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Abstract
In everyday life, people often experience involuntary thoughts about their personal past and
future events in response to incidental cues in the environment. Yet, despite the abundance of
such cues, our consciousness is not constantly flooded by these involuntary autobiographical
memories (IAMs) and involuntary future thoughts (IFTs). The main goal of the present study
was to further investigate the possibility that cognitive inhibitory control keeps these
involuntary cognitions at bay. To test this inhibition hypothesis, we conducted a large-scale
study (n =157) in which groups of participants with different levels of inhibitory control (low,
medium, high) and individuals with ADHD spectrum symptoms were engaged in a laboratory
vigilance task in which the frequency of IFTs and IAMs was assessed. Contrary to predictions,
although participants across groups differed significantly in terms of their individual inhibitory
control capacity, the number of IFTs and IAMs reported during the vigilance task was
comparable. In addition, individuals with the ADHD spectrum symptoms did not report more
spontaneous thoughts compared to other groups. Together, these findings lend little support for
the idea that inhibition is a key mechanism that regulates the occurrence of [AMs and IFTs in

everyday life. Other possible mechanisms and avenues for future research are discussed.
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1. Introduction
Every time we think about something from our personal past (e.g. meeting with friends

on Friday nights before the pandemic) or about possible future events (e.g. where are we going
to travel once the pandemic is over), we engage in episodic mental time travel, the ability that
enables us to project ourselves both back and forward in time (Suddendorf, Addis, & Corballis,
2009). Up until recently, the main focus of research has been on deliberate forms of episodic
past and future thinking, which rely on relatively slow and effortful construction and simulation
of such thoughts (Wheeler, Stuss, & Tulving, 1997; D’ Argembeau & Van der Linden, 2004).
However, in everyday life, past and future oriented thoughts can often come to mind without
any preceding attempts to think about them (e.g. Berntsen, 1996; Berntsen & Jacobsen, 2008).
For example, while driving back from work, a memory of the last summer trip may simply pop
into mind or we may spontaneously think of an already booked holiday adventure next summer
(see Warden, Plimpton & Kvavilashvili, 2019).

Over the years, there have been two important shifts in the literature on spontaneous
cognition. The first shift occurred when researchers started investigating involuntary future
thoughts (IFTs) after extensively and rather exclusively investigating their retrospective
counterpart (i.e., involuntary autobiographical memories, IAMs) (e.g., Berntsen, 2009; Mace,
2007, 2010). While there are still only a handful of published studies on IFTs (for a review see
Berntsen, 2019), spontaneous future cognition is now considered as an emerging and fast-
developing field gaining more prominence among researchers studying memory and episodic
mental time travel (see Cole & Kvavilashvili, 2019a; Cole & Kvavilashvili, 2021). The second
shift relates to increased realisation that rather than studying IAMs and IFTs separately, a more
unified approach is needed that treats IAMs and IFTs as similar phenomena that may share
important features and underlying mechanisms (Barzykowski et al., 2019a; Berntsen &
Jacobsen, 2008; Cole, Staugaard, & Berntsen, 2016; Finnbogadéttir & Berntsen, 2013;

Plimpton, Patel & Kvavilashvili, 2015; Vannucci, Pelagatti, & Marchetti, 2017).



The growing number of studies examining both IAMs and IFTs is mainly due to recent
advances in experimental methodology that enable researchers to elicit and quantify the
occurrence of spontaneous phenomena under well-controlled experimental conditions. For
example, a laboratory method, developed by Schlagman and Kvavilashvili (2008; for further
modifications, see Barzykowski et al., 2019b; Barzykowski & Niedzwienska, 2016, 2018a,
2018b; Barzykowski, Niedzwienska, & Mazzoni, 2019; Barzykowski & Staugaard, 2016,
2018; Niedzwienska & Kvavilashvili, 2018; Plimpton, et al., 2015; Vannucci et al., 2014, 2015,
2019), examines the precise moment of the occurrence of spontaneous thoughts (e.g.
Barzykowski, 2014; Barzykowski & Niedzwienska, 2012). In this method, participants are
engaged in a monotonous vigilance task while being exposed to irrelevant word phrases some
of which may incidentally trigger involuntary thoughts (see Berntsen, 1998; Mace, 2004 for
the role of cues in eliciting IAMs in everyday life). Importantly, participants either report any
spontaneously occurring past or future oriented thoughts or, when stopped at random times,
describe the nature (spontaneous vs. deliberate) and the contents of their thoughts (later classed
as past or future oriented).

With this method, researchers have been able investigate a variety of theoretically
important questions like for example, comparing retrieval times of involuntary and voluntary
thoughts about the past and future (Cole, Staugaard, & Berntsen, 2016; Schlagman &
Kvavilashvili, 2008), examining the role of triggers in eliciting involuntary thoughts (Mazzoni,
Vannucci & Batool, 2014; Vannucci, Pelagatti & Marchetti, 2017), and studying the effects of
long-term priming on the occurrence of [AMs (Mace & Petersen; 2020; Mace & Unlu, 2020).

1.1. The cognitive inhibition dependency hypothesis of involuntary past and future
thinking

Another recent line of research involves addressing an important theoretical question

about why we are not constantly flooded by these involuntary thoughts in daily life given that



both IAMs and IFTs are often triggered automatically in response to incidental external and
internal cues (e.g. Barzykowski et al., 2019a; Vannucci, Pelagatti, Hanczakowski, Mazzoni, &
Paccani, 2015). According to the inhibition dependency hypothesis, one possible mechanism
that may reduce the chances of experiencing IAMs and IFTs in everyday life is cognitive
inhibition (e.g. see Barzykowski et al., 2019a). In other words, we may not be inundated by
past and future oriented thoughts while carrying out daily activities (e.g. when reading or
writing this paper) because a cognitive control mechanism suppresses memories and thoughts
that are triggered by incidental cues and prevents them from constantly entering and
interrupting our stream of consciousness with task irrelevant information.

This idea, which we call the inhibition dependency hypothesis, is not new and has been
previously put forward by Conway and Pleydell-Pearce (2000) in their self-memory system
model of autobiographical memory (for later modifications see Conway, 2008, 2009; Conway
& Jobson, 2012) and in a broader framework of inhibitory control proposed by Hasher and
colleagues (Hasher, Lustig, & Zacks, 2007; Hasher, Zacks, & May, 1999). According to the
self-memory system model, autobiographical memories are constantly activated at sub-
threshold level by different external and internal cues, but the vast majority of such memories
do not reach consciousness because of being suppressed by constantly operating central
executive control processes (Conway & Pleydell-Pearce (2000, p. 261).! The existence of such
a mechanism is highly functional in that it would prevent incidentally activated memories that
are inconsistent with current self-goals, from reaching awareness. Conversely, when the
inhibitory control processes are not fully engaged or otherwise compromised, then some of the
activated memories, especially those consistent with current self-goals, are likely to be fully

retrieved by passing the awareness threshold. Therefore, according to the self-memory model,

! In particular, Conway and Pleydell-Pearce (2000) argued that “Control processes implement plans generated
from the currently active goals of the working self, and ... one of their main functions may be to inhibit constantly
occurring endogenous patterns of activation in the knowledge base from entering consciousness where their usual
effect would be to interrupt current processing sequences” (p. 261).



the retrieval of IAMs would depend mainly on inefficient functioning of the inhibitory control
mechanism; namely, the weaker this mechanism is, the more involuntary memories will reach
awareness. Similarly, Hasher et al. (1999) suggested that cognitive inhibition serves an
important function (among others) such as suppressing the interference from irrelevant
information (see also Friedman & Miyake, 2004). Therefore, poor inhibitory control should
increase individuals’ susceptibility to irrelevant stimuli, in general, and result in increased
likelihood of experiencing both IFTs and IAMs, in particular.’

There are only a handful of published studies addressing the role of inhibitory control
in the occurrence of involuntary thoughts. For example, Kamiya (2014) observed a significant
positive correlation between the number of IAMs reported during a walk around the campus
and the scores on the Cognitive Failures Questionnaire (CFQ, Broadbent, Cooper, FitzGerald
& Parkes, 1982). Since the CFQ is a measure of minor absent-minded slips and errors in
everyday life across the domains of perception, memory and action, it may reflect the weak
functioning of the inhibitory processes (Friedman & Miyake, 2004) and, hence, provide
indirect support for the cognitive inhibition dependency hypothesis. Similarly, Verwoerd and
Wessel (2007) observed a positive relationship between high levels of distractibility and
involuntary memories. In their follow-up (experimental) studies on intrusive memories of
negative film scenes, Wessel, Verwoerd and colleagues (Wessel et al., 2008; Verwoerd et al.,
2011) investigated further the proposed relationship between participants’ ability to resist
proactive interference in working memory and the tendency to report intrusive memories. In
particular, prior to the presentation of an emotional clip, to induce highly activated and easily

triggered mental intrusions, they evaluated participants’ ability to inhibit irrelevant information

21t is worth to highligh‘tn%hat while Hasher et al.%s argue that inhibition may operate mainly at the early stages of
the process (i.e., suppressing irrelevant cues that may incidentally trigger irrelevant thoughts), Conway’s model
suggests that it operates at a later stage (i.e., when the memories are already formed). While the present study
cannot settle these differences, our view is that rather than being mutually exclusive, both of these processes may
operate simultaneously.


ing


from the working memory. As expected, the poorer the ability to resist the proactive
interference, the more frequently intrusive memories were observed in a 1-week diary
(Verwoerd et al., 2011) and the more movie-related intrusive thoughts were retrospectively
reported by participants over the course of 24 hours after viewing the clip. Taken together,
these initial findings appear to support the idea that cognitive control may indeed influence the
frequency of involuntary thoughts.

