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preference in multiple sclerosis
during moral dilemmas: a social
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Background: Multiple sclerosis (MS) is a chronic inflammatory and
neurodegenerative disease of the centralnervous system characterized by a broad
and unpredictable range of symptoms, including cognitive and sociocognitive
dysfunction. Among these social-cognitive functions, moral judgment has been
explored in persons with MS (PwMS) using moral dilemmas, where participants
must decide whether to sacrifice one person to save a greater number. Opting
for such a sacrifice reflects utilitarian reasoning (sacrificing one for the benefit
of many is deemed acceptable), while refusing reflects deontological reasoning
(such sacrifice is considered morally wrong). Compared to controls, PwMS have
been shown to make greater deontological moral choices in such dilemmas.

Objectives: While PwMS have demonstrated a higher tendency for deontological
moral choices in moral dilemmas compared to controls, the underlying
determinants of this reasoning pattern remain unclear. In this project, we aim
to investigate cognitive, emotional, and motivational factors that may explain
deontological decision-making in MS.

Methods and analysis: We will recruit a sample of 45 PwMS and 45 controls
aged 18-55years. The type of response, deontological or utilitarian, to a series
of 20 vignettes of moral dilemmas will constitute the primary outcomes. Global
cognitive performance, positivity bias, alexithymia and empathy levels as well
as emotional reactivity measured by electrodermal activity (EDA) during moral
dilemmas will be secondary outcomes.

Ethics and dissemination: Ethics approval was granted by a national ethical
committee (CPP Quest Ill, national number 2023-A00447-38). The project is
sponsored by the ARSEP Foundation. Findings will be presented at national
and international conferences, as well as published in peer-reviewed scientific
journals.
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Background

Multiple sclerosis (MS) is a chronic, inflammatory, autoimmune
and demyelinating disease that affects young adults (between 20 and
40vyears old) and has a significant impact on patients’ quality of life. The
main disorders found in these patients are motor disorders,
somesthesia, visual disorders, sexual disorders and chronic fatigue.
Among the various symptoms encountered, cognitive disturbances are
frequent (40-70% of patients; Kujala, 1997), appear early and have a
major impact on the socio-professional life and quality of life of patients
(Chiaravalloti and DeLuca, 2008; Grzegorski and Losy, 2017). These
disorders are, mainly, impairments in information processing speed
(IPS) (Prakash et al., 2008; van Schependom et al., 2014), learning and
episodic memory and executive functioning (Planche et al., 2016). In
addition to cognitive impairments, recent studies have also identified
social cognition impairments in PwMS (Cotter et al., 2016; Neuhaus
etal., 2018). Social cognition encompasses the processes and knowledge
involved in interpersonal interactions. Certain authors have argued that
sociocognitive difficulties are likely to coexist with the abovementioned
cognitive impairments in PwMS but may also arise independently
(Golde et al., 2020). One area of social cognition that has been studied
is moral judgment, which aims to understand the determinants of
moral decision-making, including how and why individuals make
moral choices in accordance with societal norms and expectations.

Moral judgment is commonly evaluated through a set of vignettes
crafted by Greene and colleagues (Greene et al.,, 2001), which portray
moral dilemmas. These dilemmas challenge participants to decide
whether sacrificing one person is justifiable to save a larger group.
Opting for such a sacrifice aligns with utilitarian reasoning, where the
end justifies the means (e.g., sacrificing one life to save five is deemed
acceptable). On the other hand, rejecting this option reflects
deontological reasoning, asserting that sacrificing one to save many is
morally wrong. In addition to the choice type (deontological or
utilitarian), other commonly included measures in moral judgment
assess the level of moral permissibility (with low scores reflecting
deontological choice/reasoning), level of emotional reaction to the moral
dilemma, and the degree of moral relativity, which gauges/estimates the
extent to which others would act similarly (e.g., out of 100 people who
responded to the dilemma, how many would respond as I did). In the
MS population, research has shown that compared to control subjects,
PwMS demonstrate a higher tendency for deontological moral choices
in moral dilemmas (Ehrlé et al., 2020). They reported lower levels of
moral permissiveness, along with an increase in both moral relativity and
emotional reactivity (Gleichgerrcht et al., 2015; Realmuto et al., 2019).

Thus, it would appear that PwMS issue more deontological
choices (decreased moral permissiveness) than controls. While PWwMS

Abbreviations: CPP, Comité de Protection des Personnes; EDA, Electrodermal
activity; EDSS, Expanded Disability Status Scale; IPS, Information Processing Speed;
MS, Multiple Sclerosis; PWMS, Persons with MS; RRMS, Relapsing—Remitting MS.
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seem to exhibit distinct patterns of moral reasoning, with a particular
emphasis on deontological reasoning, the underlying factors driving
these patterns/contributing to this specific pattern remain unclear.
Considering that these patients otherwise exhibit empathy deficits as
well as higher alexithymia than the global population (Chalah and
Ayache, 2017; Ayache and Chalah, 2018), these patterns of results are
surprising. Indeed, in other clinical populations, low empathic abilities
and high alexithymia are linked to utilitarian rather than deontological
moral judgments (Mendez et al., 2005).

Aims

In this project, we aim to investigate motivational, cognitive and
emotional factors that may explain deontological decision-making
in PWMS.

One possible motivational factor that could explain these findings
is the presence of a positivity bias in PwWMS. A positivity bias is
characterized by a heightened preference for positive emotions at the
expense of negative emotions, resulting in a preference for processing
positive information over negative information (Kauschke et al,
2019). This phenomenon has been extensively documented in the
literature on cognitive aging in healthy individuals and has been
shown to result in significant changes in emotional information
processing with advancing age (Mather and Carstensen, 2003; Mill
etal, 2009). In a meta-analysis of 100 studies (Reed et al., 2014), the
authors report a consistent preference among older adults (compared
to younger adults) for positive over negative information from various
sources, such as faces (Mather and Carstensen, 2003; Leigland et al.,
2004; Isaacowitz et al., 2006), labels (Piguet et al., 2008; Ready et al.,
2017; Zhang et al., 2019), and emotional musical excerpts (Parks and
Clancy, 2014).

