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Forord
Veien til denne masteroppgaven ble til gjennom flere tilfeldige ytre faktorer. For det forste har
jeg alltid ensket a kunne skape noe eget gjennom & programmere noe fra bunnen av. For det
andre oppsto det en pandemi ved starten av masteren som gjorde mete blant deltagere, veiledere
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gjore et nettbasert eksperiment. P& sa mate oppnadde jeg fleksibilitet i min arbeidstid. Folgelig
fant jeg ut at nettbasert eksperimentering var en effektiv metode for & samle data og dette
muliggjorde innsamling av data til s mange som seks eksperiment. Korte meater med veileder
over zoom hjalp meg med & forstd bdde programmeringsspraket til eksperimentene og
analysespraket som vi benyttet i dataanalyseverktoyet R. Masteren har gitt meg mange fine
utfordringer og jeg er utrolig glad for alt den har leert meg. Bade hvordan programmere egne
eksperiment, samle data online, benytte R og utfere diagnostikk pa data var nytt for meg. Kunne
ikke ha gjort dette uten Matthias, min veileder, som har pushet med til & folge min plan og ikke
slippe opp selv om det eksempelvis hadde holdt med faerre studier. Han har fitt meg til & fole
meg verdsatt og dratt meg inn 1 diskusjoner i den kognitive nevrovitenskap gruppen. Han har
vert uvurderlig ndr det kom til & diskutere bade dataanalyser og i programmering av

eksperimentene. Takk Matthias.
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Matthias Mittner
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Abstract

Replicating in-lab experiments online can ensure scientific progress when physical contact is
discouraged, like during the covid-19 pandemic. In this thesis, we replicated the results from
Boayue et al. (2021) in-lab Mind Wandering (MW) experiment online. The task uses the
Finger-Tapping Random Sequence Generation Task, a sustained attention task, equating MW
with Task Unrelated Thoughts (TUTs). In addition to collecting self-reported TUTs, the FT-
RSGT continuously collects Behavioural Variability (BV) and Approximate Entropy (AE),
which are both related to MW. We replicated Boayue et al. (2021) in-lab results showing that
we can reliably conduct MW experiments online. Moreover, by using six different versions of
the task, we investigated whether giving different types of feedback to the participants could
improve their task focus. The task versions were: (1) Identical to the lab-based task. (2)
Performance feedback training. (3) Intermittently delivered performance feedback throughout
the experiment. (4) Non-specific feedback. (5) Camera monitoring feedback and (6)
progression feedback. We consistently found that specific performance feedback increased the
global on-task focus as measured by our behavioural indices (AE and BV) relative to non-
specific motivational feedback, leaving self-reported MW unaffected. On the other hand,
progression and camera feedback increased the magnitude of the subjectively reported MW
while leaving task performance unchanged. This dissociation could result from participants'
exaggeration when surveilled and their novelty with the self-rating. We conclude that, during
online experiments, researchers may want to incorporate performance feedback to increase
behavioural indices. These insights may apply to other situations where increased task
performance is desired. All data, experimental materials, and pre-registrations are available at
the Open Science Framework (https://osf.io/wjvk?2).

Keywords: mind wandering, performance feedback, task unrelated thoughts, sustained

attention, online experiment






Sammendrag
For & sikre vitenskapelig fremgang er det enskelig 4 kunne replikere laboratorieeksperimenter
gjennom nettbaserte eksperiment som ikke krever fysisk tilstedevearelse, dette spesielt i tider
hvor fysisk kontakt er frarddet, som under covid-19 pandemien. Vi replikerer et tidligere
tankevandring laboratorium eksperiment av Boayue og kollegaer (2021) slik at det kan kjeres
over nettet. Oppgaven som benyttes er en vedvarende oppmerksomhet oppgave.
Selvrapportering gjennom tilfeldig fordelte spersmal i eksperimentet maler deltagernes
opplevde tankevandring. Tanker som kategoriseres som ikke oppgaverelatert kategoriseres som
tankevandring. I tillegg til selvrapporteringene bruker oppgaven behavioristiske mél som
indikerer grad av tankevandring. Disse er tilfeldighets- og variabilitet mal som angir tilfeldighet
og presisjonen i deltagers ytelse. Hoy tilfeldighet og presisjon indikerer oppgavefokus og lite
tankevandring. Vi replikerte laboratorium resultatene i vér nettbaserte studie og utvidet
eksperimentet med a inkludere tilbakemeldinger som kan gke oppgavefokus. Vi publiserer seks
versjoner av eksperimentet; (1) identisk som laboratorium eksperimentet. (2) Oppgave ytelses
trening. (3) Ytelses tilbakemelding gjennom eksperimentet. (4) Motiverende ikke ytelsesbasert
tilbakemelding. (5) Kamera overvikning tilbakemelding og (6), progresjonstilbakemelding.
Resultatene viser at oppgave fokuset oker ved bruk av spesifikk ytelse tilbakemelding gjennom
eksperimentet uten 4 pavirke selvrapportert tenkevandring. Motsatt finner vi at elementer som
ikke informerer om oppgaveytelsen distraherer deltagerne og resulterer i okt selvrapportering
av MW. Uoverensstemmelsen mellom de behavioristiske indikatorene for tankevandring og
selv rapportene kan resultere fra deltagers' tendens til & overdrive svar ndr de overvékes eller
mulig fra deres manglende erfaring med & selv-rapportere grad av fokus. Vi konkluderer med
at ytelses basert tilbakemelding kan benyttes for & gke oppgaveytelsen. For & sikre vitenskapelig
apenhet er all eksperimentell data tilgjengelig pad "Open Science Framework"

(https://osf.io/wjvk2).






FEEDBACK EFFECTS ON MIND WANDERING 1

Feedback Effects on Mind Wandering: An Online Experimental Series
During the Covid-19 pandemic, the World Health Organization recommended that
governments apply safety precautions intended to limit transmission of the virus, including
limiting peer-to-peer physical meetings. During surges in infections, governments can even
deny universities and scientists to perform physical in-lab experiments to reduce the spread of
the disease and prevent the national healthcare service from collapsing (World Health
Organization, 2020). One way to preserve scientific progress in times like these involves
conducting behavioural experiments online. However, this raises questions about the validity
of experimental data collected online. For example, there have been concerns about varying
reaction times (Crump et al., 2013) as participants online use their personal computers,
including different browsers, software, and internet speeds.

Continuing to gain knowledge during restrictions on physical meetings, overcoming
concerns about replication crisis (Simmons et al., 2011) and validity of experiments, existing
in-lab experimental tasks can be transformed to fit the online condition to investigate whether
the results from the in-lab experiment replicate in the online setting. Consequently, there has
been a surge in online studies successfully replicating different in lab-experiments in the
online condition (Buso et al., 2021; Claypoole et al., 2018; Crump et al., 2013; Dandurand et
al., 2008; de Leeuw, 2015; Nussenbaum et al., 2020; Ratcliff & Hendrickson, 2021). We
contribute to this verification process by transforming an in-lab task designed to investigate
the behavioural effects of mind wandering (MW) and test whether the in-lab results are
replicable in the online condition. Extending the in-lab task, we develop performance
feedback to increase task comprehension. Moreover, we test the participants under six
different conditions displaying different feedback. We collect both behavioural indices of

MW and self-reports.
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MW is a natural part of being human. Thus, most people intuitively understand the
concept. However, defining the phenomenon scientifically into a term that captures the whole
complexity included in the intuitive understanding has shown to be challenging.
Consequently, there exist multiple definitions that capture different aspects of it. Examples
that have received attention in the literature are Task Unrelated Thoughts (TUTs),
Unintentional Thought, Stimuli-Independent Thought, Stimuli-Independent Task-Unrelated
Thought, or Unguided Thought (Seli et al., 2018). For example, the term Unintentional
Thought would not categorize a thought as MW if, during a task, a participant would
deliberately try to figure out what to have for dinner or generally intentionally engage in
other thoughts (while it would fall into the definition of task-unrelated thoughts).
Consequently, this definition seems less suited as a definition for experimental tasks as it fails
to capture such intentional attentional failures (Seli et al., 2018). We circumvent this
challenge by categorizing all thoughts unrelated to our experimental task as MW. Thus, we
use TUTs to define MW — even though this comes with its own set of problems (Smallwood
& Schooler, 2006).

