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Abstract

Two experiments served to test the hypothesis that partially masking speech with pink
noise (Experiment 1) or speech babble (Experiment 2) induces particularly pronounced
metacognitive illusions in judgments about the distracting effects of task-irrelevant speech
on cognitive performance. We hypothesized that the experimental manipulations would
have opposite effects on judgments of distraction and objective distraction effects. Spe-
cifically, masked speech should be perceived as being more difficult to listen to than
pure speech, thereby evoking a subjective experience of relative disfluency. If people rely
on a (dis)fluency heuristic, masked speech should be predicted to be more distracting
than pure speech. However, given that pink noise and speech babble mask the auditory
changes in the speech signal that drive auditory distraction, people should objectively be
less distracted by masked speech than by pure speech. The findings of both experiments
support this hypothesis. Masked speech evoked a subjective experience of relative disflu-
ency and was predicted to be more distracting than pure speech. However, participants
were objectively less distracted by masked speech than by pure speech in a serial-recall
task. Even after multiple firsthand experiences of having ignored masked and pure speech
during the serial-recall task, participants judged masked speech to have been more, but not
less, distracting than pure speech. Partially masking speech thus had opposite effects on
judgments of distraction and objective distraction effects. These findings provide evidence
of particularly pronounced metacognitive illusions and support the hypothesis that people
rely on (dis)fluency as a cue for predicting distraction.

Keywords Task-irrelevant speech - Partial masking - Auditory distraction - Judgments of
distraction - Metacognitive illusions of distraction

P< Gesa Fee Komar
gesa.komar@hhu.de

Department of Experimental Psychology, Heinrich Heine University Diisseldorf, Diisseldorf,
Germany

Published online: 26 September 2025 @ Springer


https://orcid.org/0000-0001-7058-0117
https://orcid.org/0000-0003-4529-3444
https://orcid.org/0000-0001-9791-7269
https://orcid.org/0000-0002-0592-0362
https://doi.org/10.1007/s11409-025-09436-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s11409-025-09436-y&domain=pdf&date_stamp=2025-9-18

35 Page 2 of 21 G. F. Komar et al.

With the widespread use of portable devices such as tablets and laptops, people often study
and work in shared spaces, facing the challenge of performing cognitively demanding tasks
in environments with task-irrelevant speech. This likely results in distraction, as task-irrele-
vant speech has been identified as one of the most distracting types of sound (Ellermeier &
Zimmer, 2014; Schlittmeier et al., 2012). As a potential countermeasure against distraction,
modern computer operating systems such as macOS Sequoia offer the possibility to play
background noise to mask task-irrelevant speech. For instance, the playback of pink noise—
referred to as “balanced noise”—is offered as an option to reduce distractions and facilitate
concentration. Indeed, because pink noise provides a homogenous auditory background,
embedding speech in pink noise masks the auditory changes in the speech signal that
drive auditory distraction (e.g., Ellermeier & Hellbriick, 1998). Similarly, multiple speech
streams in open-plan offices—provided they cannot be perceptually segregated based on
distinct spatial locations (Jones & Macken, 1995)—may jointly form a more homogeneous
auditory background than the speech of a single individual because auditory changes in each
speech stream can be masked by the surrounding speech babble. In such cases, working in
open-plan offices may be less distracting than working in a private office shared only with
a telephoning colleague. These insights refer to the objective effects of embedding speech
in pink noise or speech babble on cognitive performance. However, it is unclear whether
people can correctly predict these effects. Indeed, there is evidence of metacognitive illu-
sions as it has been shown that people’s predictions about the distracting effects of sounds
on cognitive performance do not align with objective distraction effects (Bell et al., 2023;
Komar et al., 2024). To understand whether people are able to effectively choose and control
their digital and physical study and work environments so as to minimize auditory distrac-
tion, it is important to examine how people arrive at metacognitive judgments of distraction
(Marsh et al., 2024). Can people correctly predict that embedding speech in pink noise or
speech babble causes less, but not more, distraction? This question is addressed in the two
experiments reported here.

Whereas the present study is focused on task-irrelevant stimuli, most research on meta-
cognition to date has been concerned with metacognitive judgments about task-relevant
stimuli. For example, judgments of learning refer to people’s predictions about how well
they will remember specific stimuli, such as words, that they study (Begg et al., 1989;
Besken & Mulligan, 2013, 2014; Frank & Kuhlmann, 2017; Koriat, 1997; Kornell et al.,
2011; Mieth et al., 2021; Rhodes & Castel, 2008; Schaper et al., 2019a, b, 2023; Soderstrom
etal., 2015; Undorfet al., 2017). The overall consensus is that learners lack direct metacog-
nitive access to the mechanisms underlying their learning. Instead, they often rely on simple
heuristics which may lead to correct judgments of learning but may also result in systematic
biases. One of the most important heuristics is the (dis)fluency heuristic (Alter & Oppen-
heimer, 2009). The fundamental principle underlying the (dis)fluency-heuristic hypothesis
is that people use their subjective experience of the difficulty or ease of processing as a
cue for predicting learning. For instance, it has been proposed that people predict stimuli
that are experienced as being more difficult to process to be harder to learn than stimuli
that are experienced as being easier to process (e.g., Begg et al., 1989; Rhodes & Castel,
2008; Undorf & Erdfelder, 2011, 2015; Undorf et al., 2017). Relying on the (dis)fluency
heuristic may lead to metacognitive judgments that do not align with objective performance
measures—referred to as metacognitive illusions—because stimuli that are experienced as
being more difficult to process can be learned better if they are elaborated more than stimuli
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that are experienced as being easier to process (Besken & Mulligan, 2013, 2014; Bjork &
Bjork, 2011, 2020).

