39
April 2026

Elisa De Bartolo - Giovanni Cicinelli - Stefania Brighenti
Emanuela Nobile - Francesca Capiotto - Roberto Keller

A pilot investigation of the Italian short version of the Sensory
Perception Quotient (SPQ) in autistic and neurotypical adults

Davide Crivelli - Michela Balconi

Neuroassessment and monitoring of higher cognitive functions
in naturalistic context: a case of organizational neuroscience

Rael H. Morley - Paul B. Jantz - Anastasia |. Gumatay
Bayley R. Grimshaw

The impact of posterior cingulate and dorsal lateral connectivity
on aggression

Michela Balconi - Laura Angioletti - Angelica Daffina

Are you sure about your choice? EEG correlates of decision
confidence before and after reframing

Domenico Gambino
Are negative affect and executive functioning related in healthy
young adults?

23

63

87

Neuropsychological Trends — 39/2026
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

5


https://www.ledonline.it/neuropsychologicaltrends/




Are you sure about your choice?

EEG correlates of decision confidence
before and after reframing

Michela Balconi'? - Laura Angioletti"? - Angelica
Daffina'?

! International research center for Cognitive Applied Neuroscience (IrcCAN),
Universita Cattolica del Sacro Cuore, Milan, Italy

2 Research Unit in Affective and Social Neuroscience, Department of Psychology,
Universita Cattolica del Sacro Cuore, Milan, Italy

DOLI: https://doi.org/10.7358/neur-2026-039-balc angelica.daffina@unicatt.it

ABSTRACT

Decision—making is pivotal in everyday life and can often be influenced by the framing
effect, whereby the presentation of information influences decisions. This study
investigates how reframing affects decision confidence in young adults. 46 healthy
participants performed a resistance—to—reframe task, making work—related decisions by
selecting the best option from four alternatives and rating their confidence before and
after a negative reframing. Behavioural data and EEG frequency bands (delta, theta,
alpha, beta and gamma) were recorded. Reframing significantly affected decision
confidence, especially initially, by increasing the complexity of choices. Increased reaction
times after reframing reflected greater cognitive complexity due to perspective changes.
EEG results showed significant activity in the delta, theta and alpha bands, with higher
activation in the right frontal area (AF8). Reframing affects decision—making by
increasing cognitive workload and modulating confidence, suggesting the role of
executive functions and metacognition in managing uncertainty.
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1. INTRODUCTION

A core principle of rational decision—making is the maintenance of logical
consistency across choices, regardless of how they are presented. However, as
far as human decision—making is concerned, research indicates that it is
susceptible to biases influenced by context and risk and substantial empirical
evidence challenges the notion that human decisions remain unaffected options
are described (McNeil et al., 1982; Tversky & Kahneman, 2000). For instance,
a seller might label juice as “95% sugar—free” rather than “5% of sugar” to
make it more appealing to consumers and, in turn, this frame may affect
consumers’ choice, even though both statements convey identical information.

This tendency for decisions to be swayed by how information is framed,
known as the “framing effect”, has been extensively documented in various
decision—making scenarios (Tversky & Kahneman, 1981). Individuals differ
significantly in their susceptibility to decision—making biases, though the
underlying causes of this variability remain unclear. Notably, these biases are
observed across different cultural contexts (Kahneman & Tversky, 1979; Sharp
& Salter, 1997) and continue to persist despite efforts to mitigate them
through training (McNeil et al., 1982). Thus, despite in decision—making
studies, flexibility, perspective—changing, and adaptability to change are
regarded as positive qualities characterizing expert decision—makers (Laureiro-
Martinez & Brusoni, 2018), also maintaining one’s decision—making
confidence, regardless of the influence of context (i.e., a different frame or a
new positive/negative reframe) can also be deemed as advantageous.

