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Study Objectives: To evaluate the effects of total and partial sleep deprivation on reflection
impulsivity and risk-taking in tasks requiring deliberative decision-making processes.
Participants and Methods: Seventy-four healthy young adults were selected to participate
in two independent experiments, each consisting of a crossover design. In Experiment 1, 32
participants were tested after one night of regular sleep (RS), and after one night of total
sleep deprivation (TSD). In Experiment 2, 42 participants were tested following five nights
of RS and after five nights of partial sleep deprivation (PSD), implying five hours of sleep
per night. In both the experiments, two deliberative decision-making tasks were adminis-
tered, involving different decision-making constructs. The Mosaic Task (MT) assessed
reflection impulsivity, the tendency to gather information before making a decision. The
Columbia Card Task cold version (CCTc) evaluated risk-taking propensity in a dynamic
environment.

Results: Unlike TSD, PSD led to an increment of reflection impulsivity and risk-taking.
Nevertheless, analyses taking into account the individuals’ baseline (RS) performance
showed consistent results between the two experimental sleep manipulations. Participants
who gathered more information to make decisions in the MT when well-rested, then relied on
less evidence under sleep loss, and more cautious participants in the CCTc tended to make
riskier decisions.

Conclusion: Results pointed to differential consequences of sleep deprivation depending on
the habitual way to respond during decision-making involving deliberative reasoning pro-
cesses. Results were interpreted according to a putative interaction between sleep loss effect
and individual difference factors.

Keywords: sleep deprivation, sleep restriction, reflection impulsivity, risk-taking,

deliberative decision-making, individual differences

Summary

We investigated for the first time the effect of both total and partial sleep depriva-
tion on tasks involving specifically the deliberative component of decision-making.
Our results show that the effects of prolonged sleep restriction are more detrimental
than those of one night of total sleep deprivation. Furthermore, our findings point to
substantial inter-individual differences in the consequences of sleep loss. An inade-
quate amount of sleep differentially impacted participants’ performance depending
on their habitual decision behavior when well-rested. Under the effects of sleep

loss, people habitually more reflective and cautious become more impulsive and
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prone to risk-taking during decision-making based on
deliberative reasoning. The current results highlight the
importance of considering individual differences in sleep
deprivation protocols.

Introduction

A large percentage of people in most industrialized nations
regularly sleep inadequately, outlining a real sleep loss
epidemic.’ The link between sleep deficiency and health
problems is widely documented.” Moreover, sleep loss
compromises basic cognitive functions, such as psychomo-
tor vigilance,” attention, and working memory.* Negative
consequences of an inadequate amount of sleep also involve
higher-order cognitive processes such as decision-making.
Behavioral studies showed that sleep deprivation is linked
to impairment in the quality of decision-making across
multiple domains, reducing the ability to make good
judgments.® An increased propensity to take risks following
sleep deprivation has been shown in decision-making under
uncertainty.®” Furthermore, sleep loss affects economic
preferences® and has an effect on impulsive decision-
making.”'® Two competing systems were proposed to
underlie the decision-making processes.'! One system
accounts for “hot” decision-making, involving “gut feel-
ings” and emotions.'? The other system, phylogenetically
younger, is based in deliberative thought processes, relying
on analytic evaluations of risks/benefits. This process can
be referred to as “cold” decision-making.'*'*

The decision-making tasks commonly employed in the
sleep literature hinge upon both hot and cold processes,
hindering the identification of specific components of deci-
sion-making compromised by an inadequate amount of
sleep.'® The issue is evident in the research involving the
Towa Gambling Task'® (IGT), which has been widely used
to assess risky choice behavior under sleep deprivation.'”
This task makes it difficult to discern if sleep loss affects
only one’s risk attitude or subjective probability
formation.'” The same reasoning applies to the studies
evaluating the consequences of sleep deprivation on
(eg, 18,19y
Although the affective component seems to be predomi-

social-economic  tasks Ultimatum Game

nant in these tasks, the decisions also involve deliberative
processing.?*!

The issue of task impurity recommends caution in the
interpretation of the available results,** preventing to draw
unambiguous conclusions about the relationship between
sleep loss and decisional processes.'® Given that real-world

decision-making is based on complex interactions between

hot and cold processes,> it is essential to examine them in
a condition of sleep loss, separately. Addressing different
aspects of cognitive decision-making is needed because
sleep deprivation does not uniformly affect the multiple
components underlying cognition involved in decisional
processes.>*>

In the current study, we used two tasks that predomi-
nantly involve cold processes, but assessing different deci-
sion-making dimensions: the Mosaic Task (MT) and the
Columbia Card Task cold version (CCTc). The MT is
equivalent to the Beads Task, presenting differences only
in the graphical interface (for details see “Participants and
Methods”). The Beads Task is a validated probabilistic
reasoning task,”® which has been almost exclusively used
in clinical research to evaluate a specific subtype of “cold”
decisional impulsivity termed reflection impulsivity.?’>°
This task was selected to assess the consequences of sleep
loss on the tendency to gather increasing evidence to achieve
a decision in a forced dichotomous choice, considering that
sleep deprivation is capable of reducing the weight placed
on new pieces of information in a decision task similarly
based on Bayesian updating.'” The CCTc is a risk-taking
task developed to assess predominantly deliberative deci-
sion-making processes,”’ mostly requiring a rule-based ela-
boration that involves working memory and mental
calculation.®” In the view of the well-known increment of

3334 the choice

risk propensity following sleep deprivation,
of this task was aimed at evaluating the impact of an inade-
quate amount of sleep on decision-making strategies that do
not engage affective components.>”

Most studies in sleep literature on decision-making
have used protocols involving total sleep deprivation
(TSD), since it represents a more systematic approach to
evaluate the consequences of sleep loss on cognitive func-
tions, allowing to effectively control for potential con-
founding factors in a laboratory setting.’®> On the other
hand, prolonged partial sleep deprivation (PSD) certainly
represents a more prevalent condition in industrialized
societies (due to work requests, lifestyle or medical con-
ditions), which exerts similar consequences on cognitive
functioning as a period of TSD.?**’

Through two distinct experiments, this study aimed to
evaluate the impact of both TSD and five consecutive
nights of PSD (5 hours per night) on cold decision-
making processes in healthy young adults. We hypothe-
sized that sleep loss could reduce the amount of collected
information before making decisions in MT, influencing
the reasoning process based on the arrival of new
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information. Furthermore, we expected that both experi-
mental sleep manipulations lead to an increased risk pro-
pensity in a purely deliberative risk task such as CCTec.

