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Abstract
Multitasking situations, such as using one’s phone while driving, are increasingly common in everyday life. Experimental
psychology has long documented the costs of multitasking on task performance; however, little is known of the effects it has
on the metacognitive processes that monitor such performance. The present study is a step toward filling this void by combining
psychophysical procedures with complex multitasking. We devised a multimodal paradigm in which participants performed a
sensorimotor tracking task, a visual discrimination task, and an auditory 2-back working memory task, either separately or
concurrently, while also evaluating their task performance every ~15 s. Our main finding is that multitasking decreased partic-
ipants’ awareness of their performance (metacognitive sensitivity) for all three tasks. Importantly, this result was independent of
the multitasking cost on task performance, and could not be attributed to confidence leak, psychological refractory period, or
recency effects on self-evaluations. We discuss the implications of this finding for both metacognition and multitasking research.
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Introduction

Calling a friend on the phone while driving home; checking
the email inbox in-between writing a research article; scrolling
through social media during an online class. With the devel-
opment of new communication technologies, multitasking is
increasing in the Western world and in the younger genera-
tions (Carrier et al., 2009; Wallis, 2006). As such, the study of
multitasking has recently gathered attention from different
fields: for example, disruptions due to multitasking have been
documented while driving (Levy & Pashler, 2008; Nijboer
et al., 2016), in education (Junco, 2012; Sana et al., 2013),
in the workplace (Buser & Peter, 2012), and in mental health
(Becker et al., 2012; Reinecke et al., 2017). While the

potential costs of multitasking on task performance have long
been known (Pashler, 1994; Salvucci & Taatgen, 2010),
whether multitasking also hinders people’s awareness of their
performance is largely unknown: speaking on the phone while
driving decreases our ability to drive, but if it also decreases
our ability to realize this very fact, it may have catastrophic
consequences.

Research on metacognition investigates the ability of indi-
viduals to monitor and exert control over their own cognitive
processes (Dunlosky & Metcalfe, 2008; Nelson & Narens,
1990). One classically studied example of metacognition is
the feeling of confidence we experience after making a simple
decision, an internal estimate of the correctness of our decision
(Henmon, 1911; Mamassian, 2016). Another, less studied,
example is the ability to explicitly evaluate one’s own level
of performance in a task that is performed over a more extend-
ed duration (but see, e.g., Lee et al., 2021). This is often crucial
in real life, and is intimately intertwinedwith the task itself: for
example, when driving in our car, we are not just driving (i.e.,
performing the motor tasks of steering the wheel, shifting
gears, etc.), but also constantly monitoring and adjusting our
performance.

Given the importance of metacognition in regulating be-
havior (Aguilar-Lleyda, Lemarchand, & de Gardelle, 2020;
Balsdon et al., 2020), learning (Hainguerlot et al., 2018),
and coordination between agents (Massoni & Roux, 2017),
disruptions of metacognition are expected to have deleterious
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consequences on human behavior. Metacognitive failures are
associated with a range of psychiatric disorders (David et al.,
2012; Sun et al., 2017), including addictive behaviors such as
gambling (Spada et al., 2015). Thus, understanding the factors
and contexts that can disrupt these metacognitive processes is
important. Prior research has shown that, for example, meta-
cognition becomes less efficient under stress (Reyes et al.,
2015), with aging (Palmer et al., 2014), or under working
memory load (Maniscalco & Lau, 2015).

Theoretically, it is expected that metacognition should be
impaired in multitasking as a consequence of overlapping de-
mands on limited cognitive resources (Salvucci & Taatgen,
2008; Wickens, 2002). Metacognition and multitasking are
likely to compete for access to central cognitive resources as
they each place demands on executive functions. Moreover, if
some domain-general metacognitive evaluation is automati-
cally triggered whenever a task is performed (Aguilar-
Lleyda, Konishi, et al., 2020; de Gardelle & Mamassian,
2014; Mazancieux et al., 2020), multitasking might result in
overlapping and conflicting calls to the domain-general
metacognitive component, a situation in which multitasking
costs are predicted (Salvucci & Taatgen, 2008; Wickens,
2002).