In neuroscience literature, although still limited, neuroimaging research
with functional magnetic resonance imaging (fMRI) has begun to explore the
neural mechanisms that underlie framing—related biases in decision—making. In
particular, such works exploited classical gambling tasks proposing different
frames of gain and losses and have found that the amygdala exhibits heightened
activation when decisions align with the framing of an option — meaning that
positively framed choices (or “gain choices”) are more likely to be accepted,
whereas negatively framed ones (or “loss choices”) are more likely to be avoided.
Conversely, the anterior cingulate cortex (ACC) and regions of the dorsomedial
and dorsolateral prefrontal cortex display increased activicy when individuals
contrast the framing effect (De Martino et al., 2006; Roiser et al., 2009).
Moreover, genetic variations in susceptibility to framing biases have been found
to be reflected in differential amygdala activation and its connectivity with the
ACC and medial prefrontal cortex (Roiser et al., 2009). More broadly,
neuroscience research is increasingly focusing not only on the effects of decision—
making biases but also on individual neurophysiological susceptibility to these
biases and the neural mechanisms underlying resistance to them. For example,
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some studies have highlighted how positive/favourable vs. negative/unfavourable
feedback from the environment can influence the sense of efficacy associated with
the choice made (Cohen et al., 2007; Crivelli et al., 2023). Others (Burmeister &
Schade, 2007; Samuelson & Zeckhauser, 1988), On the contrary, have
highlighted the need to seek consistency regardless of the quality (positive or
negative) of the feedback, referring to the concept of “status quo bias”.

However, less is known about how framing influences decision
confidence, defined as the metacognitive ability to reflect on one’s choice and
reassess one’s judgment after a shift in framing. Starting from the studies of
Fleming and colleagues (Fleming et al., 2012), there is a close link between
decision—making and metacognition if we consider confidence as a monitoring
signal that can affect other cognitive processes. In this sense, metacognition is
closely related to the executive function, which includes planning, problem—
solving, working memory and performance monitoring (Balconi, 2023;
Balconi, Angioletti, et al., 2020; Balconi et al., 2025)

With the aim of testing the resistance to framing effect, we recently
examined if professionals of different seniority levels can resist contextual
biases, specifically to reframing and decoy effects during decision—making tasks
(Angioletti et al., 2024), Also, we explored if different decision—making styles
predicted a higher resistance to reframing. Participants completed two tasks
designed to assess their resistance to cognitive biases: the Resistance to Reframe
Task (RRT) and the Resistance to Alternatives Task (RAT), both of which
were characterized by ecologically valid organizational situations. Reframing
was here operationalized with a situation which was later presented from
another perspective, particularly a negative perspective (i.e., a negative
reframing situation). The results showed that professionals, regardless of their
seniority, were generally able at resisting the reframing effect presented in the
task. However, the study also highlighted that individuals with specific
decision—making styles can be more vulnerable to these influence strategies.

Despite this work being one of the first to examine resistance to reframing
in an applied context on a sample of professionals and to calculate behavioral
indices assessing their overall resistance to reframing (Angioletti et al., 2024), it
lacks the analysis of other key aspects relevant to the neuroscience of decision—
making. First, it did not explore the dynamics of decision—making when
reframing is presented, which is crucial for understanding how cognitive
processes unfold in real time and how individuals integrate new information
when revising their choices. Secondly, the changes in confidence levels
regarding one’s decision before and after reframing were not measured, even
though this aspect is essential for assessing the stability of decisions (Krumpe et
al., 2019) and the extent to which reframing influences not only choices but
also the certainty with which they are made. Thirdly, it did not explore changes
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in neurophysiological activity related to the impact of reframing on decision
confidence, which is important for identifying the neural mechanisms
underlying resistance to reframing and determining whether specific brain
responses predict greater susceptibility or resilience to its effects. These points
highlight some gaps in the literature on the effects of reframing on confidence
in decision—making and the neural processes underlying this phenomenon.

Focusing on the last point, it should be noted that, compared to
neuroimaging techniques (such as fMRI), electroencephalography (EEG) has been
widely employed as a valid, easy—to-use, low cost and with high temporal
resolution technique to investigate the neurophysiological responses supporting
decision—making process. It could also provide valuable insights into the neural
dynamics related to decision—making biases such as framing and reframing effects.