Participants and Methods

The study included two independent experiments, carried
out at the Laboratory of Sleep Psychophysiology and
Cognitive Neurosciences, Department of Biotechnological
and Applied Clinical Sciences of the University of L’ Aquila.
Both the experiments have been approved by the Internal
Review Board of the University of L’Aquila (Italy), carried
out according to the principles established by the
Declaration of Helsinki. Written informed consent was
obtained from all participants before both the experiments.

Experiment |: Total Sleep Deprivation
Participants

Thirty-two university students were prescreened to parti-
cipate in the experiment (mean age + SE, 22.13 + 0.53 yr;
7 males). To check for the presence of sleep disorders,
insomnia, and mood or anxiety disorders, each participant
filled out the Pittsburgh Sleep Quality Index**>° (PSQI),
the Insomnia Severity Index***' (ISI), the Beck
Depression Inventory*> (BDI-II) and the State-Trait
Anxiety Inventory* (STAI-T). Inclusion criteria were:
a score <6 for the PSQI (group mean = SE, 3.03 + 0.26),
a score <7 for the ISI (2.94 + 0.44), a score <41 for the
STAI (34.51 + 0.92) and a score <14 for the BDI (5.30 +
0.64). All subjects had a habitual sleep duration of 7-8
hours per night, went to bed between 11:00 p.m. and
midnight, and did not usually take naps during the day.

Experimental Protocol
A crossover design was used, involving two conditions, in
a counterbalanced order, spaced one week apart (Figure 1).

Regular
sleep

6 Night washout

One week before the day of the experiment, partici-
pants came to the laboratory to carry out a preliminary
session, in which they received detailed instructions and
familiarized themselves with the experimental tasks using
a short demo of each task. Participants were recommended
to maintain a regular sleep-wake cycle in the five days
preceding both the conditions: we checked compliance
using actigraphy, which confirmed the absence of signifi-
cant differences in sleep amount and quality between the
two conditions (see “Results” section).

In the regular sleep condition (RS), participants took
part in the Testing phase (scheduled at 9:00 a.m.) after
a regular sleep night spent at home, measured by acti-
graphic recording (see “Sleep Assessment”).

In the total sleep deprivation condition (TSD), the
subjects came to the laboratory at 9:00 p.m., where they
spent the night awake. They were asked to spend the day
preceding the deprivation night following their habits,
avoiding to sleep during the day. This aspect was con-
trolled through actigraphy.

During the deprivation night, light snacks were
allowed, while activating beverages such as tea, coffee,
and energy drinks, chocolate, alcohol, and medications
inducing or contrasting sleepiness were banned. Regular
smokers were required not to smoke more than one cigar-
ette every hour. All participants were also imposed not to
smoke or eat at least 30 minutes before the Testing phase.
Additionally, lying down, sleeping, and performing intense
physical activity was not allowed. Participants were per-
mitted to briefly walk around, listen to music, read, watch
the television, or use a computer. Overnight, two experi-
menters constantly monitored the research participants.
Neon lamps illuminated the laboratory. Time information
was available to research participants. The next morning,
at 9:00 a.m., each subject participated in the Testing phase.

Testing phase
(h 9:00)

Columbia

Mosalc Card Task

Task

4 N (cold)
Total sleep I~
@
. J
Night 1
—

Figure | Experimental protocol of Experiment |.

Notes: Schematic representation of the experimental protocol of Experiment | that included regular sleep and total sleep deprivation conditions, presented in counter-
balanced order and separated by one week. The Testing phase was scheduled the morning following the night of both conditions.
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Sleep Assessment

All participants wore an actigraph on the non-dominant
wrist (AMI MicroMini Motionlogger; Ambulatory
Monitoring, Ardsley, NY, USA) during the five days
before the conditions (RS, TSD). Additionally, in the RS
condition, the night preceding the Testing phase was con-
trolled through actigraphy. Actigraphs were initialized by
ACT Millennium
Ardsley, NY, USA) in zero crossing mode to collect data

software (Ambulatory Monitoring,

in 1-min epochs. Collected data have been analyzed
through Action W-2 software (Ambulatory Monitoring,
Ardsley, NY, USA). Moreover, each morning all the parti-
cipants completed a sleep diary to report their subjective
sleep duration and sleep quality. Three variables, total
sleep time (TST), sleep efficiency (EFF%), and wake
after sleep onset (WASO), were obtained by the acti-
graphic data. In the RS condition, the mean actigraphic
variables (+ SE) calculated for the sleep night preceding
the Testing phase were: TST = 443.79 minutes (+ 7.73),
EFF% = 94.58% (+ 0.82), WASO =
( 3.60).

19.03 minutes

Testing Phase

At the beginning of the Testing phase, we assessed sub-
jective sleepiness using the Karolinska Sleepiness Scale**
(KSS). Participants’ subjective mood was measured using
a computerized version of the Visual Analogue Scale®
(VAS): each participant rated his/her current mood along
eight dimensions (happiness, sadness, tension, calmness,
irritability, tiredness, energy and concentration).
Accordingly, they pressed the left button of the mouse on
a 200 mm long line, presented on the computer screen,
between the extremes of “not at all” and “very much”. We
converted participant’s ratings into values from 0 to 10.
We then calculated a Negative Mood Index (NMI), adding
participant’s scores on the items sad, tense, irritable, and
happy and calm (reverse scored). A higher NMI reflected
a more negative mood (range: 0-50). Finally, participants
performed two decision-making tasks in a fixed order: the
Mosaic Task (MT) and the Columbia Card Task, cold
version (CCTc; details below). Since each task provides
a final hypothetical cumulative earning, we informed par-
ticipants that their score on each task would be subse-
quently used to rank their performance and published at
the end of the entire data collection. Participants knew that
if they scored in the top half of the ranking, this would be
rewarded with two credits, while a score in the bottom half

would be rewarded with one credit, only. This information

aimed to motivate participants to do their best and max-
imize their performance. At the end of the study, all the
participants were rewarded with the maximum course-
credits.