Positivity bias may serve as an explanatory factor for the decision-
making patterns observed in moral judgments in MS. According to
motivational hypotheses presented in the literature, positivity bias is
not underpinned by chronological age but rather by motivational
changes linked to modifications of future temporal perspectives
(Mather and Carstensen, 2003). If the emergence of a positivity effect
is due to motivational changes, it is reasonable to think that various
other factors and social contexts may also promote this effect. In fact,
the positivity effect has been observed in chronic disease contexts,
such as cancer (Dow et al,, 1999; Petrie et al,, 1999; Horgan et al., 2011;
Schroevers etal.,, 2011) and HIV (Milam, 2004). Similarly, MS, which
is the most common chronic disabling neurological condition among
young adults, could lead to a shift in patients’ personal priorities,
goals, and future projections. Supporting this hypothesis in MS, a
study (Krol et al,, 2015) showed that patients had a different temporal
orientation than controls, focusing more on the present. These
findings suggest that a positivity bias may occur in MS patients and
be responsible for some neuropsychological symptoms, particularly
affecting emotional processing.
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In this project, we aim to investigate whether a positivity bias
could account for the more deontological decision-making patterns
observed in MS (Gleichgerrcht et al., 2015; Realmuto et al., 2019; Ehrlé
et al,, 2020). Previous studies have shown that older individuals tend
to make more ethical moral judgments than younger adults (McNair
etal., 2019). Similar results have been observed in young individuals
when their time horizons are experimentally restricted (Trémolicre
et al,, 2012). Therefore, our research aims to examine whether the
more deontological moral choices made by MS patients can
be explained by changes in future temporal perspectives and a
positivity bias.

On the cognitive front, the literature has shown that utilitarian
judgments demand a higher level of cognitive resources and are
thus less likely to occur when individuals are already under
cognitive load (Greene et al, 2008; Moore et al, 2008).
Consequently, another potential explanation for the
predominantly deontological choices made by PwMS could be an
optimization of limited cognitive resources. This hypothesis draws
its roots from Greene’s dual-process theory (2005). According to
Greene (2005), moral dilemmas can be categorized into two
forms: “personal” dilemmas and “impersonal” dilemmas. Personal
dilemmas involve the individual directly, presenting a scenario in
which a moral rule is breached, leading to physical or emotional
harm to others that can be directly attributed to the individual.
On the other hand, “impersonal” dilemmas correspond to
situations where the individual’s decision does not directly cause
harm to others. Both types of dilemmas are illustrated below in
examples 1 and 2.

Example 1 - personal dilemma:

A runaway trolley is speeding down the tracks towards five
workmen who will be killed if the trolley continues on its present
course. You are standing next to the tracks, but you are too far
away to warn them. Next to you there is a very large stranger.

If you push the large stranger onto the tracks, the trolley will slide
off the tracks and won't continue its course towards the workmen.
This will kill the stranger, but you will save the five workmen.

Do you cause the trolley to derail pushing the stranger onto the
tracks, so the trolley does not reach the five workmen?

Example 2 - impersonal dilemma:

You are part of a shipyard dock team that attaches crane cables to
containers to unload the cargo ships. You and the others have just
attached cables to a container and are now climbing on top of it to
make sure it is unloaded properly. Suddenly the red warning light
flashes indicating that a cable is about to fail. If it fails over the
deck the container will collapse onto five crewmembers.

If you push the emergency release button the container will
be dropped back into the cargo bay. You and the others will
be held suspended in mid air by your safety harnesses, but one
crewmember is still working in the cargo bay. Dropping the
container back there will kill him, but it will save the five
crewmembers on the deck.
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Do you drop the container pushing the emergency button, which
will cause the container to fall back into the cargo bay on the
crewmember, so the container wont collapse onto the five
crewmembers on the deck?

In personal moral dilemmas, “deontological” responses occur
much more rapidly than “utilitarian” responses, indicating extremely
swift emotional processing. This swift response time is not observed
in “impersonal” moral dilemmas, where decision times are
significantly longer. This supports the notion of a cognitive process
involving the analysis of the costs and benefits of one’s actions (Greene
etal., 2001, 2004).

Greene et al. (2008) also demonstrated that introducing an
interfering task during the resolution of moral dilemmas could lead
to an overload of participants’ moral decision-making processes,
resulting in a decrease in available attentional resources. The decrease
in attentional resources caused by overload interfered with the
reasoning process and more specifically with utilitarian responses.
Thus, there was an increase in the response times associated with these
types of judgments. Notably, the findings from Greene’s study (2008)
indicated that in the “dual task” condition, response times for
“utilitarian” choices were longer than those associated with
“deontological” choices, which do not necessitate cognitive resources.
This study was conducted to provide empirical support for Greene’s
dual-process theory of moral judgment.

Other researchers have also employed a similar approach to
emphasize the influence of cognitive load on moral decision-making. For
instance, authors manipulated the time constraints imposed on
participants to respond to various moral dilemmas, creating an “under
pressure” condition with a mere 8-s response time and a “without
pressure” condition allowing 3 min for response (Suter and Hertwig,
2011). The results revealed that in the 8-s response time condition, most
participants tended to provide deontological answers. Consequently, the
authors concluded that when shorter decision times are enforced,
individuals have limited time to engage in the cognitive processes
inherent to their judgment, making them more inclined to make “ethical”
choices. Based on these findings, it is plausible to hypothesize that
cognitive impairments experienced by PwMS could lead to a preference
for deontological choices. This preference may arise from the restricted
cognitive resources available to them during moral dilemma situations,
as demonstrated by the limitations in their cognitive processing abilities.

From an affective and emotional point of view, the prevalence of
alexithymia in MS varies between studies, authors and tools used. Studies
using the TAS-20 (Toronto Scale of Alexithymia) test estimate the
prevalence of alexithymia at between 40 and 50% in the MS population
(Chahraoui et al., 2013). Some authors suggest that alexithymia results
from disturbances in interhemispheric transfer and could have an
impact on social cognition (Degraeve et al., 2022). Previous studies have
also shown that people suffering from MS have higher levels of emotional
reactivity than healthy subjects when confronted with moral dilemmas
(Gleichgerrcht et al., 2015; Patil et al., 2017; Realmuto et al., 2019) The
literature has pointed out that deontological moral thinking is driven by
strong emotional reactions: when emotions are experienced intensely,
they are likely to override the decision-making process, resulting in a
deontological moral judgment where causing harm is seen as morally
wrong (Greene et al., 2001, 2004). fMRI investigations conducted by
Greene etal. (2001, 2004) showed, for example, that “personal” dilemmas
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elicit stronger emotional reactions as well as more deontological
judgments. However, all studies investigating emotional processing in
MS have thus far focused exclusively on behavioral measures, with no
studies combining these subjective measures with objective measures of
the emotional response during a moral judgment task, such as
electrodermal response (EDA) (Posada-Quintero and Chon, 2020). EDA
refers to electrical variations in the skin associated with the functioning
of the sweat glands, which are activated by nerve discharges of central
origin under the control of the sympathetic nervous system. Numerous
studies have demonstrated the usefulness of EDA in cognitive
neuroscience, including studies of somatic marker theory and its relation
to decision-making (Damasio, 1990), behavioral anticipation processes
(Amiez etal,, 2003), detection of reasoning bias (Carbonnell et al., 2006),
and mental load (Salvia et al., 2012). Recent research has focused on
clarifying the role of EDA in exploring emotional dimensions, as a
reliable marker of reticular system functioning. Thus, the amplitude of
EDA increases linearly with the estimated intensity of the emotional
response and differentially with the valence of the emotional information
(pleasant or unpleasant) (D'Hondt et al., 2013). Including an objective
assessment of emotional reactivity in moral decision-making will
provide a fine-grained and novel measure of patients emotional
responses during choices and allow us to determine if PwMS have a
higher level of emotional reactivity than controls. We will thus examine
whether the higher tendency for deontological moral choices in moral
dilemmas is linked to emotional experience in PwMS and more
specifically, to a stronger emotional reactivity to moral dilemmas.

