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Abstract

Optimism bias is the tendency to believe desirable events are more likely to happen

than undesirable ones. People often display optimistic biases for themselves (per-

sonal optimism), but also for members of groups they like or identify with (social opti-

mism). However, the neural bases of and connections between these two concepts

are poorly understood. The present study hence used both questionnaires and a

social optimism task performed during magnetic resonance imaging to investigate

how network connectivity associates with personal and social optimism biases. Using

sparse canonical correlation analysis, we found that a behavioral dimension that

included both in-group optimism bias and personal optimism bias was positively asso-

ciated with a dimension of network connectivity. This dimension comprised two net-

works with positive weights (dorsal precuneus-related default mode network and

dorsal sensorimotor network), and three with negative weights (including parts of the

salience and central executive networks). Our findings indicate that connectivity in

networks adjacent to the temporoparietal junction favors propagation of both per-

sonal and social optimism biases. Meanwhile, low connectivity in more frontal net-

works associated with more complex cognition may also further such propagation.

K E YWORD S

functional connectivity, optimism bias, social optimism

1 | INTRODUCTION

Optimism bias refers to the belief that desirable events are more likely

to happen in the future than undesirable events. The majority of the

general population are prone to a personal optimism bias, that is, see-

ing their own future in overly bright colors (Windschitl &

Stuart, 2015). Such positively biased expectancies may be highly ben-

eficial in that they promote mental and physical well-being

(Conversano et al., 2010; Rasmussen et al., 2009). Additionally, recent

literature suggests that there also exists a social optimism bias (Aue,

Dricu, Moser, et al., 2021; Dricu et al., 2018). Specifically, people dis-

play an optimism bias for members of groups they identify with (in-

groups) or like. At the same time, they may show a pessimism bias for

members of out-groups (groups they do not identify with) or that they

dislike (especially if these are perceived as cold and incompetent).

Both social phenomena may be interdependent, because imagining
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something bad happening to the ones we do not like may (de)activate

the same brain regions as imagining something good happening to the

ones we like (Aue, 2014).

The literature on the neural foundations of social optimism biases,

focusing on brain structure, brain activation and functional connectiv-

ity, is limited. One study (Moser et al., 2021) investigated how per-

sonal and social optimism biases relate to brain functional

connectivity during resting state. This study revealed a link between

social optimism bias and personal pessimism with connectivity in a

variety of networks including the ventral DMN (which comprised the

middle temporal gyrus (MTG), parts of the insula, IFG, and hippocam-

pus), but also the anterior DMN (which comprised the dorsal anterior

cingulate cortex (ACC)), dorsal precuneus DMN, as well as dorsal sen-

sorimotor network and lateral fronto-parietal CEN.

Relatedly, the examination of the association between task-

accompanying brain activity and social optimism biases (A. J. C. Cuddy

et al., 2007; Dricu, Schupbach, et al., 2020; SCM, Fiske, 2015;

Fiske, 2017) used the Stereotype Content Model (SCM, A. J. C. Cuddy

et al., 2007; Fiske, 2015). SCM divides social groups along two dimen-

sions of perception: warmth and competence. While warmth refers to

the attribution of interpersonal intentions and capabilities to a social

target, competence relates primarily to what personal intentions and

faculties are attributed. Different placement among the four quad-

rants of these two dimensions may result in experiences among

observers that qualitatively differ in emotionality, attitudes, and sub-

sequent behavior (Aue, Buhrer, Mayer, & Dricu, 2021; A. J. C. Cuddy

et al., 2007; Fiske, 2015, 2017). The study on social optimism bias and

task related brain activation (Dricu, Schupbach, et al., 2020) identified

medial regions of the DMN, namely the posterior cingulate/precuneus

and ventromedial prefrontal cortex to be more strongly activated dur-

ing the evaluation of the likelihood of events happening to an in-

group vs. out-groups on the different quadrants of the SCM (three dif-

ferent out-groups in this specific case: (1) out-group elderly individual,

perceived as high in warmth and low in competence; (2) out-group

businessperson, perceived as low in warmth and high in competence;

(3) out-group alcoholic individual, perceived as low in both warmth

and competence). Importantly the strength of the optimism bias

revealed for the in-group varied as a positive function of the strength

of said brain activation. Conversely, the IFG and the temporo-parietal

junction (TPJ) were more strongly activated during likelihood ratings

for cold-out-groups than for the in-group; these regions' activations,

too, were positively correlated with optimism biases—but this time for

the cold out-groups. Still another study (Aue et al., 2012) investigated

event-related neural activity and connectivity associated with social

optimism bias. In that study, American football fans predicted the like-

lihood that their favorite (presumed in-group) or least favorite (pre-

sumed out-group) team would win a game. Consistent with

expectations participants displayed a social optimism bias in that the

favorite team trials were characterized by higher attributed winning

odds than were the least favorite team trials. Furthermore, activity in

a cluster comprising parts of the left inferior occipital and fusiform

gyri distinguished between favorite and least favorite team trials.