Mosaic Task
The Mosaic Task (MT) is inspired to the Beads Task,
a probabilistic inference task used to evaluate reflection
impulsivity, which is the tendency to collect and evaluate
information before making a decision.***** Participants
must decide which jar a sequence of beads has been drawn
from.>? Because the two jars typically used in a Beads
Task were replaced by mosaics, and the beads by tiles, the
task used in the current study was referred to as MT. Each
mosaic had 100 tiles of two different colors in different
proportions. In keeping with Garety et al,>® we set three
difficulty levels defined by 30:70, 35:65, and 40:60 blue to
red tiles ratio, respectively. Hereafter, we refer to these
levels as easy, intermediate, and difficult, respectively.
The three levels were presented in a fixed order of
increasing difficulty, and each one involved three repeti-
tions of the task (trials). In each trial, the participant
started with a fictitious budget of 400 points. After the
subject pressed a button mixing the tiles, the two mosaics
were hidden by a descending curtain. Then, the participant
could draw some tiles. For each draw, 20 points were
endowed from their budget, which was always shown in
a panel next to the mosaics. The drawn tiles were ran-
domly presented, according to the probabilities underlying
the three difficulty levels. If the participant was accurate in
deciding which of the two mosaics the tiles had been
drawn from, the remaining budget was awarded to him/
her. In so doing, greater information seeking was penalized
by more subtracted points. Accumulated points were also
presented in a panel next to the mosaics during each trial.
If the participant felt not ready to decide, he/she could go
on drawing the next tile, and so forth, up to a maximum of
twenty tiles. The participant’s goal was to end up with the
highest gain across all trials. The number of tiles drawn
before deciding (Draw to Decide, DTD) was the main
dependent variable recorded in each trial.

Columbia Card Task, Cold Version

The Columbia Card Task®' is a computerized card game
used for assessing behavioral risk-taking tendencies in
a dynamic environment. There are two different versions
of the task, known as “hot” and “cold”. In this study, we
used the cold version (CCTc), which was devised to assess
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deliberative decision processes, hinging upon working
memory and mental calculations. The peculiarity of the
cold version is that no gain-loss feedback is given at the
end of each game round (trial), and the final balance is
revealed only at the end of the entire game. We adminis-
tered a shortened version consisting of 27 trials instead of
the 54 trials used in previous research.’! In each trial, the
participants were presented with 32 face-down cards,
arrayed in four rows of 8 cards each, and the participant
selected how many cards he/she wanted to turn over by
clicking on a number between 0 and 32 at the top of the
screen, considering that each turned card corresponded to
a precise gain amount in each trial. Every trial started with
a score of 0 points. Participants were informed that they
could lose a variable number of points if they encountered
a losing card within the number of cards they had decided
to turn over. The aim was to earn as many points as
possible, and in each trial, the participants were informed
(at the top of the screen) about: the gain amount per turned
card (10, 20, or 30 points), the number of loss cards (1, 2,
or 3), and the penalty if a loss card is encountered (250,
500, or 750 points). Indeed, the 27 trials represent a full
factorial combination of the 3 levels of the 3 factors
mentioned above. The variation of these factors is
a crucial feature of the CCTc, allowing to evaluate how
available information can influence risky choices. The
presentation order of the game rounds was randomized
for each participant.

In the original CCT, the losing cards were always the
last in the trial, since it is improbable that research parti-

31
However,

cipants will become aware of this feature.
considering that we planned to administer the task twice,
the cards in each trial were shuffled, and the loss card
could be encountered at any stage during the task.
Previous research has shown that risk-taking tendencies
can be reliably assessed using the unrigged version of the
task.>>* Because turning over more cards conferred
greater potential reward, but also higher risk, the CCTc
main index of risk-taking was the number of turned cards
in each trial (Turned Cards, TC), with higher scores indi-
cating greater risk-taking.

Data Analysis

The effects of total sleep deprivation on perceived sleepiness
(KSS) and negative mood index (NMI) scores have been
assessed using paired-sample #-tests, comparing RS and
TSD conditions. Likewise, paired-sample ¢-tests were used
to compare the two conditions on the mean of sleep diary

(S-TST, S-WASO) and actigraphic variables (TST, EFF%,
WASO) recorded during the five nights preceding each con-
dition. A p-level of <0.05 was considered significant.

To test hypotheses on the association of one night of
sleep deprivation with decision-making in the Mosaic
Task, DTD was analyzed at the trial level without aggre-
gation. This approach allowed us to take the full response
patterns into account, without averaging over individual
trial-by-trial choices. DTD variable was tagged for each
participant, to coding the experimental condition (RS,
TSD) and the difficulty level of the task (easy, medium,
difficult). Likewise, the CCTc scores were also analyzed at
the trial level without aggregation to test hypotheses on the
association of one night of sleep deprivation with risk-
taking. Trial-by-trial TC scores were tagged to coding
the following variables for each participant: experimental
condition (RS, TSD), gain amount (10, 20, 30 points),
number of loss cards (1,2,3), and loss amount (250, 500,
750 points).

The analyses of MT and CCTc scores were performed

using the Ime4 R package,’**°

which provides functions for
fitting and analyzing mixed models. Models were fitted
using REML, and p-values were derived using the
Satterthwaite approximation.”” For the MT, the model
included the following predictors: experimental condition
(RS, TSD), difficulty level (easy, medium, difficult), and the
interactions among these factors. For the CCTc, the model
included the main effects of experimental conditions (RS,
TSD), gain amount (10, 20, 30 points), number of loss cards
(1,2,3), loss amount (250, 500, 750 points) and the interac-
tions among these factors (omitting interactions among the
following CCTec factors: gain amount, number of loss cards
and loss amount). All the analyses taking into account
“gender” as a between-subject factor did not yield any
significant main effect or interaction. Therefore, this factor
was collapsed and is not reported in the results. Of note,
mixed-model analyses included a random intercept per
participant to account for the repeated-measures nature of
the data and the hypothesized variability among participant
responses. Importantly, although the main results were
obtained from the two models described above, to clarify
and isolate the effects observed in the omnibus models, we
ran specific follow-up models reported in the ‘“Results”
section (omitting the description of main effects and inter-
actions already commented for the main models). For sig-
nificant effects, Bonferroni post hoc tests were carried out,
and the level of significance was always set at p<0.05.
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Experiment 2: Partial Sleep Deprivation
Participants

Forty-five subjects were selected from a university student
population to participate in the experiment. Three subjects
were discarded due to technical failures. Consequently, the
final sample comprised forty-two participants (mean age +
SE, 24.22 + 0.62 yr; 21 males). Each participant filled out
the same screening questionnaires as in Experiment 1, with
the same inclusion criteria (PSQI: group mean + SE, 3.62 +
0.22; ISI: 3.22 + 0.35; STAI-T: 33.40 + 0.99; BDI: 5.78 +
0.67). All participants declared to have a habitual sleep
duration of 7-8 h per night, went to bed between midnight
and 1:00 a.m., and did not have daytime nap habits.

