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Abstract

Mind wandering (MW) is a heterogeneous and private phenomenon, which is nonetheless
omnipresent in people’s lives. Research on this phenomenon has grown considerably during
the past decade, thanks also to the development of neuroimaging techniques which have given
us a window into the brain’s activity while we are lost in our thoughts. However, there are
still two important issues for researchers in this field. The first, is the need to evoke in an
experimental setting what is, by definition, a spontaneous phenomenon. This can be solved by
developing an experimental task that creates certain conditions in which MW is more or less
likely to arise. The second issue is the reliance on individuals’ self-reports, which are
inherently subjective, to understand the emergence, and content, of MW. This issue is harder
to tackle, but one possibility is to develop a physiological, objective marker of MW. Recently,
two candidates have emerged as potential markers of MW: one is the default mode network
(DMN), a set of brain areas that show coordinated activity when people drift off to their inner
thoughts; the second candidate is baseline pupil size, which has showed sensitivity to changes
in external and internal attention, such as during episodes of MW. This thesis describes the
development of a novel paradigm for the study of mind wandering, and its use to understand
the potential that the DMN and baseline pupil size have as markers of this phenomenon. In
three empirical studies, this paradigm successfully modulates individuals’ performance, MW,
and on-task focus. Further, evidence from these studies indicates that DMN activity and
baseline pupil size don’t provide sufficient precision to be used in isolation as markers of
MW: in particular, it is suggested that their predictive power strongly depends on taking into

account the content of the MW experience, and the context in which it occurs.
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Chapter 1.  Introduction

Human cognition has the tendency to seamlessly switch its focus between the external
environment and its inner, self-generated thoughts. One phenomenon that captures this unique
aspect is mind wandering (MW), in which attention flows from an ongoing task to unrelated
thoughts (Smallwood & Schooler, 2006, 2015), such as finding ourselves thinking about what
to cook for dinner while driving home from work. Mind wandering is a very common
experience; studies estimate that individuals spend a quarter to half of their waking lives
engaged in MW (Kane et al., 2007; Klinger & Cox, 1987; Killingsworth & Gilbert, 2010). In
spite of the ubiquitous nature of MW in our conscious lives, this phenomenon was neglected
in psychological research for a long time, for a handful of reasons, the chief of which being
the general skepticism towards internal experience and introspection inherited from the
behaviourist era (Callard, Smallwood, & Margulies, 2012; Smallwood & Schooler, 2015).
However, in recent years there has been renewed interest in the study of internal experiences
from both fields of Experimental Psychology and Neuroscience; this is in large part due to the
fast development of new methodologies, allowing researchers to acquire neurocognitive
measures and not solely rely on self-reports and behavioural measures like in the past. Figure
1.1 shows the number of papers published on the subject of mind wandering in the past
century. The same phenomenon, i.e. attention diverging from an external task to internal
thoughts, has received several different scientific terms throughout the years: “daydreaming”,
“mind wandering”, “stimulus-independent thought”, “task-unrelated thought” are some of the
main terms used in the literature. From the figure it is possible to see research in the
daydreaming phenomenon starting in the mid 1960’s with the seminal work of Antrobus,
Singer, & Greenberg, (1966), and subsequently the spike in interest in MW research in the
past decade, together with this latter term’s general acceptance in the scientific community,

which in turn can be retraced to Smallwood & Schooler 2006’s article “The Restless Mind”.

18



| |
250 |

n
c
2
"g 200+ I
e keyword
=} 4 daydreaming
9_- 1%0 M mind wandering
S} M stimulus-independent thought
5 task-unrelated thought
&8 100~
= |
2 I
Z 50-
- ] .__’ 01 am | [ . " ll. I ||
ol - U P X TTE
1925 1935 1945 1955 1965 1975 1985 1995 2005 2015
Year

Figure 1.1 - The number of papers for the different keywords in each year was calculated through a bibliography
search using the software Publish or Perish (Harzing, 2007). The rapid growth in interest in the topic starts around
2006.