More importantly, functional connectivity of this cluster within the

visual network (VIS) with the human reward system was specifically

involved in the optimism bias expressed in behavior. These findings

hence support the idea of a visual attention bias generating or con-

tributing to the optimism bias.

Measures of brain structure may elucidate more stable patterns

of association with biases, underlying brain function and connectivity.

Brain structure (Moser et al., 2020) was linked to an optimism-

pessimism dimension including reduced optimism/increased pessi-

mism biases for out-groups perceived as cold (e.g., businesspersons

and alcoholics). Specifically, this optimism-pessimism dimension was

associated with cortical thickness in the left insula, but also in the

inferior frontal gyrus (IFG) and several other regions that are part of

either the default mode network (DMN) which is active during rest

and involved in self-referential processing, or the central executive

network (CEN) important in planning. Further, the anterior insula and

IFG have been linked to the way people update beliefs relevant to

personally relevant optimism biases in the face of new information

(Kuzmanovic et al., 2016; Moutsiana et al., 2015). Within this

optimism-pessimism dimension a bias towards characters perceived

as warm—warmth itself is linked to trust (Oyediran et al., 2018;

Shkurko, 2013)—played an important role.

In sum, the existing literature links social optimism biases with

networks that are involved in general processing, but also networks

implicated in the evaluation of the valence of stimuli or the differenti-

ation of self and others (Dricu, Schupbach, et al., 2020; Moser

et al., 2020; Moser et al., 2021). However, to our knowledge, no study

has yet investigated the association of task-related neural connectiv-

ity with optimistic and pessimistic biases for an in-group and more

than a single out-group. In addition, social optimism bias has not been

compared with personal optimism bias in this respect.

The present study aimed to remedy this lack of research by exam-

ining the link of local brain connectivity with optimism/pessimism

(bias) both on a personal level (i.e., assessed through questionnaires),

as well as on a social level (i.e., assessed with an experimental task). In

the experimental task (previously validated in a student population;

Dricu et al., 2018), our participants (who were students) rated the like-

lihood of future events for four kinds of characters while in a mag-

netic resonance imaging (MRI) scanner. The four characters referred

to four different groups on the four different quadrants of the SCM—

an in-group (students) which was perceived as warm and competent,

and three qualitatively different out-groups: a group perceived as

warm but not competent (elderly), one perceived as competent but

not warm (businesspersons) and another one perceived as neither

warm nor competent (alcoholics). Additionally, participants identified

most strongly with the in-group characters as indicated by the “other
in the self” scale (Aron et al., 1992; Aue, Buhrer, Mayer, &

Dricu, 2021). Using these methods the present study will allow to see

whether resting-state related findings concerning optimism networks

can be extended to task-related neural activity. Moreover, the study

will allow to assess the neural networks of general optimism and

related measures and compare it with the networks of social optimism

biases (i.e., assess their overlap). This is important as overlapping

results would speak to the brain possessing an internal baseline for
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the neural manifestation of a large array of different optimistic phe-

nomena, ranging from trait optimism over personal optimism bias to

social optimism bias.

We hypothesized (H1) that a behavioral dimension of personal

and in-group related social optimism, on the one hand, and personal

pessimism and optimism for cold out-groups, on the other hand,

would be associated with the average connectivity during this task

within 12 task-related networks (Dricu, Schupbach, et al., 2020;

Moser et al., 2020; Moser et al., 2021). Considering the network con-

nectivity, we postulated (H2) that associations would focus on regions

that have previously been linked with optimism biases in brain imag-

ing literature such as the IFG, insula, TPJ, ACC, and related network

partitions of the salience network, medial core regions of the DMN

and CEN networks (mostly lateral fronto-parietal subnetworks).

2 | METHODS

2.1 | Participants

Recruitment was undertaken via multiple avenues, including the uni-

versity's local participant pool, e-mails, as well as flyers. To be

included, participants had to be students capable of undergoing an

MRI scan. Forty-nine healthy men and women participated. Further

information and results on task activation and brain structure can be

found elsewhere (Dricu, Schupbach, et al., 2020; Moser et al., 2020).