In recent years, there has been increasing interest in the metacognition of auditory dis-
traction (Atienzar et al., in press; Beaman et al., 2014; Bell et al., 2023; Bell et al., 2022;
Hanczakowski et al., 2017, 2018; Kattner & Bryce, 2022; Komar et al., 2024; Roer et al.,
2017). Here, metacognitive judgments refer primarily to people’s predictions about how
specific task-irrelevant stimuli affect cognitive performance. In most studies examining the
metacognition of auditory distraction, the serial-recall task has been used. This task is an
essential component of an established experimental paradigm for studying auditory dis-
traction (for a review, see Ellermeier & Zimmer, 2014). In a common variant of this task,
sequences of digits have to be maintained for immediate serial recall. Serial recall is scored
as correct if a digit is recalled in the serial position in which it was presented. The number of
correctly recalled digits typically decreases when task-irrelevant sounds have to be ignored
during digit presentation or retention compared to quiet (Macken et al., 1999). Objective
distraction effects can be calculated by subtracting, from the mean number of correctly
recalled digits in distractor trials with sounds, the mean number of correctly recalled digits
in quiet control trials (Bell et al., 2023; Bell et al., 2022; Komar et al., 2024). It is known
from decades of research that auditory distraction in this paradigm is driven by changes in
the to-be-ignored auditory signal (Bell et al., 2019; Jones, 1993; Jones et al., 1993): The
more pronounced the changes in the auditory signal, the larger the objective distraction
effect.

Following procedures initially developed for measuring judgments of learning (Begg
et al., 1989; Frank & Kuhlmann, 2017; Koriat, 1997; Soderstrom et al., 2015), research on
the metacognition of auditory distraction has been focused on two variants of judgments of
distraction (Bell et al., 2023; Bell et al., 2022; Komar et al., 2024): Prospective judgments
and retrospective judgments, which will be explicated below.

Prospective judgments are predictions about future distraction. These judgments are typi-
cally assessed in a stimulus-specific way, that is, each prospective judgment is based on the
immediate experience of a specific distractor sound. Specifically, participants are first intro-
duced to the serial-recall task they will later perform. The sounds are then played one by
one. After having listened to a sound, participants are asked to predict how distracting or
helpful that specific sound would be, relative to quiet, for serial recall. Understanding pro-
spective judgments is essential for addressing the real-world situation in which people must
predict the effect of an auditory background on cognitive performance after having listened
to the specific sound. For example, in a work environment, one may briefly listen to an audi-
tory background—such as a colleague’s telephone conversation—to predict how distracting
or helpful the auditory background would be for a certain task and to decide whether or not
it would be necessary to adjust the work environment.

Retrospective judgments are postdictions about past distraction. These judgments are
typically based on multiple firsthand experiences of having ignored a specific type of dis-
tractor sound. Specifically, after having completed the serial-recall task, participants are
asked to judge how distracting or helpful each type of sound has been, relative to quiet, for
serial recall. Returning to the earlier example, after having worked several times in the pres-
ence of a specific auditory background—such as a colleague’s telephone conversation—one
may no longer need to listen to the background in order to be able to judge the background’s
effect on cognitive performance. Instead, one may form a global judgment based on mul-
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tiple firsthand experiences. In the following, we will first develop a hypothesis regarding
prospective judgments and we will then return to retrospective judgments at the end of the
Introduction.

In line with research on judgments of learning (e.g., Begg et al., 1989; Rhodes & Cas-
tel, 2008; Undorf & Erdfelder, 2011, 2015; Undorf et al., 2017), it has been proposed that
people rely on a (dis)fluency heuristic by using their subjective experience of the difficulty
or ease of processing when predicting the distracting effects of sounds on cognitive perfor-
mance (Bell et al., 2023; Komar et al., 2024). Specifically, it has been proposed that people
predict sounds that are experienced as being more difficult to process to be harder to ignore
than sounds that are experienced as being easier to process. While relying on the (dis)flu-
ency heuristic may have some ecological validity (Herzog & Hertwig, 2013), leading to
correct prospective judgments in some contexts (Bell et al., 2022; Kattner & Bryce, 2022),
it can also result in metacognitive illusions in other contexts (Bell et al., 2023; Bell et al.,
2024; Komar et al., 2024).

Such metacognitive illusions have been demonstrated in studies by Bell et al. (2023) and
Komar et al. (2024). In these studies, prospective judgments about the distracting effects of
music or speech on serial-recall performance were affected by experimental manipulations
such as playback direction (backward versus forward) and language (foreign versus native),
even though these manipulations did not affect the objective distraction effects. In the study
by Bell et al. (2023), backward music was experienced as being more difficult to process
than forward music, leading participants to predict backward music to be more distracting
than forward music. However, the objective distraction effects of backward and forward
music on serial-recall performance were comparable, which was anticipated given that
backward and forward music contain a similar number of distinct changes in the auditory
signal. In the study by Komar et al. (2024), metacognitive illusions have been demonstrated
by comparing backward and forward speech, and foreign and native speech. Backward and
foreign speech were experienced as being more difficult to process than forward and native
speech, respectively, leading participants to predict backward and foreign speech to be more
distracting than forward and native speech. However, the objective distraction effects of
backward and forward speech, and foreign and native speech, on serial-recall performance
were comparable, which was anticipated given that backward and forward speech, and for-
eign and native speech, contain a similar number of distinct changes in the auditory signal.

This pattern of results was expected based on theoretical considerations, which had
led to the experimental manipulations that were specifically designed to affect prospec-
tive judgments of distraction but not objective distraction effects. As such, the results were
interpreted as evidence for metacognitive illusions, supporting the hypothesis that people
rely on the (dis)fluency heuristic when predicting the distracting effects of sounds on cog-
nitive performance and demonstrating that people lack direct metacognitive access to the
cognitive effects of sounds that determine auditory distraction. However, the same pattern
of results—that the prospective judgments of distraction were affected by the experimen-
tal manipulations, while the objective distraction effects remained unaffected—could have
been observed if the direct-rating measure used to assess the prospective judgments of dis-
traction had been more sensitive to the experimental manipulations than the serial-recall
measure used to assess the objective distraction effects. The present study addressed this
issue by using experimental manipulations that were expected to have opposite effects
on prospective judgments of distraction and objective distraction effects. Specifically, we
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compared speech embedded in pink noise (Experiment 1) and speech embedded in speech
babble (Experiment 2) with pure speech. Speech that is partially masked with pink noise or
speech babble (hereafter referred to as masked speech) should be experienced as being more
difficult to process than pure speech, an assumption that has been confirmed in separate
validation experiments (see below). If people rely on their subjective experience of relative
disfluency when predicting the distracting effects of masked and pure speech on serial-recall
performance, they should indicate in their prospective judgments that they predict masked
speech to be more distracting than pure speech. However, given that pink noise (Ellermeier
& Hellbriick, 1998; Schlittmeier & Hellbriick, 2009) and speech babble (Jones & Macken,
1995; Keus van de Poll et al., 2015; Zaglauer et al., 2017) mask the auditory changes in
the speech signal that drive auditory distraction (Bell et al., 2019; Jones, 1993; Jones et al.,
1993), people should objectively be /ess distracted by masked speech than by pure speech.
Therefore, masking speech with pink noise or speech babble should have opposite effects
on prospective judgments of distraction and objective distraction effects, leading to even
more pronounced metacognitive illusions in prospective judgments than those previously
observed (Bell et al., 2023; Komar et al., 2024).