When we fail to keep our attention directed at the task at hand, our thoughts become
task unrelated (Smallwood & Schooler, 2006). One early method to investigate MW that is
still in widespread use today is the experience sampling method (ESM; Csikszentmihalyi et
al., 1997). ESM involves repeatedly prompting participants with one or several questions
concerning their thoughts and experiences over time, for example, over days or weeks. Using
ESM, Killingsworth & Gilbert (2010) found that people engage in MW (defined as TUTs)
approximately 50% over the duration of a day, while Kane et al. (2007) found that the mean
time spent in an MW state was 30%. Most participants, when told about this finding, were
not surprised. Fascinatingly, this indicates that people can go as far as to only pay attention to

the external environment — or the task at hand — half of the day.
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Known drawbacks with engaging in MW are that it disturbs our performance on an
external task, and MW is therefore especially detrimental to tasks requiring sustained
attention. For example, during an in-person lecture (Farley et al., 2013), online lecture
(Szpunar et al., 2013), or reading (Dixon & Bortolussi, 2013; Jackson & Balota, 2012;
Unsworth & McMillan, 2013), engaging in MW reduces the total amount of comprehension.

On the other side, two influential literature reviews (Mooneyham & Schooler, 2013;
Smallwood & Andrews-Hanna, 2013) clarify that MW is vital in autobiographical planning
and creative problem-solving. When the current task is perceived as uninteresting,
unimportant, or too complex, the mind frees executive resources to solve other perceived
problems. Then, when the mind starts to wander, it takes our attention through different
thoughts, called attentional cycling. Consequently, the attention is directed at current and
relevant goals in our life. However, Wilson et al. (2014) found that people would rather
shock themselves than be left in an empty room to themself. Accordingly, MW can give us a
mental break, freedom from the "unbearable" or "boring" here and now. Still, this mental
break should not be necessary if the individual manages to keep the full attention to the here
and now and not reflect on irrelevant information, as when in flow (Csikszentmihalyi, 2008).
During flow, the thoughts are entirely directed to the task at hand, and there would not be a
need for a mental break as the full awareness of the moment would feel rewarding in itself
(Csikszentmihalyi, 2008).

Taking the experiment to the online condition has some additional drawbacks that are
hard to overcome. For example, it is challenging to use specialized equipment, making it hard
— or impossible — to collect neurological data needed if we were to use triangulation for
identifying MW episodes (Smallwood & Schooler, 2006). Additionally, we lose a great deal
of control (Reips, 2000), not knowing how many distractions are in the participant's

environment and if they leave the computer — for example, getting a friend to continue while
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he makes himself a coffee. It is even possible for the participants to ignore the instructions
entirely and watch TV simultaneously as they participate (Chandler et al., 2014). It would be
tough to identify such behaviour from the experimental data alone.

On the other side, convenient access to a broad and diverse group that is
representative, at least, of the online population makes online studies attractive. In addition,
online experimental scripts include everything, from instruction to the code behind the task,

making it quite transparent (for the current project, see https://osf.io/wjvk2). Consequently,

other researchers who want to replicate the experiment can copy the script and run it through
a new sample. It is also easy to add tasks or even set up the experiment in the lab or analyze
the data in alternative ways.

In many cases, people might not know that their thoughts have started to drift. They
lack meta-awareness (Schooler, 2002). This lack of meta-awareness is a challenge when
collecting self-reports, as during ESM. Clearly, participants need to be aware of what they
were thinking about directly before the prompt to rate their thoughts (Smallwood & Schooler,
2006). A commonly reported experience is that during reading, the mind wanders without the
reader even noticing (Schooler, 2002). Consequently, scientists have been looking for other
measures in addition to self-reports that indicate when participants are likely to engage in
MW. Several studies suggest that there are behavioural and neural indicators of the switching
from task-focus to TUTs (Boayue et at., 2021; Kucyi et al., 2017; Seli et al., 2013; Teasdale
et al., 1995). For this reason, Smallwood & Schooler (2006) recommends triangulation as a
method for investigating MW. Triangulation uses data from different modalities, i.e., self-
reported probes, behavioural measures, and neurophysiological or neuroimaging measures, to
infer the participant's state of mind. We use self-reported thought probes and two behavioural

measures in our online studies.
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To date, most behavioural experiments studying MW have employed the Sustained
Attention to Response Task (SART; Robertson et al., 1997), and several reliable behavioural
patterns have been identified (e.g., Cheyne et al., 2009; for review, see Smallwood &
Schooler, 2006). The SART is a go-nogo task, meaning that participants must oscillate
between responding and withholding a response depending on the presented stimuli. In the
SART, participants are instructed to press the space bar for all displayed numbers except for
the number three. When a "3" appears on the screen, they must withhold the keypress. Hence,
if their mind wanders at this critical moment, participants tend to continue pressing even
though the number three appears. Therefore, when a participant misses the "3", this indicates
MW at that time. However, "3" appears very infrequent. Thus, this is not very efficient in
measuring TUTs as data is only obtained every time "3" appears. To improve on the SART,
the recently developed Finger-Tapping Randomized Sequence Generation Task (FT-RSGT;
Boayue et al., 2021) continually collects behavioural data indicating MW as well as
intermittently probing participants to self-report their thoughts (Boayue et al., 2021).

The FT-RSG task combines a random number generation task (Baddeley et al., 1998;
Towse, 1998) and a finger tapping task (Kucyi et al., 2017; Seli al., 2013). The randomness
within the number generation is measured using Approximate Entropy (AE), and the
precision of the finger-tapping is measured using Behavioural Variability (BV). Both indices
(AE and BV) have been related to executive control/functioning and MW (Boayue et al.,
2021; Seli et al., 2013; Teasdale et al., 1995). Consequently, higher AE and lower BV values
indicate MW.

In the current thesis, we build on the FT-RSGT developed and tested in the lab and
transform the task to fit into the online condition, thus overcoming challenges with
restrictions on peer-to-peer in-lab meetings during the Covid-19 pandemic. Moreover, our

experiments are divided into three parts; Part 1 takes the in-lab FT-RSG task and transforms
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it into an online experiment. Part 2 investigates whether the feedback needs to reflect the task
performance or merely encourage participants. Part 3 investigates if additional feedback

improves or decreases task focus. See Figure 1 for an overview of the studies.

Figure 1
Part 1 — Transformation Part 2 — Specific feedback Part 3 — Generalized feedback
Study 1 Study 2 Study 3 Study 4 Study 5 Study 6
. Camera
"Proof of concept" Baseline Pef;fg;r:cr;(ce N?:;Z';:zfc monitoring Peri':;:ciar

feedback

Note. Overview of the studies displaying the workflow from study 1 to study 6.

In part 1, we focus on adapting the in-lab FT-RSGT into an online version. Study 1
serves as a "proof of concept" and was published to investigate whether the previously found
results regarding the relation between behavioural performance in the FT-RSGT and MW
would replicate in an online version of the task. Hence, study 1 was kept as identical as
possible to the original task (Boayue et al., 2021). Nevertheless, minor differences like a
comprehension quiz, description of randomness, video demonstrations, and audio tests were
automated and incorporated online to increase the likelihood of reliability. Additionally, we
provided statements reminding participants of a bonus payment for adequate performance
and a warning stating erroneous performance was recorded. These statements were provided
to increase motivation.

In study 2, we introduce performance feedback during the training session only
("baseline study") to increase our participant's understanding of the task. Thus, the
performance feedback training works as a hurdle to be overcome. It should clarify the task

and prepare participants for the experiment. The remaining four studies (study 3 to study 6)
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keep the same performance feedback during the training session and explore the effects of
other, additional feedback. Moreover, future studies can also apply this performance
feedback training in the lab condition to improve task comprehension.

The performance feedback was meant to (1) ensure that the participants understood
how to perform the task, thus, receive a high score, (2) allow the participant to try different
performance tactics and observe how the performance feedback changes in return, and (3)
encourage them to perform well in the following experimental task. Crucially, study 2 did not
implement any feedback once the training session was completed. Therefore, we used study 2
as a baseline to compare the remaining studies to; all remaining studies used the same
performance training as study 2 in the training session before the onset of the experimental
session that contained different feedback interventions.