One participant was excluded for failure to complete the question-

naires (which are detailed in the Procedure section). An additional par-

ticipant was excluded because more than 60% of the participant's

connectivity values were outliers (more than 3 standard deviations

away from the group mean). Another participant's data was removed

because all but one session were characterized by excessive motion

artifact (>2 mm motion). Finally, one more participant was excluded

because of extreme behavioral ratings given during the task

(i.e., frequently assigning the values “0%,” “50%,” or “100%,” and

doing so more than three standard deviations more often than the

rest of the sample). The final sample used for the present study com-

prised 45 participants (32 women, 13 men; mean age = 23.2 years,

SD = 4.2 years, range 19–36 years).

2.2 | Procedure

All participants gave informed consent prior to participation and data

has been anonymized. The procedures and consent form had previ-

ously been approved by the ethics review board of the canton Bern

and are in accordance with the declaration of Helsinki. Prior to scan-

ning, participants completed several questionnaires through use of an

online portal. Apart from a sociodemographic questionnaire, the pre-

sent study included the German versions of: (a) the Comparative Opti-

mism Scale (COS; measuring self-related future expectancies as

compared with those for others; Weinstein, 1980), (b) the Revised Life

Orientation Test (LOT-R, measuring trait optimism; Glaesmer

et al., 2008; Scheier et al., 1994), and (c) the Rosenberg Self-Esteem

Scale (RSES, assessing personal self-esteem; Rosenberg, 1965; Von

Collani & Herzberg., 2003).

Optimism bias task: For 16 desirable and 16 undesirable validated

events, each participant rated how likely the event was to happen to

each of the four fictional characters. The validation of the paradigm

(Dricu et al., 2018) had assessed these events in terms of both per-

ceived controllability and perceived frequency with respect to the

general population and ensured that they were matched across the

two desirability conditions. We further assessed the characters on the

dimensions of their perceived warmth and competence. In addition,

we checked the participant's identification with the characters using

the “Inclusion of Others in the Self” (IOS) scale (Aron et al., 1992). Tri-

als began with a fixation cross of random duration (1.5–3 s), followed

by a screen containing the target event. The 32 events displayed an

animated version of the character and the given scenario in the middle

of the screen, while a short description of the target event together

with a visual analog rating scale ranging from 0% to 100% were pre-

sented at the bottom (see Figure 1). Trials were displayed in a pseu-

dorandomized order (Latin square). For purposes of MRI acquisition,

the trials were divided into four runs of 7 min each.

The “Sims 4” was used to produce backgrounds, characters, and

scenarios. Stimuli were matched in brightness and contrast. Female

participants saw female animated characters and male participants

viewed male animated characters. As previously validated (Dricu

et al., 2018), each character represented a social group that—within

the Stereotype Content Model's two-dimensional space—mapped

onto a specific quadrant of high or low warmth and competence

(A. J. Cuddy et al., 2011; Fiske, 2015). Validation had indicated that

students and businesspeople are perceived as overall more competent

than are elderly and alcoholics. Because the present sample consisted

of students, the student character was considered an implicit in-group

character (both high in warmth and competence). The other charac-

ters were considered out-groups located on different quadrants: high

warmth/low competence being represented by an elderly person, high

competence/low warmth by a businessperson, and low warmth/low

competence by an alcoholic person. Characters were carefully

cropped on 32 backgrounds pertinent to the target events.

Experiment data were initially cleaned from participants giving

consistently extreme values and generally from likely non-answers as

described elsewhere (Moser et al., 2020). For every remaining partici-

pant, we then computed six task measures (1–6, see Figure 1). Specifi-

cally, an optimism bias was calculated for each character (1–4). This

was done by first z-standardizing all likelihood estimate values within

each participant. Next, we subtracted the likelihood means of undesir-

able from those of the desirable events for each character. Addition-

ally, we created a warmth bias (5) as the mean optimism biases for the

student and elderly characters minus the mean optimism biases for

the businessperson and alcoholic characters. Similarly, we computed a

competence bias (6) by subtracting the mean optimism biases for the

characters estimated less competent (elderly and alcoholic) from the

optimism biases of the characters estimated more competent (student

and business person, Dricu et al., 2018).