Methods and analysis
Objectives

The primary objective of this study is to compare the deontological
or utilitarian choices made by patients and control individuals in
moral dilemma situations using a set of 20 vignettes from Christensen
etal. (2014) French-validated battery.

Three secondary objectives are associated with this protocol,
corresponding to the three explanatory factors investigated
(motivational, cognitive-affective, and emotional):

1 To assess whether deontological decision-making preference in
PwMS (Ehrlé et al., 2020) can be attributed to a positivity bias.

2 To investigate the extent to which the presence of cognitive
impairments contributes to patients’ decision making.

3 Evaluate the relationship between subjective and objective
emotional reactivity and their impact on decision-making
in PWMS.

Participants

We conducted an a priori power analysis (Statistical and Analysis,
1992), to determine the appropriate sample size for our study. Since our
primary endpoint relied on the nature of the choices made in the moral
judgment task, specifically the measure of “moral permissiveness,”
we used the data reported by Realmuto et al. (2019) to estimate the
number of participants needed in each group. We aimed to achieve a
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minimum significance level of p =0.05 and a power of 0.95. Based on the
analysis of moral choices made in MS patients compared to a matched
healthy population, we used the effect size reported in the Realmuto
etal. (2019) study of d =0.74 as an estimate. The analysis showed that
we need to recruit at least 41 participants per group to have a 95% chance
of detecting an effect. A safety margin of 10% has been added, so we plan
to include 45 participants per group, which increased the chance of
detecting the investigated effect to 96.7%.

However, it is important to note that this sample size is
primarily designed to detect group differences and may not
be sufficient for reliable moderated mediation analysis. Based on
power analysis for moderated mediation with a medium effect size
(f2: 0.20), a power (1 - B) of 0.95 and a significance level of 0.05,
and considering 3 predictors (i.e., main predictor, moderator, and
their interaction), we estimate that approximately 90 participants in
total are required. Since we plan to include 45 participants per
group, totaling 90 participants, our sample size should be sufficient
to ensure robust and reliable results for this analysis as well.
However, we recommend including more participants during the
data collection phase if feasible to further enhance the
study’s robustness.

Inclusion criteria

MS patient group

- Men or women aged 18-55 years.

- MS patient group: diagnosed with relapsing-remitting MS
(RRMS) according to the 2010 McDonald criteria (Polman
etal, 2011)

- EDSS score " 4, with no significant motor, cerebellar or
somesthesia disorders of the upper limbs, and no visual disorders
(specific parameter of EDSS score less than 2) without relapses in
the preceding 6 weeks. Fluent in French and able to express
themselves clearly.

- Willing and able to understand and sign the informed
consent and information letter regarding participation in
the study.

- Health insurance coverage.

Control group

- Men or women aged 18-55 years.

- No known overall cognitive impairment and MoCA >26

- Fluent in French and able to express themselves clearly.

- Willing and able to understand and sign the informed
consent and information letter regarding participation in
the study.

- Health insurance coverage.

Exclusion criteria

MS patient group
- Prior neurological pathology, head injury with loss of
consciousness, or psychiatric pathology (apart from stable mild
to moderate depressive symptoms)
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- Severe general medical conditions that could affect participation
in the study

- Perceptual or dysarthric disorders that could interfere with verbal
communication or reading

- Severe cognitive impairment with an SDMT score of less than
—2.5 standard deviations

- Severe depressive syndrome with a BDI-FS score> 10

- Visual and auditory impairments that could interfere with
neuropsychological testing

- Major cerebellar syndrome or sensitive deficits

- Treatment with psychotropic drugs, except for benzodiazepines
and hypnotics

Control group

- Prior neurological pathology, head injury with loss of
consciousness, or psychiatric pathology (with the exception of
stable mild to moderate depressive symptoms)

- Severe general medical conditions that could affect participation
in the study

- Perceptual or dysarthric disorders that could interfere with verbal
communication or reading

- Severe depressive syndrome with a BDI-FS score> 10

- Visual and auditory impairments that could interfere with
neuropsychological testing

- Major cerebellar syndrome or sensitive deficits

- Treatment with psychotropic drugs, except for benzodiazepines
and hypnotics

The study will be proposed to eligible participants at Saint Philibert
or Saint Vincent de Paul Hospital in the following scenarios: during a
routine neurology consultation, during a routine physical medicine and
functional rehabilitation consultation or during inpatient hospitalization
for disease-modifying therapy administration. Participants will
be provided with an information letter explaining the study purpose and
procedures, potential benefits and risks, study staff contact information
and the consent form. Control subjects matched for sex, sociocultural
level and age (+/— 2 years) will be recruited from the general population
through a poster campaign. All data will be collected at either Saint
Philibert hospital or Saint Vincent de Paul hospital, both situated in Lille,
as requested by the ethic committee.

Material
Clinical and demographic assessment

The following clinical and demographic data will be collected: age,
sex, years of education, laterality, and medical history by an interview
preceding the experiment, MS subtype, disease duration, date of the
last relapse and current disease-modifying treatment. Physical
disability will be assessed using the Expanded Disability Status Scale
(EDSS) (Kurtzke, 1983).

Primary outcome measure

The moral judgement task includes 20 moral dilemma vignettes
from Christensen et al’s (2014) French-validated battery (Christensen

Frontiers in Psychology

10.3389/fpsyg.2024.1404876

et al,, 2014), including 10 personal dilemmas and 10 impersonal
dilemmas. For each vignette, participants will be asked to make a
choice between deontological or utilitarian options, which will
constitute our primary outcome measure. In addition to the choice
type (deontological or utilitarian), other measures will be included:

- Participants’ levels of moral permissiveness: for each scenario
presented, participants will be asked to rate on an 11-point Likert
scale ranging from “Not at all” to “Totally” to what extent they
find the proposed solution acceptable. An average score per
scenario type (personal or impersonal) will be calculated.

- Participants’ levels of moral relativity: for each scenario presented,

participants will be asked to rate, using an 11-point Likert scale

ranging from “0” to “100”, the extent to which they consider the
choice made to be consensual. An average score will be calculated
for each type of scenario (personal or impersonal).