Another interesting avenue for addressing this important theoretical question, is to
study individuals with attention disorders who may experience more frequent IAMs and IFTs
than what is observed in the general population. In line with this assumption, several studies
have been conducted in mind-wandering research on individuals with attention deficit
hyperactivity disorder (ADHD)#';.;%h is characterised by reduced levels of inhibitory control
(Barkley, 1997). The results demonstrated the positive relationship between ADHD
symptomatology and spontaneous task-unrelated thoughts (e.g. Franklin et al., 2014; Jonkman
et al., 2017; Seli et al., 2015; see also Shaw & Giambra, 1993).

However, so far, there is only one experimental study that has directly investigated the
role of cognitive inhibition in the frequency of experiencing IFTs and IAMs. While previous
studies were either using correlational methods (e.g. Kamiya, 2014; Verwoerd & Wessel, 2007)
or examined the overall frequency of spontaneous task-unrelated thoughts rather than the
frequency of the IAMs and IFTs (e.g. Franklin et al., 2014; Jonkman et al., 2017; Seli et al.,
2015; also; Shaw & Giambra, 1993), Barzykowski et al. (2019a) experimentally manipulated
the levels of inhibitory control by using a well-established paradigm of depleting inhibitory
control (Radel et al., 2015; Muraven & Baumeister, 2000; Hagger, Wood, Stiff, &
Chatzisarantis, 2010), and compared the number of IFTs and IAMs reported by participants
before and after the depletion manipulation. Based on the idea that inhibition relies on limited

resources that cannot be continuously maintained for a long time and thus are easily depleted
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(Muraven & Baumeister, 2000; Schmeichel, 2007; for a more nuanced discussion see also
Radel, Gruet, & Barzykowski, 2019), participants in the depleted inhibition condition
performed a 60-min high-conflict Stroop task (i.e. requiring high levels of inhibitory control)
before completing a laboratory vigilance task measuring the frequency of IFTs and IAMs. The
manipulation successfully impaired participants’ inhibitory control before they started the
vigilance task, as evidenced by decreased inhibition performance on the Simon task (Simon,
1990) (see Radel et al. 2015, for a similar result). This should have resulted in increased
frequency of IFTs and IAMs if such involuntary cognitions were indeed dependent on the
levels of available inhibitory control. However, the findings did not provide support for the
existence of any strong role of inhibitory control in the occurrence of IAMs and IFTs.

In summary, there are very few studies that have examined the role of cognitive
inhibition in the occurrence of involuntary thoughts, and conflicting findings have emerged
from a few correlational studies on involuntary memories and a laboratory study by
Barzykowski et al. (2019a) that experimentally manipulated participants’ inhibitory control
resources to observe its effects on the occurrence of [AMs and IFTs in the subsequent vigilance
task. Consequently, more research is needed to systematically examine the possible
relationship between cognitive control and retrieval of IAMs and IFTs using a variety of
different methodological approaches and task manipulations.

1.2. The present study

The overall goal of the present study was to further test the cognitive inhibition
dependency hypothesis by adopting an individual differences approach and examining the
frequency of IAMs and IFTs in participants selected on the basis of their individual levels of
cognitive inhibitory control capacity and participants with ADHD spectrum. The study was
based on the idea that people can differ from each other in terms of their inhibitory control

capacity, and this may influence the frequency of experiencing involuntary task-unrelated



thoughts. There is indeed growing evidence to show that people with higher inhibitory control
capacity may differ substantially from those with low levels of inhibitory control on a variety
of cognitive tasks and behaviours. For example, they are less prone to increased alcohol intake
(e.g. Houben & Wiers, 2009), or overeating and being overweight (e.g. Anzman & Birch, 2009;
Houben, 2011; Nederkoorn et al., 2010; Pauli-Pott et al., 2010), and are more successful in
resisting peer pressure that results in safer driving (e.g. Jongen et al., 2011). There is also
evidence showing that individual differences in inhibitory control capacity may lead to
differences not only in tasks and activities that are more cognitively oriented such as, for
example, unintentional stereotyping (e.g. Payne, 2005), or bilingual spoken word processing
(especially in relation to within- and cross-language competition; Abutalebi & Green, 2007;
Mercier, Pivneva, & Titone, 2013), but also in impulsive and/or aggressive behaviour (e.g.
Allom, Mullan, & Hagger, 2016; Hsieh & Chen, 2017; Logan, Schachar, & Tannock, 1997)
and emotion regulation (e.g. Joormann, 2010, Joormann & Gotlib, 2010; Kalanthroff, Cohen,
& Henik, 2013).

Importantly, to strengthen the testing of the cognitive inhibition dependency
hypothesis, we included a group of adults with ADHD because impaired cognitive control and
low inhibition efficiency is a key symptom of ADHD (Barkley, 1997). Their deficits in
inhibitory control are well documented (e.g. Depue et al., 2010; Lansbergen et al., 2007; King
et al., 2007; Miller et al., 2019; Schachar et al., 1995, 2000; Wodushek, & Neumann, 2003;
Woltering et al., 2013), and therefore, the inclusion of this group may provide us the most
stringent test for this hypothesis. It W“as-i;;gdt:rectcd that individuals with ADHD spectrum would
be more susceptible to experiencing IFTs and IAMs compared to non-clinical populations.

Finally, the study was motivated by recent findings of Barzykowski et al. (2019a)
suggesting that inhibitory control does not actually affect the frequency of IAMs and IFTs.

Indeed, their manipulation of depleting inhibitory control was successful, yet no differences


could be

You cannot predict the outcome of a random sample (because it is random). The best you can do is predict the probabiity of showing a significant effect (power). You are not doing that here, so you are not really making a prediction. 
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were observed in the frequency of IAMs and IFTs. While highly unlikely, but as pointed out
by Barzykowski et al. (2019a), it could still be argued that the manipulation to deplete cognitive
inhibition resources was either insufficient or the depletion of inhibition did not last long
enough to have noticeable effects on IAMs and IFTs. Thus, selecting participants with, for
example, signifieantly low inhibitory control capacity may be one way to address these possible
limitations. Finally, since participants in Barzykowski et al.’s study were engaged in a lengthy
cognitive task aimed at depleting the inhibitory resources, they were involved in a relatively
short version of the vigilance task with 400 trials and 12 probes to observe the frequency of
IAMs and IFTs. This might have also led to a null effect and creates a need for a longer version
of the vigilance task to reliably measure the frequency of [AMs and IFTs.

In the present study we wanted to replicate and extend the findings by Barzykowski et
al. (2019a), while overcoming the above mentioned limitations. First, we asked a large pool of
participants to perform online well-established inhibitory tasks to evaluate their individual
differences in inhibitory control capacity. This allowed us to pre-select a pool of participants
characterized by low, medium and high levels of inhibitory control capacity. In addition, we
selected a separate group of participants with ADHD spectrum and measured their inhibitory
control capacity. Then, we randomly selected participants from these pre-selected groups of
individuals and invited them to participate in the laboratory-based study examining the
frequency of IAMs and IFTs under well-controlled laboratory conditions using a standard
paradigm for studying involuntary thoughts originally developed by Shlagman and
Kvavilashvili (2008). We used the same but longer version of the vigilance task used by
Barzykowski et al. (2019a). Briefly, in this vigilance task, participants had to detect 15
infrequent target slides with vertical lines (compared to eight in Barzykowski et al.’s study)
and ignore the non-target slides with patterns of horizontal lines (785 compared to 392 in

Barzykowski et al.’s study). In addition, they were exposed to short verbal phrases (800
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compared to 400 in Barzykowski et al.’s study), some of which could incidentally trigger task-
unrelated thoughts, including IFTs and IAMs. Throughout the vigilance task, participants were
probed 18 times (compared to 12 in Barzykowski et al.’s study) at random intervals to record
their thoughts at the moment they were stopped (cf. Plimpton et al., 2015). On completion of
the vigilance task, participants were given their thought descriptions and were asked to indicate
whether their thoughts referred to past memories or future events. Finally, at the end of the
session, we assessed the levels of inhibitory control for a second time. This was an important
part of the procedure because it allowed us (1) to evaluate participants’ individual inhibitory
control capacity at the time of the laboratory testing, and (2) to examine the consistency
between the lab and online measures of inhibitory control. Although the correlation between
these measures was positive and statistically significant (for more details see the section 3.1:
Laboratory scores for inhibitory control), it was not as strong as expected and therefore, in
retrospect, this aspect of our method turned out to be particularly useful in testing our
hypothesis.

In summary, we selected three groups of individuals with the low, medium and high
inhibitory control and compared them with a group of individuals with ADHD spectrum. As
explained in the discussion (see the section on limitations), selecting the discrete groups design
was motivated by the desire to maximize the chances of finding out if the effect of inhibitory
control existed or not, especially in light of the null results obtained in the previous large scale
experimental study by Barzykowski et al. (2019). Based on the cognitive inhibition hypothesis,
we expected the highest frequency of IAMs and IFTs in the ADHD and low inhibitory control
groups compared to the medium and high inhibitory control groups. Alternatively, if such
involuntary cognitions are not dependent on the levels of inhibitory control, as suggested by
initial findings of Barzykowski et al. (2019a), then the groups would not differ in the frequency

of IFTs and IAMs.
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2. Method
2.1. Design

A mixed subjects design was used. The between-subjects variable was the level of
inhibitory control capacity (low, medium, high). There was also an additional comparison
group of participants with ADHD symptoms. Finally, the within-subjects variable was the type
of involuntary thought reported during the vigilance task (IFTs, [AMs).