MOSER ET AL. 3
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2.3 | MRI data acquisition and preprocessing

All MRI images were acquired using a 3 Tesla Siemens Magnetom

Prisma Scanner (Siemens, Erlangen, Germany) with a 64-channel head

coil at the Insel University Hospital in Bern, Switzerland. Volumes

were registered using a T2*-weighted multiband echo-planar imaging

sequence (multiband EPI) with 48 slices covering the whole brain

(TR/TE = 1000 ms/30 ms; 0.5 mm gap; interleaved slice order; flip

angle = 80�; field of view = 192 � 192 mm; matrix size = 96 � 96;

voxel size = 2 � 2 � 2.5 mm; PAT mode GRAPPA; acceleration

factor = 2; multiband factor = 3). An anatomical scan (MP-RAGE;

1 mm isotropic voxels; TR = 2300 ms; TE = 2.98 ms; flip angle = 9�;

matrix size = 256 � 256) was conducted before the functional runs

to get highly resolved structural information for the normalization pro-

cedure. Functional scans were divided into four runs.

The MATLAB R2017 (MathWorks) based toolboxes DPABI (Yan

et al., 2016) and SPM12 (www.fil.ion.ucl.ac.uk/spm/software/

spm12/) were used for preprocessing. All DICOM images were con-

verted to NIfTI format and the initial and final five volumes were

removed. The remaining fMRI data were motion corrected to the

first volume via rigid-body alignment; further, cross modality coregis-

tration was performed between the anatomical T1 scan and func-

tional scans; followed by spatial normalization of the functional

images into Montreal Neurological Institute stereotaxic standard

space and smoothing with a 4 mm full width at half-maximum Gauss-

ian kernel. Additionally, data were detrended, underwent multiple

regression with motion parameters and their derivatives

(24-parameter model) (Friston et al., 1996), and we also applied the

CompCor noise reduction method (five principal components)

(Behzadi et al., 2007), taking into account white matter (WM), cere-

brospinal fluid (CSF) time series, and their linear trends.

2.4 | Independent component analysis and
functional connectivity

Prior to connectivity analysis we performed group independent com-

ponent analysis (ICA) using the Group ICA of fMRI Toolbox (GIFT,

https://trendscenter.org/software/, version 3.0c). We chose to con-

duct ICA— as opposed to use predefined networks—because of the

high likelihood of the experimental task having its own composition of

networks, which may be different from other tasks or resting state.

Using Infomax algorithm (Bell & Sejnowski, 1995), we extracted

20 spatially independent components (ICs) across all participants,

including the three runs with the least motion for each participant

(Calhoun et al., 2001; Calhoun et al., 2009). Applying ICASSO, the

analysis was repeated 20 times for assessing the repeatability

(Himberg et al., 2004). The 20 ICs were evaluated to identify function-

ally relevant brain networks. The criteria for retaining networks were:

(1) the peak clusters of a network should be in the grey matter, and

(2) keeping the overlap with known brain edge areas as well as vascu-

lar, ventricular and artifact susceptible regions to a minimum. Based

on these criteria 12 networks were selected for further analysis

(Figure 2). For simplicity of understanding, we assigned names to

these networks that are—whenever possible—in alignment with the

general literature and indicate whether they are likely to be part of

the default mode network (DMN), central executive network (CEN),

salience network, visual network (VIS), or sensorimotor network

(SMN, Doucet et al., 2019; Smith et al., 2009). One network (network

10, IFG-Insula-MTG) did not easily fall within these, but contained

numerous regions (in particular IFG and insula; regarding both brain

structure and function) that are associated with optimism, optimism

bias, and optimistic belief updating (Dricu, Kress, & Aue, 2020; Moser

et al., 2020; Moutsiana et al., 2015). That same IFG-Insula-MTG

F IGURE 1 Summary of the task. Top: Visual depiction of a trial, bottom: description of the formulas for the six task-related measures.

4 MOSER ET AL.
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network also contained significant parts of the medial temporal gyrus

(MTG) that lead (from an inferior direction) to the TPJ, as well as pre-

central regions. Notably, this network strongly overlaps with the

medial temporal DMN of a prior paper (Moser et al., 2021) when it

comes to MTG and parts of the IFG, but not subcortical and precen-

tral regions. Lastly, we also identified a network (referred to as the

salience-medial DMN) that combined parts of salience network desig-

nations (posterior ACC and anterior insula, parts just superior of the

right TPJ, plus parts of the lateral prefrontal cortex, but no other sub-

cortical structures) with medial parts of the DMN (both more anterior

and posterior cingulate cortices, and precuneus).

Next, we extracted the time courses of neural activity within each

of those 12 networks for each participant and session. Prior to calcu-

lation of the functional network connectivity (FNC) measures, data

were detrended and temporally filtered (0.01–0.15 Hz) across all par-

ticipants and sessions, using the GIFT toolbox' default options. We

then computed session-specific connectivity and averaged partici-

pants' connectivity across the three sessions with the least motion.