To the best of our knowledge, no previous neuroscientific studies
exploited EEG to investigate the neurophysiological correlates of reframing,
providing valuable insights into the neural dynamics accompanying the
confidence in one’s decision under such decision bias. However, several studies
have demonstrated the value of EEG in providing information about cognitive
and emotional processing involved in decision—making and decision confidence
by analyzing the functional roles and the localization of the different EEG
frequency bands (delta, theta, alpha, beta and gamma)(Balconi & Lucchiari,
2005b, 2005a; Balconi & Pozzoli, 2005b; Boldt & Yeung, 2015; Krumpe et
al., 2019; Selimbeyoglu et al., 2012).

For instance, delta band is considered a marker of implicit monitoring
(Balconi & Lucchiari, 2005a, 2005b; Balconi & Pozzoli, 2005a; Harmony,
2013) and has been demonstrated to be linked to attentional cognitive
processes, the formation of explicit and declarative memories, as well as
motivation and emotional states (Balconi et al., 2020; Knyazev, 2012).
Similarly, theta band has been linked to cognitive control (Cavanagh &
Shackman, 2015) and increased strongly following errors compared to correct
responses, which is crucial for decisions that involve integrating and controlling
actions (Balconi et al., 2020) and act as a “startle signal” for behavioral
adaptation (Beste et al., 2023). With specific reference to decision confidence,
both delta and theta bands’ increase was found to signal subjective uncertainty
about the response in decision—making tasks (Selimbeyoglu et al., 2012). Alpha
band has been linked to attentional processes and cognitive demand (Davis et
al., 2011; Klimesch, 2012). Furthermore, according to the phenomenon of
cortical idling, the increase of alpha activity would reflect a state of cortical
inactivity or a reduction in cognitive processing (Pfurtscheller et al., 1996).
Beta band is associated with heightened attention and vigilance, supporting
conscious, goal-oriented decision—making (Engel & Fries, 2010). Lastly,
gamma band activity is linked to a complex interplay of mental fatigue,
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sustained attention, vigilance, and enhanced cognitive performance (Borghetti
et al., 2021; Herrmann et al., 2010). Nonetheless, EEG markers for the effects
of reframing on confidence in decision—making have not yet been defined.

Thus, to explore these aspects, we developed the current study which aims
at exploring the behavioural and EEG correlates of the influence of reframe on
decision’s confidence dynamics. To do so, we asked a sample of healthy
participants to complete a decision—making task, composed of two steps, in
which they rated their confidence in their decisions before and after a reframing
of the situation, highlighting negative consequences. Accordingly, confidence
scores and reaction times (RTs) were collected to measure behavioural markers
of confidence in one’s decision before and after the reframing in the two
decision—making steps.

Additionally, RTs served as an indirect indicator of the cognitive workload
and effort involved in the decision—making process (Kramer, 2020; van Winsum,
2018). Throughout the whole task, EEG activity was also continuously recorded
to allow the analysis of EEG frequency bands (delta, theta, alpha, beta and
gamma) as neurofunctional markers of the process.

Building on these premises, our first hypothesis regarding behavioural
data posits that participants will demonstrate significantly higher
confidence in their decisions before reframing at each step. This expectation
arises from the reframing effect, which prompts individuals to reassess their
choices based on a newly introduced perspective, potentially altering their
initial confidence assessment.

Secondly, we anticipate that RTs will be significantly longer when
participants assess their confidence after reframing. This is because the
cognitive demands associated with reconsidering both their decision and their
confidence within a new frame of reference are expected to increase.

Finally, we predict that confidence assessment levels will be lower, and
RTs will be longer in the second compared to the first step of the task. The
heightened awareness of the task’s growing complexity may lead participants to
engage in deeper reflection, thereby influencing both their confidence and the
time required to express it.

Regarding EEG data, since the increase of low frequencies (delta and theta
bands) marks subjective uncertainty during decision—making  tasks
(Selimbeyoglu et al., 2012), we expect an increase of these EEG frequencies
during confidence assessments after the reframing in both steps of the tasks.

Specifically, we also expect increased delta power in frontal regions during
the final confidence assessment compared to earlier confidence assessments,
based on the role of delta oscillations in implicit monitoring and attentional
processes (Harmony, 2013), which may become more pronounced when
participants reach higher awareness of their decision after reframing,.