In previous studies (Bell et al., 2023; Komar et al., 2024), multiple firsthand experi-
ences of having ignored different types of music or speech during the serial-recall task led
participants to arrive at retrospective judgments that were somewhat better aligned with the
objective distraction effects than the prospective judgments. However, in most cases (i.e., in
all but one experiment), there was a metacognitive illusion in the retrospective judgments.
Ellermeier and Zimmer (1997) found that metacognitive judgments given after the serial-
recall task were better aligned with objective distraction effects than those given before the
serial-recall task. Beaman et al. (2014), using recognition tasks, found that auditory distrac-
tion reduced participants’ confidence in their responses and their willingness to report them
during task performance, suggesting that, when performing the task, “participants seem
to be aware that auditory distraction is harmful for memory” (p. 11). The present study
included retrospective judgments to test whether particularly pronounced metacognitive
illusions—that is, effects of masking speech with pink noise or speech babble on judg-
ments of distraction in the opposite direction of their objective distraction effects—would
be observed in retrospective judgments.

Experiment 1
Method
Participants

Following a previous study on the metacognition of auditory distraction (Komar et al., 2024),
the experiment was conducted online using SoSci Survey (https://www.soscisurvey.de/). To
gain fast access to a large and diverse participant pool for data collection, we utilized the
online-access panel provider Cint (https://www.cint.com/). This approach is validated by
empirical evidence demonstrating that key effects of auditory distraction can be reliably
replicated in online settings (Elliott et al., 2022). Participants were required to use a desktop
or laptop computer. We aimed at collecting at least 300 valid data sets and stopped data col-
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lection at the end of the day during which this criterion was reached. The same exclusion
criteria were applied as in a previous study on the metacognition of auditory distraction
(Komar et al., 2024). Of the participants who had passed the audio check (see below), 73
participants did not complete the experiment, four participants withdrew their consent to the
use of their data, one participant was under 18 years old and thus could not legally provide
consent and 16 participants reported studying or having studied Psychology. The data sets
of these participants were excluded from the analyses. Based on responses to the catch trial
or the post-experiment questions (see below), 64 further data sets could have been excluded.
However, following a recommendation by Elliott et al. (2022), these data sets were retained
in the analyses. This decision had no impact on the statistical conclusions. The final sample,
characterized by diverse levels of education, consisted of 309 participants (116 female, 192
male, 1 non-binary) with a mean age of 36 (SD=13) years. All participants were proficient
German speakers; 297 of them indicated that German was their native language. Partici-
pants were randomly assigned to either the prospective-judgment group (n=168) or the con-
trol group (n=141). A sensitivity analysis using G*Power (Faul et al., 2007) showed that,
given a sample size of N=309 and a==.05 (and, thus, a statistical power of 1—3=.95), a
main effect of speech type on the objective distraction effect of the size nzp =.04 could be
detected.

Materials

The speech sequences were recorded and edited using Amadeus Pro 2.8.9 (https://www.
hairersoft.com/). Thirty-two speech sequences similar to the speech sequences that have
been shown to elicit pronounced auditory distraction in previous studies (Bell et al., 2021;
Komar et al., 2024; Korner et al., 2017; Roer et al., 2014, 2015) were used (e.g., “On Tues-
day, it will be mostly sunny, with only isolated rain showers possible. A weak to moderate
northeast wind will be blowing.”; translated from German). The speech sequences were
spoken by a male voice, recorded at a sampling rate of 44.1 kHz in a 16-bit format, edited
to last 8 s and normalized to peak amplitude. Masked-speech sequences were generated by
combining the speech sequences with pink noise at a speech-to-noise ratio of 0 dB(A) L.
The pink noise featured an amplitude envelope with attack and decay times of 250 ms to
ensure a smooth onset and offset. Pure-speech sequences contained only speech and no pink
noise (Fig. 1). Thus, each of the 32 speech sequences was available both as a masked-speech
sequence and as a pure-speech sequence.

Validation experiment

A separate validation experiment with different participants was conducted to test the effec-
tiveness of the experimental manipulation of processing (dis)fluency. After having applied

Masked speech

W

Pure speech
Mﬁ*r%%w B L N e S

Fig. 1 Example waveforms of masked and pure speech used in Experiment 1
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the same exclusion criteria as those reported above, data sets of 106 participants (35 female,
71 male) with a mean age of 40 (SD=15) years were included in the analysis. For each
participant, 16 masked-speech sequences and 16 pure-speech sequences were randomly
selected from the pool of 32 masked-speech sequences and 32 pure-speech sequences with
the restriction that each speech sequence could be selected in only one of the two condi-
tions. The subjective experience of processing (dis)fluency was measured on a single-item
scale. Graf et al. (2018) have shown that a single-item scale captures the effects of various
experimental manipulations of processing (dis)fluency—such as pronounceability, repeated
exposure, visual contrast and typicality—as validly as a multiple-item scale (for an over-
view of successful single-item scales in various research areas, see Grive et al., 2024).
In each trial of the validation experiment, participants clicked a “Play” button to listen to
one of the speech sequences. After the playback of the speech sequence, participants were
asked: “How difficult or easy was it for you to listen to the sound?” They responded using
the single-item scale of processing (dis)fluency ranging from —6 to +6. The scale contained
verbal labels for the values of —6 (very difficult), —4 (difficult), —2 (somewhat difficult), 0
(neither nor), +2 (somewhat easy), +4 (easy) and + 6 (very easy) to facilitate the interpreta-
tion of the scale (Maitland, 2009; Rohrmann, 1978). The order of the speech sequences was
randomly determined for each participant. Using the speech sequences as the units of analy-
sis, masked speech (M=-2.72, SD=0.67) was rated to be significantly more difficult to
listen to than pure speech (M=5.08, SD=0.24), F(1, 62)=3870.76, p<.001, Tl?) = .98. These
results confirm that the experimental manipulation of processing (dis)fluency was effective.