Experimental Protocol

As in Experiment 1, all the subjects participated in two
conditions, held during two consecutive weeks in
a counterbalanced order (see Figure 2).

Similar to Experiment 1, a preliminary session was
scheduled the week before the start of the experiment, in
which participants received instructions on the two experi-
mental tasks and participated in two short demo versions of
them, to ensure a full understanding of the tasks the
testing day.

In the regular sleep condition (RS), participants were
allowed to sleep for five consecutive nights (from Sunday
to Thursday) according to their sleep habits. In the other
week, a maximum of 5 hours of sleep per night was
imposed, for five consecutive nights (from Sunday to
Thursday) [partial sleep deprivation condition (PSD)]. In
the PSD condition, participants were instructed to go to
bed approximately at 2:00 a.m. and to wake up at 7:00
a.m. Two washout nights were scheduled between the two
experimental conditions. The Testing phase was carried out
on the Friday morning of both weeks (about 9:00 a.m.).
Participants were recommended not to smoke or eat at

Regular
sleep

2 Night washout

least 30 minutes before each Testing phase, and they were
requested not to increase their habitual intake of activating
beverages (tea, coffee, energy drinks), alcohol, medications,
and cigarette consumption throughout the experimental
protocol.

In both the conditions, participants had to warn the
experimenter, through a text message, of the moment they
went to bed, turned off the lights to sleep, woke up, and got
out of bed. Constant telephone monitoring was carried out
through calls and text messages to control the reliability of
this information. During the night, the participants were
recommended to keep their telephone near the bed, with
the ringtone activated, so that the experimenters could
wake them up at the scheduled time if they had not received
the “good morning” text message. Daytime napping was not
allowed through the entire experimental protocol. This
aspect was controlled by an expert, who visually checked
all the actigraphic recordings (see “Sleep Assessment” para-
graph), also verifying the reliability of falling asleep and
awakening times declared by the participants through sleep
diaries and text messages.

Sleep Assessment

To obtain an objective assessment of sleep and to control
participants’ compliance with the experimental protocol,
all participants wore a Geneactiv accelerometer (Activin-
sights Ltd., Kimbolton, UK). The accelerometer was worn
on the non-dominant wrist from the Sunday morning of
the first condition, and for the entire duration of both the
experimental conditions. The Geneactiv accelerometer is
a reliable tool for evaluating sleep in adults.”® Devices
were initialized by Geneactiv PC software (version 3.2,
Activin-sights Ltd., Kimbolton, UK) with measurement
frequency set to 50 Hz. Geneactiv data were uploaded to

the computer using the same software.

Testing phase
(h 9:00)

Columbia
Card Task

Mosaic
Task

Partial sleep
deprivation

Night 2

Night 3

(cold)

Night 4 Night 5

Figure 2 Experimental protocol of Experiment 2.

Notes: Schematic representation of the experimental protocol of Experiment 2, consisting of regular sleep and partial sleep deprivation condition, presented in
counterbalanced order and separated by two washout nights. The Testing phase was scheduled the morning following the fifth night of each condition.
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Calculation of the sleep parameters was performed off-
line using a custom-written MATLAB program with
a graphical user interface (version 2018a, The MathWorks,
Inc., Natick, Massachusetts, USA), using the default medium
threshold setting. The program was obtained directly from
the authors™® and represents a validated method to transform
accelerometry data into the traditional actigraphic movement
counts. To obtain a subjective sleep assessment, each morn-
ing of the two experimental weeks, all the participants com-
pleted a sleep diary to report their subjective sleep duration
and sleep quality.

The same three variables as in Experiment 1 (TST, EFF%,
WASO) were obtained by the Geneactiv data for the five
nights of each experimental condition, with the support of
sleep diaries.

Testing Phase
Experiment 2 was identical to Experiment 1 as far as the
Testing phase is concerned.

Data Analysis

Similar to Experiment 1, perceived sleepiness (KSS) and
negative mood index (NMI) scores have been submitted to
a paired samples #-test, comparing the two conditions (RS,
PSD), to assess the influence of the partial sleep depriva-
tion on these subjective measures.

The same analysis was separately applied to the mean
of the five nights of the two experimental conditions of the
sleep diary (S-TST, S-WASO) and actigraphic variables
(TST, EFF%, WASO), to evaluate the differences in the
amount/quality of sleep between the two conditions.

To evaluate the effect of the five nights of partial sleep
deprivation on decision-making and on risk-taking, the same
analyses adopted in Experiment 1 have been applied to the
main variables of both tasks (DTD and TC for the MT and
CCTc, respectively). As for Experiment 1, to better under-
stand and isolate the effects attributable to the experimental
sleep curtailment, we ran specific follow-up models
described in the “Results” section. In case of significant
effects, Bonferroni post hoc tests were carried out.

For all the analyses, the level of significance was
always set at p<0.05.

Results

Experiment |: Total Sleep Deprivation
Actigraphic and Subjective Sleep Variables

Table 1 reports the results of the analysis of actigraphic and
sleep diary variables. Both the objective and subjective

measures of mean total sleep time and WASO did not differ
between the five nights preceding the two experimental
conditions. Moreover, the actigraphy showed no difference
in sleep efficiency between the five nights before the two
experimental conditions (RS, TSD).

Subjective Sleepiness and Mood Variables

The subjective sleepiness scores (KSS) were significantly
different between conditions (RS: mean + SE, 3.06 + 0.27;
TSD: 7.16 + 0.27; t3;=—14.01, p<0.001). Likewise, mood
scores (NMI) were significantly different (RS: 9.18 + 1.00;
TSD: 15.59 + 1.31; t3;=—4.59, p<0.001).