Participants’ subjective levels of emotional reactivity: using an

11-point Likert scale, participants will be asked to rate their
emotional response to each presented situation on a scale ranging
from “None” to “An intense emotion”

Secondary outcomes measures

Cognitive and affective assessment

To investigate how cognitive and affective impairments
contribute to patients’ decision-making, a routine cognitive and
affective assessment will be administered to all patients. The
administered tests as part of the cognitive and affective assessment
are listed in Table 1, and a detailed description of each test is
provided in Supplementary File S1.

Motivational assessment

The assessment of participants” explicit temporal perspective will
be conducted using the French adaptation of the Future Time
Perspective Scale, developed by Carstensen and Lang (1996) and
adapted by Sanfourche-Gaume et al. (2022). Participants will rate
their level of agreement on 10 items using a 5-point scale ranging
from 1 (not at all) to 5 (completely) to assess their future time
perspective (e.g., “I plan to set many new goals in the future”). A
total score will be calculated. To assess participants’ implicit
temporal perspective, a word completion task (Trémolicre et al.,
2012) will be used. The task presents participants with 20 gap words
that can be completed with either words referring to restricted future
time perspective (“target words”) or neutral words. For example, the
word “COFF _ _” can be completed with “COFFIN” or “COFFEE.”
The percentage of target words completed will be calculated.
We anticipate no disparity between implicit and explicit assessment
of temporal perspective. However, employing a dual modality could
help us mitigate the potential influence of a social desirability bias.
Consequently, we plan to conduct both joint and separate analyses.
If implicit scores are higher, it is possible that social desirability and/
or a lack of insight could affect how patients evaluate their
temporal perspective.

To assess attentional preferences for positive information, also
known as positivity bias, a French adaptation of the “Dot Probe Task”
(MacLeod et al., 1986) will be used. This detection task measures
attentional preferences for positive or negative information, allowing
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TABLE 1 Cognitive and affective assessment.

10.3389/fpsyg.2024.1404876

Cognitive assessment Cognitive functions Measures

BICAMS

CVLT Verbal episodic memory total free recall (/60)

BVMT-R Visuo-spatial episodic memory total free recall (/12)

SDMT IPS Number of correct substitutions

Digit span: Forward (DSF), Backward (DSB), Sequencing Level of the span

(DSS) Working memory Total number of correct responses

Letter-Number Sequencing

SCWT Inhibition Time to complete each condition
Total number of errors

TMT Reactive flexibility Time to complete each condition
Total number of errors

Verbal fluencies Spontaneous flexibility Number of different words.

PASAT IPS/working memory Number of correct responses (/60)

Affective assessment

Affective dimensions

BDI-FS Depression Score ranging from 0 to 21
STAIL-Y Anxiety Score ranging from 20 to 80
TAS-20 Alexithymia Score ranging from 0 to 100
EQ8 Empathy Score ranging from 0 to 80

BICAMS, Brief International Cognitive Assessment for Multiple Sclerosis; CVLT, California Verbal Learning Test; BVMT-R, Brief Visuo-spatial Memory Test; SDMT, Symbol Digit Modalities
Test; SWCT, Stroop Color-Word Test; TMT, Trail Making Test; PASAT, Paced Auditory Serial Addition Test; BDI-FS, Fast-Screen Beck Depression Inventory; STAI-Y, State Trait Anxiety

Inventory.

the evaluation of whether individuals tend to focus more on positive
or negative information. In the Dot Probe Task, participants are
asked to identify the laterality of a dot-shaped target as quickly as
possible. Prior to the target’s appearance, a static image of a face
showing a negative or positive emotion appears on each side of the
screen for a limited time. Trials where the face showing a positive
emotion appears on the same side as the target are considered
congruent trials. Conversely, when the face presenting a positive
emotion appears on the opposite side to the target, the trial is
considered incongruent. The positivity bias is calculated using the
difference, if any, between the average reaction times for congruent
and incongruent trials: Positivity Bias = RT incongruent (joy) —RT
congruent (joy).

To better isolate the positivity bias and ensure that the observed bias
is not influenced by a general emotional response but is specifically
related to an attraction to positive stimuli, analyses will also
be conducted using an alternative calculation method for positivity bias,
considering the differences in reaction times for both positive and
negative faces: Positivity Bias=[Pos(congruentRT - incongruentRT)]
-[Neg(congruentRT - incongruentRT)].

Physiological data

During the moral judgment task, electrodermal responses will
be recorded through the Biosignalsplux Researcher® equipment, which
is certified for medical research and has been used in previous studies
(Munoz et al, 2017, 2018; Crowell et al, 2020). The signal will
be recorded at a sampling frequency of 200 Hz using Biosignalsplux
Researcher® equipment connected to a computer hosting Biosignalplux
software. The EDA will be collected with two pregelled self-adhesive
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disposable Ag/AgCl electrodes, filled with an isotonic conductive paste
(0.05M NaCl) and placed at the level of the second phalanx of the
index and middle fingers of the nondominant hand (D’Hondt
etal., 2013).

The purpose of using this device is to measure the participants
objective emotional reactivity during the task. The signals recorded by
the device will be examined relative to the participant’s own baseline
levels (measured without stimulus, i.e., baseline measure), which will
serve as a reference for interpreting the signals obtained during
the task.

Procedure

The experiment will be conducted in a single session, which
will last approximately 2.5h and will include, in the following
order, the administration of a consent form and a demographic
questionnaire; cognitive tests and affective questionnaires (a full
description of the material used is available in supplementary
material 1), tasks to assess motivational factors (FTPS, Dot probe
task, word completion task) and a moral judgment task coupled
with a measurement of EDA. Twenty moral dilemma vignettes
from the work of Greene et al. (2004) will be presented to the
participants. For each scenario, participants must make either a
utilitarian choice or a deontological one. During the moral
judgment task, an electrodermal response recording device will
be placed on the participant’s nondominant hand using two
electrodes to objectively measure emotional reactivity. Prior to
starting the moral judgment task, a baseline measurement of the
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TABLE 2 Participant timeline.

10.3389/fpsyg.2024.1404876

Enrolment Allocation Post-Allocation
TIMEPOINT 7 days before allocation 0 60 days maximum after
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
ASSESSMENTS:

Clinical and demographic assessment

Cognitive assessment

Psychological assessment

Moral judgement assessment

Time perception assessment

Physiological assessment

T T R A = A

electrodermal response will be taken for 1min while the
participant is instructed to relax.

Participant timeline

The detailed course of the study for every participant is presented
in Table 2.