Design and procedure

Design and procedure followed those of previous studies on the metacognition of audi-
tory distraction (Bell et al., 2023; Komar et al., 2024). At the beginning of the experiment,
participants were instructed to make sure they were alone in a quiet, distraction-free envi-
ronment. They were asked to turn off their smartphone and to close any additional browser
tabs or programs on their computer. Participants were informed that a browser supporting
automatic sound playback was required. They could opt to view on-screen instructions on
how to enable this feature in different browsers. Participants were asked to wear headphones
for the entire duration of the experiment. An audio check was conducted to ensure that
participants could hear the speech sequences. Participants were instructed to adjust the com-
puter volume to ensure that they could hear all sounds well. In each trial of the audio check,
one letter from the set {j, q, 1, X, z} was randomly selected and masked with pink noise at
a speech-to-noise ratio of 0 dB(A) L,. The letter was spoken by a male voice. The masked
letter was played at the same intensity as the masked speech used later in the experiment.
Participants were asked to type, from the letters j, g, r, x and z, the letter they had heard
into a text field. They were asked to adjust the browser settings or switch browsers if they
could not hear the spoken letter. To proceed to the experiment proper, participants had to
correctly identify five letters in a row. After having completed the audio check, participants
were instructed not to change the computer volume for the entire duration of the experiment.

Participants were randomly assigned to one of two groups (Fig. 2). In the prospective-
judgment group, participants provided prospective judgments about the distracting effects
of masked and pure speech on serial-recall performance before performing the serial-recall
task in which the objective distraction effects were measured. To control for possible reac-
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tive effects of the prospective judgments, we included a control group. Participants in the
control group did not provide any prospective judgments. Instead, they began immediately
with the serial-recall task. This experimental design served to test whether providing pro-
spective judgments about the distracting effects of masked and pure speech on serial-recall
performance influenced the objective distraction effects. Such reactive effects could arise,
for instance, if the act of providing prospective judgments prompted participants to invest
more effort into the serial-recall task to compensate for the predicted distraction. After hav-
ing experienced the distracting effects of masked and pure speech firsthand during the serial-
recall task, all participants provided retrospective judgments about the distracting effects of
the two types of speech on their serial-recall performance.

Prospective-judgment group

Objective distraction effects Prospective judgments

Retrospective judgments

4

Please enter the digits in the
correct order.

Please click“Play” to play the sound.

A 4

How distracting or helpful
is the sound for the task?

Very
distracting helpful
-6 +6

g

-

Please enter the digits in the
correct order.

In some trials, you heard sentences played
with noise. How distracting or helpful was
this type of sound for the task?

Very
distracting helpful
-6 +6

J—
In some trials, you heard sentences played
without noise. How distracting or helpful
was this type of sound for the task?

Very Very
distracting helpful
-6 +6

v

One quiet example trial of
the serial-recall task

In random order:

« Eight masked-speech
sequences

« Eight pure-speech
sequences

Eight quiet training trials of
the serial-recall task

-, Then in random order:
M

« Eight distractor trials with
masked-speech sequences

« Eight distractor trials with
pure-speech sequences

« Eight quiet control trials

In random order

Objective distraction effects

Retrospective judgments

Control group

€0

PR A

Please enter the digits in the
correct order.

122222122

In some trials, you heard sentences played
with noise. How distracting or helpful was
this type of sound for the task?

Very Very
distracting helpful
-6 +6

In some trials, you heard sentences played
without noise. How distracting or helpful
was this type of sound for the task?

Very Very
distracting helpful
-6 +6

Fig.2 Schematic illustration of the design and procedure (see main text for details)
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Prospective judgments about the distracting effects of masked and pure speech on serial-
recall performance were collected in the prospective-judgment group before the serial-recall
task. In the prospective-judgment task, participants were asked to imagine performing the
serial-recall task that was first described verbally and then illustrated with a quiet example
trial (see below for details on the serial-recall task). After having completed the exam-
ple trial of the serial-recall task, participants were informed that various sounds would be
played to them and that they should imagine hearing the sounds while memorizing the digits
in the serial-recall task that had just been described and illustrated.

In each trial of the prospective-judgment task, participants clicked a “Play” button,
whereupon one of the speech sequences was presented. Participants were asked to predict
how distracting or helpful the sound would be, relative to quiet, for serial recall, using a
metacognition scale ranging from —6 to +6. The scale was presented 1 s after the end of
the speech sequence and contained verbal labels for the values of —6 (very distracting),
—4 (distracting), —2 (somewhat distracting), 0 (neither nor), +2 (somewhat helpful), +4
(helpful) and +6 (very helpful) to facilitate the interpretation of the scale (Maitland, 2009;
Rohrmann, 1978). For each participant in the prospective-judgment group, eight masked-
speech sequences and eight pure-speech sequences were randomly selected from the pool
of 32 masked-speech sequences and 32 pure-speech sequences with the restriction that each
speech sequence could be selected in only one of the two conditions.

Objective distraction effects of masked and pure speech on serial-recall performance
were measured in the serial-recall task. Participants were informed that they would com-
plete several trials in which they would have to memorize the order of digits without using
external aids or speaking the digits aloud. They were instructed to guess any digits they
could not remember. Participants were informed that they would occasionally hear sounds
over their headphone and were instructed to ignore these sounds.

