijmakers, 1988). One explanation is that the unpracticed-

related items are being partially activated during the retrieval-practice phase. At the neurological 

level, this partial activation is thought to serve as an inhibitory process that prevents participants 

from accurately recalling these items during the test phase (Newman & Norman, 2010). For 
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example, while participants complete the retrieval-practice phase, the category cue of METAL—

ir may activate many associated items. If inappropriate associates to this cue (e.g., silver, bronze, 

copper, etc.) were fully activated, they would serve as a source of competition that disrupts 

retrieval of the appropriate response. Therefore, in order to resolve this dilemma, an inhibitory 

process intervenes to only partially activate these incorrect items. The end result is that the words 

that belong to a practiced category, but were partially activated, are remembered less than words 

that were not activated at all (Poppenk & Norman, 2014). 

1.3.2 Think/no-think paradigm 

We decided to further test this partial-activation theory behind RIF by using a think/no-think 

(TNT) paradigm. While both the TNT paradigm and the classic RIF paradigm were both designed 

to assess retrieval inhibition affects memory, they differ in a few ways methodologically. First, 

instead of word pairs, our TNT task uses scene-word pairs. Second, the retrieval-practice phase 

seen in the RIF paradigm is replaced with a TNT phase. During this phase, a word from a scene-

word pair is presented on-screen, and participants are asked to either think, or not think, of the 

associated room. Further, some scene-word pairs are excluded from this phase, and are 

considered omitted (or baseline) items. 

Regarding the TNT phase, it is theorized that memory representations for scenes 

associated with think items are fully activated, those with no-think items are partially activated, 

and those with omitted items are not activated at all. Similar to the classic RIF paradigm, no-think 

items are typically remembered worse than the omitted items, while the think items are 

remembered best (Anderson & Green, 2001). The common explanation for no-think items 

resulting in the poorest memory accuracy is because, even though participants are instructed to 

not think room associated to the word, this is impossible to a certain extent. For example, if 

someone tells you to not think about a pink elephant, chances are you will briefly think about a 

pink elephant. For this reason, despite strict instructions to not think about the associated room, 
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no-think trials are still associated with some activation of that memory representation; albeit less 

activation than the think trials (Poppenk & Norman, 2014). 

We predicted that individuals with poorer EC would show a more pronounced RIF effect, 

because these individuals would be less able to inhibit irrelevant thoughts regarding no-think 

items, resulting in the necessary partial activation of these items necessary to elicit the RIF effect. 

On the other hand, those with greater EC would be able to inhibit these thoughts much more 

effectively, resulting in those same no-think items being remembered closer to baseline. In other 

words, participants with poorer EC would be more prone to MW about the no-think items, which 

would lead to more partial activation of these items, and subsequently, a larger RIF effect. 

Regarding memory retrieval tendencies, we predicted that individuals who performed 

better on our memory tests would be more likely to recall associated rooms during no-think trials. 

This was largely based on the idea that individuals who are better at retrieving memories may in 

turn struggle more in terms of supressing the recall of memories when instructed to do so. 

Because of this, participants with better memory would be more likely to partially-activate no-

think items, which would subsequently lead to a larger RIF effect. Alternatively, individuals with 

poorer memory test performance would theoretically not see the same degree of partial activation 

for no-think items, as their poorer ability to retrieve memories would make them less likely to 

recall the associated rooms during the no-think trials; resulting in no-think items being 

remembered closer to baseline. To tie this into MW, we believe that during these no-think trials, 

participants who are better at retrieving memories may be more prone to MW about the 

associated rooms. In other words, we hypothesized that participants with better memory retrieval 

skills would be more prone to MW about no-think items, which would lead to more partial 

activation of these items, and subsequently, a larger RIF effect. 

Regarding memory retrieval tendencies, if an individual had a stronger ability to 

remember information as evidenced by their performance on the memory tests, we hypothesized 
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that the fully-activated practice items would serve as a stronger cue of the non-practiced items. 

This was largely based on the idea that individuals with superior memory test performance would 

not require a highly specific cue for a memory to be recalled. Therefore, for these individuals, the 

fully-activated practice items would serve as a strong enough cue to elicit the partial activation of 

the non-practiced items and a subsequently larger corresponding RIF effect. On the other hand, 

individuals with poorer memory test performance would not see the same degree of partial 

activation, as the practiced items would not serve as a strong enough cue. In other words, 

participants who are better at retrieving memories would also be more prone to MW, which 

would lead to a larger RIF effect. Finally, the third goal of this study was to determine whether 

MW prior to a memory test would affect RIF. 

1.4 The current study—Goal #3: How does mind wandering affect memory 

consolidation?  

As stated earlier, the pattern of brain activity seen during MW is very similar to that seen during 

periods of rest (i.e., both show an activation of the DMN; Kajimura et al., 2015). In fact, one 

could make the argument that because there is no ongoing task during a period of rest, all 

thoughts during this period would be considered MW. Additionally, patterns of hippocampal 

connectivity that characterize an encoding experience are shown to persist into immediate rest 

periods (Tambini & Davachi, 2013). These two findings provide an interesting overlap in that 

they suggest that during a retention interval (i.e., the time that elapses between when information 

is encoded and when memory for that information is later tested), individuals are likely to be 

simultaneously MW while also showing ongoing patterns of brain activation related to those 

evoked during memory encoding. Interestingly, sleep research shows that periods of sleep 

immediately following the learning of new information can have a positive effect on the 

consolidation of that information (Melo & Ehrlich, 2016). Since the DMN is also highly active 

during periods of sleep and dreaming (McKinnon et al., 2016) there is reason to believe that MW 
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could elicit a similar positive effect on memory consolidation for recently learned information, 

due to the fact that it shares very similar brain activity to periods of sleep. 

Therefore, we hypothesized that giving individuals with high MW propensity a rest 

period in which they were prone to MW following their memory-weakening phase would result 

in a more pronounced RIF effect. We believed this would occur because memory reactivation 

during rest/MW, as during the practice phase, would focus on think items, once again causing full 

reactivation of those items and partial reactivation of the no-think items. In this way, the effect of 

consolidation would be to further strengthen the consolidation of think items and weaken the 

consolidation of no-think items. If participants with a high propensity to MW exhibited a larger 

RIF effect after a period of rest, it would suggest that MW, and the brain activity associated with 

it, can enhance RIF effects by exacerbating earlier sharpening of memory representations. 

1.5 Summary of hypotheses 

Across the three goals outlined above, this study consisted of numerous hypotheses regarding 

how MW and its factors relate to one another, as well as how they affect memory formation and 

consolidation. In summary: 

 Goal #1: Why do some individuals mind wander more than others?  

H1: Higher memory retrieval tendencies would lead to a higher likelihood of 

engaging in MW. 

H2: Individuals’ EC would be related to the amount of MW in which they 

engage 

H2.1: Those who demonstrate better inhibition would be less likely to 

engage in MW. 

H2.2: Those who were better at sustained-attention would be less likely 

to engage in MW. 
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H2.3: Those with a greater WM capacity would be more likely to engage 

in MW. 

 Goal #2: How does mind wandering affect memory representations? 

H3: Poorer EC would lead to more MW, which would lead to a larger RIF effect. 

H4: Greater memory retrieval tendencies would lead to more MW, which would 

lead to a larger RIF effect. 

 Goal #3: How does mind wandering affect memory consolidation? 

H5: Adding a period of rest between the memory weakening phase and the 

subsequent memory test will result in a larger RIF effect for individuals with 

higher MW propensity. 



 

14 

 

Chapter 2 

Method 

2.1 Design 

 This study followed a within-subjects design, in which all participants completed a 

battery of tasks designed to assess their memory retrieval tendencies, EC ability, and MW 

tendencies, and focused on their individual differences. In total, there were four memory 

measures (i.e., lecture test, object recall, word fluency, and category fluency), four attention 

measures (i.e., Digit span, nBack, Stroop Task, and the sustained attention to response task), two 

MW measures (i.e., experimenter probes and the Imaginal Processes Inventory), and a Think/No-

Think task designed to assess RIF. The order in which these tasks were completed in the battery 

was randomized for every participant, with the exception of a check-in questionnaire being 

completed at the beginning and a demographics questionnaire being completed at the end. These 

measures and their respective dependent variables of interest are further described in the 

Materials section. 

2.2 Participants 

The sample consisted of 108 undergraduate/graduate students from Queen’s University 

(86 Female, 22 male; Mage = 22.4 years, SD = 3.30; age range = 18-32) who volunteered to 

participate in exchange for course credit or $20. Inclusion criteria were being at least 18 years of 

age, having normal or corrected-to-normal vision, and being fluent in English. In addition to these 

criteria, participants who had previously participated in experiments in the POPMEM lab were 

excluded due to overlap in the tasks used in the current task battery.  

2.3 Materials 
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2.3.1 Questionnaires. 

Demographics. All participants completed a demographics questionnaire in which they 

indicated their age and gender. Additionally, we collected participant responses on other self-

report qualities that are relatively constant over time (e.g., years of education, handedness, quality 

of vision, academic ability, average sleep, and substance abuse), as they could have potentially 

influenced performance on the tasks included in our battery.  

Check-in report. In addition to the demographics questionnaire, a check-in report was 

used to assess qualities that are likely to fluctuate from one session to another (e.g., amount of 

sleep last night, mood). This check-in form allowed us to screen out participants scoring high on 

nuisance variables that do not reflect a participants’ ability in general (e.g., mood, stress, etc.), 

and therefore help ensure that we were sampling participant behaviour at a time that allowed 

them to perform close to their true ability. For instance, if participants reported that they were 

hungover, or likely to fall asleep during the session, they were informed that they would need to 

reschedule their experimental session. This restriction is important because we aim to measure 

differences in the ability of individuals in their healthy, alert state, and our measures would be 

adversely affected by data from intoxicated or ineligible participants. In actuality, none of our 

sample of 108 participants had to be excluded due to these screening questions. 

Imaginal processes inventory (IPI; Antrobus, Singer & Greenberg, 1966). The IPI used 

in our battery was a shortened version of an inventory designed to investigate participants’ 

daydreaming (i.e., MW) habits. Our version of the IPI consisted of 70 items, and participants 

were instructed that they would be completing a questionnaire about their inner experiences, 

images, dreams, and daydreams (e.g., “No matter how hard I try to concentrate, thoughts 

unrelated to my work creep in”). They were asked to indicate the extent to which each statement 

applied to them on a scale from 1 (definitely not true for me) to 5 (very true for me). For the 

purposes of this experiment, we decided to focus solely on questions relating to the frequency in 

which participants engage in MW as opposed to those focused on the content of MW episodes. 
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This was because our hypotheses were firmly based on how often individuals MW as opposed to 

specifically the content of their MW episodes. 