In part 2, as Crump and colleagues (2013) proposed that performance feedback might
reduce MW, we continued using the specific performance feedback intermittently throughout
the whole experiment session in study 3. Specifically, the specific feedback was displayed in
three visual-analogue scales reflecting how well participants performed concerning BV, AE,
and both measures combined relative to optimal behaviour. When participants intermittently
gain access to their ongoing performance, this should allow them to continuously modify
their responses to receive a higher score. As a control, we implemented non-specific feedback
in study 4 and measured if just any feedback could improve the behavioural score on the task.
Hence, in study 4, we delivered non-specific feedback encouraging them to keep on
performing well. This was to control for a potentially unspecific motivational effect of the
performance feedback. Importantly, this non-specific feedback did not reflect task
performance and was provided at the same frequency as the performance feedback.

In part 3, we investigated how feeling monitored, or awareness of progression

influenced the probe answers (Hrobjartsson et al., 2012; Mortenson, Sixsmith & Woolrych,
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2015; Villar, Callegaro & Yang, 2013). Being under surveillance can potentially influence
people's behaviour on tasks (Mortenson et al., 2015) and Hrobjartsson and colleagues (2012)
found that people who feel observed exaggerated their subjective answers in experimental
trials. Hence, we investigate whether a global sense of being controlled (implemented by a
supposed surveillance through the participants' webcam, study 5) improves focus on the task
or reduces MW. Initially, the participant's face was displayed on the screen, suggesting that
their eye movements were recorded. During the remainder of the task, the integrated camera
light was kept on (while no eye movements were recorded).

Additionally, people report preferring the availability of progression information
when taking online surveys, and this is usually thought of as a motivating factor encouraging
participants to keep going (Villar et al., 2013). However, the display of a progress bar does
not seem to significantly affect dropout rates if the progress bar is not manipulated to change
progression speed (Villar et al., 2013). Moreover, we know that participants pay attention to
available progression information based on differing dropout rates when manipulating the
displayed progression speed. We induce a generally heightened sense of being in control of
the situation (implemented by a continuously visible progress bar, study 6) and measure if
this improves focus on the task or reduces MW. We compared the results with the earlier
studies and measured whether this feedback, camera, or progression, increased perceived
MW.

In summary, testing and replicating MW studies in the online condition contributes to
validating the online experimentation methodology. Using this methodology makes the
process of developing new knowledge more efficient additionally, it is reliable when peer-to-
peer meetings are restricted. Recruitment and testing of participants online are far more
efficient and therefore lower the bar for conducting replication studies that are only rarely

done in lab settings (Palan & Schitter, 2018).
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The critical effects studied in this thesis are between-subject effects due to the
different feedback interventions. However, we also expect the within-study effects of how
MW relates to the behavioural performance indices collected in the FT-RSGT to be stable
across studies. Hence, we expect to replicate the previous in-lab study results six times in the
online setting. Additionally, similar results across studies would endorse online
experimentation for replication purposes. Our within-study hypotheses are:

H1. The MW probe response is expected to decrease with AE. L.e., lower randomness

(AE) predicts off-task focus (coefficient for AE < 0).

H2. The MW probe response is expected to increase with BV. L.e., increased variability

(BV) predicts on-task focus (coefficient for BV > 0).

H3. A block effect. I.e., MW increases with time on task (coefficient of block> 0).

Between studies, we expect our behavioural measurements (AE and BV) to be
improved when using performance feedback (in study 3). For study 5 and 6, we expect

increased self-reported MW.

1 General Methods

1.1 Participant Selection Pool

By exploiting existing recruitment platforms that allow the testing of participants
efficiently, we have the opportunity to test and collect new data over night — or even within a
few hours. Using these platforms, it is possible to use the anonymized ID assigned to each
registered participant to conduct a longitudinal study or include them in a blocklist blocking
them from multiple participation in similar studies (Crump et al., 2013).

Specifically, we used Prolific (www.prolific.co), an online crowdsourcing platform

specializing in scientific studies (Palan & Schitter, 2018). Members on this site must go

through a three-step authorization (number, e-mail, and ID, e.g., driver's license). This would
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make it impossible to establish multiple accounts, or dummy accounts, to trick the system
and join studies multiple times to earn more money. Moreover, members make themselves
eligible by answering questions about themselves — this works as pre-screening for us. When
we publish the studies, we specify our inclusion and exclusion criteria in prolific. As a result,
prolific displays how many eligible members they have even before each study is published.
After publishing, the eligible members have it displayed on their prolific home page, and
prolific send an e-mail telling them a study is available.

We only recruited people who had answered the following questions on Prolific's pre-
screening page: (1) Fluent in English, (2) aged from 18 to 50, (3) normal or corrected
eyesight. All participants self-identified as healthy adults. Additionally, they answered
affirmatively: (4) No mental illness/condition, (5) no mild cognitive impairment or dementia,
and (6) no mental illness daily impact. Prolific automatically excluded participants who had
already joined earlier online studies using FT-RSGT published by our group. If participants
failed to complete the study, prolific was set to automatically recruit new participants until a
total sample of 40 participants was completed in each study. Also, we used a blocklist to
make sure the same participant did not participate in multiple studies using the same task,
thus, resulting in unique and independent samples across studies.

Baseline payment for joining the studies was advertised to be 3 £ (GBP) and
additionally we instructed that if they performed adequately, they would receive a bonus of 2
£. For ethical reasons, every participant not excluded due to our criteria received the bonus.
The total duration of each experiment was calculated to be about 30 minutes.

Lastly, we checked the resulting data files for people who did not comply with our
instructions. We excluded participants based on the following criteria: (1) Paused tapping
buttons three or more times during the experiment, (2) tapped the buttons at another

frequency than once at each beep, (3) switched windows away from their browser and the
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experiment more than ten times during the experiment, (4) spent time away from the
experiment for more than 10 minutes once the experiment was started. Some switching
between windows and time away from the experiment was allowed to allow participants to
switch off e-mail notifications and get ready for the study.

Before participants who seemed to fulfill these exclusion criteria were excluded, we
investigated their datafile. They were not excluded if the switching, inconsistent tapping,
stopping, or time away from the experiment occurred during the instructional session.
Moreover, if only short switching between blocks occurred, they were not excluded.
Participants were informed that short brakes were allowed between blocks, no longer than
one minute. This mirrors a typical protocol employed in the lab. However, participants who
fulfilled the exclusion criteria were excluded, and new participants were recruited until a final

sample of N = 40 was reached for each of the experiments.

1.2 Finger-Tapping Random Sequence Generation Task

To measure the neuro-behavioural signature of MW the FT-RSG task uses a
metronome sound — or beep — at a predefined Inter-Stimulus Interval (ISI). Because we
sought to collect as much data as possible over a short duration, we wanted the ISI to be as
short as possible without losing the data quality. Out of a set of different ISI's tested, Boayue
et al. (2021) found 750ms to be the optimal ISI, allowing participants time enough to produce
a random sequence and not too long to lose focus between the beeps. Therefore, an ISI of
750ms is also used in our online MW experiments.

Simultaneously as the FT-RSGT presents a beep every 750ms the participants are
instructed to press — or tap — one of two buttons on their computer keyboard, either "f" or "j"

(coded 0 and 1 for analysis). As the task's name implies, these two buttons are to be pressed

in a randomized order, thereby producing a sequence of f and j's in a randomized order. The
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task usually does not start before participants have received some explanation of randomness.

We used the example of repeatedly tossing a coin.

1.2.1 Explanation of Randomness

When tossing a fair coin, the outcome of one toss is entirely independent of the
previous tosses. Even if three heads in a row have been observed, no information about the
next toss is available, and another head is just as likely as a tail. Participants were informed
that switching the heads and tails from this explanation with the buttons f and j on the
keyboard would give them information on how to produce a random sequence. Flipping a
coin in our head is, of course, impossible, and we have to rely on approximate computations
to produce typical, "random" sequences. A fundamental characteristic of a random sequence
is that all sub-sequences of different lengths have an equal probability of occurring. Hence,
we can continuously try to produce sequences to avoid repeating patterns of different lengths.
To achieve this, we have to continuously calculate and update our representation of the
previously produced tapping sequences, which requires mental effort. Interestingly, once task
focus is lost, we tend to produce an automatic sequence that is easily predictable (Teasdale et
al., 1995). Due to this relationship, a non-random sequence indicates MW and low task focus,
while a random sequence indicates task focus.