In each trial of the serial-recall task, a sequence of eight digits was generated by ran-
domly drawing digits from the set {1, 2, ..., 9} without replacement. Each digit was pre-
sented at the center of the browser window for 1 s. A text field with eight question marks
appeared 1 s after all digits had been presented, prompting participants to enter the eight
digits in the correct order.

The serial-recall task started with eight quiet training trials to familiarize participants
with the task. The following 24 experimental trials consisted of eight distractor trials in
which masked speech was played during digit presentation, eight distractor trials in which
pure speech was played during digit presentation and eight quiet control trials. For each par-
ticipant, eight masked-speech sequences and eight pure-speech sequences were randomly
selected with the restriction that each speech sequence could be selected in only one of
the two conditions. In the prospective-judgment group, speech sequences were selected
from the 16 masked-speech sequences and the 16 pure-speech sequences that had not
been presented in the prospective-judgment task. In the control group, speech sequences
were selected from the complete pool of 32 masked-speech sequences and 32 pure-speech
sequences. The order in which the experimental trials were presented was randomly deter-
mined for each participant.

After the serial-recall task, a catch trial was presented in which the spoken letter q could
be heard. Participants were asked to type the letter they had heard into a text field.

Retrospective judgments about the distracting effects of masked and pure speech on the
participants’ serial-recall performance were collected after the catch trial. Participants were
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informed about the type of speech whose effect on their serial-recall performance they had
to judge (“In some trials, you heard sentences played with noise” or “In some trials, you
heard sentences played without noise”). Participants were then asked to judge how dis-
tracting or helpful the type of sound had been, relative to quiet, for serial recall, using the
metacognition scale ranging from —6 (very distracting) to +6 (very helpful). The order in
which the two types of speech were judged was randomly determined for each participant.

At the end of the experiment, participants were thanked for their participation. They were
then asked to provide honest responses to the post-experiment questions “Was all the infor-
mation presented correctly?” and “Did you follow the instructions?”. They were assured
that responding “No” would not have any negative consequences for them (Rouse, 2015).
Finally, participants were asked to confirm their consent to the use of their data, with the
option to revoke their consent they had given at the beginning of the experiment by selecting
“No, I withdraw the consent to the use of my data”. The median duration of the experiment
was 19 min in the prospective-judgment group and 14 min in the control group.

Results
Prospective judgments

A repeated-measures analysis of variance was calculated to test the effect of the within-sub-
jects factor speech type (masked, pure) on the prospective judgments (left panel of Fig. 3).
Participants in the prospective-judgment group predicted masked speech to be significantly
more distracting than pure speech, F(1, 167)=283.20, p<.001, nf, = .63. Relative to the
neutral midpoint of the metacognition scale, masked speech was predicted to be distracting,
#(167)=-31.02, p <.001, d=—2.39, while pure speech was predicted to be helpful, #(167)
=2.79, p=.006, d=0.21.
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Fig.3 Results of Experiment 1. The left panel shows the mean prospective judgment about the distracting
effect of speech on serial-recall performance on a scale from — 6 (very distracting) to +6 (very helpful) as
a function of speech type (masked, pure). The middle panel shows the mean objective distraction effect
of speech on serial-recall performance relative to quiet as a function of speech type (masked, pure) and
group (prospective judgment, control). The right panel shows the mean retrospective judgment about
the distracting effect of speech on the participants’ serial-recall performance on a scale from —6 (very
distracting) to +6 (very helpful) as a function of speech type (masked, pure) and group (prospective judg-
ment, control). Error bars represent the standard errors of the means
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Objective distraction effects

As in previous studies on the metacognition of auditory distraction (Bell et al., 2023; Bell et
al., 2022; Komar et al., 2024), the objective distraction effects of masked and pure speech
on serial-recall performance were calculated for each participant by subtracting, from the
mean number of digits per trial that were recalled in the correct serial position in each of the
two types of distractor trials, the mean number of digits per trial that were recalled in the
correct serial position in the quiet control trials. Negative values indicate that participants
recalled fewer digits per trial in the correct serial position in the distractor trials than in the
quiet control trials and thus reflect a distracting effect of the speech (positive values would
reflect a helpful effect). The serial-recall results that form the basis for calculating the objec-
tive distraction effects, averaged across participants in each group, are reported in Table 1.

A2 x2 mixed analysis of variance was calculated to test the effects of the within-subjects
factor speech type (masked, pure) and the between-subjects factor group (prospective judg-
ment, control) on the objective distraction effects (middle panel of Fig. 3). Participants were
significantly less distracted by masked speech than by pure speech, F(1,307)=6.50,p=.011,
ng =.02. Whether or not participants were asked to provide prospective judgments before
the objective distraction effects were measured did not affect the objective distraction effects
overall, F(1, 307) = 0.47, p = .493, ng < .01, and did not interact with speech type, F(1,
307)=0.06,p=.812, nf, <.01. Although masked speech disrupted serial recall significantly
less than pure speech, both types of speech caused significant distraction relative to quiet.
In the prospective-judgment group, participants were distracted by both masked speech,
#(167)=-5.93, p <.001, d=—0.46, and pure speech, #(167)=—"7.38, p<.001, d=-0.57. In
the control group, participants were also distracted by both masked speech, #(140)=—4.72,
p<.001, d=-0.40, and pure speech, #140)=—6.25, p<.001, d=—0.53.