2.2. Participants

The Research Ethics Committee approved the Study. Written consent for participation
was obtained prior to data collection. Participants were informed that they were free to
withdraw from the study at any point. The study consisted of two phases: the online pre-
selection phase (i.e., the online session) and the experimental session in the laboratory (i.e., the
laboratory session).
Online (pre-selection) session. A total of 697 participants were recruited to the online pre-
selection session, with 485 participants successfully finishing both online inhibition tasks. Out
of these, 52 participants were identified either as producing unreliable data (e.g. with less than
50 percent of correct responses in any of the inhibition tasks, and/or with mean reaction times
longer than 1800 ms) or being an outlier (with 3.29 SD or more above or below the mean for a
given variable, for example, on the interference ratio in the Flanker or Stroop tasks, which
relates to 1% of the theoretical distribution assuming the normality). Since these participants
were not able to provide us with reliable estimates of their inhibitory capacity (e.g., someone
might have answered a phone-call while performing a task or done the task late in the evening
or night when cognitive control may not work sufficiently, e.g., Riley et al., 2017), their data
were excluded from the analyses, leaving the final pool of 433 participants with valid and
reliable task performance. Finally, participants were divided into the following three

approximately equal sized groups, based on their scores in the online inhibitory control tasks


was
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(see results section for more details): low inhibitory control capacity (144 participants),
medium inhibitory control capacity (144 participants), and high inhibitory control capacity
(145 participants). Participants who were not invited into the laboratory session were eligible
for a 25 PLN (ca. 7 USD) lottery, that was drawn at the completion of the research project.
Laboratory (experimental) session. A total of 120 participants (predominantly undergraduate
students; 47 males, Mg =24.65, SD = 5.22, range 19-56 years; one participant did not indicate
the age) were randomly recruited to the study from the initial online pool of participants. More
precisely, from each online-based inhibitory control capacity group, we randomly selected and
invited 40 participants to participate in the experimental study. If an individual did not accept
our invitation or was not able to participate in our study, which happened on rare occasions,
then a new participant was randomly selected. Therefore, the final sample consisted of 40
participants in the low inhibitory control group (20 males, Mg = 24.70, SD = 5.91, range 20—
56 years), 40 participants in the medium inhibitory control group (14 males, My = 24.48, SD
= 4.80, range 20-50 years, one participant did not indicate the age) and 40 participants in the
high inhibitory control group (13 males, Mug = 24.78, SD = 5.00, range 19-43 years, two
participants did not indicate the age).

Since adult self-reports of ADHD symptoms have been shown to be both reliable and
valid (Murphy & Schachar, 2000), a pool of 150 new participants filled in the Semi-structured
Diagnostic Interview for ADHD in adults (DIVA-2; Kooij et al., 2010; Polish translation:
Jaeschke, Brudkiewicz Bron, & Kooij, 2016; for more detail see materials section). The online
recruitment was advertised as targeting individuals with either previous ADHD diagnosis,
current symptoms of ADHD or being at risk for ADHD. Based on their responses, a total of 37
participants (13 males, Muee = 25.23, SD = 5.34, range 19-43 years) with four or more
inattentive and hyperactive-impulsive symptoms were invited to the laboratory-based

experimental session and served as an ADHD spectrum group. Importantly, as suggested by
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Kooij et al. (2005), the cut-off of four or more symptoms of inattention or hyperactivity-
impulsivity is appropriate and sufficient for diagnosing ADHD in adults. All individuals
participating in the laboratory-based session were compensated with 50 PLN (ca. 14 USD).
To ensure that our study had sufficient power, we performed the a priori power analysis mmﬁlrith
G*POWER 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007). Although Conway and Pleydell-

Pearce’s (2000) theory assumes that inhibitory control system is the main mechanism that

keeps involuntary cognitions at bay and hence predicts medium to strong effect size, we based
our power calculations on the effect size (np2 = 0.03) obtained by Barzykowski et al. (2019) in

a 3 condition (control, depleted inhibition, intact inhibition) % 2 temporal focus (past, future)
mixed ANOVA that resulted in a non-significant main effect of condition. Using this effect
size (f=.18), a correlation of » = -.02 between the dependent variables obtained in that study,
and assuming the minimum power of .80 with an alpha level of .05, 162 participants were
necessary to find a statistically significant effect in the model. Therefore, a sample size of 157,
used in the present study, allowed good power to detect small to medium size effects (.18 to
25).
2.3. Materials
2.3.1. The vigilance task

As in previous studies on involuntary past and future thoughts (e.g. Barzykowski &
Staugaard, 2016, 2018; Barzykowski & Niedzwienska, 2016, 2018a, 2018b; Barzykowski et
al., 2019a; Plimpton et al., 2015; Vannucci et al. 2014, 2019), we used a fully computerized
version of the vigilance task described elsewhere in more detail (e.g., Barzykowski &
Niedzwienska, 2016, pp. 5-6; also see Barzykowski & Staugaard, 2016, p. 524). The main
differences between the present task and Barzykowski et al.’s (2019a) design were as follows:
(1) using 800 slides instead of 400, (2) fixed presentation of incidental word cues for all

participants, (3) shortening the presentation of each trial from 2.5 to 2 s., and (4) providing


an
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participants with 18 instead of 12 fixed stops with thought probes. Since we used a larger
number of trials, we decreased the presentation time of each trial while keeping the mean
interval between the thought probes (89 s) relatively long and comparable to the mean interval
in the previous studies (81 s and 83 s in the Plimpton et al., 2015, and Barzykowski et al., 2019a
studies, respectively).

The vigilance task involved detecting patterns of vertical lines (fifteen target slides) in
a stream of 785 non-target slides with horizontal lines. Slides were presented for 2 s with short
verbal phrases (e.g., driving a car) displayed in the centre of each slide. There were
approximately equal numbers of neutral (N = 267; e.g. buying a bread), positive (N =267; e.g.
a wonderful smile) and negative (N = 266; e.g. unpleasant conversation) phrases, that
constituted the final pool of 800 phrases used in previous studies (e.g., Barzykowski &
Niedzwienska, 2016; Barzykowski & Staugaard, 2016, 2018; Barzykowski et al., 2019). The
program stopped automatically at 18 fixed points during the presentation with the following
message appearing on the screen “Please stop and record your concentration and thoughts
now”. Participants provided a brief description of the content of their thoughts (by typing it
into the computer program), indicated how much they were concentrating on the task when
stopped (1 = Not at all; 7 = Fully concentrating) and if the thought occurred deliberately (they
decided to think about it) or involuntarily (it simply popped into their mind). The probes, which
were modelled on previous literature (Barzykowski et al., 2019a; Plimpton et al., 2015), were
presented in a fixed pseudo-random order and occurred at varying intervals consisting of a
minimum of 42 (about 84 s) and a maximum of 50 (about 100 s) slides. While in the present
study we used slightly longer intervals between the stops, it may be argued that they were still
comparable to those reported by Plimpton et al. (2015), where they varied between 52.5 and

105 s and Barzykowski et al. (2019a), where they varied between 55 and 105 s.
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2.3.2. Tasks accessing individual differences in inhibitory control capacity

In order to measure and evaluate inhibitory control capacity, we used well-known tasks
such as the Stroop task (MacLeod, 1991; Chuderski, Taraday, Necka, & Smolen, 2012) and
the Eriksen flanker task (Eriksen & Eriksen, 1974) using the Inquisit Web software
(Millisecond software). They were used both in the online- and laboratory-based sessions.*

The Stroop-like task consisted of four colour words (red, green, blue, and yellow) in
Polish, printed in one of these four colours (e.g., the word red could be printed in red, green,
blue or yellow colours). Participants were instructed to judge the colour of the ink of the word
as fast as possible, without paying attention to the meaning of the word, by pressing a key
corresponding to the colour of the ink. Each word was displayed until response (latencies were
measured from the onset of stimuli) with a 400 ms interval between trials and a 400 ms error
feedback screen after each error trial. While the meaning of the word and the colour of the ink
were the same in congruent trials, the meaning differed from the colour of the ink in
incongruent trials. In total, there were 140 trials including 70 congruent and 70 incongruent
trials. Finally, for a practice trial, we used a short 14-trial version of the Stroop task that
consisted of 50% congruent and 50% incongruent trials. The main task lasted up to 10 min. To
evaluate its validity, the mean RTs (across all participants except those in the ADHD group
who served as a sub-clinical reference group) for congruent and incongruent trials were entered
into a dependent samples ¢-test. As expected, we observed longer RTs for incongruent (M =
831.00 ms, SD = 183.28) than congruent trials (M = 740.57 ms, SD = 135.89); #(119) = 11.70,

p =0.001, Cohen’s d = 1.06. Importantly, there was a high proportion of correct responses in

3 There is an ongoing debate about whether a general (i.e., unitary) response inhibition ability exists as there is a
general pattern of weak or non-significant correlations between tasks of inhibitory control (e.g., Hedge et al.,
2020; Friedman and Miyake, 2017; Rey-Mermet et al., 2018). While we do not postulate or advocate for the idea
that the inhibitory control is actually an unitary cognitive construct, in the present study we decided to use two
well-known tasks which according to previous research (e.g., Friedman & Miyake, 2004; Pettigrew & Martin,
2014; Stahl et al., 2014), relate to different aspects of inhibitory control, namely, the inhibition of the prepotent
response (i.e., the Stroop task) and the resistance to distracter interference (i.e., the Flanker task). By combining
these two types of tasks we wanted to measure a broadly understood phenomenon of inhibitory control while
including its different aspects into a composite score.
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both incongruent (M = 0.96, SD = 0.04) and congruent trials (M = 0.98, SD = 0.02). Finally,
the task obtained an internal consistency of 0.96, assessed via Cronbach’s o and 0.91, and 0.89
measured by Spearman-Brown and Guttman split-half correlations, respectively. Therefore,
we argue that the task may be considered as a reliable measure of the interference effect.