However, very few studies, based on hard-to-compare par-
adigms, have addressed the impact of multitasking on meta-
cognition with mixed results. In one ecological study,
Sanbonmatsu et al. (2016)) found that having a phone conver-
sation while driving impairs participants’ abilities to evaluate
their own driving performance. Another study (Maniscalco &
Lau, 2015) found that manipulating items in working memory
(but not simply holding items in memory) deteriorates meta-
cognition in a visual task. Yet, we have found recently that
perceptual metacognition was remarkably resilient to dual-
task conditions: when participants performed and evaluated
themselves on two visual tasks in parallel, they could maintain
the same metacognitive efficiency as in single-task conditions
(Konishi et al., 2020). Thus, it remains largely unclear wheth-
er multitasking affects people’s monitoring and awareness of
their own performance.

With the present study we set to advance our understanding
of the effects of multitasking on metacognition. What is more,
we aimed to take a step towards bridging the results of con-
trolled laboratory experiments with real-life scenarios. We
took inspiration from the computer-based Multi-Attribute
Task Battery (MATB; Comstock Jr&Arnegard, 1992), which
simulates a series of concurrent aircraft pilots’ tasks, and is
developed by the National Aeronautics and Space
Administration (NASA) to evaluate operators’ performance
in overload situations. Our experimental paradigm involved
three tasks: a sensorimotor tracking task, a visual discrimina-
tion task, and an auditory 2-back task. Compared with extant
studies, our study had the following characteristics: we en-
gaged participants in multiple different modalities (visual,

auditory, sensorimotor); in addition, we increased the multi-
tasking load as participants performed three tasks. Finally, we
studied participants’ metacognition over longer trials, in the
order of tens of seconds.

Participants performed either single-task or triple-task
blocks, and at the end of each trial rated what they
thought their performance had been in the tasks. We then
quantified how closely their self-evaluations matched
their objective performance, and hypothesized that this
relationship would be disrupted in the multitasking con-
dition. Results provided support to this hypothesis: par-
ticipants were less precise in evaluating their own perfor-
mance in the triple-task condition, for all three tasks,
irrespective of the toll multitasking had on first-order
performance.

Methods

Participants

Eighteen naive participants (mean age: 28.8 years, range:
20–35 years; four males) took part in the study. All had
normal or corrected-to-normal vision and reported no psy-
chiatric or neurological disorders. Participants were naive
to the specific purpose of the experiment and gave in-
formed consent prior to the experiment. Participants took
part in three sessions on three different days and were
compensated 60 € for their time; each session lasted ap-
proximately 90 mins. No statistical methods were used to
pre-determine sample size, which was chosen based on the
resources available. Participants were tested in accordance
with the ethics requirements of the Ecole Normale
Superieure and the Declaration of Helsinki. One (male)
participant and one session for another participant were
excluded from all analyses due to their performance being
at chance level on one of the three tasks. Power calcula-
tions were implemented with the simr package in R (Green
& MacLeod, 2016). We ran simulations for the effect of
multitasking on task performance (the fixed effect of con-
dition in our linear mixed models), and for that of multi-
tasking on metacognitive sensitivity (the condition × self-
evaluation interaction). Specifically, we simulated a
dataset corresponding to our final sample size (17 partici-
pants), number of trials, and linear mixed-model struc-
tures; we then modified the beta estimates for our effects
of interest, aiming for a small to moderate effect size, and
simulated model fitting 5,000 times. Power was estimated
to be 100% with 95% confidence interval (CI) (96.38,
100.0) for the effect of multitasking on task performance,
and 81% with 95% CI (71.93, 88.16) for the effect of
multitasking on metacognitive sensitivity.
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Experimental tasks

All stimuli were displayed on an LCD monitor (1,280 × 800
pixels, 60 hz), with participants sitting approximately 50 cm
from the monitor. The stimuli and task code (in Python 3) are
available at https://osf.io/9ru8j/. The tasks ran on PsychoPy
(Peirce et al., 2019). Trials lasted for 12–21 s (uniformly dis-
tributed), during which time participants performed a contin-
uous visual tracking task, a continuous auditory feedback task,
and multiple instances of a visual discrimination task.