Neuropsychological Trends — 39/2026
hteps://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

67


https://www.ledonline.it/neuropsychologicaltrends/

Michela Balconi - Laura Angioletti - Angelica Daffina

Additionally, given the role of frontal theta oscillations in cognitive
control and conflict resolution (Cavanagh & Shackman, 2015), we expect
theta power to be higher in frontal regions compared to temporo—parietal
sites, reflecting the engagement of prefrontal areas in managing cognitive
conflict during the task.

We predict a significant decrease in alpha power after reframing,
consistent with its association with cognitive effort and attentional demands
and the phenomenon of cortical idling, for which lower alpha band power
marks high cognitive activation (Pfurtscheller et al., 1996). Moreover, we
anticipate that alpha power will recover in the second step, perhaps reflecting
adaptation to the increased cognitive complexity of the task.

Since high—frequency bands oscillations (beta and gamma bands) are
linked to attention and goal-directed decision—making, we hypothesize that
they will be modulated by confidence assessments. Specifically, we expect
higher beta and gamma activity in frontal sites during later confidence
assessments compared to earlier ones, as participants adjust their decision—
making strategies.

2. METHOD
2.1 Participants

A sample of 46 healthy individuals (Mean age = 22.1; DS = 2.27; 26 males),
voluntarily took part in the study, without receiving any financial
compensation for their participation. An a priori power analysis was
conducted using G*Power (version 3.1.9.7) to determine the required sample
size for the planned repeated—measures analysis of variance (ANOVA). This
analysis indicated that, for a effect size f of 0.25, an alpha level of 0.05, and a
statistical power of 0.95, a minimum of 36 participants was necessary to
achieve reliable results. Estimating a 20% of participants drop out, we
recruited ten more participants.

Participants were recruited by the following exclusion criteria: severe levels
of depression and perceived stress, history of psychiatric or neurological
disorders, abnormal short and long—term memory or low global cognitive
functioning, and undergoing treatment with psychoactive drugs, which could
affect cognitive decision—making processes. Participants provided written
informed consent, and they were informed of their right to withdraw at any
time. The study was authorized by the Ethics Committee of the Department of
Psychology at the Catholic University of the Sacred Heart, Milan, Italy
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(approval code: 125/24 - Valutare il Decision-Making: consapevolezza e
metacognizione decisionale; approval date: 23 July 2024) and according to the
GDPR — Reg. UE 2016/679 and its ethical guidelines) and was conducted
following the Declaration of Helsinki principles (2013) and the GDPR (Reg.
EU 2016/679) and its ethical guidelines.

2.2 Procedure and experimental rask

The experiment was performed in a quiet, designated room, ensuring a
distraction—free environment. Participants were seated comfortably in front of a
computer, positioned approximately 80 cm away. Before beginning, written
informed consent was obtained from participants to participate in the study,
after which they were familiarized with the experimental setup and
procedures. To start, an EEG device was fitted onto their heads to record 120
seconds of resting—state baseline activity. Following this, the participants were
provided with detailed instructions on how to complete the RTT task. These
instructions were delivered through a web-based survey and experiment—
management platform (Qualtrics XM platform; Qualtrics LLC, Provo, UT,
USA).

2.2.1 Resistance to Reframe Task (RRT)

In the RRT, participants engaged in two distinct decision—making steps. In
cach step, they were asked to put themselves in each situation in which they
must decide and select the option they found most appropriate from a set of
multiple choices.

Decision—making situation: during both steps, participants were presented
with a situation depicting a critical workplace dilemma, requiring them to
decide. For example, in the first step, they were presented with a decision—
making situation in which they were told they were required to take part in a
challenging decision alongside all the executives of their company.

Due to budget cuts, they must determine whether to shut down certain
factories and lay off employees. Their company operates four plants and
employs a total of 6,000 workers. Then four workers working in the company
facilities were introduced to them (showing them a picture of the four factories
along with the four workers). Their task was to decide which of the four plants
should remain open by selecting one of the available options.

First Confidence Assessment (CAl): once they made their choice,
participants rated their confidence in their decision using a Likert scale ranging
from 1 to 5, where 1 indicated “not confident at all” and 5 represented
“completely confident”.
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Reframing of the situation: next, participants were presented with a
negative reframing of the situation, emphasizing the negative consequences of
their decision. They were told that based on the choice they made, the
employees at the other factories would lose their jobs.