In the Eriksen flanker task (Eriksen & Eriksen, 1974), participants had to press the
arrow keys with either the left or right index finger according to the direction indicated by the
target arrow in the centre of the screen. This target arrow was surrounded by other arrows
(flankers) that participants were instructed to ignore. In congruent trials, all targets, including
flankers, indicated the same response (they were pointing in the same direction). In incongruent
trials, they indicated in the opposite directions and flankers activated a wrong automatic
response that had to be ignored and inhibited. In total, there were 140 trials (70 congruent and
70 incongruent). Each trial was presented for a maximum of 2700 ms (the target and distractors
were presented for a maximum of 1750 ms). Before starting the main task, participants were
provided witha;dditional 10 practice trials. The main task lasted up to 10 min. As above, we
evaluated the task validity. As-expeeted; we observed longer RTs for incongruent (M =471.88
ms, SD = 68.59) than congruent trials (M =430.95 ms, SD = 58.52); #(119)=19.78 , p = 0.001,
Cohen’s d = 1.82. Importantly, participants obtained high proportions of correct responses in
both incongruent (M = 0.97, SD = 0.07) and congruent trials (M = 0.99, SD = 0.08). Finally,
the task obtained an internal consistency of 0.98, assessed via Cronbach’s a and 0.92, and 0.92
measured by Spearman-Brown and Guttman split-half correlations, respectively. Therefore,
we argue that the task may be considered as reliable measure of the interference effect.

2.3.3. The positive and negative affect schedule (PANAS; Brzozowski, 2010)

To control for possible differences between groups, we used PANAS (30 items) that
measure the strength of currently experienced positive and negative emotional states. More

precisely, participants have to rate on a five-point scale to what extent the given adjectives


an

a

This suggests a correlation of r=0.94 between incongruent and congruent trials. Not impossible, but quite high. 
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correspond with their current state. The reliability coefficients (internal consistency and
stability) of the Polish version of the PANAS range from 0.73 to 0.95 (Brzozowski, 2010).
2.3.4. Semi-structured Diagnostic Interview for ADHD in adults (DIVA-2; Jaeschke,
Brudkiewicz, Bron, & Kooij, 2016)

The DIVA 2.0 was originally developed by Kooij and Francken (Kooij, 2012). Based
on the DSM-1IV, it enables the evaluation of the 18 symptoms of ADHD, in childhood and
adulthood. Previous studies proved DIVA to be a reliable tool for both assessing and
diagnosing ADHD in clinical settings (Deberdt et al., 2015), in adults (e.g. Ramos-Quiroga et
al., 2019; Pettersson et al. 2018), in older adults (Semeijn et al., 2015, 2013), and even in police
custody (Young et al., 2013). Moreover, when comparing with the Conners' Adult ADHD
Diagnostic Interview for DSM-IV (Epstein, Johnson, & Conners, 2001) the DIVA 2.0 showed
100% of diagnostic accuracy as well as good correlations (ranging from 0.54 to 0.72) with self-
reported ADHD rating scales (see Ramos-Quiroga et al., 2019).

2.4. Procedure
2.4.1. Online (pre-selection) session

Participants were recruited to the online pre-selection session via social-media,
university advertisements and flyers. They were invited to visit a project website where more
detailed information about the study was provided. Participants were explicitly informed that
based on their results they might be invited to the laboratory session. They were provided with
the information sheet explaining that the study examined people’s ability to concentrate on
monotonous and boring tasks. They were also asked to follow all the instructions and to
perform tasks as well as they could. Importantly, they were asked to start the study only when
they were certain that their performance would not be disrupted by noise or any other
distractions. Once participants agreed to participate in the online session, they were provided

with the first practice version of the Stoop task that was then followed by the main task. After
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completing the Stoop task, participants were provided with instructions for the Eriksen flanker
task. After a brief practice task, participants completed the main Eriksen flanker task. In total,
the online session lasted about 30-40 minutes.

2.4.2. Laboratory (experimental) session

We used the same procedure as in the control condition in the study by Barzykowski et
al. (2019a, p. 672). Upon arrival in the laboratory, and after signing the consent form,
participants first rated their current levels of physical and mental fatigue (on seven-point scales,
one corresponded to not endorsing the item at all, four corresponded to medium endorsement,
and seven corresponded to highly endorsing the item; with all points along the scales clearly
and explicitly labelled), and were then verbally informed that the experiment examined how
people concentrated on monotonous and boring tasks. The experimenter only briefly
introduced participants to the procedure by providing verbal instructions about how to
complete the vigilance task.

Next, participants started the computerized vigilance task, which provided them with
more detailed written instructions. In particular, as in previous studies (e.g., Barzykowski &
Niedzwienska, 2016, 2018a, 2018b; Barzykowski & Staugaard, 2016, 2018; Plimpton et al.,
2015; Vannucci et al., 2014, Vannucci et al., 2015), participants were instructed to identify
slides with vertical lines by pressing a red button (“m” on the keyboard). In addition, they were
informed that they would also see word phrases in the centre of each slide, but they were not
asked to respond to them during the vigilance task. They were informed that the experimental
condition, to which they had been assigned to, involved studying their ability to concentrate on
a relatively monotonous and boring task of detecting line patterns while not paying attention
to the words and phrases displayed on the screen. Crucially, participants were informed that
during the vigilance task they might experience different types of task-unrelated thoughts, and

they were provided with examples of such thoughts, including personal goals, words, random
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associations, current concerns, future thoughts, plans, and memories. However, no particular
emphasis was put on memories and future-oriented thoughts during the briefing. Participants
were only informed that thoughts could be diverse (i.e., specific, general) and pertain either to
the present, past or future. Importantly, they were assured that these thoughts could be about
anything and that they could simply pop into their mind spontaneously or they could have
chosen to deliberately think about them. It was explained that since the study was about
people’s attention and concentration, the program would occasionally stop, and they would be
asked to record their concentration level and the content of their thoughts at the exact moment
they were stopped. Importantly, participants were encouraged to record the content of their
thoughts at the exact moment they were stopped, regardless of what it was. However,
participants could refrain from reporting particularly sensitive thoughts by typing “X” as an
answer, or (if possible) by providing a general description of their thoughts rather than a
detailed account. Before the main vigilance task started, participants filled in the Positive and
Negative Affect Schedule (PANAS; Brzozowski, 2010). Each time the program stopped, they
were asked to provide a brief description of the content of their thoughts (by typing it into the
program), rate their level of concentration (on a seven-point scale) and indicate if the thought
occurred deliberately (they decided to think about it) or involuntarily (it simply popped into
their mind).

After completing the vigilance task, participants filled in the PANAS and rated the
current level of physical and mental fatigue one more time. Additional manipulation checks
included asking participants to rate the extent to which they had been concentrating on the task
(in general), on the verbal phrases and on the vertical lines, the importance of performing the
computer task as well as they could, the difficulty of the computer task, and the extent to which

the task was interesting. Finally, participants also rated the extent to which involuntary
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thoughts and verbal phrases were experienced as interfering with the vigilance task and how
much they were suppressed (involuntary thoughts) or ignored (verbal phrases) by participants.

They were thenbrile)%vided briefly with verbal instructions describing the nature of
autobiographical memory (as, for example, in Schlagman, Kliegel, Schulz, & Kvavilashvili,
2009, p. 410) and future thoughts and were informed about the second part of the study. During
this part, the program provided participants with more detailed written instructions.
Participants reviewed all of their thoughts recorded during the vigilance task, one at a time and
in the same order as they had been recorded. Participants were instructed to decide whether
each thought was an autobiographical memory, future-oriented thought, thought relating to the
current situation or other type of thought by clicking the appropriately labelled button.
Choosing the last two options displayed the next recorded thoughts. If participants chose one
of the first two options, they were asked to describe the memory or future-oriented thought
more thoroughly by typing it into the computer program. This way we obtained longer
descriptions of these mental contents than during the vigilance task.

Once the task was finished, participants performed the Stroop task and the Eriksen
flanker task in the same way as during the online session. This way we were able to obtain
measures of individual differences in participants’ inhibitory control capacity under well
controlled experimental conditions.