To illustrate what a random sequence is can be quite challenging because any
observed sequences might result from a purely random process. Under this assumption, all
possible observed sequences have equal probability (Pincus & Kalman, 1997). However,
there are much fewer sequences with a clear structure, and these can therefore be considered
less random. For example, tapping buttons every other time, f-j-f-j, and so forth, does not
appear very random as one tap is predictable based on the previous taps. On the other hand,
the sequence f-j-f-f-j-f-j-j-j may be more likely to come from a random process. We

emphasized this in a demonstration video in the online experiment. Additionally, we included
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three questions about this in a "comprehension quiz" to ensure participants understood the
explanation. Participants had to answer all questions correctly before they were allowed to

progress. In case of wrong answers, hints pop up, and they could try again.

1.2.2 Approximate Entropy

Because all possible sequences could result from random tapping measuring
randomness is challenging. We measured randomness in terms of the approximate entropy
measure (AE; Pincus, 1991). Approximate Entropy (AE) is a statistic defined for any
sequence that measures the irregularity within the sequence (Pincus, 1991; Pincus & Singer,
1996). Higher AE values indicate higher irregularity and hence, higher randomness. AE is
described as "the logarithmic frequency with which blocks of length m that are close together
remain close together for blocks augmented by one position" (Pincus & Singer, 1996; Pincus
& Kalman, 1997). In our task, the minimum block length was 40 (i.e., a minimum of 40
stimuli between two thought probes), and the maximum number of beeps was 80. Therefore,
we can calculate the entropy for the sequence of taps occurring during the 40 — 80 taps
preceding thought-probes. The first five beeps are never included in the calculation of AE
because participants are allowed some time to get used to the pace of the beeps.

According to the definition, when using the statistic AE, we need to define the length
of the sub-sequences (blocks of numbers) consisting of f and j, coded as 0 and 1, before
calculating the randomness of the whole sequence. The parameter m indicates the length of
these sub-sequences. Boayue and colleagues (2021) found the optimal sub-sequence length
during the FT-RSG task to be m = 2 (zero included) when the ISI was set to 750ms. Hence,
we look at a sub-sequence distribution of triplets, e.g., [0,0,0], [1,1,1], [0,1,0], [1,0,1] and so
on. Moreover, the raw AE number is transformed according to equation 1:

AEir4ns = Randomness = —log (log(2) — AE,4.) (1
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1.2.3 Behavioural Variability

Behavioural Variability (BV) is a second measure indexing MW emerging from the
FT-RSGT and is calculated as the log-transformed standard deviation of the inter-tap
intervals. BV is a measurement of behavioural precision and is the statistic displayed during
the precision feedback. Basically, it reflects how precisely or synchronously the participant is
"tapping" the button, matching the sound of the ongoing metronome. Because we calculate
the standard deviation of the taps, low BV scores reflect rhythmic tapping, and participants
tap the button more or less synchronously with the beep. Contrasting, a higher BV score

reflects irregularity in the tapping frequency (Seli et al., 2013).

1.2.4 Performance Training

The training session consists of five short AE (randomness) training blocks (see
Figure 2A), five BV (precision) training blocks (see Figure 2B), and five training blocks
displaying both performance scales and total performance (see Figure 2C). The performance
feedback feeds the participants on their performance on the AE and BV measurements. The
scores were presented as an intuitive visual analogue scale ranging from zero to one hundred
to make the performance feedback understandable. Participants were instructed to try and
achieve as high a value on the feedback scale as possible where the highest number, "100",
reflected a full score. The raw AE values were automatically normalized, as stated above in
equation 1, and our script multiplied the normalized AE value by 100 to display the
participants estimated performance on the scale ranging from 0% random to 100% random.

Participants received a full score on the BV scale when the Inter Stimuli Interval (ISI)
matched the Inter Trial Interval (IT]) perfectly. A full score on the BV scale was achieved
when the Standard Deviation (SD) was a maximum of 30ms. As the ISI is set to 750ms,

participants could (typically) tap the buttons at an interval between 720 — 780ms and still
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receive a full score. They received the worst score of zero if the SD deviated more than
200ms. Between the SD = 200ms and SD = 30ms, the score linearly increases from zero to
hundred percent.

The total feedback score displayed both the randomness score and the precision score
in the background and a highlighted total task performance score, see Figure 2C. This total
feedback scale is what we refer to as the combined "performance feedback". This total score
is calculated as the mean of the previously explained randomness and precision score.
Suppose the participant performs excellently on the precision score but poorly on the
randomness. In that case, they can observe this in the performance feedback and change their
tactics to receive a higher total score.

Figure 2

Examples of the different feedback scales.

A) The Approximate Entropy (AE) B) The Behavioural Variability (BV) C) The performance feedback

Randomness Precision

Note. A) The Approximate Entropy (AE) feedback scale indicates the randomness within the
latest sequence of taps. B) The Behavioural Variability (BV) feedback scale indicates how
precise the Inter Tap Interval (ITI) matches the Inter Stimuli Interval (ISI) calculated from
the tapping sequence from the previous block. C) Displays a total score of the two main

variables, randomness and precision.

1.2.5 Experience Sampling Thought Probes

We intermittently delivered thought probes during the task to probe the participants'

meta-awareness about their task focus. The experimental task was automatically paused and
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the question "where was your attention focused just before this question?" appeared. Next,
the participant answered on a four-point Likert scale from 1, completely focused on the task
(on-task) to 4, completely un-focused on the task (off-task).

Importantly, before this rating of one's thought was performed, participants went
through detailed instructions and a thorough comprehension quiz to ensure they understood
what they were asked about. An example given in the instructions of what is task-relevant is
counting the keypresses. Consequently, this should be rated 1, completely focused on the task
(on-task). In contrast, thinking of, for example, dinner, self-appearances, or progression
through the experiment (e.g., "When will I finally be done?") should result in a rating of 4,

completely un-focused (off-task).

1.2.6 Comprehension Quiz

During the instructional phase, participants went through a comprehension quiz to
increase the likelihood of participants answering the experimental thought probes correctly.
Specifically, the comprehension quiz consisted of three questions exemplifying what is
categorized as on-task thoughts and off-task thoughts. Two questions tested understanding of
randomness, and lastly, one question checking if participants understood that they should
push either "f" or "j" together (synchronously) with the beep. If participants answered any of

these questions wrong, a hint appeared, and they had to try again. Participants were only

allowed to progress if all questions were answered correctly.

1.2.7 Server

We programmed our experiment using JavaScript based on the jsPsych library (de
Leeuw, 2015). For hosting our experimental script, we used "Just Another Tool for Online

Studies" (JATOS) installed on a university server (https://uit-jatos-test.azurewebsites.net).

Primarily, JATOS makes it easier to test the experiments in different environments and web
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browsers. Running studies from JATOS, the researcher can choose between different links to
be shared with participants, links allowing for multiple participation, and links allowing for
only one-time participation (Lange et al., 2015). This feature allowed us to integrate JATOS

with our platform for recruiting participants, "Prolific".

1.3 Procedure

Participants were given the opportunity to adjust their PC volume on the experiment
site while the experiment played a song. Interestingly, this use of music is thought to increase
commitment by boosting the participant's mood (Shevchenko & Broder, 2019). With a
comfortable volume, participants were sent onwards to an audio test controlling if
participants indeed received audio from the experiment. The audio test consisted of five
different animal sounds and pictures. One animal sound played, e.g., a dog barking, and the
participant had to click the corresponding picture, a dog. To continue into the instructional
session participants had to answer all five of these questions correctly, ensuring that the
participants could hear the auditory stimuli. The audio test automatically restarted if they
answered wrong, either by mistake or by trying to rush through the experiment.

Before starting the FT-RSG task, participants went through detailed instructions and
training. The instructions explained randomness as with tossing a coin described earlier and
displayed a demonstration video of how the button tapping would look in practice. To
increase motivation participants were reminded of the bonus payment of 2 £ if they
performed well and a warning if they did not comply. The warning stated that payment might
be withheld if; (1) they stopped pushing buttons, (2) did not make an effort to produce a
random sequence, (3) switched between windows, or (4) they interrupted the task. The
warning ended with a statement describing that if they made an honest effort, this should be

good enough to receive both the base rate fee and the bonus.
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We included the same open-ended question in all studies asking participants to recall
the most predominant thought occurring during the task for exploratory purposes. In addition,
studies using specific feedback ended with a question asking whether they felt the feedback
increased focus, disturbed them, or did not affect them. All participants who completed the
study as instructed received the baseline fee of 3 £ plus the bonus of 2 £ resulting ina 5 £

payment.