(integration) FC. Within-FNC-connectivity (WFC) was computed as

the average correlation of all voxel within the network with each

other. Between-FNC-connectivity was computed as the correlation

between the average time series of each of FNCs with each of the

other retained FNCs average time series. Additionally, we calculated

the average volume-to-volume head motion for each participant and

regressed it out from our results to ensure no association between

head motion and the behavioral optimism variate (see next section for

a detailed description). This did not severely alter connectivity results,

as all network connectivities correlated at r > .91 before and after

this step.

2.4.1 | (Sparse) canonical correlation analysis

In order to associate the the network connectivity and the behavioral

optimism data set, we used a sparse canonical correlation analysis (sCCA)

algorithm (Witten et al., 2009), in order to verify whether one data set

associates with the other in a broadly similar manner as previously

described (Moser et al., 2020; Moser et al., 2021). sCCA and similar

methods have become more and more commonly used in the domain of

neuroimaging (Zhuang et al., 2020). In short, sCCA specifies pairs of

canonical variates by applying weights to variables in Data set 1 (non-

imaging data) and variables in Data set 2 (connectivity data) that best

express the maximal correlation (i.e., canonical correlation) between the

two data sets. The correlations between the canonical variates are the

canonical correlations. The reason for our selection of this method was

that—unlike multiple regression for example—it allows the association of

an entire dataset with another entire dataset and not only one potential

outcome variable. Our sCCA approach used an L1 penalty function.

For the non-imaging optimism dataset, we used 11 variables: the

six aforementioned task measures (optimism bias for each target char-

acter, warmth bias, and competence bias), two subscales each for the

LOT-R and COS (optimism and pessimism subscales for each of them),

and the RSES overall score, given its close relationship with optimism

(Scheier et al., 1994).

Prior to conducting the sCCA, all variables were z-standardized,

and remaining outliers (>3 standard deviations away from the mean)

were replaced with mean values. If this created new outlier values

these too were replaced with mean values. We tested the first six

modes for significance and reliability, because—depending on assess-

ment of explained variability—they explained more than 90% of

F IGURE 2 Spatial maps of the 12 networks identified across fMRI sessions and participants. DMN, default mode network; ECN, executive
control network; IFG, inferior frontal gyrus; MTG, medial temporal gyrus; NW, network; SMN, sensorimotor network.

MOSER ET AL. 5
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variability in our data. Apart from an analysis for within-network con-

nectivity, we also performed a sCCA with a connectivity dataset with

66 between-network connectivities (i.e., all measures of connectivity

between the 12 networks).

2.4.2 | Reliability analysis

We performed the following reliability analyses:

1. We retested the analysis without putting outliers to mean values and

instead converting each variable to ranks prior to performing sCCA.

2. (a) Cross validation using training and test sets. We randomly resampled

half the sample 10,000 times to use them as training sets, performed

an sCCA on each of these training sets, and then applied the identified

weights from each training set on the test sets (the other half of the

sample). (b) Mean and standard deviation of Moser's redundancy-

reliability score (RR-score). Moser's RR-score is used to measure the

stability of the variable-to-variate correlations. It investigates whether

different subsets of the data would produce similar associations

between variables and variates (Moser, 2018; Moser et al., 2018).

2.4.3 | Post hoc analyses

We also provide (univariate) Spearman correlations between all vari-

ables of both datasets, including correlations of these variables with

the sCCA variates of the first six modes. The results can be found as

part of Supporting Information.

3 | RESULTS

We found that the second (r = .67, p = .006), fourth (r = .58,

p = .27), and fifth (r = .58, p = .009) modes were significant in the

within FNC sCCA. Given the results of subsequent reliability analyses

(see below), we will only present and discuss weights of mode 2 in the

manuscript. Modes 4 and 5 as well as weights of all other modes are

part of Supporting Information (Table S1, Figures S1 and S2).

The highest positive weights concerning the optimism variate

were assigned to the student optimism bias (0.83), the COS optimism

subscale (0.36), and the LOT optimism subscale (0.29), while the algo-

rithm assigned the highest negative weight to the LOT pessimism sub-

scale (�0.20, see also Figure 3, and Table S1A).

The algorithm attributed the highest positive weights concerning

the network connectivity variate to the dorsal precuneus part of the

DMN (0.75) and the dorsal subnetwork of the SMN (0.38); the most pro-

nounced negative weights were assigned to the anterior salience net-

work (�0.34), the network containing the IFG and insula (�0.24), and

the left lateral posterior CEN (�0.22, see also Figure 3, and Table S1B).