Sensorimotor tracking task The tracking task was chosen as
motor tasks pervade day-to-day life and because their contin-
uous nature is likely to ensure a high level of engagement for
participants. A black target dot (15-pixel radius) moved ran-
domly inside a bounded circular area (300-pixel radius) cen-
tered on the computer screen. Participants were instructed to
track the target by keeping the center of the mouse cursor (a
white cross, 30 × 30 pixel height × width) inside the dot as
much as they could during the whole trial duration. Figure 1
illustrates the task. The speed (i.e., the difficulty of the task;
speed range: ~50–70 pixels/s) of the moving target was
staircased in the first experimental session: the staircase aimed
at 50% tracking performance (correctly tracking the target for
50% of frames in a trial), with a 1-up/1-down staircase, with
equal step sizes. The target started at the center of the screen
on every block. Then, a new point in space was chosen every
12 frames, with a distance of 150 pixels and a random angle
calculated with a von Mises distribution with a kappa param-
eter of 2, and centered in the current motion direction. If the
new point fell outside of the boundary area of the task, it was
resampled. The target smoothlymoved towards that new point
with a velocity given by a vector of the distance between
target and new movement point, multiplied by a maximum
movement speed (which is the variable we staircased in our
design): this velocity was also affected by a “gravity” vector
that “pushed” the target towards the center the more it drifted
outside the circular boundary area. After a trial ended, the
target froze in space while participants responded to the self-
evaluation questions: after all the responses were submitted, a
new trial began once the participants moved the cursor on top
of the frozen target. The code is freely available at https://osf.
io/9ru8j/ (the functions newGoalPol, movToGoal, and
trackingTask, code for the movement of the target).

Visual discrimination taskWe designed the visual discrimina-
tion task to resemble the discrimination tasks used in percep-
tual metacognition studies. A white stimulus was flashed for
50 ms every ~3 s (with a uniform random jitter of ± 0.5 s). The
stimulus was randomly located at a fixed distance of 200
pixels from the center (so that it was inside the main circular
area). This stimulus (55 × 40 pixels) represented a space in-
vader that could be “angry” or “friendly” (same number of

pixels; see Fig. 1 for details): participants were instructed to
respond as quickly and accurately as possible, by pressing
either the left (for the “angry” space invader) or the right
(“friendly” space invader) mouse button. They had a maxi-
mum of 2 s after stimulus appearance to respond, after which
the response was considered as missing (across participants,
missing responses were 3% in the single-task, and 9% in the
triple-task condition). Depending on the trial duration, each
trial featured between three and six visual targets. The contrast
of the visual stimulus was staircased in the first experimental
session, with a 1-up/1-down (up-stepwas 7% of the maximum
value; ratio of down-step/up-step = 0.2845) method, targeting
78% performance (García-Pérez, 1998). A cloud of looming
white dots (n = 200; max_size = 8 pixels; speed = 2 pix/frame)
was also constantly generated to increase the difficulty of the
task.

2-back task The auditory 2-back task, standardly used in psy-
chology to measure working memory (WM), was used to
simulate the processing load of real-life multitasking situa-
tions (e.g., holding content in one’s mind during a conversa-
tion while driving). Participants wore headphones through
which they listened to a stream of single digits (from 0 to 9;
one every 1.5 s). Participants were instructed to press the
spacebar as quickly as possible every time they heard a num-
ber that was spoken two numbers before. Participants had
1.5 s to respond to the target (after which the next one was
presented). To ensure a sufficient number of targets on every
trial, every number had a 30% probability of being a target
number. Depending on the trial duration, each trial featured
between six and 12 spoken numbers (and between zero and
six 2-back targets). The stream of numbers was played on top
of an auditory noise track generated to increase the difficulty
of the task.