1.4 Statistical Methods

We used the Bayesian hierarchical ordered-probit regression model to test the within-
study hypotheses (i.e., the relationship between behaviour and MW). This method
circumvents problems usually encountered when analyzing ordinal data with a metric model
(Kruschke & Liddell, 2018; Liddell & Kruschke, 2018). The model includes BV, AE, their
interaction, and probe number as predictors and MW as the (ordinal) outcome variable.
Converting the raw AE values into a normal distribution with mean zero and standard
deviation of one. As noted earlier, lower values of AE indicate less randomness, while a low
value of BV indicates that the ITI is highly regular. Thus, we expected high AE values and
low BV values during on-task focus. Both AE and BV were z-transformed using the overall
mean and standard deviation (across subjects) to preserve between-subject variability.
Analyzing the data, we used the "brms" package in R (Biirkner, 2021). Based on the model,
we calculated the posterior mean and Highest-Density Intervals (HDI) of the regression
coefficients, which can be interpreted as intervals with which the true coefficient falls with
95% probability, given the correctness of the model.

To compare the results between studies, we used the Bayesian t-test implemented in

the BayesFactor package in R (Morey & Rouder, 2021). In all analyses, we set the prior

standard deviation of the effect-size d to v/2/2 before calculating Bayes Factors. This non-

informative prior assumes that effect sizes are distributed according to a Cauchy distribution
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with a scale of 0.707. Thus 50% of the prior mass falls between -0.707 and 0.707.
Accordingly, this distribution is suited to discover small effect sizes near zero. However,
large effect sizes are also possible as extensive data can "overwrite" information within the
prior. Consequently, this prior incorporates the uncertainty within the data, unlike a point
estimate of an effect of interest.

We expected AE to increase and BV to decrease during the experiment including
performance feedback compared to the baseline. Furthermore, we expected the MW probe to
be equal between the studies in part 1 and 2 and therefore use a BFo; that quantifies the
evidence for the absence of an effect. We performed the Bayesian t-test between all studies
expecting a difference in the behavioural measures in study 3 and a difference in the MW
probe in study 5 and 6. Testing for a difference, we used BF10, which quantifies the evidence
for an effect. Describing the probability for Hi to be true or alternatively Ho to be true, we
used the classification scheme proposed by Jeffreys (1961) as presented in Wagenmakers and

colleagues (2011), see Table 1.
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Table 1

Classification Scheme for the Bayes Factor, proposed by Jeffrey (1961) as presented in

Wagenmakers et al. (2011).

Bayes factor, BFy;

Interpretation

>100
30-100
10-30
3-10

1-3

1

1/3-1
1/10-1/3
1/30-1/10
1/100-1/30
<1/100

Extreme evidence for Hy
Very strong evidence for Hy
Strong evidence for Hy
Substantial evidence for Hy
Anecdotal evidence for Hy
No evidence

Anecdotal evidence for H;
Substantial evidence for H;
Strong evidence for H/
Very strong evidence for H;

Extreme evidence for H;

Each individual study with datasets, experimental scripts, demographics data, and pre-

registrations are available on OSF. The following is a list of repositories for all six studies:

e Study I (https://osf.io/fju92)

e Study 2 (osf.i0/3j7v6)

e Study 3, performance feedback (osf.io/9dprs).

e Study 4, non-specific feedback (osf.io/tf5zw)

e Study 5, camera monitoring feedback (osf.i0/r6]5z)

e Study 6, progress bar feedback (osf.io/p9hSy)

Study 1

In study 1, we used the previously developed FT-RSG task (Boayue et al., 2021) that

required in-person attendance in the laboratory and converted it to work in the online setting

(see General Methods). We expected to replicate Boayue et al. (2021)'s results that BV would
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increase together with MW and that AE would decrease with MW. Replicating these in-lab
results online would provide a "proof of concept". Accordingly, our focus in this study was to
make an identical online version of the in-lab version and to determine whether our
implemented control measures and comprehension questions ensured that participants paid

attention and understood our instructions.

2.1 Participants

In our diagnostic, we measured total time in the experiment window, time used during
instructions, number of taps in total, number of "f" taps, number of "j" taps, if they stopped
responding, number of probes answered, number of times participants switched between
windows (blurs), the blur duration and full-screen exit.

Out of the 40 participants recruited, one received a warning for stopping responding
three times, and additionally, we measured 16 blurs. We see from the diagnostic that these
three warnings were provided in the middle of the experimental task. As the excluding
criteria states, this is not allowed. Hence, the participant was excluded. Following we opened
the experiment for one additional participant. The final sample was N = 40, aged from 20 to
43 (M = 28), with a gender ratio of 22 males and 18 females. Detailed demographic data

displaying acceptance/rejection, sex, nationality, the inclusion criteria, and more is available

in the study repository on OSF (https://osf.io/fju92).

2.2 Results

As expected, according to our hypothesis (H1), we found a clear indication for the
self-reported MW probe to decrease with the randomness score (AE), f =-0.09, [-.17, 0.00],
ER.=22.53, see Figure 3B. Less randomness (AE) predicted more MW, while high
randomness score increases the probability to answer probe 1 (on task focus). In addition,

higher precision accuracy (i.e., lower BV values) predicted less MW (H2), f = 0.20, [0.11,
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0.29], ER+= 1999, see Figure 3A. Finally, we confirmed the time-on-task effect that over
time, the probability to self-report MW increases (H3), f = 0.02 [0.01, 0.04], ER+= 3999, see
Figure 3C.

Figure 3

Within study 1, "proof of concept” effects.
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Note. Posterior prediction plots for study 1, "Proof of Concept". A) Displays the z
transformed logarithmic Behavioural Variability (BV) against the probability of answering
probe 1 (on-task) — 4 (off-task). As BV increases, participants are less likely to rate ones
thought to be on-task. B) Displays the z transformed logarithmic Approximate Entropy (AE)
against the probability to answer probe 1 (on-task) — 4 (off-task). Increased AE, i.e.,
randomness within the sequence, makes the participant more likely to rate one's thoughts to
be on task. C) Displays the time on task effect. The more time used on the task, the more

likely the participants are to rate one's thought to be off task.
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2.3 Discussion and Conclusion

We replicated the in-lab results (Boayue et al., 2021), thus demonstrating the
robustness of the task. The connection between AE — MW and BV — MW was significant in
our online condition where participants performed the experiment from home. Because we
recruited participants online from around the world, we extended the representation to a
broader sample, overcoming the limitation of most lab-based studies that focus on a sample
of university students. Improving the experimental paradigm and because the participants
have limitations in asking clarifying questions about the task online, we next, in study 2,
include performance feedback in the training session, making sure and allowing the

participants to clarify their task-understanding before the experimental session.

3 Study2

Dandurand and colleagues (2008) found that participants online were less accurate
than participants in the laboratory setting when performing a problem-solving task. We
implement performance feedback during a training session to limit this tendency, increasing
commitment to our sustained attention task. More than only indicating correct or wrong
answers (Crump et al., 2013), we deliver the accuracy on an intuitively understandable zero
to hundred scale.

Getting through the augmented training phase requires effort from the participants,
and they have the opportunity to learn how their tapping strategy influences their score. Thus,
this can also be implemented in the lab to improve the experimental paradigm. Subsequently,
using this training, they can test their understanding of the task by checking their score after
every training block. Moreover, this training can be perceived as a hurdle (Reips, 2002). A
hurdle is a high-effort task at the beginning of an online experiment that serves as a barrier to

removing participants that are not fully committed early on. This has advantages for both the
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researcher, who avoids collecting data from unmotivated participants and the participants
who can find out early that they are unwilling to complete the task. Moreover, participants
who do not complete the experiment or are timed out because of inactivity are automatically
excluded. This hurdle and excluding procedure should make the data more robust as the
participants now are more likely to understand the task and are more committed to
completing it (Reips, 2002).

Additionally, the provided feedback can be seen as an online equivalent to the
informal clarifications given by the in-person experiment present in the laboratory condition
(Feenstra et al., 2017). An added effect of this feedback protocol is a standardization of the
experimental procedure. Hence, it reduces experimenter bias (Stickland & Suben, 2012).
Thus, participants hopefully do not need to ask clarifying questions when using performance
feedback training. Instead, they can try out different tactics and observe how that influences
the performance score. Moreover, suppose participants experience distractions in their
current environment affecting their performance. In that case, they have the opportunity to
move to a more suitable environment with fewer distractions before the onset of the
experimental session (Chandler et al., 2014).