3. Results

For all statistical analyses reported below, the level of significance was set at p < .05, and the
effect size was measured by partial eta-squared (17,°). We start by reporting how participants
were grouped into three groups of inhibitory control capacity and then report any group
differences in the background variables (e.g., their scores on PANAS, performance on the

vigilance task) before moving to the analyses directly assessing the inhibitory control and
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ADHD hypotheses by examining the number of spontaneous task-unrelated thoughts overall,
and then as a function of type of thought (IAMs vs. IFTs) in four groups of participants.
3.1. Manipulation checks (the inhibitory control capacity across the groups)

Online scores of inhibitory control. To examine individual differences in participants’
inhibitory control capacity, we first analysed their performance on the online Stroop and the
Eriksen flanker tasks. In particular, we examined the standard interference effect (i.e., the
difference between mean response times of incongruent and congruent trials divided by mean
response times of congruent trials), which represents the time needed to inhibit the interference
when taking into account the individual processing speed, and, importantly, is considered as a
reliable indicator of the efficacy of cognitive control.* The lower the interference (i.e., the faster
the interference is resolved), the stronger one’s inhibitory capacity is. First, we calculated the
interference ratios separately for the Stroop task and the Eriksen flanker task. Second, we
standardized these scores (i.e., z-transformed them) to make them comparable with each other.
Then, the general inhibitory control capacity index for each participant was calculated as a
mean of these two z-transformed interference ratios. This allowed us to divide participants into
three approximately equal size groups of 144 participants with the highest level of inhibitory
control (with the lowest z-transformed interference ratios; M = -.72, SD = .34, range: -.30 to -
1.81), 144 participants with the medium level of inhibitory control (with medium z-transformed
ratios; M = .08, SD = .14, range: -.30 to .21) and 145 participants with the lowest level of
inhibitory control (with the highest z-transformed interference ratios; M = .71, SD = .40, range:

21t0 1.97).

4 Please note that we did not use a simple incongruent and congruent time difference as it does not control for
individual differences in general processing speed and speed-accuracy trade-offs (e.g., Draheim et al., 2016, 2020;
Hedge et al., 2018b; but see Faust et al., 1999; Hedge et al., 2018a who showed that proportional costs, as used in
the present paper, may not always control for such differences). Importantly, while some methods may perform
better than others, there are still ongoing discussions in the literature whether any alternative scoring methods can
control for these confounds completely (for further review, see Vandierendonck, 2021).
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Laboratory scores of inhibitory control. A total of 120 participants (40 from each group)
were randomly selected from the pool of 433 participants divided into three groups on the basis
of their online task performance. A one-way ANOVA on the mean interference ratio for these
two online tasks with the inhibitory control group (low, medium, high) as a between-subjects
variable, resulted in a significant main effect with a large effect size (F(2, 117) = 188.35, p <
.001, 5,° = .77) with the strongest and the poorest inhibitory control in the high and low
conditions, respectively, and the medium inhibitory control in the medium group (all ps <.001).

However, since the study examined the role of individual inhibitory control in the
involuntary past and future thoughts, we wanted to make sure that groups were indeed different
in terms of the cognitive inhibitory control capacity during the laboratory session when the
involuntary past and future thoughts were examined. In addition, we wanted to make sure that
the inhibitory control capacity was reliably measured. Therefore, we asked participants to
perform the inhibitory tasks in the laboratory one more time. This allowed us to re-group
participants based on their inhibitory control ratios obtained in the laboratory rather than based
on their initial online-session ratios.” More precisely, using the laboratory-based interference
ratios, we re-grouped participants and divided them into three new and equally sized groups of
participants with the low, medium and high inhibitory control.

Briefly, 40 participants with the highest and with the lowest mean laboratory-based
interference ratios were divided into the low and high inhibitory control capacity groups,

respectively. The remaining 40 participants with ratios in the middle between strongest and

3 There are several reasons why we decided to re-group participants based on their laboratory-based interference
ratios. First, the correlation between the interference ratios obtained in the online and laboratory sessions was
retiable-but-relatively small in size ((130) = .23, p = .010). Second, analysing the online- and laboratory-based
interference ratios by “dependent samples -test revealed that they were significantly different from each other
(«(130) = 2.68, p = .010, Cohen’s d = .27) with poorer inhibition observed in the online tasks (i.e. higher
interference ratio, M = .13, SD = .09) than in the laboratory (M = .11, SD = .06). Finally, when examining
differences between online-based groups on their laboratory-based interference ratios, the main effect of the group
was only marginally significant (F(2, 117) = 2.65, p = .075, 5,° = .04). For all these reasons, re-defining groups
of participants based on their laboratory performance in the inhibitory tasks was the most justified and reasonable
decision especiall%/'vﬁgat we wanted to make sure that groups were different in terms of their cognitive inhibitory
control capacity presented during the laboratory session.
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poorest inhibiting individuals constituted the medium inhibitory control capacity group. This
re-grouping was based primarily on re-categorizing 21, 25 and 20 participants in the low,
middle and high group, respectively. The fourth group consisted of participants with ADHD
spectrum and the group selection was based on the DIV A score exclusively.

Finally, we verified the expected differences between these newly created groups in
terms of their laboratory scores of inhibitory control capacity. é)ne-way ANOVA on the mean
interference ratios with the inhibitory control group (low, medium, high, ADHD spectrum) as
a between-subjects variable, resulted in a significant main effect, £(3, 151) = 30.73, p <.001,
> = .38. Post hoc tests indicated that, as expected, participants in the low inhibitory control
group were the slowest (all ps < .001) while participants in the high inhibitory control group
were the fastest to exert inhibition (all p; <.001). Participants in the medium group were both
better (p =.001) and worse (p =.001) compared to participants in the low and high inhibitory
control groups, respectively. Importantly, participants with the ADHD spectrum were only
better at inhibiting than participants in the low inhibitory control capacity group (p =.002) and
worse compared to both medium (p =.019) and high inhibitory groups (p =.001). These results
are presented in Table 1 and Figure 1. This pattern of findings suggests that participants were
successfully divided into three groups with different levels of inhibitory control.

3.2. Equivalence of experimental groups before, during and after the vigilance task

To test the comparability of conditions before and after the vigilance task in terms of
participants’ mood ratings, the overall mean positive and negative PANAS scores were entered
into two separate 4 inhibitory control group (low, medium, high, ADHD spectrum) x 2 time of
testing (before vs. after the vigilance task) mixed ANOVAs with repeated measures on the last
factor. The analysis on the mean positive affect scores revealed a significant main effect of
time of testing, F(1, 153) = 100.73, p < 0.001, 5,° = .40, with scores being significantly lower

after completing the vigilance task (see Table 1). While the main effect of group was not
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significant (F < 1), the group by time interaction was significant, F(3, 153) =3.17, p = 0.026,
1, = .06. Post hoc tests revealed that while the positive affect was similar across the four
participant groups before the vigilance task, it was systematically dropping across groups, with
the lowest difference between the first and second testing in the low inhibitory group and the
highest difference in the high inhibitory group. For negative affect scores, only the main effect
of time of testing was significant, F(1, 153) = 10.73, p < 0.001, ,° = .07, with scores being
significantly lower after completing the vigilance task. This pattern of results (also observed in
previous studies, e.g. Barzykowski et al., 2019a; Barzykowski & Niedzwienska, 2018b)
suggests that performing a monotonous vigilance task reliably affected participants’ mood in
the negative direction.

Table 1 also shows mean ratings of various cognitive and non-cognitive variables
provided by participants either before, during or after completing the vigilance task. This way
we were able to test the comparability of participants across groups. A series of one-way
ANOV As on these means with the group (low, medium, high, ADHD spectrum) as a between-
subjects variable, revealed that participants did not differ significantly in any of these variables
(all Fs < 2.54). Thus, the four groups were comparable in terms of self-rated physical and
psychological fatigue (before and after the task), concentration (retrospective rating) on the
task, levels of perceived interest and task difficulty, motivation to perform the task well, and
the extent to which participants paid attention to words and phrases on the screen, were
suppressing or ignoring them, or experiencing verbal phrases or involuntary thoughts as
interfering with the vigilance task.

Interestingly;the main effect of group for the extent to which involuntary thoughts were
experienced as interfering with the vigilance task and concentration on the vertical lines
(retrospective rating) were close to statistical significance (F(3, 153) = 2.53, p = .059, n,° =

.04; F(3, 149) =2.54, p = .059, 5,° = .05). The post hoc tests revealed that the participants with
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ADHD spectrum rated spontaneous thoughts as the most interfering compared to all other
groups (all py <.042). Participants in the low inhibitory control also reported the highest levels
of concentration compared to the medium group (p = .007).

Finally, to control for possible differences in the time-line of the experiment, the means
for the overall duration of the laboratory session were entered into 4 (low, medium, high,
ADHD group) one-way ANOVA. The groups did not significantly differ from each other in
this regard (F = 1.67, p = .175).

Taken together, these results suggest that any possible differences between the groups
in the frequency of involuntary past and future thoughts should not be due to group differences
in the level of concentration, motivation, fatigue or the way participants interacted with the
vigilance task and its stimuli.

3.3. Performance on the vigilance task

All participants successfully completed the vigilance task. The results are presented in
Table 1. There were no significant differences between the groups in terms of the proportion
of targets detected, main effects for response times to targets, nor levels of concentration
reported online (all Fs < 1.67, p; > .176). Importantly, as presented in Table 1, the high
proportion of targets detected across groups (ranging from 0.89 to 0.95), the fast correct
response times (ranging from 0.82 s to 0.77 s), and concentration ratings céit;?xg around the
middle of the scale (ranging from 3.92 to 4.47 on a 7-point scale, indicating average
concentration level), % support for the validity of the vigilance task meant to
engage participants in a cognitively undemanding activity.