Self-evaluations At the end of each trial, participants were
asked to self-evaluate their performance on that trial, using
continuous rating scales (see Fig. 1). These self-evaluation
ratings were on the same scale as their corresponding objec-
tive performance: in the tracking task, participants subjective-
ly evaluated their performance on a scale from 0% to 100%
representing how much time they spent on-target. Similarly,
rating scales ranged from 0% to 100% for the visual task (% of
correctly responded targets) and for the 2-back task (% of
correctly responded numbers). Participants also rated their
task focus (from 0%, “completely distracted” to 100%,
“completely focused”) on each trial.

Design and procedure

Our paradigm featured three tasks and two conditions (single-
task and triple-task), and followed a within-subject, blocked
design. The order of the single- and triple-task blocks was
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counterbalanced across sessions and participants. The stimuli
from all three tasks were also always presented in all condi-
tions, so that trials were equated at the perceptual level; only
the instructions before each block changed, ensuring that par-
ticipants focused on selectively performing only one (single-
task blocks) or all three tasks concurrently (triple-task blocks).

Participants performed three experimental sessions over 3
days. On the first day, participants were instructed and prac-
ticed the three tasks, both in the single condition (for ten trials
in each task) and in the triple-task condition (also ten trials).
This initial practice was also present in the second and third
sessions. After training in the first session, participants per-
formed blocks of 60 trials for each task in the single-task
condition, throughout which the difficulty was staircased for

the tracking and the visual discrimination tasks (as outlined in
the previous section). In both the second and third sessions,
participants performed blocks of 50 trials for each task in the
single-task condition, and 50 trials of the triple-task condition;
the difficulty of the tracking and visual tasks’ stimuli was held
constant, using the stimulus level found with the staircase
procedures. The order of the blocks was counterbalanced
across sessions and participants. To disentangle a potential
metacognitive cost from a performance cost, we aimed to
equate performance between the single-task and triple-task
conditions with a manipulation across the second and third
sessions. This manipulation is explained in the Session
Effect section of the Online Supplementary Material. All sta-
tistical analyses and main results in this study used the data

Fig. 1 Top panel: Experimental tasks. The larger panel on the left
illustrates the tasks, while the smaller panel on the right shows the
response modalities. The stimuli of all three tasks were always
presented in all conditions, but participants were selectively instructed
to perform only one of the three tasks (single-task condition), or all
three together (triple-task condition), depending on block. (A) Auditory
2-back task; participants listened to a stream of digits with headphones,
and responded to targets with the spacebar key. (B) Tracking task; the
black target circle moved randomly around the screen (black dashed line),
while participants tracked it with the mouse cursor (white cross;

movement visualized with white dashed line). (C) Visual discrimination
task; participants responded with the left mouse button when the “angry”
space invader (hands down) was presented, or the right mouse button for
the “friendly” space invader (hands up). The cloud of small white dots
represents visual noise (more information in the main text). Bottom
panel: Self-evaluation screen. At the end of each trial participants were
asked to rate their performance on the task(s) they performed (left rating
scales), and on their task focus (on the right). The figure shows the case of
the triple-task condition, in which participants performed all three tasks
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from the second and third sessions (the constant stimuli
sessions).