We published this baseline study with the only difference from "proof of concept"
being the performance training session because all subsequent studies use this same training.
Hence, this study was published for comparability reasons, i.e., we wanted to isolate each
manipulation (different feedback) in the following studies and needed a study where all else

1s constant.

3.1 Participants

Out of the 40 participants recruited, one consistently tapped the buttons more than
once at every beep, sometimes even as many as six times at the sound of one beep. Thus, he

did not follow our instructions and was excluded. Following we opened the experiment for
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one additional participant. The final sample was N = 40, aged from 18 to 50 (M = 28), with a
gender ratio of 24 males and 16 females. Detailed demographics data displaying
acceptance/rejection, sex, nationality, the inclusion criteria, and more is available in the study

repository on OSF (osf.i0/3]7v0).

3.2 Results

As before, we replicated the hypothesized within-subject effects. We found self-
reported MW to decrease with AE, f =-0.11 [-.20, -0.2], ER.= 49. Participants were more
likely to answer probe 1 (on-task) when randomness increased. We found variability in
responding (BV) to increase together with probe responses, f =0.19 [0.11, 0.28], ER+=
3999. Hence, inconsistent tapping intervals predicted more off-task focus. Lastly, the time on
task effect was positive, § = 0.05 [0.03, 0.06], ER+= oo. The longer a participant stays in the
task, the more likely (s)he is to mind wander.

As expected and pre-registered, we found no significant difference between study 1
(proof of concept) and study 2 (baseline). We found substantial evidence for Ho that there
would be no difference between the BV measure in both studies, BFo1 = 4.32. There was only
anecdotal evidence for Ho, no difference between studies for AE, BFo; = 2.37. Finally, we
also found substantial evidence that there was no difference in the subjective self-reported

MW probe response, BFo1 = 4.17.

3.3 Discussion and Conclusion

This study was conducted to improve the task paradigm, mainly when applied online.
However, it can also be used in the lab as a general clarification task. This version allows the
participants to try out the task, hence delivering specific feedback on the behavioural
measures indicating performance in a training session. From this training, participants

quickly receive information on whether they have understood the task instructions before
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continuing to the experimental session. Next, we implement this performance feedback
intermittently throughout the experimental session to improve task focus as measured by our

behavioural indices.

4 Study3

There are no simple solutions to how to keep participants attentiveness on a high level
throughout an online experiment (Saravanos et al., 2021). To increase our participants'
attentiveness throughout the task, in study 3, we implemented performance feedback
intermittently throughout the entire experiment. Thus, the performance training from study 2
was displayed after every experimental block. Because one block consists of 40 — 80 beeps
occurring every 750ms, the performance feedback was displayed every 30 — 60 minutes.

We hypothesized that delivering performance feedback intermittently after every
experimental block would improve participants' behavioural indices of MW. This ongoing
feedback indicating participants' performance could activate a competitive edge, motivating
them to perform better than the last received performance feedback. In this way, we gamify
the experiment making it more engaging (Marczewski, 2013). Additionally, Sailer et al.
(2017) found that implementing performance graphs positively affects the perceived
meaningfulness of the task. We did not expect any differences in the self-reported MW

because of participants' novelty with the rating of their thoughts.

4.1 Participants

Out of the 40 participants recruited, three were excluded: Two because they tapped
the buttons more than twice the amount required, often four times more than instructed. One
because (s)he spent more than 60 min performing the task, went into a blur 36 times, and the
longest blur was recorded to be 25 min. Following we opened the experiment for three

additional participants. The final sample was N = 40, aged from 19 to 50 (M = 29), with a
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gender ratio of 28 males and 12 females. Detailed demographics data displaying
acceptance/rejection, sex, nationality, the inclusion criteria, and more is available in the study

repository on OSF (osf.i0/9dprs).

4.2 Results

Again, the within-subject effects were replicated as expected and described in the pre-
registration. The effect of AE on MW propensity was negative, = -0.09, [-.18, 0.00], ER.=
19.41. The effect of BV on MW was positive, § =0.19 [0.10, 0.28], ER+=3999. And lastly,
the time on task effect was positive, f = 0.07 [0.05, 0.08], ER+= oo.

As explained in the pre-registration, we expected a difference between the
behavioural measures in this current study compared to the previous study 2. We found
substantial evidence for BV to decrease, BF10=5.57. Surprisingly, we found no evidence for
AE to increase, BFio=0.96.! Lastly, we found substantial evidence for the absence of a

difference in the subjectively reported MW probe response, BFo1 = 4.28.

4.3 Discussion and Conclusion

Implementing performance feedback seems to improve task focus as measured by BV
relative to study 2 when such feedback was missing from the experiment. Surprisingly, the
randomness score was not significantly different between this study and the previous one.
Given that the feedback was supposed to increase our participant's understanding of the
rather complex randomization task, it is surprising that it only affected BV, the easier of the
two performance measures. Next, we control whether unspecific feedback intermittently

delivered throughout the experiment in similar ways as the performance feedback can

' Differences between the other studies are investigated under section 9, "Joint Analysis".
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improve task-focus similarly as observed in study 3 or whether that effect was specific to the

nature of the feedback used there.

5 Study 4

Even though we found in study 3 that performance training increases performance
relative to a baseline without feedback (study 2), we cannot rule out that any feedback
delivered throughout the experiment could encourage participants to focus more. Therefore,
we designed study 4 to include non-specific, positive feedback indicating that participants are
doing well and should continue in the same way. We used a visual depiction of approval
("thumbs up") combined with a verbal statement, "Nice work!", see Figure 4. Because the
feedback does not reflect performance, we do not expect any significant difference between
this and the studies not using performance feedback throughout the experiment. Hence, the
results from this study would reveal whether the feedback needs to be related to the
performance or if any encouraging feedback will improve task focus.

Figure 4

Non-Specific Feedback.

Nice work!

Note. Displayed encouragement feedback not reflecting participants' performance.
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5.1 Participants

The final sample was N = 40, aged from 20 to 47 (M = 28), with a gender ratio of 26
males and 14 females. Out of the 40 participants recruited, non were excluded. Detailed
demographics data displaying acceptance/rejection, sex, nationality, the inclusion criteria,

and more is available in the study repository on OSF (osf.io/tf5zw).

5.2 Results

Again, within-subject effects were intact and replicated. The effect of AE on MW
propensity was negative, f =-0.07, [-0.15, 0.02], ER.=9.1. The effect of BV on MW was
positive, f =0.20 [0.10, 0.29], ER+=3999. And lastly, the time on task effect was positive,
=10.04 [0.03, 0.06], ER+= co.

Between study 3 (Performance) and study 4 (Non-specific), we found anecdotal
evidence for BV to decrease in study 3 compared to study 4, BFio= 1.50, and anecdotal
evidence for AE to increase in study 3 compared to study 4, BFio=2.03. Lastly, we found
substantial evidence for no difference in the subjective reported probe response (MW), BFo; =

3.78.

5.3 Discussion and Conclusion

Using non-specific feedback resulted in poorer task performance on both BV and AE
measures compared to study 3 implementing performance feedback. In other words,
providing general positive feedback not related to performance does not improve task
performance, as reflected in increased BV and decreased AE. Again, there was a dissociation
between objective performance and self-reported MW where only the former was affected by

the feedback. Hence, to improve performance in the task, the feedback needs to be specific.
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6 StudyS

Recent developments in web-based eye-tracking software enable using participants'
integrated web camera to gain control during online experimentation (Papoutsaki et al.,
2018). The software even makes it possible to monitor the gaze of the participant. Using
camera monitoring in their online experiment Buso and colleagues (2021) made participants
aware that they were being recorded. Fundamentally, their experiment compared results over
three different conditions, participants in (1) the physical lab, (2) in the online condition with
camera monitoring, and (3) in the online condition without camera monitoring. They only
found small differences between conditions and concluded that data is valid across
conditions. We focus on MW and specifically investigate whether camera monitoring online
could increase task focus or if it is simply a distraction for the participants.

We hypothesized that camera monitoring would increase participants' self-reported
MW as they would more often think about their performance or the purpose of being
monitored. Thus, in study 5, we implemented "sham" camera monitoring. This should
simulate the feeling of being monitored in similar ways as in the lab situation. Importantly,
each participant continued into the experiment after centering their face on a displayed
camera monitor box on their screen, purportedly to calibrate the eye-tracking equipment. No
data from the camera were recorded either during or after their camera adjustments.
However, the integrated camera light continued to be on during the whole experiment, thus,

indicating surveillance.