Second Confidence Assessment (CA2): after receiving this new additional
information, participants were asked to reassess their confidence in their
decision again using the same 1-to—5 Likert scale.

Following the completion of the first step, participants proceeded to the
second one, which followed the same structure. Confidence assessment was
collected also for the second step (respectively, CA3 and CA4). For both steps of
the task, confidence scores (ranging from 1 to 5) and RT's were recorded during
CAl, CA2, CA3, and CA4. EEG activity was then recorded throughout the task.
The whole experimental procedure lasted approximately 15 minutes (Figure 1).

2 min 15 min
STEP 1 H STEP 2 -
I 1
DECISION-MAKING SITUATION DECISION-MAKING SITUATION
Which of the four plants remains open? Which of the four plants remains open?
First Confidence Assessment (CA1) Third Confidence Assessment (CA3)
Are you sure? Are you sure?
ponnnon pnanne
I I
REFRAME REFRAME
Three of them will fose the job Three of them will lose the job
T T
Second Confidence Assessment (CA2) Fourth Confidence Assessment (CAd)
Are you sure? Are you sure?

EEG recording l J’

Figure 1. Description of the experimental procedure and RRT
2.2.2 EEG data acquisition

The EEG wearable MUSE™ headband (version 2; InteraXon Inc., Toronto,
ON, Canada) was used to collect data about EEG brain activity (during the
resting state baseline and the RRT). This device measures EEG activity through
use of an accelerometer, a gyroscope, a pulse oximeter, and seven electrodes
composed of conductive materials, specifically silver and silicone rubber. Three
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electrodes function as references, while the other four record activity from the
frontal and temporoparietal regions, following the international 10-20 system.
Specifically, electrodes were positioned in the right and left hemispheres: AF7
and AF8 for the frontal area, and TP9 and TP10 for the temporo—parietal area.

Data was sampled at 256 Hz with a 50 Hz notch filter, recorded through
a system equipped with an accelerometer, gyroscope, and pulse oximetry,
synchronized via the Mind Monitor mobile app over Bluetooth. Participants
were asked to minimize eye movements and blinking to limit artifacts, which
were later manually identified and removed by visual inspection. Mind
Monitor application generates data output in .csv from which we removed
artifacts including blinks, jaw clenching, and general movement (less than 1%
of data was removed).

Data segments were rejected within +1 second windows around the time
of each blink detection to ensure data quality. Power Spectral Density (PSD)
was computed from the EEG data using Fast Fourier Transformation for the
delta (1-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-30 Hz), and
gamma (30—-44 Hz) bands. Mind Monitor automatically analyzes the raw data
by employing a fast Fourier transform, which enables the extraction of brain
waves across various frequency bands. The algorithm used is proprietary from
Mind Monitor app and not shared.

Task—related variations in EEG power values were computed as follows:
TRPSD = ((PSDtask—PSDopen-bl)/PSDopen-bl)

where TRPSD represents task—related variations in EEG power values for each
frequency band and each Rol, PSDtask represents EEG power values during
the task conditions for each frequency band, and PSDopen-bl represents EEG
power values in eye—open baseline for each frequency band.

2.3 Data analysis

Behavioral data: concerning behavioral data analyses, two ANOVAs were
conducted with Confidence Assessment (4: CAl, CA2, CA3, CA4) as the
within—subject factor and the behavioural scores (confidence response score and
RTs) as dependent variables.

EEG data: regarding EEG, five repeated measure ANOVAs with
Confidence Assessment (4: CA1, CA2, CA3, CA4) and Electrode (4: TP9,
AF7, AF8, TP10) as independent within—subject factors were applied to each
frequency band as dependent variable (delta, theta, alpha, beta and gamma).
Pairwise comparisons were applied to the data in case of significant effects.
Simple effects for significant interaction were further checked via pairwise
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comparisons, and Bonferroni correction was used to reduce multiple
comparisons potential biases. For all the ANOVA tests, the degrees of freedom
were corrected using Greenhouse—Geisser epsilon  where appropriate.
Furthermore, the normality of the data distribution was preliminarily assessed
by checking kurtosis and asymmetry indices. The normality assumption of the
distribution was supported by these preliminary tests. The size of statistically
significant effects was estimated by computing partial eta-squared (1N2) indices.
All statistical analyses were performed using Jamovi (version 2.6.22; The
Jamovi Project, 2022).