Statistical analyses

Task performance Task performance for the tracking task was
indexed by the percentage of time (% of frames) of a trial in
which participants’ cursor was within the target. For the visual
and the 2-back tasks, in addition to the percentage of correct
responses, task performance was also measured with d’ as a
measure of the observers’ discrimination sensitivity. To ana-
lyze the effect of triple-tasking on task performance we ran
linear mixed models (LMMs) with the R package lme4 (Bates
et al., 2015): task performance on every trial was described
using task (tracking, visual, 2-back), condition (single- and
triple-task), and their interaction, as fixed effects; participants
and sessions (second and third sessions) were added as ran-
dom intercepts, as well as random slopes for the effect of task
condition on each participant. In order to analyze all three
tasks concurrently, removing trivial differences due to the dif-
ferent scales in the performance measures used, we standard-
ized trial-by-trial performance within-task, across participants.
As performance scores, we used the percentage of correct
tracking and d’ for the other two tasks on each trial. Because
of the low number of visual and 2-back targets in each trial,
and in order to calculate d’, we applied a standard correction in
which hits or false alarms proportions of 0 and 1 were replaced
with 1/(2n) and 1 − (1/(2n)), where n is the number of targets
for a task, in a trial. When looking specifically at the effects of
session number on performance, similar models were defined
for each task separately, with the only difference being the
session factor as a fixed instead of a random effect. P-values
for fixed effects were calculated using the lmerTest
(Kuznetsova et al., 2017) package, which implements
Satterthwaite’s method (backward elimination of non-
significant fixed and random effects) to judge the significance
of fixed effects. For all LMMs, the most complex model pos-
sible in terms of random slopes and intercepts (given the fac-
tors of interest) was first tested, and then gradually simplified
in case of non-convergence, until the most complex model
that converged was found (Barr et al., 2013); this was the
model to which the step function was applied.

Response times Response times (RTs) were available for the
visual task (mouse clicks) and for the 2-back task (key press).
RTs were log-transformed and then analyzed with linear
mixed models, in a fashion analogous to task performance,
including the same fixed and random effects (minus the track-
ing task, having no measurable RTs).

Metacognitive sensitivity We measured participants’
metacognitive sensitivity (the ability to discern good or bad
performance with one’s evaluations), separately by condition,

as the slope of the across-trials regression between objective
task performance and self-evaluation. A larger slope indicates
increased metacognitive sensitivity, as participants are able to
track their fluctuations in performance with their self-evalua-
tions. Importantly, we hypothesized that metacognitive sensi-
tivity (and thus the slope of the regression) would decrease in
the triple-task condition due to increased cognitive demands.
In order to test the effect of multitasking on metacognitive
sensitivity, we again ran linear mixed models, this time de-
scribing task performance on every trial with the correspond-
ing self-evaluation, condition, and task, and the triple interac-
tion, as fixed effects; participant number and session number
were added as random effects. The effect of interest here was
the interaction effect between the self-evaluation and the con-
dition factors: this signals a potential difference by condition
in the slope of the performance/self-evaluation relationship.

Results

Task performance

Figure 2 shows participants’ performance in the three tasks
and two experimental conditions. On average, participants
tracked the target 43% (SD = 4.9) of the time in the single-
task condition and 45% (SD = 5.8) in the triple-task condition.
In the visual discrimination task, participants’ average accura-
cy was 82% (SD = 5.9) and d’ was 2.23 (SD = 0.46) in the
single-task condition; mean accuracy was 71% (SD = 7.5) and
d’ was 1.59 (SD = 0.43) in the triple-task condition. In the
auditory 2-back task, for which there was no staircase proce-
dure, average accuracy (responding to targets and withholding
a response to non-targets) was 93% (SD = 4.2) and d’ was
3.01 (SD = 0.75) in the single-task; mean accuracy was 88%
(SD = 5.1) and d’ was 2.25 (SD = 0.58) in the triple-task
condition.