6.1 Participants

The final sample was N = 40, aged from 18 to 47 (M = 28), with a gender ratio of 20

males and 20 females. Out of the 40 participants recruited, non were excluded. Detailed
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demographics data displaying acceptance/rejection, sex, nationality, the inclusion criteria,

and more is available in the study repository on OSF (osf.i0/r6]5z).

6.2 Results

When applying the camera monitor feedback, the effect of AE on MW propensity did
not reveal any significant relationship between AE and MW, f =-0.02 [-0.10, 0.07], ER =
1.55. However, the BV and block effect were replicated. Thus, both the effect of BV on MW,
B =0.1210.02, 0.23], ER+= 30.75 and the block effect, f =0.03 [0.02, 0.04], ER+= oo were
positive.

Between study 4 (Non-Specific) and study 5 (Camera), we found substantial evidence
for no difference between BV measure, BFo; = 3.56, and substantial evidence for no
difference between AE measurement, BFo; = 3.60. Finally, we found substantial evidence that

MW probe response increased in study 5 compared to study 4, BFio=4.71.

6.3 Discussion and Conclusion

As hypothesized and specified in our pre-registration, we found substantial evidence
that the self-reported MW probe responses increased when the camera feedback was
included. However, there were no differences in the behavioural measures as we expected. It
seems like the awareness of being monitored through the web camera makes the participant
distracted and possibly more self-aware (Davies, 2005). As Hrébjartsson et al. (2012) report,
the awareness of being monitored might make people exaggerate their answers. In this case,
make them exaggerate their MW answers. Consequently, even if participants self-rate more
MW it does not influence the task performance. It confounds the behaviour indices-MW
effect, deteriorating the AE-MW effect while keeping the BV-MW effect constant. Hence,
including control measures like camera recording affect subjective answers without affecting

the task performance.
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7 Study 6

In our final study, we wanted to uncover whether letting participants be aware of their
progression through the experiment, thereby giving them more control over the experimental
situation, would increase or decrease perceived task focus. Based on our results, this would
serve as guidelines for how future online experiments should be designed. I.e., should the
participants receive progression information or not (Villar et al., 2013). We modified the FT-
RSGT from the baseline experiment (study 2) to include a continuously auto-updating
progress bar at the top of the screen. The experiment ended with an opportunity for the
participants to rate how the progress bar affected their focus. We hypothesized that the
available progression feedback influenced the MW probe without affecting the behavioural

measures, similar to study 5.

7.1 Participants

Out of the 40 participants recruited, none were excluded. The final sample was N =
40, aged from 18 to 49 (M = 27), with a gender ratio of 31 males and nine females. Detailed
demographics data displaying acceptance/rejection, sex, nationality, the inclusion criteria,

and more is available in the study repository on OSF (osf.io/p9h5y).

7.2 Results

When applying the progression feedback, the effect of AE on MW propensity did not
reveal any significant relationship between AE and MW,  =-0.02 [-0.10, 0.06], ER.= 1.55.
However, the BV and block effect were replicated. Thus, both the effect of BV on MW, =
0.16 [0.08, 0.24], ER+= 3999 and the block effect, f =0.03 [0.02, 0.05], ER+= oo were

positive.
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We found no evidence for similar BV measures between study 5 (Camera) and study
6 (Progression), BFo1 = 0.54. This is anecdotal evidence for the alternative hypothesis, see
Table 1. BV seems to decrease in study 6 compared to study 5. Anecdotal evidence for no
difference in AE measurement, BFo; = 1.17. Lastly, substantial evidence for MW probe

response to be similar in study 5 and study 6, BFo; = 3.83.

7.3 Discussion and Conclusion

In similar ways to the camera monitoring feedback, progression feedback seems to
distract participants resulting in more self-reporting of MW. Influencing the self-report in this
way seems to confound the behaviour indices-MW effect as the AE-MW score did not
replicate. We found that the BV score was lower, indicating more precise performance in
study 6 than in study 5. It seems like progression is less distracting on performance, at least
the precision, than when using camera surveillance. Still, it confounds the behaviour indices-
MW effect. Finally, we report a joint analysis including all studies to investigate how AE,

BV, and MW change depending on feedback.

8 Joint Analysis

Figure 5 plots all studies on a graph comparing the AE, BV, and MW values across
studies. We attach the t-test Bayes Factor indicating evidence for a difference (BF1o) or a
Bayes Factor indicating evidence for no difference (BFo1). Studying Figure 5, we observe that
participants who received performance feedback overall scored highest on AE measures
(Figure 5A) and lowest on the BV measures (Figure 5B). We also see that BV improves in
both the performance and the progression study, indicating that delivering performance
feedback and displaying a progress bar help the participant be more precise in their

performance. Lastly, studying Figure 5C, we see an indication for higher probe responses
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when the camera monitor feedback is provided. Also, in the progression study, this seems to
be the case.
Figure 5

Comparisons of the AE, BV, and MW between all studies.

A) Approximate Entropy (AE) B) Behavioural Variability (BV) C) Self-reported Mind Wandering (MW) Probes
BF=2.37 BF(=4.32 BFy=4.17
BF,,=12.76 BF,=16.93 BFy=4.29
BF=3.43 q BFo1=3.43 BF;=3.30
BF1=4.26 BFy=4.25 BF;=0.96 .
BF(;=0.82 BF,,=0.1& BF;(=0.51
BF1,=0.96 BF,=5.57 BF=4.28
BF1=4.04 BF;=3.70 'y BF,=3.89
'BFm:z.so BF(,=4.28 BF,=1.63
BF(,=3.60 ) BF=0.45 BF1,=0.78
BF,=2.03 BF;,=1.50 1 b, 378
BF1g=7.12 BFyg=4.44 3 B =1.09
It BF,(=0.48 ) BF,=0.24 BF,,=0.59
BFo,=3.60 BF1=3.56 TBF =471
BF(=2.58 BFy=1.44 BF ;=177
BFy=1.17 BFy;=0.54 BF,,=3.83

Proofof  Baseline Performance Non-  Camera Progression Proofof  Baseline Performance Non- Camera Progression Proofof  Baseline Performance Non- Camera Progression
Concept Specific Concept Specific Concept Specific

Note. A study by study comparisons. A) Compares the Approximate Entropy (AE), the
randomness score, across studies. B) Compares the Behavioural Variability (BV), the
precision score, across studies. C) Compares the MW probe response across studies. BFo1 =
Bayes Factor testing for similar distributions. BF1o = Bayes Factor testing for different
distributions. These are marked in yellow for clarification purposes. The error bars indicate
the 95% highest density interval (HDI).

We observed strong evidence that performance feedback improved both AE and BV
as expected. For example, in performance feedback study 3, the AE was approximately 13
times more likely to be increased, and BV was approximately 17 times more likely to be
decreased than in the proof-of-concept study (study 1), see Table 2. This could indicate a

better focus, or at least a better understanding of the task in study 3. Furthermore, we show
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substantial evidence for the probe responses to be similar across study 1 — 4, BFo; ranging
from 3.30 to 4.29, indicating that MW reports were similar on average.

Table 2

Performance Feedback study 3 compared with the previously conducted studies

Performance Proof-of-concept Baseline Non-specific
(Study 3) VS (Study 1) (Study 2) (Study 4)
AE BF10=12.28 BF10=10.96 BF10=2.03
BV BF10=16.93 BF0=5.57 BFi0=1.50
MW BFo1=4.24 BFo1=4.28 BFo1=3.78

Note. AE = Approximate Entropy, a randomness measure. BV = Behavioural Variability, a
precision measure. MW = Mind Wandering, self-reported through inter-spread thought
probes. Meaningful comparisons referred to in the text are made bold. We used the t-test
Bayes Factor for the comparison analysis and sat the prior distribution Recale = v2/2. BFg; =
Bayes Factor, testing Ho against Hi. BF1o = Bayes Factor, testing Hi against Ho.

We observed tendencies for the participants to report more MW in the camera
monitoring study than the others. Hence, the activated camera makes participants perceive
more MW. For example, we measured substantial evidence BF1o = 4.71 for an increase in
reported MW compared to the non-specific study. On the other hand, AE and BV were equal
in all studies except study 3. Study 3 showing substantial evidence for a difference against
this tendency, AE BF1o=7.12 and BV BF0=4.44, see Table 3.