 In total, this consisted of four questions: 1) “I have seldom found my mind wandering 

during a speech, concert, show, radio, or TV program”, 2) “No matter how hard I try to 

concentrate, thoughts unrelated to my work always creep in”, 3) “During a speech, meeting, or 

lecture, I often come to, realizing that I have not heard a word the speaker was saying”, and 4) 

“Even when I am listening to an interesting speaker, my mind wanders”. A total score was 

calculated for each participant, with higher scores indicating a greater propensity to MW.  

2.3.2 Executive control tasks. 

Sustained attention to response task (SART; Roberston et al., 1997). In the SART, 

participants were presented with single digits (i.e., 1-9) in the middle of the screen. Each digit 

was shown for 250ms, and was followed by a mask (i.e., a circle with a mask inside) for 900ms 

before the next digit was shown. Participants were instructed to press the spacebar when they saw 

any digit other than ‘3’. When the digit ‘3’ was shown, participants were instead instructed to 

simply not press anything and to wait for the next digit to be presented (i.e., no-go trials). 

Participants were instructed to respond using the index finger of their dominant hand. 

First, participants completed a short practice block in which they were shown 30 digits. 

During the practice trials, participants were given error feedback when they gave a wrong 

response, as an ‘X’ would flash on the screen above the mask for 250ms. After these practice 

trials, participants no longer received error feedback. For the experimental block, participants 

completed 225 trials (i.e., each of the 9 digits was presented 25 times). The order in which the 

digits were presented to participants was semi-random, as it was pre-determined with no special 

constraints other than the requirement that each digit had to appear 25 times.  

We were specifically interested in participants’ success rates on the no-go trials. This 

measure gave us an idea of how well participants were able to sustain their attention in order to 
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properly respond to these infrequent no-go trials. Our theory is that individuals who have better 

sustained-attention are likely to spend less time mind wandering. 

Stroop task (Stroop, 1935). In this task, participants were presented with colour words 

(e.g., red, blue, green, etc.) written in various colours, and were asked to indicate the colour in 

which the word was written (as opposed to the actual name of the colour word written). The 

colour in which the word was written was either identical to the colour word (i.e., congruent 

condition; e.g., the word red written in red ink) or not the same as the colour word (i.e., 

incongruent condition; e.g., the word red written in blue ink). For each trial, the colour word was 

either red, green, blue or black, and the possible conditions for that trial were congruent, 

incongruent, and control. For the control condition, there was no colour word presented, and 

participants were asked to simply report the colour of a rectangle shown on screen. 

On each trial, participants were instructed to respond as quickly as possible without 

making errors, and each response consisted of pressing a key assigned to either the colour red, 

green, blue, or black to indicate the colour in which the word was written. Overall, there were 12 

possible types of trials (i.e., 4 colour words x 3 congruency types), which were repeated 7 times 

for a total of 84 trials (each separated by a 1,000ms delay). The order in which these trials were 

presented was randomized.  

When the colour words did not match the colour of the rectangle (i.e., incongruent 

condition), we anticipated slower response times. Specifically, we were interested in the 

difference in mean reaction time between congruent and incongruent trials; with a smaller 

difference indicating superior performance. By nature, this task measured an individual’s ability 

to inhibit their responses to the colour of the letters and instead only rapidly respond to the actual 

word written on-screen. Therefore, we predicted that participants who performed better on the 

Stroop task would be less likely to engage in MW. 
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Digit span task (Lumiley & Calhoon, 1934). Participants were presented with a series of 

digits (e.g., 8, 2 , 4) presented one at a time for 1,000ms each. Following a 1,000ms delay at the 

end of the sequence, participants were instructed to immediately repeat the digits back by typing 

the correct sequence of digits on the keyboard. If participants did this successfully, they were 

given a longer list of digits to remember on the next trial. If participants had an incorrect 

response, the next trial repeated the same number of digits. However, if participants made two 

consecutive errors, they moved down to a lower level (e.g., from three digits to two digits). In 

total, there were 14 trials (i.e., 14 different sequences of digits to recall), and the longest list a 

participant could remember was that participant’s digit span.  

We ran two versions of this task, which were both identical except for the way in which 

participants reported the digit sequences. For the first 14 trials, participants completed the 

forward digit span, which involved simply repeating back the sequence in the same order in 

which it was shown. However, for next 14 trials, participants completed the backward digit span, 

in which they reported the sequence in reversed order. For example, if participants were shown 

the sequence ‘3, 5, 8’, the correct response would have been ‘8, 5, 3’. The digit span task is 

commonly used to measure working memory’s number storage capacity, and we predicted that 

individuals with greater working memory capacity would be more likely to engage in MW. 

Theoretically, this is because they would be able to think about more at once, allowing their mind 

to wander while performing mundane tasks that do not not drain their full working memory 

capacity. 

N-back (Jaeggi et al., 2010). In this one-key single n-back task, participants were shown 

a sequence of stimuli (i.e., a sequence of yellow shapes on a black background), and were asked 

to indicate whether the currently presented stimulus matched the stimulus from n steps earlier. 

For this experiment, we used the 2-back and 3-back versions of the task, meaning participants 

either had to press the “A” key if the shape was identical to the shape presented either two or 
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three trials beforehand. Participants first completed two practice blocks—one per level of n tested 

(i.e., one for the 2-back and one for the 3-back). During these practice trials, each shape was 

presented for 500ms followed by a 2,500ms delay before the next shape in the sequence was 

presented. Participants had the entire 3,000ms to respond by pressing “A” if they detected the 

target. 

Following these practice blocks, participants completed 3 experimental blocks per level 

of n tested, with each block consisting of 20 trials. Of these 20 experimental trials, 6 presented a 

target and 14 did not, while all target trials were assigned randomly. When a participant 

responded to a trial incorrectly (i.e., said the shape matched n steps earlier), this was considered a 

false alarm. Alternatively, if a participant successfully responded on target trials, we labeled this a 

hit. By dividing a participant’s number of hits by their number of false alarms, we were able to 

obtain a measure of sensitivity on the n-back. In turn, participants who had higher sensitivity are 

considered to have greater WM capacity. This is because holding more information in conscious 

awareness would allow participants to correctly respond to more trials on the n-back. Therefore, 

we predicted that participants with greater sensitivity on the n-back would have higher MW 

propensity, due to their larger WM capacity. 

2.3.3 Memory tasks 

Lecture test. Participants were shown a twenty-minute lecture video on the subject of 

Jorge Luis Borges and his work as a philosopher, and immediately afterwards were asked to 

complete a quiz about the information presented in the lecture. This subject matter was ideal 

because it was a topic that many first-year undergraduate students, of which the majority of our 

sample consisted, were unlikely to have previously covered. This allowed us to prevent certain 

participants from having an advantage on the subsequent memory test based on prior exposure to 

the information presented in the lecture. 
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The lecture test consisted of 10 questions in total, with 6 written as multiple-choice 

questions (e.g., ‘Which statement best describes the metaphysical laws of the world Tlon?’) and 4 

written as fill-in-the-blank questions (e.g., ‘A realist would say that the ocean exists _______ of 

our perception of it’). The proportion of correctly answered questions on the test was the 

dependent variable for this task. It is also important to note that we randomly probed participants 

throughout the lecture video in order to assess if they were currently engaged in MW. The nature 

and frequency of these probes is described in greater detail in the ‘MW Probes’ section. 

Object Lists Task (Unsworth, 2009). The goal of this task was to recall as many objects 

as possible from a stream of objects presented on-screen. Participants were instructed that they 

would be presented with images of common objects one after the other on-screen, and that it was 

their job to remember as many as they could. Each trial consisted of a stream of 10 images of 

objects being shown on the screen, with each object being shown for approximately 1,000ms. 

Following every stream of images, participants were asked to perform a distractor task for 

16,000ms. Specifically, participants counted backwards by threes from a given number by typing 

the correct response and hitting enter each time (i.e., if the number on the screen was 329, 

participants had to enter 326, then 323, etc.). Following this, participants were given 45,000ms to 

type out as many objects as they could remember from the previously shown stream of images. In 

total, there were four sets of images, and this process was repeated for each set. For the object 

lists task, we were interested in the total amount of words that participants could correctly recall 

over the 4 trials. We predicted that memory performance would be positively correlated with MW 

propensity. 

Word fluency task (Sheldon, Romero, & Moscovitch, 2013). The goal of this task was to 

generate as many words as possible that were directly related to a target word presented on-

screen. Participants were instructed that they would be shown a word, and that they would need to 

freely associate this word with as many other words as they could, by typing them out as quickly 
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as possible. Participants were then given a description of a typical trial, in which the word pizza 

may elicit thoughts of toppings (e.g., onions, tomato, peppers), which would perhaps lead them to 

think of cartoon characters who like pizza (e.g., teenage mutant ninja turtles), which in turn may 

lead to thoughts of guilt experienced after large amounts of pizza. The point of this example was 

to illustrate to participants that the strategy used to generate words was not important, and that we 

were strictly interested in how many words they could generate. In total, four target words (i.e., 

ambulance, kite, coffee, and telephone) were presented one at a time on screen for 36 seconds 

following a 1-second fixation cross, and participants were able to type associated words for as 

long as the word appeared on-screen. Between trials, there was a 5-second period in which 

participants were notified that the next trial would begin shortly. 

 For the word fluency task, we were interested in how many words participants would be 

able to produce. Optimal performance on this task is seen in individuals who are able to generate 

a variety of information from a vague cue, demonstrating the ability to make large “leaps” 

between memories and ideas. This trait would theoretically lead to a greater propensity to mind 

wander, as these individuals would be more capable of performing these “leaps” to thoughts not 

entirely related to an ongoing task. 

Category fluency task (Sheldon & Moscovitch, 2012). Similar to the word fluency task, 

the category fluency task involved generating words associated with a category based on their 

own past experiences, thereby accessing their memory for life history rather than relying on 

general knowledge about the world. Participants were instructed that they would be shown 

various category names on-screen, and that they were to type as many items belonging to that 

category as they could. The types of categories included in this task were spatial (i.e., cities you 

have visited; concert venues you have visited), conceptual (i.e., first names of your friends; foods 

you have eaten this week), and semantic (i.e., modes of transportation; things that are red).  
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For the purposes of this study, we were not interested in examining the differences 

between the three types of categories, and instead opted to look at the overall number of 

associated words across all trials. This task used the same parameters as the word fluency task, in 

that category words were presented on screen for 36 seconds each, following a 1-second fixation 

cross. Following every trial, participants were shown a message for 5 seconds indicating that the 

next trial would begin shortly. Similar to the word fluency task, we are interested in how many 

memories participants are able to recall from a simple cue. Again, we predicted that those who 

generated more memories would be more likely to engage in MW. 