Statistical analysis
Descriptive

First, we will conduct a description of each group of
participants (i.e., MS patients; healthy controls) through the
responses provided to the demographic questionnaire, and the
cognitive and affective evaluation. For qualitative variables, the
size and frequency of each category will be calculated (e.g., number
of men and women, number of participants by level of education).
For quantitative variables, the mean and standard deviation will
be calculated (e.g., age of participants, laterality, and disease
duration for PwMS). Additionally, independent samples t-tests
—or nonparametric Mann- Whitney U tests when appropriate—
will be conducted to analyze group differences in quantitative
demographic measures. Group differences on demographic
qualitative measures will be analyzed using chi-squared tests.

Group differences in main outcome
measures (differences in moral choices)

To compare moral choices made by patients vs. controls in moral
dilemmas, we will examine the differences in moral choices
(deontological vs. utilitarian) between groups using a mixed model
approach. The independent variables will include the group (PwMS
vs. controls) as a between-subjects factor and the type of scenario
(personal vs. impersonal) as a within-subjects factor. The dependent
variable will be the percentage of deontological choices. When
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appropriate, follow-up pairwise comparisons will be conducted with
Bonferroni multiple comparisons correction.

Group differences in the second outcome
measures (three explanatory factors of the
observed differences in moral choices)

Motivational hypothesis: t-tests, regressions and
moderated-mediation analysis

In order to compare time perspective and attention preferences
for positive information between groups, we will conduct independent
samples t-tests—or nonparametric Mann- Whitney U tests when
appropriate. In the MS group, we will additionally explore whether
these scores are correlated with age, disease duration, EDSS, date of
the last relapse, cognitive status (using BICAMS scores) and affective
status (using BDI-FS scores).

We will next examine whether time perspective scores (both
explicit and implicit, see “Temporal perception assessment” section)
predict attentional preferences for positive information and
deontological moral choices (specifically, percentage of deontological
choices) for PWMS and controls. This will be done using two separate
multiple regression models for each dependent variable, with time
perspective scores and group as the predictor variables and attentional
preferences for positive information and deontological moral choices
as the respective dependent variables”

Finally, to investigate whether the positivity effect mediates
the association between patients’ deontological preferences and
restricted temporal perspectives, we will test the existence of a
conditional indirect effect (a moderated-mediation effect). Based
on existing literature, we expected attentional preferences for
positive information to mediate the relationship between temporal
perspective and deontological moral choices (specifically,
percentage of deontological choices). As we expect an interaction
effect between temporal perspective and participant group (PwMS
vs. controls), we expect to observe a mediated moderation effect
(Muller et al., 2005). This means that the influence of the temporal
perspective on deontological moral choices should be moderated
by the participant group, and this moderation should be mediated
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by attentional preferences for positive information. Note that this
relationship is expected to be observed only for “impersonal”
scenarios. Although moderated mediation can suggest complex
relationships among variables, it cannot confirm causality.
Longitudinal studies would be more appropriate to explore these
causal relationships further.

Cognitive-affective hypothesis: Regression
analyses

To assess the extent to which cognitive and affective impairments
contributes to patients’ decision-making, we will conduct multiple
regression analyses. These analyses will aim to determine whether
cognitive and affective scores (more specifically alexithymia and
empathy scores), as detailed in Table 1, predict the proportion of
deontological choices in both personal and impersonal moral
dilemmas and will help to investigate the relationships between
decision-making patterns and the level of cognitive and affective
disorders in patients.

Neurophysiological hypothesis: correlation
analyses

To investigate the extent to which the subjective emotional
reactivity recorded during the moral judgment task is associated
with objective responses, we will calculate correlations between
the subjective and objective levels of emotional reactivity during
the moral judgment task (i.e., reported levels versus individuals’
EDA) for each type of scenario (personal, impersonal) for patients
and controls separately. We will next test the significance of the
difference between these two correlations using Fisher’s z-Test.
This analysis will help to investigate whether patients’
associated with increased

deontological preferences are

emotional reactivity.

Data monitoring and management

The trial will be monitored by a Data Monitoring Committee.
Investigators will complete an electronic Case Report Form
(e-CRF). Access to data will be limited to the two co-investigators
of the study. Data can only be modified by a study investigator or
a collaborator designated by the investigator. Data will be managed
in compliance with Data Protection Act of January 6, 1978 (Loi
Informatique et Libertés, Commission Nationale Informatique et
Liberté; CNIL). To protect the participants’ privacy, a unique
patient identification number will automatically be assigned to
each participant. Only de-identified data will be recorded in the
database. All data are entered and stored into a centralized secure
electronic data management system (OpenClinica) created in
accordance with good clinical practice. Access is only possible
using an loggin and secure password. The password must contain
a minimum of 8 characters, including at least one lower case letter,
one upper case letter, one number and one symbol. The session will
be automatically disconnected after 15min of inactivity. All
connections and attempts to connect are logged. Once the final
analysis has been completed and validated, all data will be archived
for at least 15 years, in accordance with the Public Health Code
Decree of 11 August 2008.
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Discussion and expected results

Based on our study design and hypotheses, we expect to observe
a higher frequency of deontological responses to moral dilemmas in
PwMS compared to control participants, who are likely to exhibit
more utilitarian responses. Additionally, we anticipate the level of
cognitive impairment to predict the frequency of deontological
responses to the moral dilemma task. This may indicate that patients
with cognitive decline rely more heavily on automated decision-
making mechanisms. At the same time, we expect the level of
emotional arousal to predict the frequency of deontological responses.
This finding could indicate that people with higher emotional
reactivity tend to rely more on an emotional process than on a
cognitive process when faced with a moral dilemma.

Finally, we anticipate a stronger positivity bias in PwMS, indicative
of a temporal perspective bias. This bias is expected to correlate with
an increased frequency of deontological responses in the moral
dilemma task, with participants demonstrating a significant positivity
bias making deontological choices more often. Consequently,
we anticipate the emergence of a significant moderated-mediation
effect within the MS group, between temporal perspective, attentional
preferences, and moral positioning.

The results of this study examining the impact of positivity bias,
cognitive impairment, and alteration of emotional processes on
deontological moral reasoning in PwMS could have important
implications for comprehending their decision-making, social
interactions, and overall well-being. Deontological moral reasoning,
which prioritizes the observance of one’s moral principles rather than the
common good, can have an impact on different facets of an individual’s
decision-making and everyday conduct. By clarifying the elements that
contribute to this form of ethical reasoning in PwMS, we can get
significant understanding into their decision-making tendencies. This
comprehension could assist healthcare professionals, carers, and relatives
in providing enhanced support and adapting to the distinct requirements
and viewpoints of individuals with MS. This study aims to elucidate the
difficulty faced by PwMS in navigating social circumstances by
identifying the factors that influence their distinctive decision-making
process when confronted with decisions of significant moral importance.

The results of this study could provide valuable insights for creating
specific therapies and support techniques that aim to improve social
cognition and facilitate more effective decision-making in PwMS,
enhancing the overall well-being and quality of life for these individuals.