Mosaic Task

The analysis of DTD variable showed that the Condition
factor (F; 530=2.10, p=0.15) and the Condition x Difficulty
level interaction (F,s30=1.31, p=0.27) were not significant.
By contrast, the Difficulty level (easy, medium, difficult) was
significant (F, 530=14.41, p<0.001). Post hoc comparisons
revealed that the participants drew significantly fewer tiles
when the task was easy (mean =+ SE, 4.05 £ 0.39) than when it
was medium (4.71 + 0.39; p=0.003) and difficult (5.12 +
0.39; p<0.001). Of note, the random intercept was significant
(LRT=320, p<0.001), suggesting high variability in informa-
tion gathering across participants. Specifically, those who
drew fewer tiles exhibited a high level of reflection impul-
sivity, collecting a smaller amount of information before
making a decision, while others showed a low level of
reflection impulsivity, collecting a greater amount of infor-
mation. To further investigate these differences, we assigned
participants to two subgroups (High and Low Reflection

Table | Actigraphic and Subjective Sleep Parameters of
Experiment |

RS TSD

Mean * SE Mean * SE t3) p

Objective sleep variables (actigraphy)

TST (min) 44720 + 6.36 | 45751 £829 | —1.60 | 0.12
EFF% 95.39 £ 0.57 94.86 + 0.57 1.17 0.25
WASO (min) 16.54 + 2.65 19.77 + 2.66 -1.37 | 0.18
Subjective sleep variables (diary)

S-TST (min) 464.74 £ 5.53 | 479.65 736 | —0.60 | 0.55
S-WASO (min) | 4.06 + 0.79 4.96 + 0.90 —0.99 | 033

Notes: Mean (and standard error) of objective (actigraphic) and subjective (diary)
sleep parameters of the five nights preceding each condition (regular sleep, total
sleep deprivation). t-Test analysis results (t and p) are also shown.

Abbreviations: TST, total sleep time; EFF, sleep efficiency; WASO, wake after sleep
onset; S-TST, subjective total sleep time; S-WASO, subjective wake after sleep onset.
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impulsivity, respectively) based on a median split of the DTD
variable in the RS condition, assumed to represent each
participant’s habitual performance. This categorization was
added to the omnibus analysis model as a between-subject
factor (Reflection impulsivity). Although the analysis con-
trolled for the interaction between Reflection impulsivity and
Difficulty level factors, these effects were not shown because
not needed for discussing the effect of TSD.

As expected, the Reflection impulsivity factor was
significant (High Reflection impulsivity: 3.18 + 0.38;
Low Reflection impulsivity: 6.07 + 0.38; F, 3,=28.69,
p<0.001). Additionally, the analysis yielded a significant
Reflection impulsivity x Condition interaction (F; s34
=19.76, p<0.001, see Figure 3). High and Low Reflection
impulsivity subgroups were differently affected by one
night of sleep deprivation. Post hoc comparisons indicated
that the Low Reflection impulsivity subgroup drew sig-
nificantly fewer tiles in the TSD condition compared to the
RS condition (p<0.001). Nevertheless, this subgroup still
drew more tiles compared to the High Reflection impul-
sivity participants in the TSD condition (p=0.003). Instead,
sleep deprivation did not affect the performance of the
High Reflection impulsivity subgroup (p=0.23). The three-
way interaction was not significant (F; 534=0.98, p=0.37).
Control analyses indicated that all significant effects sur-
vived the covariance of mood scores (NMI).

Columbia Card Task
As shown in Table 2, the Condition effect and the inter-
actions between Condition (RS, TSD) and task design

[ =
o - N

factors (ie, Gain amount, Number of loss cards, and Loss
amount) were not significant in the analysis of TC vari-
able. As expected, Gain amount (10, 20, 30 points per
card), Number of loss cards (1,2,3), and Loss amount
(250, 500, 750 points) influenced participants’ decisions
in each trial. Post hoc comparisons revealed that partici-
pants turned more cards in the trials where the gain
amount was 30 points per card (mean = SE, 12.88 +
0.84), 10 (11.92 =+ 0.84; p=0.005).
Participants also turned more cards in the trials in which

compared to

the number of loss cards was 1 (15.61 = 0.84), compared
to 2 (11.97 = 0.84; p<0.001) and 3 (9.73 + 0.84; p<0.001),
and when it was 2 compared to 3 (p<0.001). Additionally,
the trials where the points that could be lost were 250
(14.02 £+ 0.84) elicited more turned cards than trials with
a higher penalty (500: 12.22 £+ 0.84; 750: 11.08 + 0.84; all
p<0.001).

Once again, the random intercept effect was significant
(LRT=874, p<0.001), suggesting high variability in risk-
taking across participants. Those who were more inclined
to risk in the RS condition (assumed as baseline) turned
more cards than those who were less risk-inclined.
Accordingly, the sample was split into two subgroups,
referred to as High Risk-taking and Low Risk-taking,
based on the median calculated on the TC mean scores of
RS condition. This Risk-taking factor was included in the
omnibus model. In reporting results in Table 3, we omitted
the interactions between Risk-taking and task design factors

because not needed for discussing the effect of TSD.
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Figure 3 Reflection impulsivity x Sleep condition interaction on Mosaic Task performance in Experiment I.
Notes: Mean (and standard error) of the trial-by-trial Draw To Decide mean scores in the two conditions (regular sleep, total sleep deprivation) for the High Reflection

impulsivity and Low Reflection impulsivity subgroups. **p<0.01; **p<0.001.
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Table 2 Main Effects and Interactions of Sleep Condition and
Task Design Factors for Turned Cards variable (Experiment I)

F-Test | Degreesof | p
Freedom
Condition 0.39 1,1683 0.53
Gain amount 5.13 2,1683 0.01
Number of loss cards 192.07 | 2,1683 <0.001
Loss amount 47.92 2,1683 <0.001
Condition X Gain amount 0.24 2,1683 0.79
Condition x Number of loss cards | 0.26 2,1683 0.77
Condition X Loss amount 0.24 2,1683 0.79

As expected, the Risk-taking factor was significant (Low
Risk-taking: 9.13 £ 0.82; High Risk-taking: 15.75 =+ 0.82).
The model indicated a significant effect for the interaction
between Risk-taking and Condition, pointing to a differential
effect of TSD condition between High Risk-taking and Low
Risk-taking subgroups. Post hoc comparisons (Figure 4)
revealed that the Low Risk-taking subgroup turned signifi-
cantly more cards in the TSD condition compared to the RS
condition (p=0.02). Nevertheless, the Low Risk-taking sub-
group was still more cautious than the High Risk-taking
subgroup, even in the TSD condition (p<0.001). No differ-
ence for the High Risk-taking participants was obtained
comparing the two experimental conditions (p=0.20).
Additionally, none of the interactions among Condition,
Risk-taking, and one of the task design factors were signifi-
cant. Control analyses with NMI covariance confirmed all
the significant effects.