Think/no-think task (Poppenk & Norman, 2014). This paradigm was designed to assess 

whether the degree to which we activate memories has an effect on our ability to accurately recall 

those memories at a later time, and served as our measure of RIF. Participants began by encoding 

24 different room-name pairs which consisted of 24 unique names and 24 pictures of unique 

rooms. Participants were instructed that it was important to learn these pairs, as they would need 

to be able to picture each room based on its name throughout the task. First, the name was 

displayed for 1,500ms, after which the associated room appeared on-screen alongside the name 

for 4,000ms. Between the presentation of each pairing, a fixation cross was shown for 1,000ms. 

After being presented with each of the 24 room-name pairs, participants had their 

memory for the pairs tested until all pairs were correctly identified. This ‘criterion’ test required 

participants to press a key to identify which of three different rooms presented on-screen was the 

correct pairing with the target word at the top of the screen. If a pair was correctly identified, 

participants were shown a green cross, and the pair was removed from the test. If participants 

guessed incorrectly, they were shown a red ‘x’, and the pair remained in the test to be viewed 

again after answering the remaining questions. This process continued until every pair was 

correctly identified. Pairs were presented for 6,000ms each, and the accuracy feedback 
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immediately following their selection lasted 750ms. As done previously, a fixation cross was 

presented for 1,000ms between the presentation of each room-name pairing. 

Next, participants completed a reactivation phase in which they were presented with 

names from a room-name pair surrounded by either a green rectangle (think condition) or a red 

rectangle (no-think condition). Specifically, participants were instructed to think about the 

associated room in as much detail as possible in the think condition, and were asked to try their 

best not to picture the associated room at all in the no-think condition. Eighteen room-name pairs 

were randomly assigned to either the think or no-think conditions (nine in each), while a 

remaining six pairs were omitted from this phase and were considered baseline pairs. Think items 

were considered to be fully activated, no-think items were considered to be partially activated 

items, and omitted items were baseline items considered to have no activation. Each name was 

presented for 30,000ms following a 1,000ms fixation cross, and this process was repeated a 

second time after all of the 18 randomly-assigned names had been shown. 

After the reactivation phase, participants performed the first of two identical memory 

tests. For each of the 24 room-name pairs, participants were asked to answer two questions. First, 

participants were shown the name from a pairing at the top of the screen, followed by the names 

of four different types of rooms at the bottom of the screen (i.e., bathroom, bedroom, kitchen, and 

living room). Participants were instructed to indicate the type of the associated room by pressing 

the corresponding key. Second, participants were shown three pictures of different rooms, and 

were asked to indicate which room was paired with the name at the top of the screen (i.e., detail 

memory). 

Following this, participants completed a vigilance task that took approximately 10 

minutes. This was a novel addition to the think/no-think paradigm, but it allowed us to see how 

introducing a period of rest would affect the consolidation of the fully/partially/not reactivated 

memories, while still maintaining a within-subjects design. Furthermore, by giving participants a 
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task to perform and not just sit idly (in which case they would be likely to turn their attention to 

other things such as their cellular phone), we could measure the degree to which they engage in 

MW over the course of this rest period. 

Participants were informed that this vigilance task would test their ability to stay focused, 

and that they were to monitor the centre of a black screen for an ampersand symbol. When it 

appeared, participants were instructed to press the spacebar as quickly as possible. Furthermore, 

participants were asked to refrain from pressing the spacebar when the symbol was not on the 

screen, as this would count against their overall performance on the task. The ampersand 

appeared 10 times across the 10-minute task, and each time it remained on-screen until the 

participant pressed the spacebar to indicate that they had seen the symbol. Furthermore, the 

ampersand appeared in a pre-determined random order across the 10 minutes it took to complete 

the vigilance task. Upon completing the task, participants were probed regarding the amount of 

MW they had engaged in over the previous 10 minutes. The nature of these probes is detailed in 

the MW probes section. 

Finally, upon finishing the vigilance task, participants completed the same memory test 

for a second time to assess their memory for the room-name pairs. The results of these two 

memory tests allowed us to assess each participant’s RIF effect, which was defined as memory 

accuracy for omitted items minus memory accuracy for no-think items. A positive RIF effect 

indicated that items omitted from the reactivation process were remembered more accurately than 

the no-think items. Alternatively, if this difference was negative, it suggested that there was no 

RIF effect. In addition to this, the second memory test allowed us to assess whether the RIF effect 

changed following a period of rest. 

2.3.4 MW probes. 

 In order to obtain a measure of MW propensity, we used probes designed to assess the degree to 

which participants were paying attention at any given moment. When a probe was presented, 
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participants were asked a total of four questions. First, participants were asked ‘Just now, were 

you paying attention?’ and responded on a 4-point scale from 1 (not at all) to 4 (completely). 

Second, participants were asked what percentage of the time they were paying attention since the 

last probe and responded on a 4-point scale from 1 (Less than 50%) to 4 (95-100%). Third, 

participants were asked what percentage of the time they were thinking about the task since the 

previous probe, and responded on a 4-point scale from 1 (less than 25%) to 4 (75-100%). Finally, 

participants were asked what percentage of the time they had spent absorbed in their own ideas, 

versus their own senses since the previous probe on a 4-point scale from 1 (entirely my own 

ideas) to 4 (entirely what I was seeing and hearing). This difference between internal and external 

attention was clarified by providing examples to participants. For instance, thinking “I am bored” 

or “I want to visit Italy” would be considered your own ideas, whereas thinking about the current 

task or the sounds of the room would be considered what they are seeing and hearing. 

While we ideally wanted to present these MW probes across all tasks in our battery, it 

would have interfered with some tasks more than others (i.e., our EC tasks are not designed to be 

interrupted at random intervals). Furthermore, we were attempting to keep the duration of the 

entire battery under two hours, and adding MW probes to every task would have increased the 

length of the experimental session past the two-hour mark. For these reasons, we chose to only 

present the MW probes in two tasks: the lecture task and the vigilance task (the latter of which 

was part of the think/no-think task). 

In the lecture task, the probes took place while participants were watching the 20-minute 

lecture video. There were a total of four MW probes presented throughout the lecture, and they 

were spread out relatively evenly (i.e., roughly 5 minutes apart). As for the vigilance task, 

participants were probed a single time at the end of the task (i.e., after 10 minutes). By taking the 

mean response for each of the four questions across the five probes, we were able to assess each 

individual’s MW propensity on four qualitatively different measures.  
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2.4 Procedure 

After providing their written consent, participants were set up on one of our semi-private 

testing stations, which included a computer, a pair of headphones, and an intercom to 

communicate with the experimenter. The majority of tasks in our battery were run using Matlab 

version 2014b with Psychtoolbox and SuperPsychToolbox (Poppenk & Mountjoy, 2015). 

However, our four EC tasks were run using Inquisit 5 software (2016). Participants began by 

completing a check-in questionnaire, and progressed through the remaining tasks in the battery 

before completing their participation with a short demographics questionnaire. The entire 

experimental session took approximately two hours.    

2.5 Data Analysis 

2.5.1 Goal #1.  

The first goal of this study was to determine whether EC and memory retrieval tendencies 

predicted MW propensity. We used multiple linear regression and binomial logistic regression to 

determine whether these two sets of predictors (i.e., four memory tasks and four EC tasks) were 

significantly related to MW. For each MW measure (i.e., five in total), we conducted two 

regression analyses; one with the memory tasks (i.e., lecture task, word fluency task, category 

fluency task, and the object lists task) as the set of independent variables and another with the EC 

tasks (i.e., Stroop, SART, digit span, and nBack) as the independent variables.  

 Initially, we envisioned performing multiple linear regressions in order to assess whether 

our memory tasks and EC tasks could predict MW. However, upon performing these analyses, we 

found that none of our tasks significantly predicted MW propensity. We believe that this was due 

to the fact that linear regression assumes that performance on our tasks would gradually improve 

as participants payed more attention to the task. However, it is also possible that MW only affects 

performance on tasks when it occurs very frequently, or for long periods of time, whereas a 

moderate or low amount of MW may be having little to no effect on task performance. In order to 
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explore this possibility, we decided to compare individuals who reported MW for long periods of 

time to those who only reported short periods of MW or none at all. The idea here was that we 

would have a group of individuals with high MW propensity, who spent a large amount of task 

time MW, and a second group of individuals with low MW propensity, who could have spent 

anywhere from 0-30% of the time MW. 

Specifically, we categorized participants who had a mean response of 1.9 or lower (out of 

4) as having a high propensity to MW, and those with a mean response above 1.9 as having a low 

propensity to MW. Qualitatively speaking, having a mean response below 1.9 indicated that the 

participants spent most, if not all of their time MW. This makes the comparison between high and 

low MW propensity especially appropriate, as MW is something that everyone engages in to 

some extent; with the average person MW 46.9% of the time (Killingsworth & Gilbert, 2010). In 

other words, low MW propensity does not mean that an individual does not mind wander, it 

simply means that the extent to which they engage in MW is near or below the average amount. 

Therefore, if the dependent variable was the total score on the MW subscale of the IPI, 

we simply conducted two multiple linear regressions, as this scale was designed to be scored this 

way. However, when the dependent variable was one of the four MW probes, we used binomial 

logistic regression to assess if a model consisting of either our memory tasks or attention tasks 

could predict whether a participant was labeled as having low or high MW propensity.  

2.5.2 Goal #2. 

 The second goal of our study was to determine whether memory retrieval tendencies and 

EC predicted the degree to which individuals exhibit a RIF effect, and whether this effect was 

mediated by MW propensity. In order to test this, we conducted a series of multiple mediation 

analyses using Hayes’s (2013) PROCESS macro for SPSS. Because mediator variables cannot be 

dichotomous in mediation analysis, we performed these analyses without splitting our MW probe 

variables into high and low MW propensity. Instead, we used the mean responses to these probes 
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as well as the MW subscale of the IPI as our mediator variables. In total, we ran 9 mediated 

regression analyses, with each analysis using a different memory/EC task as the independent 

variable. Finally, the RIF effect was the dependent variable across all mediated regression 

analyses. We specifically chose to calculate the RIF effect (i.e., memory accuracy for omitted 

items from no-think items) from the category memory test, while the item memory test results 

were excluded from analyses due to ceiling effects (see Figure 1). A graphical representation of 

these mediation models can be found in Figure 2. 