3.1 | Reliability analyses

After conducting the reliability analyses, we found that—among the

significant results—only mode 2 appeared stable. Mode 2 was also

more reliable than the other significant modes. Specifically, mode

2 had positive correlations across the majority of cross validations

(mean r: mode 2 = 0.15, mode 4 = 0.00, mode 5 = �0.02), and also

had a slightly higher Moser's RR-score, which—as could be expected—

F IGURE 3 Depiction of results for mode 2 of the sCCA. Panel (a): Weights greater than 0.2/lower than �0.2 for the optimism variate.
(b) Weights greater than 0.2/lower than �0.2 for the network connectivity variate. (c) Scatter plot of the two variates. (d) Visual depiction of the
networks and their weights. CEN, central executive network; COS, comparative optimism scale; DMN, default mode network; IFG, inferior frontal
gyrus; LOT, life orientation test; MTG, medial temporal gyrus; NW, network; SMN, sensorimotor network.
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had one peak and appeared skewed towards the right (high values;

mean RR scores (SD): mode 2 = 0.60 (0.19); mode 4 = 0.49 (0.20);

mode 5 = 0.52 (0.20); see also Figure S3). Modes 2 and 4 (but not 5)

were also significant in the alternative analyses that included raw vari-

ables (i.e., not converted into ranks; mode 2: r = .66, p = .008; mode

4: r = .67, p < .001; mode 5: r = .48, p = .14). With respect to stabil-

ity, the weights of mode 2 correlated highly with those of the alterna-

tive analysis, while this was not the case for modes 4 and 5 (mode 2:

r = .98; mode 4: r = .03; mode 5: r = �.02). Low correlations were

likely due to modes having switched positions, that is, weights of new

mode 4 correlated highly (r = .88) with those of initial mode 5 and

vice versa (r = .96), wherefore mode 5 in the original analysis should

be considered significant and mode 4 as nonsignificant in the second-

ary analysis.

Between-FNC sCCA did not find any significant results. This was

not overly surprising given the increased need of statistical power

with the higher number of variables and the reduced power compared

to our previous study (Moser et al., 2021). Seeing as this would render

interpretation difficult, we are not going to discuss said results.

4 | DISCUSSION

The present study investigated within-network connectivity related to

personal and social forms of optimism and pessimism. In accordance

with our predictions, we found that connectivity within networks was

associated with a dimension that ranged from optimism bias

expressed for an in-group, on one side, to trait pessimism (LOT pessi-

mism), on the other. This dimension, therefore, is fairly similar to a

behavioral optimism dimension we identified with a different social

optimism task and resting-state connectivity (Moser et al., 2021). This

earlier resting-state study had further revealed another significant

(but less reliable) mode that included the questionnaire (COS and

LOT) optimism measures, both of which are part of our significant

mode 2 finding here, and it appears reasonable to assume that mode

2 in the current study is a combination of both of those modes found

in the resting-state study.

The assumption of similar results for task-accompanying and

resting-state connectivity is further supported by closer inspection of

the networks involved in the findings of the present study, which over-

lap with the ones found to be most important in the resting-state study

(Moser et al., 2021). In this previous study, there was a first relevant

mode including social optimism during resting state, which revealed uni-

formly negative behavior-local connectivity associations (i.e., more social

optimism was linked with less within-network resting-state FNC). The

second significant mode of the resting-state study showed a highly simi-

lar pattern to mode 2 of the present study. In both cases, a dimension

including comparative and self-centered trait optimism, was positively

associated with connectivity within networks of the dorsal precuneus

DMN and dorsal SMN, while connectivity within the salience and lateral

fronto-parietal CEN networks were negatively associated.

Low within-network functional connectivity could be interpreted

as a sign of low functional integration, that is, a brain where networks

are less focused on their specific functions that are exerted by

between-regions interactions within the network. Instead, these net-

works potentially underlie greater influences by other networks. We

have previously hypothesized that low modularity—particularly in

brain areas associated with higher order cognition—would be benefi-

cial to the propagation of social biases (Moser et al., 2021).