Experiment 2: Partial Sleep Deprivation
Actigraphic and Subjective Sleep Variables
Actigraphic recordings and sleep diary data confirmed the
established sleep duration for the PSD condition (TST<5
hours), which was significantly lower than the RS condition.

Table 3 Main Effects and Interactions of Sleep Condition and
Task Design Factors for Turned Cards variable, with the Inclusion
of the Risk-Taking Factor (Experiment |)

F-Test | Degrees P

of

Freedom
Risk-taking 32.69 1,30 <0.001
Condition % Risk-taking 13.88 1,1670 <0.001
Condition x Risk-taking * Gain amount | 0.13 2,1670 0.88
Condition X Risk-taking X Number of 0.44 2,1670 0.64
loss cards
Condition % Risk-taking X Loss amount | 0.55 2,1670 0.58

Furthermore, following prolonged partial sleep deprivation,
sleep efficiency increased, while WASO decreased, suggest-
ing an increased homeostatic drive to sleep (Table 4).

Subjective Sleepiness and Mood Variables

The analysis of subjective sleep measures (KSS) showed
significant differences between conditions (RS: mean +
SE, 3.36 + 0.31; PSD: 5.60 + 0.35; t4;=6.21, p<0.001),
which also differed in NMI scores (RS: 13.29 + 1.32;
PSD: 18.71 + 1.30; t4;=3.90, p<0.001).

Mosaic Task
The Condition factor (RS: mean + SE, 5.53 £ 0.55; PSD: 5.04
+ 0.55; F; 709=8.40, p=0.004) and the difficulty level factor
were significant (F, 709=3.24, p=0.04). Post hoc comparison
indicated that participants drew significantly fewer tiles in the
easy level of the task (5.10 + 0.55) than in the difficult level
(5.55 + 0.55; p=0.03). Instead, the Condition x Difficulty
level interaction was not significant (F5709=0.36, p=0.70).
Of note, the random intercept effect was significant
(LRT=711, p<0.001). As in Experiment 1, we split the
sample into two subgroups (High Reflection impulsivity,
Low Reflection impulsivity), and the Reflection impul-
The
significant (High

sivity factor was included in a new model.
Reflection impulsivity factor was
Reflection impulsivity: 2.57 + 0.50; Low Reflection
impulsivity: 8.00 £ 0.50; F; 49=64.10, p<0.001), as well
as the Reflection impulsivity x Condition interaction
(F1.704=27.64, p<0.001, see Figure 5). The five nights
of partial sleep deprivation differently affected High and
Low Reflection impulsivity subgroups. Post hoc compar-
isons revealed that the Low Reflection impulsivity sub-
group drew significantly fewer tiles in the PSD condition
than in the RS condition (p<0.001), while the perfor-
mance of participants who were higher on reflection
impulsivity was not affected by the prolonged partial
sleep deprivation (p=0.62). Again, notwithstanding this
effect, participants who were lower on reflection impul-
sivity at baseline drew more tiles than the other subgroup
even in the PSD condition (p<0.001). The three-way
interaction was not significant (F, 704=0.36, p=0.70). Of
note, adding the NMI covariate did not affect the sig-
nificant effects obtained in the models.

Columbia Card Task

As shown in Table 5, the Condition factor was significant
(RS: mean £+ SE, 11.14 £+ 0.61; PSD: 11.95 £ 0.61).
showed that Gain amount,

Moreover, the analysis

Number of loss cards, and Loss amount affected the
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Figure 4 Risk-taking % Sleep condition interaction on Columbia Card Task (cold) performance in Experiment I.
Notes: Mean (and standard error) of the trial-by-trial Turned Cards mean scores in the two conditions (regular sleep, total sleep deprivation) for the Low Risk-taking and

High Risk-taking subgroups. *p<0.05; ***p<0.001.

number of turned cards. Participants turned fewer cards in
the trials in which the gain amount was 10 points per card
(10.56 £+ 0.62), compared to 20 (11.65 = 0.62; p=0.003) or
30 points per card (12.42 + 0.62; p<0.001). Participants
turned more cards in the trials in which the number of loss
cards was 1 (14.84 £ 0.62), compared to levels 2 (11.08 +
0.62; p<0.001) and 3 (8.71 £ 0.62; p<0.001), and when it
was 2, compared to level 3 (p<0.001). Additionally, parti-
cipants turned more cards in the trials in which the loss
amount was 250 points (13.05 £ 0.62), compared to 500
(11.16 £ 0.62; p<0.001) and 750 points (10.43 + 0.62;
p<001). On the other hand, the interactions between the
Condition and the task design factors were not significant.

Table 4 Actigraphic and Subjective Sleep Parameters of
Experiment 2

RS PSD ta4 P

Mean * SE Mean * SE

Objective sleep variables (actigraphy)

TST (min) 417.86 + 477 | 263.84 £ 2.50 | 35.83 | <0.001
EFF% 89.20 + 0.65 90.37 + 0.49 —2.08 | 0.04
WASO (min) 29.90 + 1.88 15.09 + 0.92 11.84 | <0.001
Subjective sleep variables (diary)

S-TST (min) 45471 £ 5.02 | 289.76 + 1.49 | 36.89 | <0.001
S-WASO (min) | 4.03 + 0.70 2.33 £ 059 2.04 0.05

Notes: Mean (and standard error) of objective (actigraphic) and subjective (diary)
sleep parameters of the two conditions (regular sleep, partial sleep deprivation).
t-Test analysis results (t and p) are also shown.

Abbreviations: TST, total sleep time; EFF, sleep efficiency; WASO, wake after sleep
onset; S-TST, subjective total sleep time; S-WASO, subjective wake after sleep onset.

Instead, the random intercept effect was significant
(LRT=551, p<0.001), showing a wide variability among
participant responses. As in Experiment 1, we split the
sample into two subgroups (Low Risk-taking, High Risk-
taking), and the Risk-taking factor was included in the
model. The results are reported in Table 6.

The Risk-taking factor was significant (Low Risk-taking:
8.73 £ 0.57; High Risk-taking: 14.36 £ 0.57), as well as the
Risk-taking x Condition interaction. The High Risk-taking
and Low Risk-taking subgroups were differently affected by
the five nights of partial sleep deprivation (see Figure 6). Post
hoc comparisons showed that under PSD, the Low Risk-
taking subgroup turned significantly more cards than in the
RS condition (p<0.001), while the High Risk-taking partici-
pants turned the same number of cards in both conditions
(p=0.67). Again, notwithstanding this effect, the two sub-
groups continued to show a different risk-taking behavior
also in the PSD condition (p<0.001). None of the interactions
among Condition, Risk-taking, and one of the task factors
were significant. Control analyses confirmed that all signifi-
cant effects survived the NMI covariance.