3.4. Frequency and type of recorded thoughts
Given that each participant was stopped 18 times during the vigilance task, the total

number of thought probes was 720 (18 x 40) in each but the ADHD condition (where there

were 666 probes: 18 x 37). On 58 occasions (9 in the low, 17 in the medium, 16 in the high,
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and 16 in the ADHD spectrum group), participants refrained from reporting particularly
sensitive thoughts by typing “X” as an answer. In addition, on 106 occasions (23 in the low,
29 in the medium, 29 in the high, and 25 in the ADHD spectrum group), they indicated that
their mind was blank at the time of being stopped. This resulted in 688, 674, 675 and 625 valid
thought probes in the low, medium, high, and ADHD spectrum group, respectively.

As in previous studies that used the vigilance task (Barzykowski et al., 2019a; Plimpton
et al., 2015), all recorded thoughts were independently coded by the first and second author as
either task-related or task-unrelated (based on criteria proposed by Smallwood, Baracaia,
Lowe, & Obonsawin, 2003; Smallwood, Obonsawin, & Reid, 2003). Out of all 2662 valid
thoughts, 1665 (63%) were task-unrelated thoughts (e.g., going with my partner to cinema),
while 104 (4%) and 893 (34%) were classed as task-related thoughts (don 't forget to push the
button) or task-related interference (this is so boring, I am tired), respectively, and were
removed from further analysis. The agreement between the raters was high (89%), and any
disagreements were solved by discussion. Second, out of 1665 task-unrelated thoughts, 270
(16%) were classed by participants as occurring deliberately rather than involuntarily. Since
task-unrelated deliberate thoughts were not the primary focus of the present study (i.e., their
occurrence would not depend on the inhibitory control), they were excluded from further
analyses, resulting in 1395 spontaneous task-unrelated thoughts.

To examine the possible effects of individual differences in the capacity of inhibitory
control on the number of involuntary task-unrelated thoughts reported during the vigilance
task, the numbers of these thoughts in the low, medium, high and ADHD group were entered
into a one-way ANOVA with the condition as a between-subjects variable (see Table 2). The
main effect of condition was not significant (F(3, 153) = 1.08, p = .361, #,° = 0.02), indicating
that spontaneous task-unrelated thoughts were reported with similar frequency across the four

groups. A linear regression performed on the data pooled across the four conditions also did
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not show a significant effect (= 0.046, #(153) = 0.57, p = 0.570). Together, these results appear
to suggest that the number of task-unrelated thoughts was not affected by the inhibitory control
capacity.
3.5. Temporal focus of thoughts

After completing the vigilance task, participants were asked to decide whether each
thought they reported was a memory of a past event, a future-oriented thought or something
else. To ensure the thoughts had been categorized correctly, all the entries were also screened
by the first and the second author. All entries identified by participants as memories and future-
oriented thoughts were in line with the classifications made by the judges. However, some of
the thoughts classified as autobiographical memories or future thoughts by the judges were not
identified as such by participants.® Re-evaluated entries (e.g. the first time I went to England),
only with an agreement of 100% between judges, were included in the analysis. In total, 155
entries were re-evaluated by judgeév%lq;]t constituted 19% of entries included into the analysis

Since the main focus of the present paper was on the number of [AMs and IFTs, they
were entered into a 4 inhibitory control group (low, medium, high, ADHD spectrum) x 2
temporal focus (past, future) mixed ANOVA with repeated measures on the last factor (for
means see Table 2). Neither the main effects of group (F(3, 153) = .65, p = .585, ,° = 0.01),
nor the group by temporal focus interaction (F(3, 153) = .18, p = 913, 5,° = 0.01), were
significant. However, the main effect of the temporal focus of thought (F(3, 153) =9.97, p =
.002, 77,° = 0.06) was significant with more past-oriented than future-oriented thoughts. Two
linear regressions performed separately on the data pooled across the four conditions also did

not show a significant effect both for the number of [AMs (» = -0.014, #(153) = -0.17, p =

6 As pointed out by Barzykowski & Niedzwienska (2018a, p. 123; also Barzykowski et al. 2019a, p. 676), due to
the computerised nature of the vigilance task, the decision whether a mental content was or was not a memory
was irreversible, and this could have resulted in some errors that participants committed when categorizing their
thought descriptions.
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0.865) and IFTs (r=0.027, #(153) = 0.33, p = 0.742). Together, these results appear to suggest
that the number of IAMs and IFTs was not affected by the inhibitory control capacity.
4. Discussion

To examine the possible role of cognitive inhibition on the frequency of [AMs and
IFTs, we selected participants with high, medium and low inhibitory control capacity based on
their performance in two well-known and widely used tasks assessing response inhibition (i.e.,
the Stroop and Eriksen flanker tasks). Given that low levels of inhibition constitute a
characteristic symptom of ADHD (Barkley, 1997), and the results of previous studies
demonstrating reduced inhibitory control in these individuals (e.g. Lansbergen et al., 2007,
King et al., 2007; Wodushek, & Neumann, 2003), an additional group consisting of participants
with ADHD spectrum was also included in the study. By having participants with different
levels of inhibitory control we were able to examine the possibility that those with high levels
of inhibitory control reported fewer IAMs and IFTs in the laboratory vigilance task, than
participants with low inhibitory control capacity. Like in our previous study that examined the
role of depleting inhibitory control on the number of IFTs and IAMs reported in the vigilance
task (Barzykowski et al. 2019a), we made every attempt to keep the conditions comparable in
terms of several other background variables (cognitive and emotional).

In line with the cognitive inhibition dependency hypothesis, we S;% that the
stronger the participants’ inhibitory control capacity, the lower the frequency of their reported
IAMs and IFTs would be. We also expected individuals with ADHD spectrum to demonstrate
higher frequency of IAMs and IFTs compared to non-ADHD groups of participants. However,
m—stark—contrast-to—this—prediction; the number of spontaneous task-unrelated thoughts, in
general, and [FTs and IAMs, in particular, did not differ across the groups during the laboratory
vigilance task although groups differed significantly from each other in terms of their inhibitory

capacity. In addition, in line with previous studies (e.g. Plimpton et al., 2015), participants in
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all groups were consistently more likely to think about their personal past than the future.
Finally, another interesting and novel finding that emerged from the study was that individuals
with ADHD spectrum rated spontaneous thoughts, experienced during the task performance,
as more interfering even though their performance on the vigilance task did not differ from that
of the other groups. Below, we will first discuss the implications that these findings have for
our understanding of the nature and underlying mechanisms of IAMs and IFTs, followed by a
discussion of possible limitations and avenues for future research.
4.1. Theoretical Implications

The main goal of the present study was to examine possible factors influencing the
frequency of involuntary thoughts by testing the cognitive inhibition dependency hypothesis
of IAMs and IFTs. Specifically, we wanted to find out what is the putative mechanism that
prevents us from being constantly flooded by involuntary thoughts about the past and future in
response to external and internal triggers that are readily available in everyday situations and
have been shown to be crucial in eliciting these thoughts in participants (Barzykowski et al.,
2019; Berntsen, 1996; Berntsen & Jacobsen, 2008; Finnbogadoéttir & Berntsen, 2013; Mace,
2004; Schlagman & Kvavilashvili, 2008; Schlagman et al. 2007).

While there may be several reasons for keeping these mental contents at bay, which are
not necessarily mutually exclusive, in the present study we focused on one, in our opinion, the
most obvious possibility, namely, that the inhibitory control mechanism keeps suppressing
these task-irrelevant thoughts, preventing them from invading the consciousness. This
possibility has been proposed in the literature for some time, for example, in the influential
framework of inhibitory control (e.g. Hasher, Lustig, & Zacks, 2007, 1999), on the one hand,
and in the model of autobiographical memory (Conway & Pleydell-Pearce, 2000), on the other.
Yet, no previous study, except the recent study by Barzykowski (2019a), has subjected this

hypothesis to systematic experimental investigation (but for a study on trauma-related intrusive
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thoughts using a similar approach see Nixon, Roberts, Sun, & Takarangi, 2021). To the best of
our knowledge, this is also the first study in which the frequency of IAMs and IFTs was
examined in participants with ADHD spectrum. Moreover, while the previous study by
Barzykowski et al. (2019a) used experimental manipulation to deplete inhibitory resources in
participants, in the present study we applied the individual differences approach to further
investigate the expected relationship between inhibitory control and IAMs and IFTs. By using
the same experimental method, enabling the systematic experimental control, and by applying
both the experimental (Barzykowski et al., 2019a) and individual differences approach (the
present study), the basic mechanisms of IAMs and IFTs and their dependency ortlhepossible
inhibition mechanism were systematically examined. Surprisingly, the findings did not provide
any support for the existence of such a ubiquitous control mechanism suggesting that the
frequency of IAMs and IFTs may not depend strongly on the inhibitory control (capacity), or,
alternatively, the size of suchaneffect was too small to be observed in the present yetrelatively
well=powered study.

Perhaps the most surprising finding was that we did not observe higher frequency of
[IAMs and IFTs in people with ADHD spectrum although previous studies on mind-wandering
had shown that individuals with ADHD symptoms reported higher number of task-unrelated
thoughts than non-ADHD participants (e.g. Franklin et al., 2014; Jonkman et al., 2017; Seli et
al.,2015; see also Shaw & Giambra, 1993). When discussing this discrepancy between findings
from research on mind-wandering and involuntary thoughts, we should highlight an important
difference in the methods used to study these two phenomena (see also Plimpton et al., 2015).”