Ethics statement

The studies involving humans were approved by Comité de
Protection des Personnes Ouest III National number 2023-A00447-
38. The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

LZ: Visualization, Project administration, Funding acquisition,
Writing - review & editing, Writing - original draft, Methodology,

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1404876
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Zikos et al.

Investigation, Data curation, Conceptualization. BD: Writing - review
& editing, Writing - original draft, Visualization, Validation,
Supervision, Project administration, Methodology, Investigation,
Funding acquisition, Data curation, Conceptualization. AP: Writing
- review & editing, Visualization, Validation, Supervision, Project
administration, Methodology, Conceptualization. JP: Writing - review
& editing, Resources, Investigation, Data curation. LN: Writing —
review & editing, Methodology. AK: Writing - review & editing,
Resources, Investigation, Data curation. CD: Writing — review &
editing, Resources, Investigation, Data curation. BL: Writing - review
& editing, Validation,
administration, Methodology, Investigation, Funding acquisition,

Visualization, Supervision, Project

Formal analysis, Data curation, Conceptualization.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. The project
is sponsored by the ARSEP Foundation (Grant Number:
2022_1291).

References

Amiez, C., Procyk, E., Honor¢, J., Sequeira, H., and Joseph, J. P. (2003). Reward
anticipation, cognition, and electrodermal activity in the conditioned monkey. Exp.
Brain Res. 149, 267-275. doi: 10.1007/s00221-002-1353-9

Ayache, S., and Chalah, M. (2018). Moral judgment: an overlooked deficient domain
in multiple sclerosis? Behav. Sci. 8:105. doi: 10.3390/bs8110105

Carbonnell, L., Vidal, E, Sequeira, H., and Caverni, J. P. (2006). A reasoning bias
revealed by electrodermal activity. Psychophysiology 43, 387-393. doi:
10.1111/j.1469-8986.2006.00413.x

Carstensen, L. L., and Lang, E. R. (1996). Future Time Perspective Scale [Internet].
PsycTESTS Dataset. American Psychological Association (APA).

Chahraoui, K., Duchene, C., Rollot, E, Bonin, B., and Moreau, T. (2013).
Longitudinal study of alexithymia and multiple sclerosis. Brain Behav. 4, 75-82. doi:
10.1002/brb3.194

Chalah, M. A,, and Ayache, S. S. (2017). Deficits in social cognition: an unveiled
signature of multiple sclerosis. J. Int. Neuropsychol. Soc. 23, 266-286. doi: 10.1017/
§1355617716001156

Chiaravalloti, N. D., and DeLuca, J. (2008). Cognitive impairment in multiple
sclerosis. Lancet Neurol. 7, 1139-1151. doi: 10.1016/S1474-4422(08)70259-X

Christensen, J. E, Flexas, A., Calabrese, M., Gut, N. K., and Gomila, A. (2014). Moral
judgment reloaded: a moral dilemma validation study. Front. Psychol. 5:607. doi:
10.3389/fpsyg.2014.00607

Cotter, J., Firth, J., Enzinger, C., Kontopantelis, E., Yung, A. R., Elliott, R., et al. (2016).
Social cognition in multiple sclerosis: a systematic review and meta-analysis. Neurology
87, 1727-1736. doi: 10.1212/WNL.0000000000003236

Crowell, C,, Sayis, B., Benitez, ]. P., and Pares, N. (2020). Mixed reality, full-body
interactive experience to encourage social initiation for autism: comparison with a
control nondigital intervention. Cyberpsychol. Behav. Soc. Netw. 23, 5-9. doi: 10.1089/
cyber.2019.0115

D’Hondt, E, Lassonde, M., Collignon, O., Lepore, E, Honor¢, J., and Sequeira, H.
(2013). “Emotions guide us”: behavioral and MEG correlates. Cortex 49, 2473-2483. doi:
10.1016/j.cortex.2012.12.013

Damasio, A. (1990). Individuals with sociopathic behavior caused by frontal damage
fail to respond autonomically to social stimuli. Behav. Brain Res. 41, 81-94. doi:
10.1016/0166-4328(90)90144-4

Degraeve, B., Sequeira, H., Mecheri, H., and Lenne, B. (2022). Corpus callosum
damage to account for cognitive, affective, and social-cognitive dysfunctions in multiple
sclerosis: a model of callosal disconnection syndrome? Mult. Scler. 29, 160-168. doi:
10.1177/13524585221091067

Dow, K., Ferrell, B., Haberman, M., and Eaton, L. (1999). The meaning of quality of
life in cancer survivorship. Oncol. Nurs. Forum 26, 519-528

Ehrlé, N., Hody, A., Lecrique, M., Gury, P, and Bakchine, S. (2020). Social norms in
patients with relapsing-remitting multiple sclerosis: impairment of the moral/conventional
distinction? Soc. Neurosci. 15, 630-640. doi: 10.1080/17470919.2020.1834449

Frontiers in Psychology

10.3389/fpsyg.2024.1404876

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1404876/
full#supplementary-material

Gleichgerrcht, E., Tomashitis, B., and Sinay, V. (2015). The relationship between
alexithymia, empathy and moral judgment in patients with multiple sclerosis. Eur. J.
Neurol. 22, 1295-1303. doi: 10.1111/ene.12745

Golde, S., Heine, J., Pottgen, J., Mantwill, M., Lau, S., Wingenfeld, K., et al. (2020).
Distinct functional connectivity signatures of impaired social cognition in multiple
sclerosis. Front. Neurol. 11:507. doi: 10.3389/fneur.2020.00507

Greene, J. (2005). “Cognitive neuroscience and the structure of the moral mind” in
The innate mind. eds. P. Carruthers, S. Laurence and S. Stich. 1st ed (New York: Oxford
University Press), 338-352.

Greene, J. D., Morelli, S. A., Lowenberg, K., Nystrom, L. E., and Cohen, J. D. (2008).
Cognitive load selectively interferes with utilitarian moral judgment. Cognition 107,
1144-1154. doi: 10.1016/j.cognition.2007.11.004

Greene, J. D, Nystrom, L. E., Engell, A. D,, Darley, ]. M., and Cohen, J. D. (2004). The
neural bases of cognitive conflict and control in moral judgment. Neuron 44, 389-400.
doi: 10.1016/j.neuron.2004.09.027

Greene, J. D., Sommerville, R. B., Nystrom, L. E., Darley, ]. M., and Cohen, J. D. (2001).
An fMRI investigation of emotional engagement in moral judgment. Science 293,
2105-2108. doi: 10.1126/science.1062872

Grzegorski, T., and Losy, J. (2017). Cognitive impairment in multiple sclerosis — a
review of current knowledge and recent research. Rev. Neurosci. 28, 845-860. doi:
10.1515/revneuro-2017-0011