3. RESULTS
3.1 Behavioural result

The ANOVAs for the behavioral confidence score showed a main effect for
Confidence Assessment (F [3,75] = 8.54, p < .001, n? = .072). Pairwise
comparisons revealed higher confidence in the choice in CAl compared to
CA2 (p = .011), and in CA3 compared to CA2 (p < .001) and CA4 (p = .008).
Secondly, a main effect for Confidence Assessment was also found for the RTs
(F [3,84] = 44.9, p < .001, n? = .462). Pairwise comparisons revealed higher
RTs for CAl compared to CA3 (p < .001), as well as higher RTs in CA2
compared to CAl (p < .001), CA3 (p < .001) and CA4 (p < .001). Also, higher
RT's were found in CA4 compared to CA3 (p = .005).

3.2 EEG results

Analysis of EEG data revealed statistically significant results for delta, theta,
alpha, and beta waves, but not for gamma waves.

3.2.1 Delta

Regarding the delta frequencies, a main effect on Electrodes was found (F
[3,135] = 3.80, p = .012, n? = .032), for which higher values were found for
AF8 (M = 0.405, SE = 0.084), compared to AF7 (M = 0.214, SE = 0.060),
TP9 (M = 0.171, SE = 0.051) and TP10 (M = 0.217, SE = 0.057), but did not
survive multiple comparisons correction. Moreover, it was observed a
significant interaction effect Confidence Assessment x Electrodes (F [9,405] =
4.07, p < .001, n? = .010) with higher delta values in AF8 during CA4
compared to TP10 during CA2 (p = .014) (Figure 2a-b).
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Figure 2a—b. EEG delta band results. (a) The bar charts show significant differences
Jor the delta band in Confidence Assessment * Electrodes, with higher values in AF8
during CA4 compared to TP10 during CA2. Bars represent + 1 standard error and
stars (*) mark statistically significant comparisons (p < .005). (b) The more intense
color in the rendering of the head (below) represents the increase in EEG power at the

specific EEG electrodes

3.2.2 Theta

As for the theta band, a main effect on Confidence Assessment was observed (F
(3,135] = 2.67, p = .050, n? = .005), with greater theta band values in CAl
compared to CA2 (p = .002). It was found also a main effect Electrodes (F
[3,135] = 5.36, p = .002, n? = .042), for which pairwise comparisons revealed
higher theta values in AF8 than in TP9 (p = .022). Furthermore, a significant
interaction effects the Confidence Assessment x Electrodes was reported (F
[9,405] = 1.92, p = .048, n?=.005). Pairwise comparisons revealed higher theta
values in AF8 during CA4 compared to CA2 in TP9 (p = .015), CA2 in TP10
(p =.015) and CA3 in AF7 (p = .043) (Figure 3a-b).
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Figure 3a—b. EEG theta band resulss. (a) The bar charts show significant
differences for the theta band in Confidence Assessment * Electrodes, with higher values
in AF8 during CA4 compared to CA2 in TP9 and TP10, and CA3 in AF7. Bars
represent x 1 standard error and stars (*) mark statistically significant comparisons (p <
.005). (b) The more intense color in the rendering of the head (below) represents the
increase in EEG power at the specific EEG electrode

3.2.3 Alpha

Concerning alpha activity, the results revealed a main effect for Confidence
Assessment (F [3,135] = 5.616, p = .001, n? = .007). Pairwise comparisons
showed higher alpha mean values in CA1 compared to CA2 (p = .002). Also,
greater alpha mean values were found in CA3 (p = .046) and CA4 (p. = .004)
compared to CA2 (Figure 4).
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Alphaband - Confidence Assessment
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CAl CA2 CA3 CA4

confidence assessment

Figure 4. EEG alpha band results. The bar charts show significant differences for the
alpha band in Confidence Assessment step, with higher activity in CAI compared to
CA2, and in CA3 and CA4 compared to CA2. Bars represent + 1 standard error and
stars (*) mark statistically significant comparisons (p < .005)