Discussion

In this study, we showed that five consecutive nights of partial
sleep deprivation reduced data gathering before making
a decision and increased risk propensity in deliberative deci-
sion-making. By contrast, one night of total sleep deprivation
was not enough to affect data gathering and risk-taking
behavior. These findings suggested that prolonged sleep cur-
tailment is more effective than one night of sleep deprivation
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Figure 5 Reflection impulsivity x Sleep condition interaction on Mosaic Task performance in Experiment 2.
Notes: Mean (and standard error) of the trial-by-trial Draw To Decide mean scores in the two conditions (regular sleep, partial sleep deprivation) for the High Reflection

impulsivity and Low Reflection impulsivity subgroups. ***p<0.001.

in modifying the specific decision-making behaviors implied
in the two tasks used in the present study. This result is in line
with previous research, which suggested that PSD potentially
has a more detrimental effect on cognitive performance than
TSD.”® This finding may also have practical implications,
considering that an inadequate amount of sleep is
a widespread condition in our modern western societies.

Of note, in both the experiments, we evidenced a wide
inter-individual variability in the participants’ responses on
both tasks. In particular, following one night of total sleep
deprivation, subjects tended to differentiate according to
their habitual performance rather than to experimental
manipulations. This result led us to hypothesize that there
could be individual difference factors underlying decision-
making processes that could not be altered by the experi-
mental manipulations. After all, both MT and CCTc have
been created and are currently used as tests of individual

Table 5 Main Effects and Interactions of Sleep Condition and
Task Design Factors for Turned Cards variable (Experiment 2)

F-Test | Degrees of | p
Freedom

Condition 9.15 1,2213 0.003
Gain amount 16.48 2,2213 <0.001
Number of loss cards 181.89 | 2,2213 <0.001
Loss amount 34.71 2,2213 <0.001
Condition X Gain amount 0.29 2,2213 0.75
Condition X Number of loss cards | 0.89 2,2213 041
Condition X Loss amount 0.17 2,2213 0.85

differences in probabilistic reasoning and risk-taking in
deliberative decision-making.**** To aid in the interpreta-
tion, we carried out some exploratory analyses, assuming
a differential effect of both the experimental sleep manip-
ulations depending on the participants’ habitual (baseline)
decision-making behavior. The analyses showed that both
total and prolonged partial sleep deprivation reduced will-
ingness to gather information before deciding for partici-
pants who behaved more reflectively in the MT. Sleep loss
also caused an increment in risk appetite specifically in less
risk-inclined subjects in the CCTec.

Of note, the median split procedure applied to the data
of the two tasks gave rise to subgroups which were not
fully overlapping in both the experiments, since partici-
pants concomitantly assigned to High Reflection impulsiv-
ity and High Risk-taking subgroups were 65.63% in
Experiment 1, and 52.38% in Experiment 2. This outcome
confirmed that different decision-making constructs sub-
tended and were assessed by the two tasks.?” This is not
surprising considering the specific performance required
by each task, with MT requiring data gathering in
a context of probabilistic (Bayesian) reasoning, and the
CCTec reflecting a risk-taking process. Accordingly, herein
we separately discuss the results for each task.

Effect of TSD and PSD on Reflection
Impulsivity

If we consider the whole sample, one night of total sleep
deprivation did not influence MT performance. On the
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Table 6 Main Effects and Interactions of Sleep Condition and
Task Design Factors for Turned Cards variable, with the Inclusion
of the Risk-Taking Factor (Experiment 2)

F-Test | Degrees of | p
Freedom

Risk-taking 48.24 1,40 <0.001
Condition X Risk-taking 29.01 1,2200 <0.001
Condition x Risk-taking X Gain amount | 0.24 2,2200 0.79
Condition x Risk-taking * Number of 0.17 2,2200 0.84
loss cards

Condition % Risk-taking x Loss amount | 1.91 2,2200 0.15

other hand, five nights of sleep restriction lead to an over-
all reduction in data gathering before making decisions.
Nevertheless, follow up analyses that took into account the
participant’s habitual performance showed consistent
results between the two experiments. Participants charac-
terized by a greater data gathering in the RS condition
before making a decision (Low Reflection impulsivity
subgroups) based their responses on a significantly smaller
amount of information following both conditions of sleep
deprivation (TSD, PSD). On the other hand, the perfor-
mance of participants who drew fewer tiles in the RS
condition (High Reflection impulsivity subgroups) did
not seem to be affected by both TSD and PSD manipula-
tion. To account for these peculiar results, we refer to
a substantial literature supporting the existence of two
interactive processes underlying reasoning, and putatively
involved in MT: the “intuitive” and the “analytic”
processing.®*®> The former involves rapid, automatic,

N NN
o N B

and effortless processing, while the latter purely delibera-
tive and effortful processing. In this view, the largest
published Beads task study to date®® showed that the
analytic cognitive style specifically predicted performance
in this task in a large non-clinical sample. Additionally,

1 showed a link between evidence accumu-

Brosnan et a
lation in the Beads task and performance in an analytic
reasoning task. Accordingly, we hypothesized that the
reduction in the number of drawn tiles following both
total and (cumulative) partial sleep deprivation could
reflect an impairment of the effortful analytic processing,
in favor of the automatic, intuitive one. Sleep loss, impact-
ing preferentially the purely deliberative reasoning pro-
cess, could lead to react more impulsively in response to
the arrival of new information in an effortful probabilistic
reasoning task like the MT. Accordingly, participants puta-
tively characterized by an under-utilization of the analytic
processing in the RS condition (High Reflection impulsiv-
ity subgroups) were not affected by the experimental sleep
manipulations.