An LMM was defined, describing (z-scored) performance
with condition, task, and their interaction as fixed effects, as
well as a random slope and intercept for the effect of condition
on each participant. A random intercept for session was ini-
tially included but subsequently eliminated from the best
fitting model by backwards elimination. For this model (inter-
c e p t = - 0 . 0 1 , p a r t i c i p a n t i n t e r c e p t SD = 0 . 3 9 ,
participantconditionSD = 0.21), performance was higher in the
single-task condition (βsingle = 0.31, 95% CI (0.21, 0.41), t =
6.18, p < .001), indicating a multitasking cost, as expected. A
task × condition interaction (βtrackingXsingle = 0.39, 95% CI
(0.37, 0.41), t = 34.65, p < .001), however, indicated that this
multitasking cost was absent for the tracking task, as seen on
Fig. 2. In summary, a multitasking cost was found in the visual
and 2-back tasks, while participants appeared unaffected by
triple-tasking in the tracking task.
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Response times

As expected, responses were also slower in the triple-task
condition, for both the visual discrimination task and the au-
ditory 2-back task (see Fig. 3). On average, participants’ me-
dian RTs in the visual discrimination task were 626 ms (SD =
60) in the single-task and 751 ms (SD = 88) in the triple-task
condition. In the auditory 2-back, they were 779 ms (SD = 83)
for the single-task condition and 834 ms (SD = 71) in the
triple-task condition.

The effect of triple-tasking on response times was formally
analyzed for the visual and the 2-back tasks using an LMM
approach, as above. The best fitting LMM (intercept = -0.31,
participantinterceptSD = 0.06, participantconditionSD = 0.03) de-
scribed participants’ (log-transformed) RTs using condition,
task, and their interaction as fixed effects, and a random slope
and intercept for the effect of condition for each participant.
Participants were slower overall when responding in the
triple- relative to the single-task condition (βtriple = 0.05,

95% CI (0.04, 0.07), t = 6.80, p < .001), were slower overall
in the 2-back relative to the visual discrimination task (β2-back

= 0.06, 95% CI (0.6, 0.7), t = 22.49, p < .001; although the
responses were made via different mediums, key press vs.
mouse click), and finally the interaction effect confirmed that
the triple-task cost was relatively more pronounced for the
visual task compared to the 2-back task (βtripleXvisual = 0.04,
95%CI (0.03, 0.04), t = 12.92, p < .001). In summary, for both
the visual discrimination and the auditory 2-back task, partic-
ipants were both less accurate (Task Performance section) and
slower to respond in the triple-task, relative to the single-task
condition.

Metacognitive sensitivity

We tested if multitasking induced costs in participants’
metacognitive sensitivity, measured as how much self-
evaluations predicted performance across trials. Over all par-
ticipants and tasks, we defined a LMM that described

Fig. 2 Task performance in the three tasks and two experimental conditions. Each empty dot represents an individual participant. The black dot and error
bars represent the average across participants and 95% confidence intervals

Fig. 3 Median response times (RT) for the visual task (left) and auditory 2-back task (right), in the single-task and triple-task conditions. Each empty dot
represents an individual participant. The black dot and error bars represent the average across participants and 95% confidence intervals
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participants’ trial-by-trial performance by their self-evalua-
tion, condition, task, and all possible interactions as fixed ef-
fects, and a random slope and intercept for the self-evaluation
factor for each participant. Critically, the metacognitive mul-
titasking cost here corresponds to the interaction between the
self-evaluation and the condition factors. The best-fitting
model (intercept = 0.54, participantinterceptSD = 0.05,
participantself-evalSD = 0.08) had a random slope and intercept
for the self-evaluation factor for each participant, and a signif-
icant main effect of task, condition, and self-evaluation, as
well as the three possible double interactions between the
three factors: crucially, the self-evaluation × condition inter-
action was significant (βself-evalXsingle = 0.04, 95% CI (0.02,
0.05), t = 4.68, p < .001) in the direction hypothesized, with a
steeper slope for the self-evaluation factor in the single-task
relative to the triple-task condition. We also verified that the
decreasedmetacognitive sensitivity in the triple-task condition
was unrelated to the decreased task performance (Online
Supplementary Material, section 1.3 – Metacognitive
Sensitivity and Task Performance).