3.2.4 Beta

In relation to the beta waves, it was noted a main effect Electrodes (F [3,135] =
2.83, p = .041, n° = .022); for which higher values were found for AF8 (M =
0.239, SE = 0.066), compared to AF7 (M = 0.292, SE = 0.089), TP9 (M =
0.119, SE = 0.044) and TP10 (M = 0.161, SE = 0.046), but did not survive
multdiple comparisons correction (Figure 5 a-b).
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Figure 5a—b. EEG beta band resulss. (a) The bar charts show significant differences
for the beta band in Electrodes, with higher values in AF8 compared to AF7, TP9, and
TPI0. Bars represent + 1 standard error. (b) The more intense color in the rendering of
the head (on the right) represents the increase in EEG power at the specific EEG
electrode

4. DISCUSSION

The present study investigated the behavioural and EEG correlates of the
influence of reframing on decision—making in a sample of healthy participants.
Participants were asked to complete a decision—making task based on a real-life
situations while EEG activity was monitored. The task consisted of two steps in
which participants rated their confidence in the decision before and after the
presentation of a reframe emphasizing the negative consequences of the choice.

The results contribute to the growing interest in decision—making and
provide insights into the relationship between cognitive bias, metacognition
and reframing.

On one hand, concerning the behavioural data, the analysis focused on
the assessment of decision confidence and RTs In line with our hypotheses,
participants showed greater confidence before the reframe in both steps,
suggesting that the reframe can interrogate the initial choice and encourage
reconsideration of the decision in the light of new information or a contextual
change, especially when negatively connoted (Peeters & Czapinski, 1990;
Tversky & Kahneman, 1981). However, the greater confidence found in the
first confidence assessment of the second step may reflect a familiarity effect
with the task resulting from exposure to the previous step or, at the same time,
a possible attempt to re—establish confidence in one’s decision—making ability
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after the reframe. In terms of RTs, an increase after the reframe is observed in
both steps, suggesting that reconsidering one’s decision requires more cognitive
effort, as participants must integrate the new frame of reference with the
original decision. In addition, higher RTs in the first step than in the second
step support the hypothesis of a familiarity effect: lower demand for cognitive
effort in the evaluation of the second step could be due to experience.

Similarly, significantly higher RTs in the first confidence assessment than
the others may indicate a higher initial cognitive demand to restructure one’s
choice, with a progressive reduction in RTs in the subsequent confidence
assessment as evidence of adaptation to the task.

These behavioural results highlight the impact of reframing on decision—
making and metacognition. In particular, reframing affects confidence in the
decision, with individuals resisting reorientation in similar repeated situations,
resulting in increased processing time, as sign of increased cognitive load
(Kramer, 2020; Tversky & Kahneman, 1981; van Winsum, 2018).

On the other hand, analysis of the EEG data revealed significance in the
delta, theta, and alpha bands, providing insight into the modulation of brain
activity during the task. At a general level, greater right frontal activation was
observed, particularly in the delta and theta bands, than in the temporo—
parietal areas. This EEG finding supports the hypothesis that low—frequency
bands are involved in executive control and uncertainty management related to
the decision—making task (Cavanagh & Shackman, 2015; Harmony, 2013).

Furthermore, these results support the idea that reframe effects involve
areas dedicated to ambiguity management and cognitive flexibility, here
understood as the ability to use new adaptive decision—making strategies.

Specifically, the increase in activity in the delta band follows a specific
pattern in the different steps of the task. After the reframe of the first step, the
unexpected restructuring of information activates TP10, located in the right
temporo—parietal junction, an area involved in the detection of expectation
violations (Corbetta et al., 2008; Krall et al., 2015). However, after the reframe
of the second step, although the restructuring is still unanticipated, there is
increased activity in AF8, suggesting greater involvement of executive control
to manage the conceptual change already experienced. Overall, these results
suggest that as experience with the task increases, greater cognitive control and
higher levels of adaptation become essential.