In support of this interpretation, we could refer to the
well-known adverse consequences of an inadequate amount
of sleep on working memory (WM) function.®®*° Since the
analytic processing heavily burdens the WM system, an
impaired WM could mediate the decrease in drawn tiles
following sleep loss. Alterations in the ability to maintain
and manipulate increasing information following sleep depri-
vation could imply that individuals were less inclined to
evaluate the probability of a given outcome carefully,'” lead-
ing to an approximation of their responses.’® Coherently, the
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Figure 6 Risk-taking % Sleep condition interaction on Columbia Card Task (cold) performance in Experiment 2.
Notes: Mean (and standard error) of the trial-by-trial Turned Cards mean scores in the two conditions (regular sleep, partial sleep deprivation) for the Low Risk-taking and

High Risk-taking subgroups. **p<0.001.
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current literature on the Beads task widely proposed a link
between limited information gathering (jumping to conclu-
sion bias) and deficits of the WM system.”' "

Remarkably, a differential effect depending on baseline
performance in the Beads task has been already shown in
a study aimed to evaluate the consequence of methylpheni-
date (MPH) intake.” In this study, the authors showed that,
after a similar median split of the sample based on placebo
condition performance, MPH led to a decrement in evi-
dence collected in the subgroup which gathered more infor-
mation in the baseline performance (equivalent to our Low
Reflection impulsivity subgroups). This similarity is inter-
esting, considering that both MPH and sleep deprivation
have been linked to an altered dopamine signaling in the

striatum,”>77

which is thought to be implied in Beads task
performance.”*”® Further investigations may clarify the
putative role of the dopaminergic system to explain this
specific pattern of results. Finally, the significant effect
obtained in the entire sample of Experiment 2 was not
consistent with a recent prolonged sleep restriction study
using the Beads task.”” However, in Reeve et al’® sleep was
restricted to 5 hours for only three consecutive nights, and
the easiest version of the task (85:15) was adopted. These
substantial differences could explain the discrepant results
between studies.

Effect of TSD and PSD on Risk-Taking

Unlike total sleep deprivation, prolonged partial sleep
deprivation significantly affected the CCTc performance,
leading to an increment in risk-taking behavior.
Additionally, follow up analyses showed that both sleep
manipulations (TSD and PSD) increased risk-taking, but
only in participants who showed a more cautious behavior
when they were well-rested. These results are consistent
with previous studies which have shown that, if there could
be an effect of sleep deprivation on gambling tasks, this
would be in the direction of greater risk seeking.’*** In
particular, fMRI studies have shown that sleep deprivation
resulted in functional alterations of brain areas involved in
win/loss signal processing.* These results have been inter-
preted as an increase of the expectation of winning and an
attenuation of the loss aversion,®® linked to a behavioral
shift from preventing losses to pursuing gains following
sleep deprivation.® A putative mechanism involved in the
well-known increment of risk-taking propensity induced by
sleep loss is the impairment of the inhibitory systems, which
lead to impulsive behavior to pursuing gains.** On the other

hand, total and partial sleep deprivation did not seem to

affect the performance of the subgroups showing a higher
risk-inclined behavior in the baseline condition (High Risk-
taking subgroups). Conceiving the CCTc performance as
a function of dispositional factors, Buelow®' showed
a relation between low-risk propensity in this task and
a higher behavioral inhibition measure, involving greater
sensitivity to punishment signals. Additionally, also the
impulsivity construct seems to be implied in the CCTc
performance. Indeed, although this task was designed to
assess deliberative decision processes, higher impulsivity
involves poor planning skills and inappropriate responses,
impairing the ability to consider the different decision
options carefully.®® In this view, the impulsivity trait pre-
dicted a higher amount of turned cards in CCTc.*

Based on these separate lines of evidence, we hypothesize
that the risk-taking  of  habitually
risk-averse individuals could reflect an impairment of the

increment  in

behavioral inhibition systems, which triggered more risky
choices. On the other hand, participants more inclined to risk-
seeking could be not influenced by the sleep manipulations
because they might be already dispositionally deficient in
inhibitory processes, and this situation could have hindered
the emergence of a specific effect of sleep deprivation in this
group.

Finally, similar to MT, another hypothetical interpreta-
tion of our pattern of results involves a sleep loss-induced
impairment of WM, since CCTc typically requires delib-
erative elaboration implicating WM.*? In this view, optimal
WM function has been linked to both lower risk-taking
behavior®' and greater information use’’ in CCTec.
Therefore, a WM dysfunction could explain the increase
in risk propensity specifically showed by the sub-sample
who approached more cautiously to the task.

Limitations

It should be acknowledged that the composition of the
experimental sample consisted of healthy young good slee-
pers. This feature could limit the generalization of our
results to the whole population. Another potential limitation
of our findings concerns the limited duration of the washout
period (2 nights) in Experiment 2. Nevertheless, this unli-
kely influenced the results, given that the presentation order
of conditions was counterbalanced, and control analyses
(not reported) failed to show significant differences
between the two different presentation orders. A final con-
sideration regards a typical characteristic of the prolonged
sleep restriction protocols, ie, the absence of a laboratory
setting. This situation in Experiment 2 implied limited
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experimental control on possible confounding environmen-
tal factors.

Conclusion

The results of our study showed that an inadequate
amount of sleep influences reflection impulsivity and risk-
taking depending on the habitual individual way of
responding during deliberative decision-making. Our find-
ings support the assumption that the consequences of
sleep loss could be related to individual differences. Inter-
individual differences in the sleep deprivation effect have
already been documented in the decision-making litera-
ture. For example, a gender-specific effect of sleep loss
has been demonstrated both in impulsivity and economic
decision tasks.””®® Furthermore, in an economic decision
task, sleep deprivation has been linked to an increment in
risk-taking selectively in individuals with high reflection
trait scores, configuring a specific effect on dispositionally
less impulsive participants.®® Additionally, concerning
reward/punishment processing, a recent study®* revealed
a relation between the consequences of sleep deprivation
and a particular genetic polymorphism involved in synap-
tic dopamine regulation. On the other hand, many studies
on reward-related decision-making have failed to show
univocal behavioral or functional differences induced by
sleep deprivation within the examined samples.®®’

The existence of possible interactions between disposi-
tional factors and the effects of sleep deprivation could
provide an interpretative key to account for the inconsis-
tencies in this field. Accordingly, our results support the
hypothesis that individual differences may hide group-
level significance and produce misleading conclusions in
sleep deprivation protocols.* For these reasons, we caution
that further investigation is warranted on this matter.
Future sleep deprivation studies could explicitly consider
individual differences implied in the decision-making task
adopted, using a detailed preliminary screening. This strat-
egy could help to support the hypothesis of a putative
interaction between individual differences and the influ-

ence of sleep loss on decision performance.

In conclusion, our findings suggest that, under the
effects of total and partial sleep loss, people habitually
more reflective tend to gather less evidence to make
a decision, and more cautious individuals become more
prone to risk-taking in situations requiring decision-

making based on deliberative reasoning.
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