Among the networks whose connectivity contributed negatively

to the optimism variate are two networks (left lateral posterior CEN

and salience network) that comprise regions that border the TPJ but

also include parts of the prefrontal cortex. The observed negative

weights for these two networks that combine regions to which the lit-

erature assigns different (but not necessarily independent) subfunc-

tions, possibly signals reduced likelihood of personal forms of

optimism/pessimism to go hand in hand with social optimism biases

when these networks are in lockstep. Given the proposed importance

of the TPJ for the differentiation between self and others (Knyazev

et al., 2021; Quesque & Brass, 2019; Speitel et al., 2019;

Steinbeis, 2016), a reduced distinction between self and other (here

likely indexed by reduced local connectivity within the two networks)

may be responsible for pronounced social biases to arise. We further

speculate that the less control the left lateral posterior CEN exerts

during the task (likely indexed by reduced local connectivity in the

current study), the lower the personal and social optimism biases

displayed.

The cortical salience network and its parts have been indicated to

be important to the regulation of the stimuli's importance (Ligeza

et al., 2016) and working memory (Owen et al., 2005). it is noteworthy

however, that what we termed salience network here, also includes

not only subcortical regions associated to salience, but also regions

that in the resting-state study were part of the medial DMN. Some of

the anterior midline structures have been shown to be important to

stimulus value evaluation in terms of valence (Monosov, 2017;

Viinikainen et al., 2010). The limited connectivity within the present

salience network may allow for less encapsulated and specific proces-

sing, allowing for a more efficient propagation of biases arising at ear-

lier stages and less clear differentiation of networks from each other.

Hence, the finding in mode 2 may indicate that, when connectivity

within the salience network is low, the personal optimism more easily

extends into social optimism bias.

One of our findings concerned the network including the IFG,

insula, and MTG. This network thus comprises important key areas

identified by research on optimism and related concepts (Dricu,

Kress, & Aue, 2020). Given the importance of the network's regions

to autobiographic memory and facial stimulus integration (Herlin

et al., 2021) as well as to evaluation of stimuli to personal well-being

and pain (Brooks & Tracey, 2007; Segerdahl et al., 2015), that network

may be particularly well suited for the complex task of associating per-

sonal preferences and needs within the general experience of the indi-

vidual. One could speculate, that failure to do so in a highly

synchronized way (as indicated by reduced within network connectiv-

ity), may allow for extension of biases towards others (i.e., social opti-

mism biases). In the present study, this network's local connectivity

was inversely related to the degree of personal and social optimism
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displayed. In the earlier resting-state study, the network most similar

to the current IFG-insula-MTG network was the ventral DMN subnet-

work including the MTL. Interestingly, in this prior study, increased

resting-state within-network connectivity in the medial temporal

DMN was associated with reduced social optimism but increased per-

sonal optimism (Moser et al., 2021). Hence, the difference in weight-

ings for the current and prior findings may point to the role of said

network differing between at rest vs. during tasks in regard to the per-

sonal component of optimism. The negative weight assigned to the

IFG-insula-MTG network here, may therefore point to the networks

impact on decision making if a personal optimism is extended to other

members as social optimism bias, which requires further investigation.

The fact that personal bias appears inversely associated with connec-

tivity in these similar networks in both studies, may point to the possi-

bility that the directionality of the association with measures of

personal optimism is more variable.

Notably, only two networks (dorsal precuneus DMN and dorsal

SMN) were characterized by positive weights on the neural mode

2 variate. Post hoc results indicated that mode 2 was substantially car-

ried by a positive correlation between connectivity within the dorsal

precuneus DMN and the student optimism bias, which is a proxy for

social optimism for the in-group. Activity in the dorsal precuneus has

been reported to be involved in social optimism bias before (Aue

et al., 2012). Moreover, in a study on spider phobia, the same region

was characterized by markedly reduced activity during situational

inadequate catastrophizing expectancies (Aue et al., 2015). Hence,

whereas increased activity and connectivity within the precuneus

appear to foster (social) optimism bias, its deactivation and reduced

local connectivity may go hand in hand with reduced mental health

indicators. The precuneus is an important integration center in the

brain, connecting information from various domains (see Cavanna &

Trimble, 2006, for an overview of its potential functions), subserving

self-regulation. Among others, the precuneus has been shown to be

involved in the adoption of a third-person perspective (Vogeley

et al., 2004), as well as reflection of one's own and others' feeling

states (Ochsner et al., 2004), which all should be crucial for personal

and social (in-group) biases to arise. This structure has further been

revealed to be implicated in top-down driven selective attention

(Hahn et al., 2006). Our current observations are thus in line with prior

findings (Aue, Dricu, Singh, et al., 2021; Kress et al., 2018; Kress &

Aue, 2019; Singh et al., 2020) suggesting the involvement of selective

attention in optimistic biases and related concepts (for a theoretical

overview, see Kress & Aue, 2017).