As regards the theta band, the analysis of the evolution of the task reveals a
change in the distribution of theta activity. Indeed, in the first step, after the
reframe, a general increase in activity is observed in the temporo—parietal
region, whereas after the reframe of the second step, activation is higher in AF8.
Additionally, a similar trend is found in the second step, when comparing the
initial confidence assessment and the confidence assessment after the reframe,
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with an increase in activity in AF7. These results may be explained by research
showing that the temporo—parietal junction (which includes both the left and
right temporo—parietal areas) is known to be involved in empathy and
mentalization processes (Canessa et al., 2012; Luyten & Fonagy, 2015; Saxe &
Wexler, 2005). Therefore, in this decision confidence task, the presentation of a
negative valence reframe may have stimulated implicit monitoring by activating
internal feedback loops that are used to assess the validity and relevance of
decisions in terms of their possible effects. Taken together, these EEG results
suggest that the theta band plays a key role in the adaptation of decision—
making. Furthermore, the influence of reframing appears to require greater
cognitive effort to rework and integrate the new information, as evidenced by
increased frontal activity.

Concerning the alpha band, a reduction in activity was observed after the
first reframe compared to the first confidence assessment of the first step; in
addition, this reduction is also significant compared to both of the second
step’s confidence assessments, suggesting a greater cognitive effort in response
to the first reframe, with subsequent adaptation to the task and a reduction in
cognitive demand in later stages through the development of more efficient
strategies for dealing with the reframe. Therefore, alpha increases in the second
step may reflect a reduced need for active processing, facilitated by increased
task familiarity and reduced cognitive load associated with decision reframing.

Indeed, the reduction in alpha would reflect an increased cognitive load in
response to the uncertainty introduced by the first reframe, consistent with the
role of this band in decision—making processes (Keil et al., 2006; Runnova et
al., 2021). Thus, this finding is consistent with studies showing a reduction in
alpha in decision—making scenarios as a response to the need to process new
information or revise previous evaluations (Balconi et al.,, 2024; Basar &
Giintekin, 2012; Cona et al., 2020).

Finally, as regards beta activity, greater activation was observed in the
right frontal lobe compared to the left frontal lobe and to the temporo—parietal
areas of both hemispheres, regardless of the steps of the task. This finding is
consistent with evidence linking beta activity to processes of judgement,
problem—solving and task concentration (Engel & Fries, 2010; Lin et al.,
2011). Finally, right frontal activation suggests that the task requires adaptation
of the decision—making process with the adoption of new modes of action. In
addition, the predominance of frontal activity over temporo—parietal one
suggests that the decision—making aspect of the task is more important than the
social cognition aspect (Decety & Lamm, 2007).

In summary, the results showed that the negative reframe had a significant
impact on decision confidence, requiring greater cognitive effort to evaluate
choices, as reflected in increased reaction time and changes in confidence
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ratings. In addition, EEG analysis revealed increased activity in the delta, theta,
and alpha bands, particularly in the right frontal lobe, suggesting involvement
of brain areas associated with executive control and cognitive flexibility related
to enhancing decisional adaptation. This finding highlights the
interdependence between executive functioning and metacognition, both of
which are supported by activation of frontal regions (Balconi et al., 2020;
Cleeremans et al., 2007; Fleming, 2024).

Despite the study’s providing interesting data, however, it is important to
consider some possible limitations. The first limitation concerns the sample
size, which, although moderate, may affect the generalizability of the findings
to larger populations with different age groups or occupational categories.
Future studies could recruit samples from various settings, such as different
organizations, to explore differences in resistance or susceptibility to reframing.

Second, the study used a limited number of steps; future research should
consider others to test reframing effects and potential familiarity biases.

It would also be valuable to examine whether positive reorientation
influences trust and whether the observed EEG patterns generalize across
different framing effects. To improve the understanding of brain activity
during reframing and to strengthen the findings, other complementary
neuroimaging techniques should be considered. In addition to EEG, which
offers high temporal resolution, functional near—infrared spectroscopy (fNIRS)
could provide insights into cortical activation and connectivity during
decision—making. Finally, the study of emotional processes associated with
decision confidence through measures such as cardiac or electrodermal activity
could be informative. Future research may also benefit from analyzing
individual differences or personality traits to assess whether certain profiles are
more resistant to reframing.
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