Despite these advances, mind wandering research still largely relies on self-reports, and does
not have a standard experimental paradigm used for its study. The research presented in this
thesis aimed to build on the literature in order to find a solution to these two problems:
developing an experimental paradigm for the study of MW, and investigating the neural and
pupillary correlates of this phenomenon, to understand their potential as objective markers.

While the field of mind wandering research is young relative to other psychological topics,
there already are a number of findings that have been reproduced by different research groups
and are thus widely accepted in the community. Mind wandering is known to be a frequent
and permeating phenomenon in individuals’ waking lives; it is more often than not oriented
towards future thoughts, although past-oriented MW has been linked to negative mood
effects; it arises more commonly whenever the individual is engaged in an easy, well-
practiced task; however, if MW does arise during a demanding task, it often leads to costs in
performance; the content of an individual’s mind wandering is not trivial in determining the
benefits or costs that it will produce; finally, states of MW have been paired to a number of

neural correlates, using fMRI, pupillometry, and electroencephalography (EEG).
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1.1 Mind Wandering Is a Frequent and Ubiquitous Phenomenon

It is a common experience to find oneself mind wandering multiple times every day; at least
six studies tried to estimate exactly how often this happens, using real-life paradigms
(Michael J Kane et al., 2007; Killingsworth & Gilbert, 2010; Klinger & Cox, 1987; McVay,
Kane, & Kwapil, 2009; Poerio, Totterdell, & Miles, 2013; Song & Wang, 2012). All studies
used slight variations of experience sampling (ES; Kahneman, Krueger, Schkade, Schwarz, &
Stone, 2004) methodology, which involves probing participants at different moments of the
day using a beeper or a phone app, and asking them a series of questions regarding the
occurrence, and quality, of the thoughts they were having just before they were prompted
(probe-caught ES). Klinger & Cox (1987), Kane et al. (2007), McVay et al., (2009), and
Poerio et al., (2013) all found that for ~30% of the samples, participants reported experiences
of MW just before being probed; Killingsworth & Gilbert (2010) found that number to be
slightly higher, with their participants reporting MW on ~47% of the thought samples; Song
& Wang (2012), who conducted their study in China, found a MW rate of ~24%.
Interestingly, all studies showed a wide inter-individual range in MW rates, ranging from <
10% to > 90%. In brief, both everyday experience and real-world studies point to MW being a
very common mental phenomenon, with individuals being decoupled from the external

environment for large parts of their waking lives.

1.2 Mind Wandering Has Both Costs and Benefits

The fact that human minds wander this frequently suggests that there could be benefits to the
otherwise potentially dangerous state of being decoupled from the external environment.
Already in the mid ‘60s, Antrobus et al. (1966) noted: “The presence of this non-perceptual
cognitive activity on such a large scale is perhaps the strongest argument that daydreaming
and imagining serve a useful purpose for the individual”. At the same time, if the mind
wanders towards one’s inner thoughts whenever the external environment demands attention,
it can come at a cost. Two lines of research have been researching how the context and the

content of mind wandering episodes relate to its potential costs and benefits.
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1.2.1 Benefits of Mind Wandering

One of the most consistent findings in the field is that individuals engaged in mind wandering
tend to think more about future than past events. This has been found in a range of different
MW paradigms, and in different cultures (Andrews-Hanna, Reidler, Huang, & Buckner, 2010;
Baird, Smallwood, & Schooler, 2011; Smallwood et al., 2011; Song & Wang, 2012;
Stawarczyk, Cassol, & D’Argembeau, 2013; Stawarczyk, Majerus, Maj, Van der Linden, &
D’Argembeau, 2011); these results are summarised in Figure 1.2. This prospective bias,
together with the findings that MW is often directed towards an individual’s personal goals
(Medea et al., 2016; Smallwood & Schooler, 2006; Stawarczyk, Majerus, Maj, et al., 2011)
and that MW is linked with improvements in creative problem solving (Baird et al., 2012), has
led some researchers to argue that one of the main benefits and functions of MW is to prepare
and plan for the future (Baird et al., 2011; Smallwood & Schooler, 2015; Stawarczyk,
Majerus, Maj, et al., 2011); indeed, the idea that mental time travel, such as conscious
simulations of future events, is a major benefit for the organism, has been also theorised in the
field of 