Retrospective judgments

A 2x2 mixed analysis of variance was calculated to test the effects of the within-sub-
jects factor speech type (masked, pure) and the between-subjects factor group (prospec-
tive judgment, control) on the retrospective judgments (right panel of Fig. 3). Participants
judged masked speech to have been significantly more distracting than pure speech, F(1,
307)=99.67, p<.001, ng =.25. Whether or not participants were asked to provide prospec-
tive judgments before the objective distraction effects were measured did not affect the
retrospective judgments overall, F(1, 307) =2.21, p = .138, Tl?) = .01, but interacted signifi-
cantly with speech type, F(1, 307) =12.10, p <.001, nf, =.04. Both groups judged masked
speech to have been more distracting than pure speech, but the main effect of speech type
was larger in the prospective-judgment group, F(1, 167) = 77.97, p<.001, 2 = .32, than

p
Table 1 Serial-recall results of Experiment 1
Prospective-judgment group Control group
Masked speech 4.68 (0.16) 4.92 0.17)
Pure speech 4.56 0.17) 4.77 (0.18)
Quiet control 5.19 (0.16) 5.34 (0.16)

Note. The table shows the mean number of digits per trial that were recalled in the correct serial position
in the distractor trials with masked or pure speech and in the quiet control trials. Values in parentheses
represent the standard errors of the means
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in the control group, F(1, 140) = 28.88, p <.001, nf) =.17. Relative to the neutral midpoint
of the metacognition scale, participants in the prospective-judgment group judged masked
speech to have been distracting, #167)=—16.69, p < .001, d=—1.29, and pure speech to
have been neither distracting nor helpful, #167)=—1.29, p =.199, d=-0.10. Participants in
the control group judged both masked speech, #(140)=—14.80, p <.001, d=—1.25, and pure
speech, #(140)=—5.72, p<.001, d=-0.48, to have been distracting.

Discussion

A separate validation experiment has confirmed that speech masked with pink noise evokes
a subjective experience of disfluency relative to pure speech. Consistent with the hypothesis
that people rely on the (dis)fluency heuristic to arrive at prospective judgments about the
distracting effects of sounds on cognitive performance (Bell et al., 2023; Komar et al., 2024),
participants predicted masked speech to be more distracting than pure speech. In fact, they
even predicted pure speech to be slightly helpful for serial recall. In sharp contrast to these
prospective judgments but consistent with previous findings (Ellermeier & Hellbriick, 1998;
Schlittmeier & Hellbriick, 2009), participants were objectively less distracted by masked
speech than by pure speech. Given that masking speech with pink noise had opposite effects
on prospective judgments of distraction and objective distraction effects, the present find-
ings provide evidence of an even more pronounced metacognitive illusion in prospective
judgments than those previously observed (Bell et al., 2023; Komar et al., 2024).

Even after multiple firsthand experiences of having ignored the two types of speech
during the serial-recall task, participants judged masked speech to have been more, but not
less, distracting than pure speech. This metacognitive illusion in retrospective judgments
was more pronounced in participants who had previously provided prospective judgments
than in those who had not. We will return to the retrospective judgments in the General
discussion.

Experiment 2

Experiment 2 served to conceptually replicate the findings from Experiment 1, the main
difference being that speech babble, rather than pink noise, was used to mask the speech
(see also Jones & Macken, 1995; Keus van de Poll et al., 2015; Zaglauer et al., 2017). As in
Experiment 1, masked speech should evoke a subjective experience of disfluency relative to
pure speech, leading participants to predict masked speech to be more distracting than pure
speech. However, given that speech babble masks the auditory changes in the speech signal
that drive auditory distraction (Bell et al., 2019; Jones, 1993; Jones et al., 1993), participants
should objectively be less distracted by masked speech than by pure speech.
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Method
Participants

Data were collected as in Experiment 1. We aimed at collecting at least 750 valid data sets.
Of the participants who had passed the audio check, 167 participants did not complete the
experiment, 12 participants withdrew their consent to the use of their data, one participant
was under 18 years old and 19 participants reported studying or having studied Psychology.
The data sets of these participants were excluded from the analyses, together with the data
sets of two participants who had participated twice (the data sets from their first participa-
tion were retained). Based on responses to the catch trial or the post-experiment questions,
140 further data sets could have been excluded. However, following a recommendation
by Elliott et al. (2022), these data sets were retained in the analyses. This decision had
no impact on the statistical conclusions. The final sample, characterized by diverse levels
of education, consisted of 774 participants (388 female, 381 male, 5 non-binary) with a
mean age of 37 (SD=12) years. None of them had participated in Experiment 1. All par-
ticipants were proficient German speakers; 730 of them indicated that German was their
native language. Participants were randomly assigned to either the prospective-judgment
group (n=383) or the control group (n=391). A sensitivity analysis using G¥Power (Faul et
al., 2007) showed that, given a sample size of N=774 and o.==.05 (and, thus, a statistical
power of 1—3=.95), a main effect of speech type on the objective distraction effect of the
size nzp =.02 could be detected.

Materials

The same speech sequences as in Experiment 1 were used. A sequence of speech babble
was generated by merging all the 32 speech sequences using Amadeus Pro 2.8.9 (https:/
/www.hairersoft.com/). Masked-speech sequences were generated by combining the speech
sequences with the sequence of speech babble at a speech-to-babble ratio of 0 dB(A) L.
The speech babble featured an amplitude envelope with attack and decay times of 250 ms
to ensure a smooth onset and offset. Pure-speech sequences contained only the speech and
no speech babble (Fig. 4). Thus, each of the 32 speech sequences was available both as a
masked-speech sequence and as a pure-speech sequence.

Validation experiment
A separate validation experiment with different participants was conducted to test the effec-

tiveness of the experimental manipulation of processing (dis)fluency. After having applied
the same exclusion criteria as those reported above, data sets of 88 participants (32 female,

Masked speech

e e e

Pure speech
'M&—rww« B L e N Lt e

Fig. 4 Example waveforms of masked and pure speech used in Experiment 2
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56 male) with a mean age of 39 (SD=12) years were included in the analysis. The vali-
dation experiment for Experiment 2 was conducted as that for Experiment 1. Using the
speech sequences as the units of analysis, masked speech (M=-2.99, SD=0.81) was rated
to be significantly more difficult to listen to than pure speech (M=5.10, SD=0.25), F(1,
62)=2926.60, p<.001, nf, = .98. These results confirm that the experimental manipulation
of processing (dis)fluency was effective.

Design and procedure

Design and procedure were the same as those of Experiment 1. Questions and instructions
were adapted to reflect the use of speech babble instead of pink noise (e.g., “In some trials,
you heard sentences played with speech babble” or “In some trials, you heard sentences
played without speech babble”). The median duration of the experiment was 19 min in the
prospective-judgment group and 15 min in the control group.