 

Figure 1. Proportion of items correctly recalled on the item memory test of the TNT task. 
Memory accuracy is split amongst the three different types of items: think (M = .90, SE = .05), 
no-think (M = .90, SE = .05), and omitted (M = .89, SE = .04). Across these three types of items, 
there were clear ceiling effects in terms of memory accuracy. 
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Figure 2. Graphical representations of the mediated regression models tested for Goal #2. 
Performance on our memory and EC tasks served as the independent variables, RIF effect was the 
dependent variable (i.e., difference between no-think accuracy and omit accuracy), and our 
measures of MW propensity were the mediator variables. 
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2.5.3 Goal #3.  

The third goal of our study was to determine if the RIF effect exhibited by participants 

changed if a period of rest preceded the memory test. Specifically, we assessed whether the RIF 

effect became larger for participants with high MW propensity following a period of rest. This 

comparison was made by conducting a multiple regression analysis to determine if MW 

propensity predicted the change in RIF from test 1 to test 2. In this multiple regression model, the 

MW measures used as our independent variables were our 4 MW probes, the MW subscale of the 

IPI, as well as the median RT on the vigilance task (the latter of which took place during the rest 

period of the think/no-think task). Lastly, the dependent variable of the model was the difference 

between the RIF effect on the first and second memory tests. 

Chapter 3 

Results 

3.1 Descriptive analyses 

 Before delving into our planned analyses, it was first important to determine whether 

performance on both our memory and EC tasks was above chance, and followed a normal 

distribution. For all of our tasks, we conducted a one-sample t test comparing mean performance 

to chance for that particular test. When assessing the performance distributions, we conducted a 

Shapiro-Wilk (1965) test of normality to determine if our distributions differed significantly from 

that of a normal distribution. This test was specifically chosen because it has the best power for a 

given level of significance compared to alternative tests of normality (Razali & Wah, 2011). For 

this test, a significant result indicated that a distribution was significantly different than normal. 

In addition to the results of the Shapiro-Wilk test, we also observed histograms of the 

distributions to determine if they appeared normal. Mean performance across all of these tasks 

was significantly above chance (p’s < .05; Table 1). 
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Table 1 

One-Sample t Tests Comparing Mean Performance to Chance Performance for Each Task 

Task M (chance) M (actual) t df p 

Lecture Task 0.25 .59 4.76 107 <.001 

Object Lists 0 31.9 48.83 107 <.001 

Category Fluency 0 51.2 47.69 107 <.001 

Word Fluency 0 71.2 38.528 107 <.001 

Forward Digit Span 0 6.90 56.65 107 <.001 

Backward Digit Span 0 5.93 37.03 107 <.001 

SART 0 42.07 17.81 107 <.001 

nBack 0 -.38 -2.302 107 .023 

Stroop Task 0.25 0.95 200.09 107 <.001 

 
Note. Mean performance on all tasks was significantly above chance (i.e., p < .05), with the 
exception of the n-back. While performance on the n-back was significantly different than 
chance, a mean sensitivity score of -.38 indicates that participants performed poorly. The 
difficulty associated with the n-back task is further considered in the discussion section. 
 

Furthermore, plots of the performance distributions for each task indicated that the 

distributions were mostly normal (Figures A1-A9; Appendix A). In the few cases where the 

Shapiro-Wilk test of normality deemed the distributions significantly different than normal (i.e., 

Object List task, Word Fluency task, and SART task) removing significant outliers led to the 

nullification of these findings. With that said, the few significant outliers we found were not 

removed from our sample, as we deemed these to be due to random variation and not simply 

representative of “bad data”. For instance, nearly all of our significant outliers were on the upper-

end of distributions, indicating that these participants were performing especially well on tasks as 

opposed to poorly. 

3.2 Goal #1: Do memory retrieval tendencies and executive control predict MW? 

3.2.1 Assumptions.  
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As stated in the previous section, we conducted binomial logistic regressions to assess 

whether memory retrieval tendencies and/or executive control could predict MW propensity. In 

order for a binomial logistic regression to be valid, all continuous independent variables need to 

be linearly related to the logit of the dependent variable. For all of the analyses below, we 

assessed the linearity assumption via the Box-Tidwell (1962) procedure. A Bonferroni correction 

was applied using all terms in the model resulting in statistical significance being accepted when 

p < .0125 when there were 4 predictors, and p < .01 when there were 5 predictors (Tabachnick & 

Fidell, 2007). Based on this assessment, all the independent variables were found to be linearly 

related to the logit of the dependent variable. This was true across all of the binomial logistic 

regression models that we ran as part of our analyses. 

3.2.2 Predictions. 

 As stated previously, we predicted that participants who performed better on the memory 

tasks would have higher MW propensity. As for our EC tasks, our predictions varied depending 

on the task. First, we predicted that better performance on tasks requiring sustained attention and 

inhibition (i.e., SART and Stroop task, respectively) would be associated with lower MW 

propensity. For tasks assessing WM capacity (i.e., Digit span task and n-back task), we predicted 

greater WM capacity to predict higher MW propensity. 

3.2.3 ‘Just now, were you paying attention?’.  

 Memory retrieval tendencies. A binomial logistic regression was performed to ascertain 

the effects of performance across four memory tasks on the likelihood that participants have a 

high propensity to mind wander based on their responses to the question ‘Just now, were you 

paying attention?’. The logistic regression model was statistically significant, χ2(4) = 13.90, p = 

.008. Moreover, the model explained 16.8% (Nagelkerke R2) of the variance in MW propensity 

and correctly classified 68.5% of MW propensity cases. Of the four predictor variables, only two 

significantly predicted MW propensity: lecture test memory accuracy (Wald = 8.10, p = .004) and 
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recall accuracy on the object lists task (Wald = 4.04, p = .044). As performance on the lecture 

task improved by one percent, participants were 26.5 times more likely to have low MW 

propensity. Alternatively, for every extra object correctly recalled on the object lists task, 

participants were 1.1 times more likely to have high MW propensity. The number of words 

produced on the word fluency task was approaching significance (Wald = 3.51, p = .061), while 

the number of words produced on the category fluency task was a non-significant predictor of 

MW propensity (Wald = 1.65, p = .199). These findings are summarized in Table 2. 

Executive control. A second binomial logistic regression was performed, except this time 

the independent variables were the four attention tasks instead of the memory tasks used in the 

previous model. The logistic regression model was not statistically significant, χ2(5) = 6.67, p = 

.247, and of the five predictor variables, none were able to significantly predict MW propensity 

(see Table 3). 

3.2.4 ‘What percentage of the time were you paying attention?’. 

Memory retrieval tendencies. Similar to our analysis for the previous MW probe, we 

conducted a binomial logistic regression using memory retrieval tendencies as the predictor 

variables. The dependent variable was MW propensity as measured by the question ‘What 

percentage of the time were you paying attention?’. The logistic regression model was non-

significant, χ2(4) = 1.90, p = .753, and of the four predictor variables, none were able to 

significantly predict MW propensity (see Table 2). 

Executive control. Another binomial logistic regression was conducted for this MW 

probe, this time with the executive control tasks as the independent variables. This model was 

non-significant, χ2(5) = 8.84, p = .115. Despite four of the model’s five predictors being non-

significant, forward digit span (Wald = 5.16, p = .023) was a statistically significant predictor of 

MW propensity. As forward digit span increased by one, participants were 1.6 times more likely 

to have higher MW propensity.  
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3.2.5 ‘What percentage of the time were you absorbed in your own ideas?’. 

Memory retrieval tendencies. A binomial logistic regression was performed to determine 

if performance across four memory tasks could predict MW propensity as measured by the 

question ‘What percentage of the time were you absorbed in your own ideas?’. The logistic 

regression model was statistically significant, χ2(4) = 14.31, p = .006. Furthermore, the model 

explained 16.6% (Nagelkerke R2) of the variance in MW propensity and correctly classified 

63.9% of MW propensity cases. Of the four predictor variables, only lecture test memory 

accuracy significantly predicted MW propensity (Wald = 8.95, p = .003). As performance on the 

lecture task increased by one percent, participants were 21.3 times more likely to have low MW 

propensity. Of the remaining predictors, the number of words reported on the category fluency 

task was approaching significance as a predictor of MW propensity (Wald = 3.18, p = .074), 

whereas the object lists task and word fluency task were non-significant predictors of MW 

propensity (see Table 2). 

Executive control. A binomial logistic regression was conducted in order to assess 

whether five executive control predictors could predict MW propensity as measured by this 

probe. The logistic regression model was approaching statistical significance, χ2(5) = 9.59, p = 

.088. Despite the model being non-significant, backward digit span was a significant predictor of 

MW propensity (Wald = 5.59, p = .018). As backwards digit span increased by one, participants 

were 1.4 times more likely to have high MW propensity. 

3.2.6 ‘What percentage of the time were you thinking about the task?’. 

Memory retrieval tendencies. A binomial logistic regression was performed in order to 

assess the extent to which performance across our four memory tasks could predict MW 

propensity as measured by the question ‘What percentage of the time were you thinking about the 

task?’. The logistic regression model was approaching significance, χ2(4) = 8.47, p = .076. Of the 

four predictors in this model, only the number of words reported on the category fluency task was 
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a significant predictor of MW propensity (Wald = 5.09, p = .024). As the number of words 

reported increased, participants were 1.1 times more likely to have high MW propensity. 

Executive control. A binomial logistic regression was performed in order to assess 

whether five executive control variables could predict MW propensity as measured by the same 

MW probe. The logistic regression model was non-significant, χ2(5) = 9.04, p = .108. Of the five 

executive control predictors, only the proportion of successful no-go trials on the SART 

significantly predicted MW propensity (Wald = 3.98, p = .046). As the proportion of correct no-

go trials increased by one, participants were 1.02 times more likely to have low MW propensity. 

3.2.7 MW subscale of the IPI. 

Memory retrieval tendencies. We ran a multiple regression to predict MW propensity, as 

measured from the MW subscale of the IPI, from performance on our four memory tasks. For this 

analysis, MW propensity was a continuous variable and was measured as the total score obtained 

by participants on the MW subscale of the IPI. Overall, the multiple regression model was non-

significant and did not predict MW propensity, F(4,107) = 1.34, p = .259, adj. R2 = .01. However, 

while three of the predictors were non-significant (see Table 2), the number of words reported on 

the word fluency task did significantly predict MW propensity, t(107) = -2.23, p = .028). In other 

words, participants who produced more words on the word fluency task had higher MW 

propensity.  

Executive control. We ran another multiple regression to predict MW propensity, as 

measured by the MW subscale of IPI, from performance across our five executive control 

predictors. Overall, the multiple regression model was non-significant and did not predict MW 

propensity, F(5,107) = .70, p = .627, adj. R2 = -.01. Additionally, none of the five predictor 

variables were significant predictors of MW propensity (see Table 3). 