As a robustness check, we conducted another analysis
based on Spearman’s rank correlation (⍴) between perfor-
mance and evaluations as a measure of metacognitive sensi-
tivity (see Fig. 4). An ANOVA on this measure indicated a
significant main effect of task (F(2,80) = 7.93, p < .001, η2 =
.105, η2p = .165), and critically a significant main effect of
condition (F(1,80) = 16.66, p < .001, η2 = .110, η2p = .172),
indicating that participants evaluated their performance less
accurately in the triple-task condition.

The multitasking cost on metacognitive sensitivity was
found in 14 out of 17 participants (or 82%) for the tracking
task, and in 12 participants (71%) for the visual and 2-back
tasks. In addition, seven participants had a cost for all three
tasks and eight had a cost for two out of three tasks.

Last, we quantified metacognitive bias as the trial-by-trial
differences between objective performance and self-evalua-
tion. We found that 15 out of 17 participants were

underconfident in the triple-task condition (see Online
Supplementary Material, section 1.1).

Supplementary analyses

Our results indicate that multitasking induced a cost in terms
of metacognitive sensitivity, in addition to the well-known
costs in terms of task performance. We next tested whether
the metacognitive decline could be attributed to interference
between tasks at the metacognitive level, to inferences at the
level of task performance, or to recency effects in self-
evaluations (Online Supplementary Material, sections 1.4–
1.7).

First, we examined the possible role of a self-evaluation
leak (Rahnev et al., 2015) across the three metacognitive eval-
uations, which may have deteriorated metacognition specifi-
cally in the triple task. Although we did find some evidence
for such leakage, it did not predict the metacognitive deficit in
the triple task across participants. Second, we investigated
potential interferences between targets close in time (the
psychological refractory period; PRP; Welford, 1952), which
may affect performance while remaining inaccessible to self-
evaluations (Corallo et al., 2008; Marti et al., 2010). In our
data, such PRP effects could indeed be observed on response
times. However, they did not impact accuracy or self-evalua-
tions, on a trial-by-trial basis. This suggests that such interfer-
ence effects were not the cause of the metacognitive deficit in
the triple task. Third, we explored the possibility that partici-
pants’ self-evaluations would suffer from a recency effect
when examining performance in the current trial (Locke
et al., 2020), and that this limit could be more pronounced in
the triple task due to the increased demands. However, al-
though we did find evidence for recency effects in self-
evaluations in the tracking task, they were not more pro-
nounced in the triple-task condition.

Fig. 4 Metacognitive sensitivity (correlation across trials between
performance and self-evaluation) for the tracking task (left), visual task
(middle), and auditory 2-back task (right), in the single-task (x-axis) and

triple-task (y-axis) conditions. Each empty dot represents an individual
participant. The black dot represents the average across participants, with
error bars representing the 95% confidence intervals in the two conditions
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Discussion

The goal of this study was to further our understanding of
the effects of multitasking on performance metacognition,
i.e., the ability to monitor and report one’s own perfor-
mance in a task. We developed a paradigm bridging lab-
oratory experiments to real life scenarios: participants per-
formed three tasks that engaged different modalities, and
did so for long (relative to most metacognition studies)
periods of time. Participants were then asked to rate how
they thought they had performed, on a scale that matched
the one of their objective performance: this allowed us to
directly compare performance and self-evaluations, and
measure participants’ metacognitive sensitivity and bias.
Nearly all participants showed reduced metacognitive sen-
sitivity in the multitasking condition, in one, two, or all
three tasks. In summary, participants incurred a multitask-
ing cost on their ability to assess their own performance.
We then ran a series of exploratory analyses to rule out
some potential causes of this metacognitive drop: none
yielded a single factor that could explain away the
metacognitive cost in the triple-task. Thus, the decrement
in self-evaluation performance is probably not due to
changes in self-evaluation heuristics, but rather demon-
strates that multitasking demands globally interfere with
metacognitive mechanisms.