Horgan, O., Holcombe, C., and Salmon, P. (2011). Experiencing positive change after
a diagnosis of breast cancer: a grounded theory analysis. Psycho-Oncology 20, 1116-1125.
doi: 10.1002/pon.1825

Isaacowitz, D. M., Wadlinger, H. A., Goren, D., and Wilson, H. R. (2006). Is there an
age-related positivity effect in visual attention? A comparison of two methodologies.
Emotion 6, 511-516. doi: 10.1037/1528-3542.6.3.511

Kauschke, C., Bahn, D., Vesker, M., and Schwarzer, G. (2019). The role of emotional
valence for the processing of facial and verbal stimuli—positivity or negativity Bias?
Front. Psychol. 10:1654. doi: 10.3389/fpsyg.2019.01654

Krdl, J., Szcze$niak, M., Koziarska, D., and Rzepa, T. (2015). Time perception and
illness acceptance among remitting-relapsing multiple sclerosis patients under
treatment. Psychiatr. Pol. 49, 911-920. doi: 10.12740/PP/38740

Kujala, P. (1997). The progress of cognitive decline in multiple sclerosis. A controlled
3- year follow-up. Brain 120, 289-297. doi: 10.1093/brain/120.2.289

Kurtzke, J. E. (1983). Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology 33:1444. doi: 10.1212/WNL.33.11.1444

Leigland, L. A, Schulz, L. E., and Janowsky, J. S. (2004). Age related changes in emotional
memory. Neurobiol. Aging 25, 1117-1124. doi: 10.1016/j.neurobiolaging.2003.10.015

MacLeod, C., Mathews, A., and Tata, P. (1986). Attentional bias in emotional
disorders. J. Abnormal Psychol. 95, 15-20. doi: 10.1037//0021-843X.95.1.15

Mather, M., and Carstensen, L. L. (2003). Aging and attentional biases for emotional
faces. Psychol. Sci. 14, 409-415. doi: 10.1111/1467-9280.01455

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1404876
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1404876/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1404876/full#supplementary-material
https://doi.org/10.1007/s00221-002-1353-9
https://doi.org/10.3390/bs8110105
https://doi.org/10.1111/j.1469-8986.2006.00413.x
https://doi.org/10.1002/brb3.194
https://doi.org/10.1017/S1355617716001156
https://doi.org/10.1017/S1355617716001156
https://doi.org/10.1016/S1474-4422(08)70259-X
https://doi.org/10.3389/fpsyg.2014.00607
https://doi.org/10.1212/WNL.0000000000003236
https://doi.org/10.1089/cyber.2019.0115
https://doi.org/10.1089/cyber.2019.0115
https://doi.org/10.1016/j.cortex.2012.12.013
https://doi.org/10.1016/0166-4328(90)90144-4
https://doi.org/10.1177/13524585221091067
https://doi.org/10.1080/17470919.2020.1834449
https://doi.org/10.1111/ene.12745
https://doi.org/10.3389/fneur.2020.00507
https://doi.org/10.1016/j.cognition.2007.11.004
https://doi.org/10.1016/j.neuron.2004.09.027
https://doi.org/10.1126/science.1062872
https://doi.org/10.1515/revneuro-2017-0011
https://doi.org/10.1002/pon.1825
https://doi.org/10.1037/1528-3542.6.3.511
https://doi.org/10.3389/fpsyg.2019.01654
https://doi.org/10.12740/PP/38740
https://doi.org/10.1093/brain/120.2.289
https://doi.org/10.1212/WNL.33.11.1444
https://doi.org/10.1016/j.neurobiolaging.2003.10.015
https://doi.org/10.1037//0021-843X.95.1.15
https://doi.org/10.1111/1467-9280.01455

Zikos et al.

McNair, S., Okan, Y., Hadjichristidis, C., and de Bruin, W. B. (2019). Age differences
in moral judgment: older adults are more deontological than younger adults. J. Behav.
Dec. Making. 32, 47-60. doi: 10.1002/bdm.2086

Mendez, M. E, Anderson, E., and Shapira, J. S. (2005). An investigation of moral
judgement in frontotemporal dementia. Cogn. Behav. Neurol. 18, 193-197. doi:
10.1097/01.wnn.0000191292.17964.bb

Milam, J. E. (2004). Posttraumatic growth among HIV/AIDS Patients1. J. Appl. Social
Pyschol. 34, 2353-2376. doi: 10.1111/j.1559-1816.2004.tb01981.x

Mill, A., Allik, J., Realo, A., and Valk, R. (2009). Age-related differences in emotion
recognition ability: a cross-sectional study. Emotion 9, 619-630. doi: 10.1037/
20016562

Moore, A. B., Clark, B. A., and Kane, M. J. (2008). Who shalt not kill? Individual
differences in working memory capacity, executive control, and moral judgment.
Psychol. Sci. 19, 549-557. doi: 10.1111/.1467-9280.2008.02122.x

Muller, D., Judd, C. M., and Yzerbyt, V. Y. (2005). When moderation is mediated and
mediation is moderated. J. Pers. Soc. Psychol. 89, 852-863. doi:
10.1037/0022-3514.89.6.852

Muiioz, J. E., Gouveia, E. R., Cameirdo, M. S., and Badia, S. B. I. (2018). PhysioLab - a
multivariate physiological computing toolbox for ECG, EMG and EDA signals: a case
of study of cardiorespiratory fitness assessment in the elderly population. Multimed.
Tools Appl. 77, 11521-11546. doi: 10.1007/s11042-017-5069-z

Muiioz, J. E., Gouveia, E. R., Cameirdo, M., Bermudez, 1., and Badia, S. (2017). The
biocybernetic loop engine: An integrated tool for creating physiologically adaptive
videogames: In: Proceedings of the 4th international conference on physiological computing
systems. Madrid, Spain: SCITEPRESS - Science and Technology Publications, 45-54.