 

Table 2 
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MW Propensity as Predicted by Performance on Memory Tasks 

MW Measures Memory Task Wald (W) Exp (B) Pearson’s r t df p 

Attention Lecture 1.31 3.17 N/A N/A 1 .253 

 Object Lists .025 1.01 N/A N/A 1 .875 

 Word Fluency .27 1.01 N/A N/A 1 .605 

 Category Fluency .45 .99 N/A N/A 1 .505 

Now Lecture 8.10 26.46 N/A N/A 1 .004 

 Object Lists 4.04 1.10 N/A N/A 1 .044 

 Word Fluency 3.51 1.04 N/A N/A 1 .061 

 Category Fluency 1.649 .98 N/A N/A 1 .199 

Perceptual Lecture 8.95 21.28 N/A N/A 1 .003 

 Object Lists .075 .99 N/A N/A 1 .784 

 Word Fluency .090 .99 N/A N/A 1 .764 

 Category Fluency 3.18 1.03 N/A N/A 1 .074 

Task Lecture 2.08 4.58 N/A N/A 1 .149 

 Object Lists 2.09 .95 N/A N/A 1 .148 

 Word Fluency 1.40 .98 N/A N/A 1 .236 

 Category Fluency 5.09 .95 N/A N/A 1 .024 

MW subscale Lecture N/A N/A -.06 -.65 4 .517 

(Linear Reg.) Object Lists N/A N/A .07 .71 4 .474 

 Word Fluency N/A N/A .26 -2.23 4 .028 

 Category Fluency N/A N/A .14 1.19 4 .235 

 
Note. The names listed as MW measures are assigned to the different MW probes as follows: 
Attention (“What percentage of the time were you paying attention?”), Now (“Just now, were you 
paying attention?), Perceptual (“What percentage of the time were you absorbed in your own 
ideas?”), Task (“What percentage of the time were you thinking about the task?”). Bolded rows 
indicate statistically significant findings (i.e., p < .05). Each memory task was a significant 
predictor of MW propensity based on at least one measure of MW. 
 

 

 

 

Table 3 
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MW Propensity as Predicted by Performance on EC tasks 

MW Measures EC Task Wald (W) Exp (B) Pearson’s r t df p 

Attention Forward Digit Span 5.17 .62 N/A N/A 1 .023 

 Backward Digit Span 2.34 .794 N/A N/A 1 .126 

 N-back .36 1.08 N/A N/A 1 .548 

 Stroop Task .91 1.00 N/A N/A 1 .341 

 SART .44 1.01 N/A N/A 1 .508 

Now Forward Digit Span 2.65 1.39 N/A N/A 1 .104 

 Backward Digit Span .76 .88 N/A N/A 1 .383 

 N-back 1.09 1.15 N/A N/A 1 .294 

 Stroop Task .98 1.00 N/A N/A 1 .323 

 SART .41 1.01 N/A N/A 1 .520 

Perceptual Forward Digit Span 2.58 1.37 N/A N/A 1 .107 

 Backward Digit Span 5.58 .69 N/A N/A 1 .018 

 N-back 2.78 1.24 N/A N/A 1 .095 

 Stroop Task 1.17 1.00 N/A N/A 1 .279 

 SART .032 .99 N/A N/A 1 .858 

Task Forward Digit Span .28 .89 N/A N/A 1 .598 

 Backward Digit Span .25 1.08 N/A N/A 1 .617 

 N-back 2.89 1.27 N/A N/A 1 .089 

 Stroop Task .121 .99 N/A N/A 1 .728 

 SART 3.98 1.02 N/A N/A 1 .046 

MW subscale Forward Digit Span N/A N/A -.002 -.02 5 .987 

(Linear Reg.) Backward Digit Span N/A N/A -.09 .75 5 .457 

 N-back N/A N/A .01 -.99 5 .320 

	 Stroop Task N/A N/A -.10 -1.56 5 .121 

	 SART N/A N/A -.15 .12 5 .905 

 

Note. The names listed as MW measures are assigned to different MW probes: Attention (“What 
percentage of the time were you paying attention?”), Now (“Just now, were you paying 
attention?), Perceptual (“What percentage of the time were you absorbed in your own ideas?”), 
and Task (“What percentage of the time were you thinking about the task?”). Bolded rows 
indicate statistically significant findings (i.e., p < .05). Of the five EC tasks, only the Stroop task 
and N-back task were not predictive of MW propensity on at least one measure of MW. 
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3.3 Goal #2: How does MW affect memory representations? 

3.3.1 Memory retrieval tendencies. 

 Lecture task. We predicted that participants who performed better on the lecture test 

would have higher MW propensity, which would lead to a greater RIF effect. Contrary to our 

prediction, when participants performed better on the lecture task they were less likely to mind 

wander according to three of our MW measures: ‘What percentage of time were you paying 

attention?’ ( b = .63, t(107) = 2.01 , p = .048), ‘Just now, were you paying attention?’ (b = .86, 

t(107) = 3.07, p = .003), and ‘What percentage of the time were you absorbed in your own 

thoughts?’ (b = 1.04, t(107) = 2.65, p = .009). The remaining measures of MW propensity were 

not related to lecture test performance. Further, when controlling for lecture test performance, 

participants’ MW propensity did not significantly predict the size of their RIF effect. This was the 

case for all five measures of MW propensity (p’s > .5). Because none of our mediator variables 

predicted RIF, we have no evidence that MW propensity mediated the relationship between 

lecture test performance and RIF. Moreover, we found no evidence that lecture test performance 

influenced RIF independent of its effect on MW propensity, b = -.055, t(107) = -.54, p = .590. In 

other words, while there is some evidence to suggest that lecture test performance predicted MW 

propensity, there is no evidence to suggest that MW propensity or lecture test performance 

predicted RIF. 

 Object lists task. We predicted that participants who correctly recalled more objects on 

the object lists task would have higher MW propensity, which would lead to a greater RIF effect. 

Contrary to our prediction, the number of objects correctly recalled on the object lists task was 

not associated with any of our measures of MW propensity (p’s > .3). Moreover, when 

controlling for the number of objects correctly recalled on the object lists task, MW propensity 

did not significantly predict RIF (p’s > .5). Due to the fact that there is no relationship between 

our mediator variables (i.e., MW propensity) and RIF, there is no evidence that MW mediated the 
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relationship between the number of objects correctly recalled on the object lists task and RIF. 

However, when controlling for the MW measures, participants who correctly recalled more 

objects showed a smaller RIF effect, b = -.005, t(107) = -2.02, p = .046. In other words, there is 

evidence that object lists task performance predicts RIF, but there is no evidence to suggest that 

MW propensity predicted RIF, or is predicted by object lists task performance. 

 Word fluency task. We predicted that participants who produced more words on the word 

fluency task would have higher MW propensity, which would lead to a greater RIF effect. 

Contrary to our prediction, the number of words produced on the word fluency task did not 

predict MW propensity as measured by any of our five mediator variables (p’s > .08). 

Furthermore, when controlling for the number of words produced, MW propensity across our five 

mediator variables did not significantly predict the size of the RIF effect (p’s > .5). Because MW 

propensity could not predict RIF, there is no evidence that MW propensity mediated the 

relationship between the number of words produced on the word fluency task and RIF. However, 

when controlling for MW propensity, participants who produced more words had a larger RIF 

effect, b = .003, t(107) = 2.47, p = .015. In other words, while there is some evidence that word 

fluency task performance predicted RIF, there is no evidence that MW propensity predicted RIF, 

or is predicted by word fluency task performance. 

 Category fluency task. We predicted that participants who produced more words on the 

category fluency task would have higher MW propensity, which would lead to a greater RIF 

effect. Contrary to our hypothesis, the number of words produced on the category fluency task 

did not predict MW propensity as measured by any of the mediator variables (p’s > .5). As seen 

in the above analyses, MW propensity did not predict RIF when controlling for performance on 

the category fluency task (all p’s > .5). As MW could not significantly predict RIF, there is no 

evidence that MW mediated the relationship between category fluency and RIF. Additionally, 

when controlling for MW propensity, the number of words produced on the category fluency task 
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did not predict RIF, b = .003, t(107) = 1.84, p = .069. In other words, there is no evidence that 

category fluency task performance or MW propensity predicted RIF. 

3.3.2 Executive control. 

 SART. We predicted that participants with greater success on no-go trials (i.e., better 

sustained attention) would have a lower propensity to mind wander, which would lead to a 

smaller RIF effect. As predicted, participants who performed better on no-go trials had lower 

MW propensity, but only according to one probe: ‘What percentage of time did you spend 

thinking about the task?’, b = .01, t(107) = 2.05, p = .043. The remaining measures of MW 

propensity were not significantly associated with no-go trial success (p’s > .07). When controlling 

for no-go trial success, MW propensity did not predict RIF (p’s > .7). Because MW propensity 

was not a significant predictor of RIF, there was no evidence that MW mediated the relationship 

between no-go trial success and RIF. Lastly, when controlling for MW propensity, no-go trial 

success did not predict RIF, b = .001, t(107) = .19, p = .849. In other words, while there is some 

evidence that no-go trial success predicted MW propensity, there is no evidence that either of 

these measures predicted RIF. 

 Forward digit span. We predicted that participants with a longer forward digit span 

would have higher MW propensity, which would lead to a larger RIF effect. Contrary to our 

prediction, forward digit span was not a significant predictor of MW propensity (p’s > .09). 

Furthermore, when controlling for forward digit span, MW propensity did not predict RIF (p’s > 

.7). Because MW propensity was not predictive of RIF, there is no evidence that MW propensity 

mediated the relationship between forward digit span and RIF. Moreover, when controlling for 

MW propensity, forward digit span did not predict RIF, b = -.002, t(107) = -.19, p = .851. In other 

words, there is no evidence that forward digit span or MW propensity predicted RIF. 

 Backward digit span. We predicted that participants with a longer backward digit span 

would have higher MW propensity, which would lead to a larger RIF effect. Contrary to our 
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prediction, backward digit span was not a significant predictor of MW propensity (p’s > .17). 

Likewise, when controlling for backward digit span, MW propensity was not predictive of RIF 

(p’s > .59). Due to the fact that MW propensity was not a significant predictor of RIF, we have no 

evidence that MW propensity mediated the relationship between backward digit span and RIF. 

Furthermore, when controlling for the effect of MW propensity, we did not find any evidence that 

backward digit span predicted RIF, b = .014, t(107) = 1.09, p = .279. In other words, there is no 

evidence that backward digit span or MW propensity predicted RIF. 