In the laboratory studies of IAMs and IFTs, participants are exposed to a steady stream of

71t is worth pointing out that this is not the first time that discrepant findings emerge from studies on mind-
wandering and on IAMs and IFTs. For example, while future-oriented bias in task-unrelated thoughts has been
reported in mind-wandering studies (e.g., Baird et al., 2011; Stawarczyk, Majerus, Maj, Van der Linden, &
D’Argembeau, 2011), laboratory studies on IAMs and IFTs, using a vigilance task with word cues as in the present
study, have consistently reported more thoughts about the past than the future (e.g., Cole et al., 2016; Plimpton et
al., 2015; Vannucci et al., 2017).
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meaningful cue words that can incidentally trigger any involuntary thought (but also possibly
mind-wandering episodes; see McVay & Kane, 2013). By contrast, in most studies of mind-
wandering (e.g. Jackson, Weinstein, & Balota, 2013; Jonkman et al., 2017) participants are
usually exposed to non-verbal stimuli such as digits (e.g. in the Sustained Attention to
Response Task; SART; Robertson, et al., 1997). It may be argued that ADHD individuals have
difficulty with maintaining focus on'tasks; used in mind-wandering studies, precisely because
these tasks do not contain any meaningful (verbal) information. By contrast, having verbal
phrases in studies of IAMs and IFTs may help such individuals to maintain a certain level of
focus, limiting the episodes when they switch off and start mind-wandering. Another possible
difference across the methods involves the ongoing task difficulty, which is much higher in
studies of mind-wandering than the vigilance tasks used to study IAMs and IFTs. It will be
interesting therefore to manipulate the presence and absence of incidental cue words and the
difficulty levels of the vigilance task in participants with and without ADHD to address these
issues.

Taken together, these null effects lead us to the main theoretically relevant question,
namely, is it possible that we have got the cognitive inhibition dependency hypothesis of IAMs
and IFTs, in general, and ADHD hypothesis, in particular, all wrong? Based on the results of
the present study, and in line with initial findings by Barzykowski et al. (2019a), we are inclined
to suggest that the occurrence of IAMs and IFTs may not depend on the putative inhibition
mechanism as suggested in the literature (see also Nixon et al., 2021, for a similar non-
significant relationship between the number of reported trauma intrusions during the ongoing
reading task and scores on inhibitory control as measured by SART in participants with PTSD
and with low and high levels of post-traumatic stress). We are not arguing that the cognitive
inhibition dependency hypothesis of IAMs and IFTs should bzma?syregarded entirely;-because

of the null effects obtained so far, but rather that the relationship between inhibitory control


entirely
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and spontaneous thoughts may be more complex and less straightforward than previously
thought. Is it possible, for example, that the difficulty of ongoing task and high levels of on-
task concentration reduce the efficacy with which incidental cues are noticed in the first place,
thus, obviating the need for any inhibitory mechanism?

This is a potentially compelling explanation, especially when considering the nature of
the brain’s default mode network (DMN) that is thought to underlie or facilitate the occurrence
of task-unrelated thoughts (e.g. Christoff, 2012; Buckner, Andrews-Hanna, & Schacter, 2008;
Kvavilashvili, Niedzwienska, Gilbert & Marksotamou, 2020; Raichle, 2015; Stawarczyk et al.,
2011). The DMN is comprised of several interconnected brain regions that show higher levels
of activity at rest and, conversely, increased levels of deactivation when we concentrate on the
external task requiring cognitive resources and attention. Therefore, incidental cues may lose
their power to elicit any IAMs and IFTs due to this deactivation of DMN during ongoing tasks
requiring medium to high levels of attention (but the relationship between cognitive load and
DMN may be more complex, see Jenkins, 2019). For instance, results of some previous studies
suggest that even relatively undemanding activities, such as attending to predictable stimuli in
the external environment, can substantially reduce the number of involuntary cognitions in
one’s mind (e.g. Floridou, Williamson, & Stewart, 2017; Vannucci, Pelagatti, Hanczakowski
and Chiorri, 2019).

Furthermore, Sorqvist and Marsh (2015) have suggested that high levels of on-task
concentration significantly reduce the chances of processing background information and thus
make participants less susceptible to the irrelevant (distracter) stimuli presented in the
background. Since in the present study participants were exhibiting medium levels of
concentration on the vigilance task requiring certain amount of cognitive resources and
attention, it is possible that they were less likely to experience IAMs and IFTs in response to

external cues independently from the levels of cognitive inhibitory control. This may also
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explain why we did not replicate a positive relationship between IAMs and weak inhibitory
control reported by Kamiya (2014) and Verwoerd and Wessel (2007) because they either used
questionnaire methods to evaluate the frequency of IAMs across various everyday attention-
demanding situations (Verwoerd & Wessel, 2007) or recorded IAMs during a fairly
undemanding activity such as walking (Kamiya, 2014). To further assess this possibility, future
studies could manipulate the difficulty level of the vigilance task. For instance, in an additional
control group participants would not have to concentrate and detect any target patterns of
vertical lines in which case, if this rationale is right, participants’ DMN activity levels would
be higher than in a standard vigilance task condition, leading to reliably higher frequency of
reported IAMs and IFTs.

Another possibility, suggested by Barzykowski et al. (2019a) is that the task parameters
were too easy for all participants. The idea here is that the inhibitory control mechanism
switches on only when we are engaged in attentionally very demanding activities (e.g. writing
a paper), because these are the activities that can be negatively affected by the occurrence of
involuntary thoughts. Means presented in Table 1 show that the vigilance task was indeed rated
by participants as not very difficult and demanding, thus future studies might benefit from
manipulating the difficulty level of the vigilance task in the other direction, i.e., making it much
more attentionally demanding (as in Barzykowski & Niedzwienska, 2018a; Vannucci et al.,
2019). Barzykowski and Niedzwienska (2018a) provide some initial support for this idea by
showing that participants reported a higher proportion of [AMs (out of all the spontaneous task-
unrelated thoughts reported) in the attentionally demanding condition of a standard vigilance
task.

In summary, it appears that several variables may influence the occurrence of IFTs and
IAMs in addition to, or instead of, the putative inhibitory control mechanism. Therefore, the

results of studies, conducted so far, show that the role of the inhibitory mechanism is perhaps
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not as strong as suggested by the inhibitory control dependency hypothesis and there may be
other cognitive mechanisms that underlie the retrieval of IAMs and IFTs.
4.2. Some limitations, design considerations and avenues for future research

When considering the results of the present study, some limitations and possible
improvements may be taken into account. First, one potential criticism of the study is that we
assigned participants to discreet groups based on their inhibition scores rather than examining
the relationship between participants’ inhibition scores and the number of reported involuntary
cognitions in the entire sample tested online. We admit that splitting participants into different
groups may be problematic, especially when the extreme groups design is used (i.e., splitting
a sample into two groups of bottom and top scoring participants). Despite problems associated
with the extreme groups design (for discussion see Fisher et al., 2020; Preacher et al., 2005),
this type of dichotomising has been fairly popular in some areas of cognitive psychology,
particularly in research on individual differences in working memory (for a discussion see
Conway et al., 2005, pp. 782-783; for empirical studies on working memory using this
approach see Berry et al., 2019; Endres et al., 2015; Engle et al., 1992; Kiefer et al., 2005;
Mellaet al., 2015; Stout et al., 2018; Yu et al., 2014). This is because the extreme groups design
is a cost-effective way of testing whether a given relationship does or does not exist irrespective
of the strength of the relationship (Conway et al., 2005; Fischer et al., 2020; Preacher et al.,
2005). As pointed out by Preacher et al. (2005), this approach is particularly appropriate in
situations where there is little prior empirical research to guide theory development, and/or
there are limited resources for testing very large samples (when the expected effect sizes are
very small). Since we wanted to verify whether the frequency of involuntary past and future
thoughts depended on the putative inhibitory control mechanism, using discrete groups was the
best possible solution for achieving this goal. It is also worth pointing out that we used all the

necessary precautions, recommended in the literature, when adopting the extreme groups
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design. For example, by including into the design a third group with scores in the middle range
of the distribution (together with an additional group of participants with ADHD), we were
able to “substantially mitigate inflation of the estimated population effect size” that is a typical
problem arising from the extreme groups design (Fisher et al., 2005, p. 7). In addition, to
increase the accuracy of assigning participants to discreet groups, the inhibitory control was
assessed by two well-known tasks measuring this variable rather than just one task, in line with
Conway et al.’s (2005) recommendations. Finally, we employed the strategy of assigning
participants to discreet groups on a priori grounds (Fisher et al. 2020).

Another possible criticism of the study is that our participants were sampled from a
very high end of the distribution of cognitive inhibitory capacity, which would invalidate our
division of a sample into three groups of low, medium and high inhibitory control capacity
(i.e., even individuals in the low capacity group would have better inhibitory control than what
is observed in the general population). If this was indeed the case, then we should expect all
three groups (i.e. low, middle and high) to be significantly better than the ADHD group.
However, as shown in section 3.1 (see also Table 1), participants in the low inhibitory control
capacity group were poorer at inhibiting than participants with the ADHD spectrum.