Table 3

Camera Feedback study 5 compared to previously conducted studies.

Camera Proof-of-concept ~ Baseline Performance Non-specific
(Study 5) VS (Study 1) (Study 2) (Study 3) (Study 4)
AE BFo1=4.26 BFo1=2.80 BF10=7.12 BFo1=3.60

BV BFo1 = 4.25 BFo1 = 428 BFo= 4.44 BFo1 = 3.56
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MW BF10=10.96 BF10=1.63 BF10=1.09 BF10=4.71

Note. AE = Approximate Entropy, a randomness measure. BV = Behavioural Variability, a
precision measure. MW = Mind Wandering, self-reported through inter-spread thought
probes. Meaningful comparisons referred to in the text are made bold. We used the t-test
Bayes Factor for the comparison analysis and sat the prior distribution rscale = V2/2. BFo; =
Bayes Factor, testing Ho against Hi. BF1o = Bayes Factor, testing Hi against Ho.

As expected, we observed substantial evidence for similar results between the
subjective probe answers across the progression and camera study, BFo1 = 3.83. Compared to
study 1-4 there was only week evidence for a difference, results only showing anecdotal
evidence for a difference between progression and non-specific study, BFio = 1.77, see Table
4.

Table 4

Progression Feedback study 6 compared with the other studies in the experimental series.

Progression Proof-of-concept  Baseline Performance  Non-specific Camera
(Study 6) VS (Study 1) (Study 2) (Study 3) (Study 4) (Study 5)
AE BFo1=0.82 BFo1=3.60 BF10=0.48 BFo1=2.58 BFo1=0.54
BV BFo1=0.18 BFo1=0.45 BFi10=0.24 BFo1=1.44 BFo1=1.17
MW BF10=0.51 BF10=0.78 BF10=0.59 BFi10=1.77 BFo1 = 3.83

Note. AE = Approximate Entropy, a randomness measure. BV = Behavioural Variability, a
precision measure. MW = Mind Wandering, self-reported through inter-spread thought
probes. Meaningful comparisons referred to in the text are made bold. We used the t-test
Bayes Factor for the comparison analysis and set the prior distribution Recale=v2/2. BFg; =

Bayes Factor, testing Ho against Hi. BF1o = Bayes Factor, testing Hi against Ho.
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9 Summary and Discussion

The purpose of this series of experiments was threefold: First, we wished to establish
and confirm that FT-RSGT can detect MW in an online setting similarly to in the lab. Our
second goal was to develop the task further by increasing task focus as measured by
increased performance indicated by behavioural indices. Finally, we wanted to investigate
additional feedback interventions and how they would influence both the perceived task
focus and task performance.

Overall, our studies reveal that our in-lab sustained attention task can be reliably
replicated in an online condition over multiple replications. The predicted within-subject
effects reflecting the behavioural signature of MW in this task was observed in most of the
studies (a notable exception was the absence of the AE-MW effect in study 5 and 6). Thus,
online experimentation makes it possible to perform replication studies at a high pace. This
efficiency and transparency reduce the concerns raised by the replication crisis (Simmons et
al., 2011). Secondly, we found that intermittently delivering performance feedback improved
the behavioural MW indices. Thirdly, displaying information not useful for the ongoing task
increased the self-reported MW without affecting the task performance.

This dissociation between behaviour and subjectively reported MW in the
performance feedback study could be because the participants are novel to the task and rate
the task similarly when no other distractions are displayed. Hence, the similarity in subjective
reported MW in study 1 to study 4. Furthermore, when displaying camera or progression, this
could be perceived as distractions. They do not provide information on how well participants
are performing the task. Interestingly, the display of camera or progression possibly triggers
self-reflection (Davies, 2005) or reflection on time without deteriorating the performance.

However, there might be other explanations for the dissociation. For example,

Hrobjartsson et al. (2012) found that participants exaggerated their answers when they were
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aware of being surveilled. Perhaps this explains the increase in self-reported MW without
affecting the behavioural indices. Moreover, O'Donnel, Ryan & Jettan (2013) found that
surveillance led to higher productivity, but at the cost of the quality. In this case, we can
consider the AE (which requires most executive recourses) as the quality measure. Hence,
this could explain why the AE-MW effect disappeared in the camera study.

Camera data was not used or saved. There is a possibility that the participants did not
sit in front of the computer during the whole experiment. They could, for example,
collaborate with a friend, taking turns in performing the study. However, this collaboration is
likely not true as it would be desirable for the participant not to get caught cheating. Besides,
prolific participants are aware that their prolific score is reduced if their study attendance is
rejected. This, in turn, reduces their eligibility for future studies. However, using control
measures like camera recording or progression displayed to the participant confounds the link
between behaviour and self-reports. Nevertheless, camera recording online continues to
improve and is helpful if scientists want to investigate things like gaze direction and, possibly
further in the future, pupillometry (Papoutsaki et al., 2018).

Improving focus under sustained attention tasks is relevant in many aspects of life:
working from home on the computer, reading articles, watching lectures, i.e., activities
requiring sustained attention on the task at hand. Adding informative feedback reflecting
performance in such "boring" tasks is known as gamification (Marczewski, 2013). Including
performance feedback should make online experiments more motivating, make participants
receive the task better and result in more reliable data (Sailer et al., 2017). Interestingly, we
received feedback from participants telling us it was fun and engaging. Intuitively, making a
sustained task more fun and engaging reduces MW. Accordingly, the performance feedback
group stood out as the best performing group with the best behavioural scores indicating the

highest task focus compared to the other studies.
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Even though recruiting participants can be done using a low payment rate ethically,
researchers should consider the payment in the physical lab and adjust thoughtfully (Mason
& Suri, 2012). Nonetheless, Crump and colleagues (2013) found that lower pay did not affect
the data quality. Higher pay still ensures faster recruitment by making the study more
financially attractive. In addition, higher payment ensures lower dropout rates and increases
commitment and engagement to the task (Sarkar & Cooper, 2018). However, a financially
attractive study increases the competition among participants to get into the study.

Scientists should not identify which participant produced which dataset to protect
participants' identity. When testing in the lab, the scientists can perform preliminary analysis
on the first participants. Often the early participants are someone the experimenter, assistant
or recruiter knows. Consequently, it is easy for the one collecting the data to identify the
participant if the preliminary analysis is conducted on the first few datasets. Contrasting, in
the online condition identifying the person behind the dataset is impossible. Using prolific,
we firstly use arbitrary identification numbers. All communications with the participants are
under their non-identifiable number. Secondly, participants join from around the world
decreasing the likelihood to casually know people who participate.

To increase control online, these experiments need additional automated procedures
like audio tests, comprehension quizzes, and training sessions. Contrary, in-lab experiments
usually perform similar procedures administered by a research assistant. Thus, online
experiments should not require more time than in-lab settings. Additionally, the online
procedures should be less prone to experimenter bias (Stickland & Suben, 2012).
Furthermore, lab experiments can be more time-consuming as the experimenters want to
properly use the participants once they have gotten them to participate in the experiment.

Lastly, future experiments should examine the relationship between behavioural

indices indicating MW and self-reported MW as we influenced each of these separately with
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different types of feedback. Evaluating this dissociation between self-reported MW and
performance measures, it would be interesting to include other factors known to improve task
focus. For example, categorize participants into different groups of familiarity with
mindfulness practices. E.g., engages with mindfulness practices regularly, familiar with it, do
not know/do not believe in it, or use mindfulness-based interventions (MBIs; Baer et al.,
2019). As people who practice mindfulness are known to be better at being in the here and

know and less prone to be distracted by environmental distractions (Schooler et al., 2014).

10 Conclusion

Online experiments investigating MW using sustained attention tasks are possible and
replicable. Participants receiving performance feedback improve their task performance
reflected in behavioural indices. Though, participants do not self-report being more focused
when asked about task focus. This indicates that there is a behavioural and self-reflection
dissociation. During sustained attention tasks, we can improve the behavioural indices
without influencing the self-reports and, opposite, influence the self-reports without affecting
the behavioural indices of MW. Similarly, we find camera surveillance and progression
information to increase the self-report of MW without affecting task performance. These

insights may also apply to other situations where increased task performance is desired.
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