Like the precuneus, the dorsal SMN connectivity also contributed

positively toward the mode 2 behavioral (social) optimism variate. The

sensorimotor cortex can be considered as part of the extended

mirror-neuron system (Pineda, 2008) and is essential for emotional

communication and regulation (Williams et al., 2020). It thus is not

surprising that this network appears in the context of favorable social

biases (here: in-group social optimism bias). Self-involvement as a con-

sequence of sensorimotor perspective taking for the in-group may

trigger the same kind of regulative actions as direct self-relevance.

Both biases may therefore initiate comparable actions that result in

the positive treatment of the self and the in-group (expressed by per-

sonal and social optimism bias in the current study).

Finally, our data indicate that, in terms of brain connectivity, opti-

mism measured within a social optimism bias task and personal opti-

mism as assessed by questionnaires fall upon the same dimension. It

thus is likely that both forms of optimism rely on at least partially

overlapping neural functioning in the identified networks. Whereas

the propagation of optimistic biases may be assumed to be overall

advantageous, as high optimism is generally associated with enhanced

health (Conversano et al., 2010; Rasmussen et al., 2009), it is neces-

sary to acknowledge, that the extension of personal optimism to

others cannot be easily interpreted as a positive or negative thing. On

the one hand, being optimistic about in-groups reduces anxiety about

the future of people and groups one is invested in or cares about.

Such a reduction in anxiety should then ultimately be expressed by

increased well-being. On the other hand, social optimism/pessimism

bias is based on stereotypical processing and goes along with prefer-

ential treatment of some people (e.g., members of in-group and warm

out-groups) over others (e.g., members of cold and incompetent out-

groups; Dricu et al., 2018; Moser et al., 2020), thereby penalizing a

considerable number of others.

5 | LIMITATIONS

While the present study underwent various types of reliability analy-

sis, it remains possible that some currently nonreliable modes would

become reliable with more participants or, alternatively, some of the

currently reliable ones would turn out to not be reliable at larger sam-

ple sizes. To avoid such problems future studies may increase sample

size. Still, because our current findings are highly overlapping with

earlier results of a resting-state investigation of personal and social

optimism that even relied on a different experimental task (Moser

et al., 2021), we are confident that our data and their interpretation

are trustworthy. It is a limitation of comparison with the prior resting

state study (Moser et al., 2021), that the networks employed are not

exactly the same. While we named networks similarly to facilitate ori-

entation, it is important for the reader to remember that they are not

the exact same networks as in that prior study due to the networks

used here being based on the social-optimism related task. The pre-

sent study analyses a general pattern of optimism and associates it

with the behavioral outcome of differing conditions that happened

during that task. The conditions are given even importance in the pre-

sent study, in the sense that they all contribute an equal number of

acquisitions to the overall analysis. However, this analysis in the pre-

sent study did not look at specific connectivity characteristics for each

specific condition separately. It can therefore not pinpoint which con-

nectivities happened during said conditions, but rather points to

which conditions are related to overall connectivity across the ensem-

ble of conditions tested in the task.

We matched the gender of the shown characters to the partici-

pant's gender. It is possible that the presented gender changes some

of the participant's responses. Future studies may investigate this
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point. Further, the present study did not account for differences in

race (which were likely inexistent given the general demographics of

the studied population) and other potential group identities of the

participants, such as nationality. This potentially represents a limita-

tion to generalizability in some contexts where such group identities

are of high importance.

6 | CONCLUSIONS

We found a behavioral dimension including in-group social optimism

as well as general optimism-pessimism measures to be associated with

a dimension of within-network connectivity during a social optimism

task. It is noteworthy how similar said patterns are to a prior study

focusing on resting-state connectivity. This similarity indicates that

many of the brain and cognitive functions that are present even when

people are not focused on anything in particular, are the same pro-

cesses that support the actual expressions of optimism during social

tasks. In other words, these biases appear to be based on inherent

properties to the biological system of the human brain, rather than sit-

uation specific. The combination of the two studies highlights the

importance of networks including the dorsal precuneus and dorsal

SMN in terms of extending general personal optimism to biases on in-

groups. We interpret this as lockstep processing in said networks,

indicative of a combination of both social and personal optimism.

Meanwhile, reduced connectivity in networks involving the IFG, insula

and MTG, as well as the connection between midline and salience

network structures was associated with reduced social optimism.

Based on these observations, we postulate that personal optimism

biases tend to extend more towards social optimism biases, if said

regions important to cognitive processing are over-integrated, that is,

lack diversity and flexibility between regions that ought to subserve

different functions.
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