Results
Prospective judgments

A repeated-measures analysis of variance was calculated to test the effect of the within-sub-
jects factor speech type (masked, pure) on the prospective judgments (left panel of Fig. 5).
Participants in the prospective-judgment group predicted masked speech to be significantly
more distracting than pure speech, F(1, 382)=791.92, p<.001, nf, = .67. Relative to the
neutral midpoint of the metacognition scale, masked speech was predicted to be distracting,
#(382)=-58.45, p <.001, d=-2.99, while pure speech was predicted to be helpful, #(382)
=5.67,p<.001,d=0.29.
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Fig.5 Results of Experiment 2. The left panel shows the mean prospective judgment about the distracting
effect of speech on serial-recall performance on a scale from — 6 (very distracting) to +6 (very helpful) as
a function of speech type (masked, pure). The middle panel shows the mean objective distraction effect
of speech on serial-recall performance relative to quiet as a function of speech type (masked, pure) and
group (prospective judgment, control). The right panel shows the mean retrospective judgment about
the distracting effect of speech on the participants’ serial-recall performance on a scale from —6 (very
distracting) to +6 (very helpful) as a function of speech type (masked, pure) and group (prospective judg-
ment, control). Error bars represent the standard errors of the means
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Table 2 Serial-recall results of Experiment 2

Prospective-judgment group Control group
Masked speech 4.65 (0.10) 4.81 (0.10)
Pure speech 4.59 (0.10) 4.69 (0.10)
Quiet control 5.15 (0.10) 5.26 (0.10)

Note. The table shows the mean number of digits per trial that were recalled in the correct serial position
in the distractor trials with masked or pure speech and in the quiet control trials. Values in parentheses
represent the standard errors of the means

Objective distraction effects

The objective distraction effects of masked and pure speech on serial-recall performance
were calculated as in Experiment 1. The serial-recall results, averaged across participants in
each group, are reported in Table 2.

A2 x2 mixed analysis of variance was calculated to test the effects of the within-subjects
factor speech type (masked, pure) and the between-subjects factor group (prospective judg-
ment, control) on the objective distraction effects (middle panel of Fig. 5). Participants
were significantly less distracted by masked speech than by pure speech, F(1, 772)=5.63,
p=.018, nf) =.01. Whether or not participants were asked to provide prospective judgments
before the objective distraction effects were measured did not affect the objective distraction
effects overall, F(1, 772) = 0.09, p = .767, nf, < .01, and did not interact with speech type,
F(1, 772) = 0.55, p = .458, nf, < .01. Although masked speech disrupted serial recall sig-
nificantly less than pure speech, both types of speech caused significant distraction relative
to quiet. In the prospective-judgment group, participants were distracted by both masked
speech, #382)=—8.56, p < .001, d=—0.44, and pure speech, #382)=—10.05, p<.001,
d=-0.51. In the control group, participants were also distracted by both masked speech,
#(390)=-8.21, p<.001, d=—0.42, and pure speech, #(390)=—10.14, p<.001, d=-0.51.

Retrospective judgments

A 2x2 mixed analysis of variance was calculated to test the effects of the within-sub-
jects factor speech type (masked, pure) and the between-subjects factor group (prospec-
tive judgment, control) on the retrospective judgments (right panel of Fig. 5). Participants
judged masked speech to have been significantly more distracting than pure speech, F(1,
772)=247.50, p<.001, nf, = .24. Overall, participants in the prospective-judgment group
judged speech to have been significantly less distracting than participants in the control
group, F(1, 772) = 9.50, p = .002, ng = .01. There was a significant interaction between
speech type and group, F(1, 772) = 30.84, p < .001, nf, = .04. Both groups judged masked
speech to have been more distracting than pure speech, but the main effect of speech type
was larger in the prospective-judgment group, F(1, 382) = 184.08, p<.001, nf) = .33, than
in the control group, F(1, 390) = 66.56, p < .001, nf) = .15. Relative to the neutral mid-
point of the metacognition scale, participants in the prospective-judgment group judged
both masked speech, #(382)=—24.70, p <.001, d=—1.26, and pure speech, #(382)=-2.55,
p =.011, d=—0.13, to have been distracting. Participants in the control group also judged
both masked speech, #390)=-25.07, p <.001, d=—1.27, and pure speech, #390)=—10.54,
p<.001, d=—0.53, to have been distracting.
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Discussion

In Experiment 2, all findings from Experiment 1 were conceptually replicated. A separate
validation experiment has confirmed that speech masked with speech babble evokes a sub-
jective experience of disfluency relative to pure speech. Consistent with the hypothesis that
people rely on the (dis)fluency heuristic to arrive at prospective judgments about the dis-
tracting effects of sounds on cognitive performance (Bell et al., 2023; Komar et al., 2024),
participants predicted masked speech to be more distracting than pure speech. In fact, they
even predicted pure speech to be slightly helpful for serial recall. In sharp contrast to these
prospective judgments but consistent with previous findings (Jones & Macken, 1995; Keus
van de Poll et al., 2015; Zaglauer et al., 2017), participants were objectively less distracted
by masked speech than by pure speech. Given that masking speech with speech babble had
opposite effects on prospective judgments of distraction and objective distraction effects,
the present findings once again provide evidence of a particularly pronounced metacogni-
tive illusion in prospective judgments.

Even after multiple firsthand experiences of having ignored the two types of speech dur-
ing the serial-recall task, participants judged masked speech to have been more, but not less,
distracting than pure speech. As in Experiment 1, this metacognitive illusion in retrospective
judgments was more pronounced in participants who had previously provided prospective
judgments than in those who had not.