 Stroop task. We predicted that participants with a smaller difference in reaction time 

between the incongruent and congruent trials of the Stroop task would have a higher propensity to 

mind wander, and that this MW would lead to a larger RIF effect. Contrary to our prediction, 

performance on the Stroop task did not predict MW propensity across any of our measures (p’s > 

.15). Moreover, when controlling for Stroop task performance, none of our measures of MW 

propensity were predictive of RIF (p’s > .6). Because MW propensity could not predict RIF, there 

was no evidence that MW propensity mediated the relationship between Stroop task performance 

and RIF. Lastly, when controlling for MW propensity, Stroop performance did not significantly 

predict RIF, b = .018, t(107) = .50,  p = .618. In other words, there is no evidence that Stroop task 

performance or MW propensity predicted RIF. 

 N-back. We predicted that participants with higher sensitivity on the n-back would have 

higher MW propensity, and that this propensity to mind wander would lead to a larger RIF effect. 

Contrary to our prediction, participants with higher sensitivity on the n-back had higher MW 

propensity, but this was only true for the probe ‘Just now, were you paying attention?’, b = .089, 

t(107) = 2.47, p = .015. The remaining MW probes were not significantly predicted by nback 

sensitivity, though the probe ‘What percentage of the time were you paying attention’, b = .076, 

t(107) = 1.89, p = .061, and the probe ‘What percentage of the time were you thinking about the 

task?’, b = .10, t(107) = 1.87, p = .065, were both approaching significance. Additionally, when 
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controlling for n-back sensitivity, MW propensity did not predict RIF (p’s > .45). Because no 

measure of MW propensity significantly predicted RIF, there is no evidence that MW propensity 

mediated the relationship between n-back sensitivity and RIF. Finally, when controlling for MW 

propensity, n-back sensitivity did not significantly predict RIF, b = .009, t(107) = .75, p = .455. In 

other words, while there is some evidence that n-back sensitivity predicted MW propensity, there 

is no evidence that either n-back sensitivity or MW propensity influenced RIF. 

3.3.3 Post-hoc analyses. 

 It is worth noting that, due to restrictions of mediation analysis, the MW measures used 

as mediator variables in the above analyses were continuous variables. However, when we first 

assessed whether MW propensity was predicted by memory retrieval tendencies and executive 

control, we dichotomized our MW measures into either high or low MW propensity. In order to 

verify whether the absence of a relationship between MW propensity and RIF was due to not 

dichotomizing MW propensity, we ran a multiple regression model to predict the size of the RIF 

effect from our five dichotomized MW measures (i.e., four MW probes and the MW subscale of 

the IPI). The multiple regression model did not predict RIF, F(5, 107) = .89, p =.485, adj. R2 = -

.01. Furthermore, of the five predictor variables, only the probe ‘What percentage of the time 

were you thinking of the task’ significantly predicted the size of RIF effect, t(107) = 1.99, p = 

.049, which indicated that participants with lower MW propensity showed a greater RIF effect. 

The remaining four predictors did not significantly predict RIF (p’s > .5). In other words, even 

when MW propensity is dichotomized, there is limited evidence that MW propensity predicts 

RIF. 

3.4 Goal #3: Does MW affect memory consolidation? 

  We ran a multiple regression to determine if MW predicted the difference in RIF effect 

between the first and second memory tests. We predicted that participants with high MW 

propensity would see a larger increase in their RIF effect compared to participants with low MW 
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propensity. For our predictors, we used our usual five measures of MW propensity (4 probes, as 

well as the MW subscale of the IPI). However, for this particular analysis, we also included 

participants’ median RT on the vigilance task (which took place during their period of rest) as 

another predictor. This predictor allowed us to specifically measure the extent to which 

participants were focused on the vigilance task, and consequently provided us with an indirect 

measure of the degree to which participants mind wandered prior to the second memory task. 

The multiple regression model was not significant, F(6,107) = .69, p =.652, R2 = -.02. 

Furthermore, none of the MW propensity variables were predictive of the change seen in the RIF 

effect (p’s > .30). This was also the case for our measure of acute MW, as median RT on the 

vigilance task did not significantly predict the change seen in the RIF effect, t(107) = -1.86, p = 

.066. In other words, neither overall MW propensity or the amount of acute MW preceding the 

second memory test predicted the change seen in the RIF effect. These findings are summarized 

in Table 4. 

 

Table 4 

Multiple Regression Model Predicting Change in RIF Effect from MW Propensity 
 
MW Measures Pearson’s r t p 

Attention -.07 -.58 .564 

Now .09 .69 .493 

Perceptual -.02 -.15 .884 

Task -.12 -.98 .331 

MW subscale -.003 -.03 .978 

Vigilance RT -.19 -1.86 .066 

 

Note. The following names listed as MW measures are assigned to a specific MW probe: 

Attention (“What percentage of the time were you paying attention?”), Now (“Just now, were you 

paying attention?), Perceptual (“What percentage of the time were you absorbed in your own 

ideas?”), and Task (“What percentage of the time were you thinking about the task?”). None of 
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the six measures of MW were found to significantly predict the change in RIF between the first 

and second memory tests of the TNT task. 

 

Chapter 4 

Discussion 

This study was designed to assess whether people’s tendency to mind wander could be 

predicted by both their EC capabilities and their memory retrieval tendencies. Furthermore, we 

examined whether the relationships between these variables could explain the degree to which 

individuals demonstrated a RIF effect; which is an effect derived from a task requiring inhibitory 

control of one’s thoughts (Anderson & Green, 2001). 

4.1 Did memory retrieval tendencies and executive control predict MW propensity? 

4.1.1 Memory retrieval tendencies.  

While there was evidence that memory retrieval tendencies predicted MW propensity, not all of 

our predictions were supported. First, we predicted that participants who performed better on 

memory tasks would have higher MW propensity. This prediction was largely exploratory, but 

was based on the idea that participants who have a tendency to recall more memories may 

perform better on these tasks, and that this tendency to recall memories would be a prime source 

of MW. However, some of our findings support the opposite: participants who performed better 

on the memory tasks had lower MW propensity.  

Specifically, lower MW propensity as measured by the probe “Just now, were you paying 

attention” was associated with better performance on the lecture task and the object lists task. In 

many ways, this probe was our truest measure of MW, as it involved asking participants to make 

a judgement on whether they were paying attention immediately prior to that moment (as opposed 

to thinking about the distant past). In other words, if participants responded near the top of the 
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scale, it meant that they had been caught in a MW episode. This provides evidence in support of 

the notion that paying attention to an ongoing task provides more of a boost to your overall 

performance than any boost provided by MW. While it could be argued that this conclusion is 

intuitive and that paying more attention to a task would clearly lead to better performance, recent 

evidence has suggested that higher MW propensity predicts better performance on a wide range 

of tasks (Ruby et al., 2013; Baumeister, Masicampo, & Vohs, 2011; Teasdale et al., 1995).  

Separately, the other three MW probes all required participants to think back over a span 

of a few minutes in order to assess how much they were paying attention to either the ongoing 

task or their own internal thoughts. In other words, these probes were assessing the degree to 

which participants had meta-awareness of their MW. Interestingly, we found that better 

performance on the word fluency task predicted higher MW propensity as measured by the probe 

“What percentage of the time were you focused on the task?”. This was in line with our 

prediction, as performance on these tasks is thought to depend on contributions from both 

semantic and episodic memory (Sheldon & Chu, 2016), and it was evidence that participants who 

were more productive at memory search had a higher tendency to mind wander. Additionally, we 

found that better performance on the lecture task predicted lower MW propensity as measured by 

the probe “What percentage of the time were you absorbed in your own thoughts?”. This finding 

is not what we predicted, as it provides further evidence that high MW propensity was actually 

linked to poorer performance on memory tasks. 

The last measure of MW propensity we used was the MW subscale of the IPI. Similarly 

to the word fluency task, participants who performed better on the category fluency task had 

higher MW propensity according to this subscale. This finding was in line with our predictions, 

and it suggests that MW was associated with participants producing more words related to the 

target word throughout this task. In a sense, these findings obscure our understanding of the 
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relationship between memory retrieval tendencies and MW propensity, as there are some tasks 

that correlated positively with MW, whereas others correlated negatively with MW. 

Overall, we are inclined to conclude that one’s increased tendency to retrieve memories 

does not always influence the degree to which they mind wander. However, there are some 

possible alternative explanations worth exploring. First, we operated under the assumption that 

performance on all of these memory tasks would be representative of how often one retrieves 

memories in daily life. While this could be argued for both the word and category fluency tasks, 

performance on the lecture task and object lists task may not represent the same type of ability. 

For instance, the word and category fluency tasks both involved generating as many 

words as possible that fit a given type or category, and in order to perform well on these tasks, 

participants had to retrieve many different types of memories in a fairly unstructured manner. For 

example, if the word ambulance was shown on screen, a participant’s past experience with 

paramedics and other healthcare officials could have dictated the words being produced for that 

trial. In addition to this, the same participant may afterwards begin thinking about a television 

program such as Grey’s Anatomy or E.R., in which paramedics play an integral role. Therefore, it 

is likely that a participant’s ability to retrieve multiple episodic memories quickly would have 

predicted superior performance on these types of tasks. This idea is supported by our findings, as 

better performance on both the word fluency and category fluency tasks predicted higher MW 

propensity. 

Alternatively, for the lecture task and object lists task, participants were not required to 

generate their own thoughts and ideas, but were instead specifically directed to recall information 

recently presented to them. Our findings are reflective of this difference, as better performance on 

the lecture and object lists task predicted lower MW propensity. This distinction is important, as 

it identifies a sizable difference between the two types of memory tasks we used, and could 

potentially explain why better performance was not always predictive of higher MW propensity. 
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In fact, upon further inspection, our findings may indicate that memory tasks requiring the 

retrieval of more personal, episodic memories could benefit more from MW, whereas memory 

tasks requiring the retrieval of recently encoded information may stand to benefit more from 

sustained attention to the ongoing task. 

4.1.2 Executive control.  

While there was evidence that executive control predicted MW propensity, the results 

only supported some of our predictions. We predicted that better performance on inhibition and 

sustained attention tasks (Stroop task and SART, respectively) would predict lower MW 

propensity. This was because of evidence suggesting that individuals with a better ability to 

sustain their attention and inhibit unwanted thoughts or actions are less likely to mind wander 

(Thomson, Besner, & Smilek, 2015; Kam & Handy, 2014; Jackson & Bagota, 2012; Einstein & 

McDaniel, 1997). However, we also predicted that better performance on WM tasks (i.e., digit 

span task and n-back) would predict higher propensity to mind wander. This prediction was based 

on evidence suggesting that individuals with greater WM capacity can afford to mind wander 

more than those with lower WM capacity; as the latter have to exert more effort to stay focused 

and have less mental resources available to mind wander (Rummel & Boywitt, 2014; McVay & 

Kane, 2012, Levinson et al., 2012). 