This result links together theories in two separate fields. In
the multitasking domain, the multiple resources model
(Wickens, 2002, 2008) predicts a cost in performance when-
ever different tasks access the same cognitive resource under
time constraints. In the metacognition field, certain aspects of
metacognition are thought to be domain-general (de Gardelle
& Mamassian, 2014; Mazancieux et al., 2020; Morales et al.,
2018); in our paradigm, multiple tasks might concurrently
require a central metacognitive resource in order to monitor
and report task performance, which in turn will cause a de-
crease in one’s awareness of one’s performance. This is pre-
cisely what we observed in this study, with participants having
worse metacognitive sensitivity in the triple- relative to the
single-task condition, even when their actual performance in
the task was equated across conditions (i.e., in the tracking
task).

In a previous study (Konishi et al., 2020), which used a
perceptual dual-task paradigm, we had found no such multi-
tasking cost on metacognition. This resiliency might have
different origins: for example, metacognitive processes might
use additional sources of information (e.g., global attentional
state of the observer) other than the evidence used for the
decision (Fleming & Daw, 2017). Moreover, the multiple re-
source model of multitasking performance cited above pre-
dicts that multitasking costs arise only in overload situations,
that is, when the tasks’ demands exceed the cognitive re-
sources available: it is possible that the demands of the

perceptual tasks in our previous study exceeded the resources
needed to perform the tasks concurrently (thus causing the
first-order performance cost), but not those required to com-
pute the metacognitive decisions. On the contrary, the present
study’s set-up appeared to overload participants’
metacognitive resources.

Importantly, the metacognitive processes studied in this
and our previous study are very different: in our previous
endeavor we focused on decision confidence, a feeling
reflecting an internal estimate of the correctness of a deci-
sion. Confidence, like the feeling-of-knowing in the mem-
ory domain, can be seen as a fundamental and basic in-
stance of metacognition. On the other hand, the self-
evaluations of performance of the present study are a more
complex kind of metacognition, requiring a conscious fo-
cus of attention over many seconds, and the integration of
such performance monitoring in memory. In fact, the pro-
cesses needed to self-evaluate one’s own performance dif-
fered across the three tasks, yet all were affected by multi-
tasking. In the tracking task, participants had to continu-
ously monitor the overlap between the cursor and the tar-
get. In the visual and 2-back tasks, participants faced a
limited number of target events, and had to form a global
sense of confidence over a series of discrete decisions
(Rouault et al., 2019). Although the continuous evaluation
of performance is typically less used in perceptual meta-
cognition studies, it might be equally or more important in
real-life contexts such as driving.

Some important questions remain to be answered. Is one
task particularly responsible for this metacognitive cost?
Future studies might test various combinations of two concur-
rent tasks to answer this. Similarly, is one specific cognitive
process suffering from being shared across tasks? For exam-
ple, both attention and working memory are fundamental pro-
cesses needed for these metacognitive evaluations: a different
paradigm will have to be devised in order to disentangle their
contribution, and their sensitivity, to multitasking. Work by
Maniscalco and Lau (2015)) provides one clue to this puzzle,
showing that working memory manipulation can decrease
metacognitive sensitivity in a concurrent task.

We believe the present study to be the first to show that
metacognitive sensitivity is impacted by multitasking.
Through differing tasks, in differing modalities, the great ma-
jority of participants (only one did not have a cost in any task)
were less accurate in evaluating their own performance in the
multitasking condition, and this was independent of the mul-
titasking cost on task performance. This has far-reaching im-
plications: students media-multitasking while listening to an
online course might not just learn less, but also be less aware
of what they’re missing; a driver on their phone might start to
slowly drift off their lane and not realize it; and a researcher
too busy switching back and forth from document to email
inbox might fail to correct a typo on their manuscrpt.
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