Neuhaus, M., Calabrese, P, and Annoni, J. M. (2018). Decision-making in multiple
sclerosis patients: a systematic review. Mult. Scler. Int. 2018, 1-9. doi: 10.1155/2018/7835952

Parks, S. L., and Clancy, D. S. (2014). The positivity effect and auditory recognition
memory for musical excerpts in young, middle-aged, and older adults. Psychomusicology
24, 298-308. doi: 10.1037/pmu0000079

Patil, I, Young, L., Sinay, V., and Gleichgerrcht, E. (2017). Elevated moral
condemnation of third-party violations in multiple sclerosis patients. Soc. Neurosci. 12,
308-329. doi: 10.1080/17470919.2016.1175380

Petrie, K. J., Buick, D. L., Weinman, J., and Booth, R. J. (1999). Positive effects of illness
reported by myocardial infarction and breast cancer patients. J. Psychosom. Res. 47,
537-543. doi: 10.1016/50022-3999(99)00054-9

Piguet, O., Connally, E., Krendl, A. C., Huot, J. R., and Corkin, S. (2008). False
memory in aging: effects of emotional valence on word recognition accuracy. Psychol.
Aging 23, 307-314. doi: 10.1037/0882-7974.23.2.307

Planche, V,, Gibelin, M., Cregut, D., Pereira, B., and Clavelou, P. (2016). Cognitive
impairment in a population-based study of patients with multiple sclerosis: differences
between late relapsing—remitting, secondary progressive and primary progressive
multiple sclerosis. Eur. J. Neurol. 23, 282-289. doi: 10.1111/ene.12715

Frontiers in Psychology

10

10.3389/fpsyg.2024.1404876

Polman, C. H., Reingold, S. C., Banwell, B., Clanet, M., Cohen, J. A., Filippi, M., et al.
(2011). Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria. Ann. Neurol. 69, 292-302. doi: 10.1002/ana.22366

Posada-Quintero, H. F, and Chon, K. H. (2020). Innovations in Electrodermal activity
data collection and signal processing: a systematic review. Sensors 20:479. doi: 10.3390/
520020479

Prakash, R., Snook, E., Lewis, J., Motl, R., and Kramer, A. (2008). Cognitive
impairments in relapsing-remitting multiple sclerosis: a meta-analysis. Mult. Scler. 14,
1250-1261. doi: 10.1177/1352458508095004

Ready, R. E., Santorelli, G. D., and Mather, M. A. (2017). Judgment and classification
of emotion terms by older and younger adults. Aging Ment. Health 21, 684-692. doi:
10.1080/13607863.2016.1150415

Realmuto, S., Dodich, A., Meli, R., Canessa, N., Ragonese, P,, Salemi, G, et al. (2019).
Moral cognition and multiple sclerosis: a neuropsychological study. Arch. Clin.
Neuropsychol. 34, 319-326. doi: 10.1093/arclin/acy047

Reed, A. E., Chan, L., and Mikels, J. A. (2014). Meta-analysis of the age-related
positivity effect: age differences in preferences for positive over negative information.
Psychol. Aging 29, 1-15. doi: 10.1037/a0035194

Salvia, E., Guillot, A., and Collet, C. (2012). Autonomic nervous system correlates to
readiness state and negative outcome during visual discrimination tasks. Inf. J.
Psychophysiol. 84, 211-218. doi: 10.1016/j.ijpsycho.2012.02.010

Sanfourche-Gaume, T., De Montalembert, M., and Vieillard, S. (2022). Validation
francaise d’'une version adaptée deléchelle de perspective temporelle future (Future
Time Perspective Scale, FTPS) aupres d’'une population d’adultes jeunes et agés. Annee
Psychol. 122, 247-267. doi: 10.3917/anpsy1.222.0247

Schroevers, M. J., Kraaij, V., and Garnefski, N. (2011). Cancer patients’ experience of
positive and negative changes due to the illness: relationships with psychological well-
being, coping, and goal reengagement: goal reengagement, coping, well-being, and
changes in cancer patients. Psycho-Oncology 20, 165-172. doi: 10.1002/pon.1718

Statistical, C. J., and Analysis, P. (1992). Statistical power Analysis. Curr. Dir. Psychol.
Sci. 1,98-101. doi: 10.1111/1467-8721.ep10768783

Suter, R. S., and Hertwig, R. (2011). Time and moral judgment. Cognition 119,
454-458. doi: 10.1016/j.cognition.2011.01.018

Trémoliere, B., Neys, W. D., and Bonnefon, J. F. (2012). Mortality salience and
morality: thinking about death makes people less utilitarian. Cognition 124, 379-384.
doi: 10.1016/j.cognition.2012.05.011

van Schependom, J., D'hooghe, M. B., Cleynhens, K., D'hooge, M.,
Haelewyck, M. C., de Keyser, J., et al. (2014). TheSymbolDigitModalitiesTest as
sentinel test for cognitive impairment in multiple sclerosis. Eur. J. Neurol. 21:1219.
doi: 10.1111/ene.12463

Zhang, W., Gross, J., and Hayne, H. (2019). Mood impedes monitoring of emotional
false memories: evidence for the associative theories. Memory 27, 198-208. doi:
10.1080/09658211.2018.1498107

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1404876
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1002/bdm.2086
https://doi.org/10.1097/01.wnn.0000191292.17964.bb
https://doi.org/10.1111/j.1559-1816.2004.tb01981.x
https://doi.org/10.1037/a0016562
https://doi.org/10.1037/a0016562
https://doi.org/10.1111/j.1467-9280.2008.02122.x
https://doi.org/10.1037/0022-3514.89.6.852
https://doi.org/10.1007/s11042-017-5069-z
https://doi.org/10.1155/2018/7835952
https://doi.org/10.1037/pmu0000079
https://doi.org/10.1080/17470919.2016.1175380
https://doi.org/10.1016/S0022-3999(99)00054-9
https://doi.org/10.1037/0882-7974.23.2.307
https://doi.org/10.1111/ene.12715
https://doi.org/10.1002/ana.22366
https://doi.org/10.3390/s20020479
https://doi.org/10.3390/s20020479
https://doi.org/10.1177/1352458508095004
https://doi.org/10.1080/13607863.2016.1150415
https://doi.org/10.1093/arclin/acy047
https://doi.org/10.1037/a0035194
https://doi.org/10.1016/j.ijpsycho.2012.02.010
https://doi.org/10.3917/anpsy1.222.0247
https://doi.org/10.1002/pon.1718
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1016/j.cognition.2011.01.018
https://doi.org/10.1016/j.cognition.2012.05.011
https://doi.org/10.1111/ene.12463
https://doi.org/10.1080/09658211.2018.1498107

	Distinguishing the role of positivity bias, cognitive impairment and emotional reactivity in the deontological preference in multiple sclerosis during moral dilemmas: a social cognition study protocol
	Background
	Aims
	Methods and analysis
	Objectives
	Participants
	Inclusion criteria
	MS patient group
	Control group
	Exclusion criteria
	MS patient group
	Control group
	Material
	Clinical and demographic assessment
	Primary outcome measure
	Secondary outcomes measures
	Cognitive and affective assessment
	Motivational assessment
	Physiological data

	Procedure
	Participant timeline

	Statistical analysis
	Descriptive
	Group differences in main outcome measures (differences in moral choices)
	Group differences in the second outcome measures (three explanatory factors of the observed differences in moral choices)
	Motivational hypothesis: t-tests, regressions and moderated-mediation analysis
	Cognitive-affective hypothesis: Regression analyses
	Neurophysiological hypothesis: correlation analyses
	Data monitoring and management

	Discussion and expected results
	Ethics statement
	Author contributions

	References