Firstly, sustained attention was associated with lower MW propensity. Specifically, 

participants who had higher success on no-go trials on the SART were more likely to have low 

MW propensity as measured by the probe “What percentage of the time were you paying 

attention to the task?”. This finding was in line with our prediction and replicates past research 

reporting that the ability to sustain attention for long periods of time is predictive of lower MW 

propensity (Jackson & Balota, 2012).  

Next, inhibition did not significantly predict MW propensity. This is contrary to our 

prediction, and is in opposition to research reporting that individuals with better inhibitory control 
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are less likely to MW (Thomson, Besner, & Smilek, 2015). Specifically, it was found that the 

difference in RT between congruent and incongruent trials on the Stroop task did not predict MW 

propensity. While it is possible that inhibition simply does not predict MW propensity, this is 

unlikely, as inhibition is highly correlated with sustained attention (Taymourtash, Ghassemi, & 

Tehrani-doost, 2017; Unsworth, Redick, Lakey, & Young, 2010), which we found to be 

predictive of MW. A more likely conclusion may be that it is only inhibition as measured by the 

Stroop task that is not a significant predictor of MW. We chose to use the Stroop task because of 

its wide use as a measure in attention research (Khana et al., 2012; Galla et al., 2012; Kozasa et 

al., 2012; Xu & Domino, 2000), but failed to acknowledge that the reliability of Stroop task 

performance is quite low (Strauss, Allen, Jorgensen, & Cramer, 2005). In fact, while the Stroop 

task is often used to assess inhibition, it does not necessarily measure trait-like inhibition, as 

performance on the task can vary considerably for the same individual across different testing 

sessions. Therefore, even though there is evidence that performance on the Stroop task can 

predict MW (Marcusson-Clavertz, Cardeña, Terhune, 2016), it is unsurprising that this varies 

from study to study. 

As for WM capacity, we had mixed results regarding its relationship with MW 

propensity. Specifically, we found that a longer digit span (i.e., both forward and backward) 

predicted higher MW propensity, which confirmed our prediction. However, contrary to our 

prediction, there was no relationship between n-back sensitivity and MW propensity, even though 

both of these tasks are designed to measure WM capacity. However, there was a large difference 

in difficulty between the n-back and digit span task, with the n-back being more taxing on 

participants’ WM. This is most evident when examining comments left by participants after the 

conclusion of each task (i.e., something that we used in our battery to receive feedback about 

possible bugs/problems within our tasks). The n-back was commonly described as being ‘really 

hard’ and participants expressed that they felt as if they performed poorly on the task upon 
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completion. Furthermore, the mean sensitivity score for the n-back was -.38, indicating that, 

overall, participants made more false alarms than hits. This is typically an indication that the task 

is too difficult and that participants are often guessing when making their key presses.  The digit 

span task, on the other hand, was often described as enjoyable and appeared to be less taxing on 

participants’ WM capacity. 

This difference in task difficulty is important to consider, as prior research suggests that 

the relationship between WM capacity and MW propensity is highly dependent on the difficulty 

of the task being performed. For instance, WM capacity is predictive of higher MW propensity 

when task difficulty is moderate or low (Rummel & Boywitt, 2014; McVay & Kane, 2012, 

Levinson et al., 2012). However, this relationship disappears as difficulty increases, as 

participants can no longer afford to both mind wander and perform well on the task, regardless of 

their WM capacity (McVay & Kane, 2010). Our results replicate these findings, as performance 

on our easier WM task (i.e., digit span task) was predictive of higher MW propensity, whereas no 

relationship was found between our more difficult WM task (i.e., n-back) and MW propensity. 

4.2 Did MW affect memory representations? 

 We found no evidence in support of our prediction that MW propensity mediated the 

effect of memory retrieval tendencies on RIF. However, while there was no relationship between 

MW propensity and RIF, participants’ memory task performance was associated with the size of 

their RIF effect. Specifically, participants who produced more words on both fluency tasks had a 

larger RIF effect, while participants who recalled more items on the object lists task had a smaller 

RIF effect. These findings conflict with our predictions, as we hypothesized that memory 

retrieval tendencies would only predict RIF because of the indirect influence of MW propensity. 

However, these findings demonstrate that RIF can be predicted simply from how well participants 

are able to perform on certain memory tasks. Furthermore, there was no evidence to support our 

prediction that MW propensity mediated the effect of EC on RIF. Unlike memory retrieval 
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tendencies, which we found to be predictive of RIF on their own, there was no relationship 

between EC and RIF.  

 The most intriguing aspect of these findings is that only greater memory task 

performance on the fluency tasks predicted a larger RIF effect, whereas we hypothesized that 

better performance on all of our memory tasks would be associated with a larger RIF effect. One 

explanation for these findings is that the skills required to perform well on the fluency tasks are 

directly applicable to how an individual would perform on the TNT task. For instance, to perform 

well on the fluency tasks, participants must be able to take a vague cue and envision items related 

to that cue. In a sense, this is exactly what participants had to do during the think/no-think phase, 

as they were presented with a name and were asked to either think, or not think, of its associate. 

The fact that participants who produced more words on the fluency task also showed a larger RIF 

effect indicates that participants were more likely to partially activate pairs during those no-think 

trials. In other words, these participants had a harder time not activating memories during the no-

think trials. 

 With this in mind, a possible explanation could be that it is automatic to recall a memory 

when the strength of its representation meets a certain threshold (Moscovitch, 2008). For 

example, a participant who finds it easy to think of cities that they have visited may not even have 

to spend time searching for these memories. Upon reading the question, memories would be 

retrieved efficiently and without conscious effort. If this is the case and participants who perform 

well on the fluency tasks are simply more efficient at activating cued memories, it could mean 

that they are also more prone to activating memories during the no-think trials, even though they 

are specifically instructed not to do so. 

 This would also explain why EC was not associated with RIF. Most measures of EC 

involve testing an individual’s ability to consciously perform certain tasks, which makes it 

unsurprising that performance on our EC tasks did not predict RIF. Specifically, during the no-
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think trials, a participant’s ability to inhibit thoughts or sustain their attention would not be 

affecting the degree to which a pair’s associate was activated, as this may be happening without 

conscious awareness or intention. In other words, even if an individual demonstrates advanced 

capabilities in terms of EC, this does not mean that they are more likely to prevent themselves 

from activating cued memories (assuming the memory meets a minimum required strength). 

4.3 Did MW affect memory consolidation? 

 Though we initially hypothesized that participants with high MW propensity would show 

a greater RIF effect following a period of rest, we found no evidence in support of this 

hypothesis. We made this prediction mostly based on evidence that periods of MW closely 

resemble periods of sleep (McKinnon et al., 2016; Kajimura et al., 2015); the latter of which has 

been strongly linked to better memory consolidation (Chambers, 2017; Feld & Born, 2017; 

Goerke, Müller & Cohrs, 2017; Himmer, Müller, Gais, & Schönauer, 2017). While these two 

states could still be highly similar to one another, there is no evidence that a period of rest (in 

which MW is likely) was able to affect the degree to which participants exhibited a RIF effect.  

 Perhaps this is because the biggest influence on RIF, based on our findings, is whether 

participants impulsively reactivate the paired associates during no-think trials. Theoretically, this 

activation of the paired associate is done without conscious effort (i.e., if I tell you not to think of 

a pink elephant, chances are you will have a hard time not doing so; Moscovitch, 2008). 

Moreover, this impulsive reactivation is dependent on the presentation of a cue, which was 

present during the think/no-think trials, but not during the period of rest in which participants 

were prone to MW.  

This points to an important factor, which is the content of MW during the period of rest. 

It is currently unclear whether a period of MW can provide memory consolidation benefits 

regardless of the content of the MW episodes. For instance, there is evidence that sleep improves 

memory consolidation, regardless of whether individuals dream about the memories being 
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consolidated (Smith, 2012; Schredl & Erlacher, 2010). However, the same evidence has not yet 

been found for periods of MW. This suggests that MW may only improve the consolidation of 

memories if the content of MW episodes consists of thoughts related to these specific memories. 

 Furthermore, it could be the case that periods of MW are simply not associated with 

strong enough activation in the DMN to trigger significant memory consolidation. This idea is 

supported by recent evidence identifying that, while MW shares many similarities with dreaming, 

dreams tend to be longer, more visual and immersive, and more strongly recruit from parts of the 

DMN (Kieran, Nijeboer, Solomonova, Domhoff, & Christoff, 2013). This is further supported by 

evidence demonstrating that MW propensity and sleepiness are both independent predictors of 

performance on EC tasks, with sleepiness showing more detrimental effects than MW 

(Stawarczyk & D’Argembeau, 2016). This could point towards the possibility that dreaming 

amplifies the same features that distinguish MW from goal-directed waking thought, and that 

MW does not involve enough activation in the DMN to show significant memory consolidation 

effects. 

4.4 Limitations and Future Directions 

 As is the case in all studies designed to assess MW, there were limitations in terms of 

how we chose to identify when a period of MW took place. Firstly, we used a relatively small 

number of experimenter probes (five) to measure an individual’s tendency to mind wander. While 

these probes provided us with valuable insight into the state of an individual’s attention at any 

given time, they were limited in that they did not pick up on periods of MW that may have begun 

and ended prior to the probe being presented. It is likely that we were only picking up on a subset 

of participants’ total MW episodes by relying solely on experimenter probes. This is problematic 

for our analyses, as our assessment of MW may not be representative of each individual’s true 

MW propensity—making it less likely to determine whether there are any meaningful 

relationships between individual differences in memory, EC, and MW.  
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 The best alternative for this is to combine these experimenter probes with the self-caught 

method, in which participants report whenever they catch themselves MW and answer a few 

questions to qualitatively describe their period of MW (Smallwood & Schooler, 2006). By using 

these methods in conjunction, we increase the odds of identifying periods of MW when they 

occur (Schooler et al., 2011; Sayette et al., 2009). This is important, as the more periods of MW 

we are able to identify for an individual, the better our judgement of that individual’s true MW 

propensity. However, despite the benefits of using the dual-probe approach, we opted to only use 

the experimenter probes due to time restrictions (i.e., allowing participants to identify periods of 

MW would have added an unpredictable amount of time to the total study time). Furthermore, 

self-caught probes have a unique limitation, which is that the meta-awareness of one’s mental 

state may vary considerably between individuals. As a result, it would be easier for some 

individuals to notice when they are MW, whereas it would be more difficult for others who lack 

high meta-awareness of their mental states (Smallwood & Schooler, 2006). With that said, in 

future studies it may be helpful to use fewer tasks, and to instead allocate time towards the 

implementation of both a greater number of experimenter probes as well as the self-caught 

method to obtain a more reliable estimate of MW propensity. 