Third, the interference ratio scores obtained in the online and laboratory sessions were
reliably but weakly correlated (see Footnote 2), which may challenge the notion of cognitive
control being a stable individual difference variable or, alternatively, may raise concerns about
the reliability of the Stroop and Flanker tasks and difficulties in establishing an overall measure
of the inhibitory control capacity (e.g., Hedge et al., 2018a; Paap & Sawi, 2016; Enkavi et al.,
2019). While this issue exceeds the scope of the present paper, it should be emphasised that
such a discrepancy could be caused by several factors, most importantly by differences in the
online and laboratory testing. For example, some participants in the online low inhibitory group

might have performed the online tasks under sub-optimal conditions (due to noise,



37

interruptions) compared to laboratory-based testing conditions. Thus, we argue that since our
main goal was to test individuals who were significantly different from each other in terms of
their inhibitory control capacity at the time of laboratory testing, by re-grouping participants
on their laboratory-based scores we directly attained this particular goal. Even if there was no
stable measure of inhibitory control ability, by examining participants’ inhibitory control
immediately after the past and future thoughts were tested, we feel confident that at least the
differences in the cognitive inhibitory control observed in the laboratory lasted long enough to
have noticeable effects on IAMs and IFTs during the preceding vigilance task.

Fourth, one may argue that when selecting people with ADHD spectrum, we should
have used higher and more severe criteria for identifying participants as individuals with
ADHD spectrum. This idea is based on the assumption that there could be ‘more extreme cut
off point on the spectrum of ADHD severity beyond which inhibitory control breaks down,
leading individuals to being systematically flooded by task-unrelated thoughts about the past
and future. Another idea would be to study individuals who were clinically diagnosed with
ADHD. However, according to Kooij et al. (2005), the cut-off of four or more symptoms of
inattention or hyperactivity-impulsivity, that was used in the present study, is sufficient for
diagnosing ADHD in adults, and hence it may be argued that these individuals would have
most likely received the same ADHD diagnoses if they were tested by clinicians. Importantly,
previous mind-wandering studies (e.g. Jonkman et al., 2017) have also used predominantly
undergraduate samples based on their scores on various ADHD measures and questionnaires
rather than clinical assessment. It would be reasonable to differentiate specific sub-groups of
ADHD individuals especially those with predominantly inattentive ADHD type from
predominantly hyperactive/impulsive type (i.e. with mainly poor response inhibitory control).
For example, Jonkman et al. (2017), who investigated the relationship between mind-

wandering and ADHD-symptomatology, included only individuals with high or low ADHD-
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Inattention symptoms while keeping the Hyperactivity/Impulsivity symptoms in the normal
range. Thus, since increased instances of mind-wandering were related to ADHD-Inattention
symptomatology, it is possible that increased frequency of IAMs and IFTs would be a key-
feature of mostly Hyperactivity/Impulsivity symptomatology, if enly it wagmlyirnited by the
inhibitory control. While this does not weaken our main findings, future studies could control
for these possibilities by including in the study not only participants with the most severe
ADHD symptoms, but also examining specific sub-types of ADHD symptomatology, and
controlling for ADHD spectrum symptoms across all experimental groups.

Another intriguing question, emerging from our study, is whether individuals with
ADHD experience IAMs and IFTs more frequently in their everyday life (i.e., outside the
laboratory)? Existing studies on mind-wandering and anecdotal evidence suggest an
affirmative answer to this question in contrast to our findings and, therefore, future studies
could use experience sampling methods (similar to Warden et al., 2019) in which ADHD
individuals are asked to report about their mentation at several repeated occasions in their
everyday context, and compare the data to the data obtained in a laboratory session with a
vigilance task.

Finally, an important theoretical question, emerging from the present study and the
current literature (e.g., Hedge et al., 2018c, 2020; Enkavi et al., 2019; Paap & Sawi, 2016; Rey-
Mermet et al., 2018; Rouder & Haaf, 2019) is whether a general inhibitory control ability exists
and can be reliably measured in experimental settings. While keeping this in mind, the present
findings mainly showed that involuntary past and future thoughts may not be well predicted by
performance scores on well-known inhibitory control tasks although, as already discussed in
the introduction, they have been shown to predict performance in multiple cognitive tasks and
behaviours. However, this is not to say unequivocally that inhibitory control capacity does not

contribute and/or regulate involuntary past and future thinking. There is still need for gaining
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a better understanding of the nature of cognitive inhibition phenomena (i.e., unitary vs.
diverse), its complexity and significance for human everyday cognition and behaviour.
Therefore, more studies are needed to address the question about the inhibitory control
dependency of the past and future thinking. For instance, while studying the relationship
between inhibitory control and past and future thinking, future studies could concurrently
include other variables that have been proved to be highly influenced by inhibitory control
(e.g., behavioural impulsivity measures or questionnaires etc.), which would facilitate the
interpretation of null effects observed in the present study. Also, future studies might benefit
from applying a more nuanced understanding of the nature of inhibitory ability resulting in
using various experimental and questionnaire methods to measure different instances of
inhibitory control, such as, for example, negative priming which seems to be less volitional
(but for further discussion see Frings et al., 2015).
4.3. Final conclusions

We have investigated whether the frequency of IAMs and IFTs depend on the inhibitory
control mechanism. To the best of our knowledge, this is the first study that addressed this
question by applying an individual difference approach and by including into the study
participants with ADHD spectrum symptoms. First of all, the findings of the present study and
the study by Barzykowski et al. (2019a) suggest that inhibition may not strongly affect the
occurrence of spontaneous thoughts, and therefore, they do not support the idea that
involuntary mental contents rely strongly on the special inhibitory control mechanism. One
potentially interesting avenue for research, as suggested earlier, is to adopt an individual
differences approach, as in the present study, and manipulate the difficulty level of the
vigilance task to assess the possibility that the weak inhibitory control will increase the IFTs

and IAMs during the difficult, but not the standard version of the vigilance task. We believe
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that this research avenue may ultimately provide important insights into cognitive mechanisms

of involuntary cognitions.
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Table 1. Means and standard deviations for variables measuring mood, fatigue, concentration,

motivation, and performance on the vigilance task as a function of condition (low, medium, high

inhibitory control and ADHD spectrum).

Groups
inhibit{;fyviontrol illl/llgt()iilz)?ly inh}iltl)igtl(l)ry ADHD
capacity control capacity  control capacity spectrum
M SD M SD M SD M SD
Mood
PANAS: Positive affect 1 (before the task) ~ 43.40° 10.24 4348 926 4525 1135 4638  8.71
PANAS: Positive affect 2 (after the task) 39.25° 11.72  37.23*  10.61 3527° 1149 38.05¢ 12.34
PANAS: Negative affect 1 (before the task) 18.22 4.96 18.60 4.87 19.68 5.99 18.54 4.33
PANAS: Negative affect 2 (after the task) 16.97 3.75 17.43 4.97 18.00 3.40 17.62 3.17
Before the vigilance task
Physical fatigue 3.28 1.20 2.98 1.37 3.20 1.36 3.08 1.52
Psychological fatigue 3.20 1.20 3.25 1.45 3.83 1.58 3.22 1.42
After the vigilance task

Physical fatigue 3.30 1.52 3.03 1.39 3.78 1.55 3.35 1.70
Psychological fatigue 3.88 1.52 3.90 1.47 4.32 1.38 3.81 1.65
Concentration on the task (retrospection) 5.00 1.32 4.43 1.39 5.00 1.30 4.78 1.23
tﬁ?fa‘;ﬁ‘v‘gﬁ ‘erelireiggglgi) 5.75 126 540 139 558 93 543 144
Perceived difficulty of the task 2.53 1.58 2.28 1.43 2.65 1.33 2.92 1.59

How interesting was the task 3.40 1.41 2.95 1.36 3.30 1.83 343 1.71
invo1untary}f}(1)¥.1;grllltfsr£3§$%hvge\fiegilance task 2.70' 144 257 1.38 2.78° 128 338" 150
HOWVIV‘E;S}DEIVI;lsl?ggzst:le‘zi“ghts 246 152 315 179 300 170 305 165
How much verbal phrases were ignored 3.65 1.76 3.72 1.76 3.78 1.96 4.27 2.04
were ﬁf&ﬁﬁ;&fﬁ?ﬁi f/};;?ifrfce sk 2.43 166 205 139 246 146 289 156
Concentration on the vertical lines 5.63 1.33 4.72 1.76 5.27 1.48 5.19 1.24
Concentration on verbal phrases 3.95 1.96 3.92 1.71 4.27 1.52 4.00 1.90

Performance on vigilance task

Proportion of targets detected 92 A1 92 14 95 .09 .89 15

Correct response time (in seconds) 77 15 .76 21 75 A3 .82 22
Concentration rating 4.46 1.31 3.92 1.21 4.47 1.21 4.29 1.29

Note. All questions but PANAS were rated on 7-point scales (1 = low to 7 = high). Means with the same numerical subscripts (e.g.,")
are significantly different between columns. Means with the same letter subscripts (e.g.,*) are significantly different between rows.
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Table 2

Means and standard deviations for variables measuring number of involuntary thoughts, memories and future

thoughts across groups.

Group
Low inhibitory =~ Medium inhibitory High inhibitory ADHD
control capacity control capacity control capacity spectrum
M SD M SD M SD M SD
Involuntary task-unrelated thoughts 9.90 3.61 8.40 4.03 8.65 4.73 8.57 4.30
Involuntary memories 3.85 2.88 3.70 2.85 3.98 3.83 3.51 3.81
Involuntary future oriented thoughts 3.13 2.32 2.75 2.36 2.65 2.63 2.24 1.83




Figure 1
The overall means of aggregated interference effect times in the laboratory-based Stroop-like task and in the

Eriksen flanker task. Error bars indicate 95% confidence intervals for the comparison groups.
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Note: The interference effect scores for each task were calculated as subtracting [RTs on congruent trials from
RTs on incongruent trials] divided by RTs on congruent trials. The higher the Stroop effect, the weaker the
individuals’ inhibitory control capacity.
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