General discussion

It has been proposed that people rely on the (dis)fluency heuristic when predicting the dis-
tracting effects of sounds on cognitive performance (Bell et al., 2023; Komar et al., 2024).
The basic idea is that without direct metacognitive access, people rely on their subjective
experience of the difficulty or ease of processing as a cue for predicting distraction. In
the present study, we tested the hypothesis that if people use the (dis)fluency heuristic,
then it should be possible to observe particularly pronounced metacognitive illusions in
prospective judgments about the distracting effects of masked and pure speech on cogni-
tive performance. Specifically, masking speech with pink noise (Experiment 1) or speech
babble (Experiment 2) should have opposite effects on prospective judgments of distraction
and objective distraction effects. The findings of both experiments support this hypothesis.
Separate validation experiments have confirmed that masked speech evokes a subjective
experience of disfluency relative to pure speech. Based on this subjective experience of
relative disfluency, participants predicted masked speech to be more distracting than pure
speech. In sharp contrast to these prospective judgments but consistent with previous find-
ings (Ellermeier & Hellbriick, 1998; Jones & Macken, 1995; Keus van de Poll et al., 2015;
Schlittmeier & Hellbriick, 2009; Zaglauer et al., 2017), participants were objectively less
distracted by masked speech than by pure speech, likely because pink noise and speech
babble masked the auditory changes in the speech signal that drive auditory distraction (Bell
etal., 2019; Jones, 1993; Jones et al., 1993). Together, the present findings provide evidence
of particularly pronounced metacognitive illusions in prospective judgments about the dis-
tracting effects of masked and pure speech on cognitive performance.
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The present findings complement those of previous studies showing that people fail to
correctly predict the distracting effects of music (Bell et al., 2023) and speech (Komar et
al., 2024) on cognitive performance. In these studies, prospective judgments of distraction
were affected by experimental manipulations such as playback direction (backward versus
forward) and language (foreign versus native), even though these manipulations did not
affect the objective distraction effects. However, the same pattern of results could have been
observed if the direct-rating measure used to assess the prospective judgments of distraction
had been more sensitive to the experimental manipulations than the serial-recall measure
used to assess the objective distraction effects. The interpretation of the present findings
is not complicated by such a limitation. Masking speech with pink noise or speech babble
affected not only prospective judgments of distraction but also objective distraction effects,
and it did so in opposite directions. The metacognitive illusions in prospective judgments
reported here are thus even more pronounced than those reported in previous studies (Bell
et al., 2023; Komar et al., 2024).

The hypothesis that people rely on the (dis)fluency heuristic when predicting the dis-
tracting effects of sounds on cognitive performance (Bell et al., 2023; Komar et al., 2024)
implies that sounds that are experienced as being disfluent are predicted to be more distract-
ing than sounds that are experienced as being fluent. In line with this hypothesis, partici-
pants predicted masked speech to be more distracting than pure speech. Surprisingly, they
also predicted pure speech to be slightly helpful for serial recall. However, given that the
effect was minuscule and has not been consistently observed across studies (cf. Komar et al.,
2024), it is unclear whether this finding merits a substantive interpretation. That being said,
it is possible that prospective judgments are influenced not only by the absolute (dis)fluency
experience associated with a sound but also by the (dis)fluency experience relative to that
associated with other sounds that are presented in the same context (cf. Wanke & Hansen,
2015). In the present study, the contrast between the (dis)fluency experiences associated
with the two types of speech might have been particularly salient because masking speech
with pink noise (ng = .63) or speech babble (T]f, = .67) influenced prospective judgments
more than playing speech backward (nf, = .48) or in a foreign language (r]g =.18) in the
previous study by Komar et al. (2024). This heightened contrast may have made the fluency
experience associated with pure speech particularly salient.

Particularly pronounced metacognitive illusions were not only found in prospective
judgments but also in retrospective judgments. Even though participants did not judge
pure speech to have been helpful for serial recall, they judged masked speech to have
been more, but not less, distracting than pure speech. This is in line with the finding
that masking speech with pink noise or speech babble caused metacognitive illusions
that were even more pronounced than those caused by the experimental manipulations
used in previous studies (Bell et al., 2023; Komar et al., 2024). Notably, the metacog-
nitive illusions in retrospective judgments were more pronounced in participants who
had previously provided prospective judgments than in those who had not, suggesting
that an initial focus on processing (dis)fluency when making prospective judgments ampli-
fied the metacognitive illusions in retrospective judgments. This pattern mirrors findings
from research on self-regulated learning, which have shown that learners often continue to
rely on ineffective learning strategies even after having experienced their limited effective-
ness (Karpicke & Roediger, 2008; Kornell & Bjork, 2007, 2008). The fact that there was
a metacognitive illusion in retrospective judgments may be viewed as contrasting with the
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findings from Beaman et al. (2014) showing that auditory distraction reduced participants’
confidence in their responses and their willingness to report them during task performance.
The differences between these two sets of results could potentially arise from differences
in the memory tasks, stimuli, and timing and nature of the metacognitive judgments. More
research is needed to understand why, in some situations, retrospective judgments remain
remarkably prone to metacognitive illusions even when participants have experienced dis-
confirming evidence firsthand.

In practice, the metacognitive illusions reported here may lead people to make subopti-
mal decisions when choosing and controlling their study and work environments so as to
optimize performance. For instance, they may fail to acknowledge the benefits of measures
designed to reduce auditory distraction, such as masking distracting sounds with back-
ground noise or, under specific acoustic conditions, multi-talker environments like open-
plan offices. However, a limitation of the present study is that this link between judgments
of distraction and real-world decision-making has not been directly demonstrated. There-
fore, a further aim for future research is to examine whether these judgments translate into
choices about study and work environments and, ultimately, affect performance outcomes.

To summarize, the two experiments reported here demonstrate that masking speech with
pink noise or speech babble causes the speech to be experienced as being more difficult to
process than pure speech, leading participants to predict masked speech to be more dis-
tracting than pure speech. In sharp contrast to these prospective judgments, participants
were objectively less distracted by masked speech than by pure speech. Even after multiple
firsthand experiences of having ignored the two types of speech during the serial-recall task,
masked speech was judged to have been more, but not less, distracting than pure speech.
Masking thus had opposite effects on judgments of distraction and objective distraction
effects. These findings provide evidence of particularly pronounced metacognitive illusions
and support the hypothesis that people rely on (dis)fluency as a cue for predicting distraction.
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