Moreover, another important issue with experimenter probes is that the interval between 

the presentation of the probes has been shown to predict MW; such that longer intervals of time 

between probes is associated with a higher probability of MW (Seli et al., 2014, Smallwood et al., 

2012). With that said, the majority of our probes were presented while participants were viewing 

a lecture video, and were spaced roughly five minutes apart. This was mostly done in order to 

prevent all of the probes from taking place in a very short period of time during the video, which 

was a possibility if we would have used a randomized presentation order. However, in the future 

it would be informative to utilize a quasi-randomized presentation order for the probes, in order to 

determine how different intervals of time between probes predict one’s likelihood to be MW. For 
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instance, perhaps individuals with high MW propensity would be just as likely to be caught MW 

following a 30-second interval and a 5-minute interval, whereas those with low MW propensity 

may only report MW when the interval is longer. 

While the use of both experimenter and self-caught probes remain the gold standard for 

MW research, recent advancements in the Attention Lab have provided us with a potentially 

superior method of detecting MW that does not depend on the use of self-report. This method 

involves having participants perform a simple dot-tracking task in which they follow a single dot 

as it moves randomly across the screen among a series of other dots. Using eye-tracking 

technology, we were able to train the program to probe the participant when the correlation 

between the location of their eye and the location of the target dot dropped below a certain point. 

While still at the pilot stage, initial findings are promising, with these probes not only being 

predictive of MW, but with participants returning to perform the task again showing roughly the 

same MW propensity—indicating good reliability. 

In addition to our measures of MW, our measure of RIF also suffered from limitations. 

Firstly, we used a smaller number of word-room pairs (i.e., 24 pairs) compared to the usual 

number of stimuli used in a TNT task (e.g., roughly 50 pairs; De Vito & Fenske, 2017; Noreen & 

de Fockert, 2017; del Prete, Hanczakowsi, Bajo, & Mazzoni, 2015). Again, this decision was 

made in order to reduce the overall task time, while still obtaining a measure of RIF. It is possible 

that the use of a smaller set of stimuli made the task easier for participants in that the pairs were 

easier to think about during the think/no-think phase, and just generally easier to recall on the 

memory tests. This is supported by the item memory accuracy, which was at ceiling. In other 

words, when a participant was presented with three photos of rooms and was asked to pick which 

room went with the word presented on-screen, they almost always responded correctly. This 

forced us to use only the category memory accuracy (i.e., participants’ ability to identify the type 

of room associated with the target word) when calculating our RIF effects. In and of itself, this is 
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not overly problematic, as RIF effects have been found when using category memory accuracy 

(Maxcey & Woodman, 2014; Detre, Natarajan, Gershman, & Norman, 2013).  

However, because memory accuracy for the item questions was at ceiling, participants 

appeared to use this to their advantage on the second memory test. The increase in category 

memory accuracy from the first to the second memory test is too large to be seen after a 10-

minute interval (see Figure 3), and this increase is likely due to how easy the item memory 

questions were on the first test. For instance, for each target word, participants began by 

responding to the category question, followed by the item question. Because item performance 

was at ceiling, this likely gave participants a second opportunity to encode the correct room for 

each pair. Due to this, their performance on the second memory test showed a large increase. 

Simply put, by the time participants performed their second memory test, they already had a 

better mental image of each correct room, which made it easier to perform better on the second 

category memory test. Therefore, while the RIF effects calculated for the first category memory 

test were likely valid, those from the second category memory test were likely negated by re-

encoding opportunities on the first memory test. In other words, while the first memory test may 

have tested how the think/no-think trials affected their performance, this was likely not the case 

on the second memory test. 
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Figure 3. Proportion of items correctly recalled on the first and second category memory tests of 
the TNT task. Despite the tasks taking place only ten minutes apart, memory accuracy increased 
significantly for each item type (p’s < .05). 
 

Most importantly, we failed to find an overall RIF effect on both of the memory tests. 

This means that, across all participants, the mean memory accuracy for no-think items was 

higher, or not significantly different, than the accuracy for omitted items—the opposite of what 

we would expect with a RIF effect. With that said, we are not the first to fail to replicate the RIF 

effect, as its reliability is often called into question (Storm et al., 2015; Bulevich, Roediger, 

Balota, & Butler, 2006), with most arguing that even small deviations from the original methods 

used to discover the effect lead to null findings (Verde & Perfect, 2011; Jakab & Raaijmakers, 

2009; Williams & Zacks, 2001). It is important to note, however, that our study concerned 

individual differences, and that we were more interested in the degree to which individuals 

exhibited RIF. Interestingly, a number of participants did show the classic RIF effect, which 

suggests that there may be individual differences aside from the ones examined in this study that 
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could explain whether an individual will exhibit a RIF effect. However, recent evidence has also 

shown that individual differences in RIF effects are not reliable (Potts, Law, Golding, & Groome, 

2012). In future studies, it may be helpful to use the more traditional method of assessing RIF, in 

which word-exemplar pairs are memorized as opposed to room-name pairs (Anderson, Bjork, & 

Bjork, 1994). However, one could also argue that if the methodological requirements to find an 

overall RIF effect are so specific, RIF may not be a phenomenon that truly exists outside of the 

laboratory. 

With this in mind, it may be wise for future studies to examine how MW affects other 

memory representations and consolidation through the use of a task other than the TNT task. The 

classic RIF paradigm and the TNT task are similar in that they both involve inhibitory control, 

therefore another intriguing phenomenon to examine is that of directed forgetting. This term 

refers to forgetting which is initiated by a conscious goal to forget (Bjork & Woodward, 1973). In 

most directed forgetting tasks, participants are presented with a list of words and halfway through 

the list are instructed to forget all of the words up to that point. Participants are then instructed to 

remember the remainder of the list, and the remaining words are presented. Upon performing a 

memory test, participants are likely to remember more of the words they were instructed to 

remember and less of the words they were instructed to forget (Burgess, Hockley, & Hourihan, 

2017; Lee, 2013; Benjamin, 2006). In all, this task essentially demonstrates that individuals are 

able to intentionally reduce memory retrieval. The relationship between MW propensity and 

performance on a directed forgetting task is thought-provoking, as it may be the case that 

participants with a greater tendency to mind wander are less able to completely block out the 

items they are instructed to forget. In other words, participants who mind wander more may be 

less able to intentionally reduce the retrieval of memories compared to those who mind wander 

less. 
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4.5 Conclusion 

 We were able to replicate some of the prior research demonstrating that executive control 

capabilities are related to MW propensity, such that better sustained attention was related to lower 

MW propensity, and greater WM capacity was associated with higher MW propensity. Further, 

we reported novel findings regarding the relationship between memory retrieval tendencies and 

MW, such that superior performance on more vague, free recall tasks (i.e., many different correct 

answers) were related to higher MW propensity, whereas better performance on tasks requiring 

retrieval of very specific, recently encoded information (i.e., only one correct answer) were 

associated with lower MW propensity. Therefore, contrary to popular belief, it appears that 

having a high propensity to mind wander may not always be associated with worse performance 

in cognitive tasks, especially regarding certain attentional and memory capabilities.  

 In all, these findings suggest that MW propensity is not simply related to how much we 

are able to control our attention, but is also related to specific strengths and weaknesses in terms 

of how we retrieve memories. Despite these findings, the effect of MW on our ability to retrieve 

memories and encode information remains a largely misunderstood phenomenon, and is 

deserving of future study to determine how this state that every individual experiences to some 

extent influences how we interact with and remember the world around us. By better 

understanding MW, we are not only increasing our understanding of how the brain functions and 

regulates activity, but we are also gaining more insight into the unique strengths and weaknesses 

that individuals possess based on their own personal MW propensity. 
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Appendix A 

Performance Distributions for the Memory and EC Tasks 

 
Figure A1. This figure presents the proportion of correct responses on the lecture memory task 
sorted by frequency (M = .60, SD = .22). A Shapiro-Wilk test of normality indicated that this 
distribution did not significantly differ from a normal distribution, W(108) = .98, p > .05. 
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Figure A2. This figure depicts the frequency of objects correctly recalled on the object list task 
(M = 31.89, SD = 6.79). A Shapiro-Wilk test of normality indicated that this distribution 
significantly differed from a normal distribution, W(108) = .972, .023. Furthermore, there was a 
single outlier on the upper end of the distribution, with one participant correctly recalling 55 
objects. 
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Figure A3. This figure illustrates the frequency of various amounts of words produced on the 
Word Fluency task (M = 51.16, SD = 13.79). A Shapiro-Wilk test of normality determined that 
this distribution was significantly different from a normal distribution, W(108) = .973, p = .026. 
Additionally, there was one significant outlier, with one participant producing 95 words on the 
task.  
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Figure A4. This figure depicts the frequency of different quantities of words produced on the 
Category Fluency task (M = 71.53, SD = 15.59). A Shapiro-Wilk test of normality indicated that 
this distribution did not significantly differ from a normal distribution, W(108) = .984, p > .05. 
There was one outlier, as a single participant produced 120 words on the Category Fluency task.  
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Figure A5. This figure depicts the frequency of various forward digit span lengths (M = 6.88, SD 
= 1.26). A Shapiro-Wilk test of normality indicated that the distribution was significantly 
different from a normal distribution, W(108) = .947, p < .001. With that said, the distribution 
appears normal and does not have any significant outliers. 
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Figure A6. This figure depicts the frequency of various backward digit span lengths (M = 5.93, 
SD = 1.67). A Shapiro-Wilk test of normality was conducted and it was determined that this 
distribution significantly differed from a normal distribution, W(108) = .965, p = .006. 
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Figure A7. This figure shows the frequency of various success rates on No-Go trials of the SART 
task (M = 42.07, SD = 24.56). A Shapiro-Wilk test of normality determined that this distribution 
significantly differed from a normal distribution, W(108) = .968, p = .010. With that said, the 
distribution appears to be relatively normal. 
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Figure A8. This figure presents the frequency of various levels of sensitivity on the n-back task 
(M = -.380, SD = 1.71). Sensitivity scores were calculated for each participant by subtracting their 
number of false alarms from their number of hits. A positive sensitivity score indicated that a 
participant had more hits than false alarms, whereas a negative sensitivity score indicated the 
opposite. A Shapiro-Wilk test of normality determined that this distribution did not differ 
significantly from a normal distribution, W(108) = .988, p > .05. 
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Figure A9. This figure presents the frequencies of various Stroop RT differences (M = 149.48, SD 
= 108.25). These RT differences were calculated for each participant by subtracting their mean 
RT on incongruent trials from their mean RT on congruent trials. A positive difference indicated 
that participants, on average, reacted more quickly on congruent trials than on incongruent trials. 
A Shapiro-Wilk test of normality determined that this distribution did not significantly differ 
from a normal distribution, W(108) = .991, p > .05. 
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