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ABSTRACT

COVID-19 pandemic has changed the world in many ways. At the societal level, disparities in attitudes
toward the COVID-19 vaccines have led to polarization and intense animosity. In this study, we use
a novel paradoxical thinking intervention that was found to be effective in difficult and violent
intergroup contexts, and measure its effectiveness in a novel unobtrusive way in an important and
timely context, namely prejudice against vaccine hesitancy. In the midst of a vaccination campaign, 36
young Finnish adults either went through the intervention or through a control condition.
Magnetoencephalography then measured a neural response that is thought to reflect intergroup bias
and possibly implicit prejudice. This neural response was reduced among the participants receiving the
intervention, compared to the control group, thereby suggesting a potential mechanism of intergroup
bias that is affected by a psychological intervention even during a campaign that castigates aggressively
vaccine-hesitant individuals. The findings reported here contribute to the recent accumulating evidence
of the potential of neuroimaging to reveal covert mental effects by psychological interventions. They
may also have societal implications for moderating the polarized attitudes in a new era of pandemics.
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Introduction

The COVID-19 pandemic has developed to be one of the
largest public health crises in the world (Lades et al., 2020).
Beyond the imminent implications on public health and
economic power, the pandemic impacted group relations
(Adler et al., 2021; Fuochi et al., 2021; Han et al., 2021), for
instance by finding scapegoats to blame for the negative
outcomes of the pandemic (Adler et al., 2021; Cohn, 2012).
Around the onset of 2021, vaccines targeting COVID-19
were introduced and this event gradually led to heated
polarization (Bajwa, 2021; Jiang et al., 2021). While most
societies embraced the introduction of the vaccines,
a minority of individuals were hesitant to uptake the vac-
cine and in some cases expressed strong opposition or
conspiracy theories. Although vaccine hesitancy has long
preceded the COVID-19 pandemic and was directed toward
various types of vaccines for decades (Schuster et al., 2015),
this societal division and the ensuing expressions of pre-
judice and animosity have been reinforced by the COVID-19
pandemic as never before (Tram et al., 2022).

One of the most prevalent approaches for evaluating
implicit prejudice or intergroup bias is by implementing
the Implicit Association Test (IAT) (Chang et al.,, 2016;
Hewstone et al., 2002). IAT relies on the slower behavioral
responses on incongruent (where the outgroup is good)

versus congruent (where the outgroup is bad) pairs of
stimuli. Despite the extensive use of IAT to study inter-
group bias and implicit prejudice (Kurdi et al., 2018), IAT
has been criticized to hardly reflect real-life intergroup
behavior (Hofmann et al., 2005; Oswald et al., 2013;
Wilson & Scior, 2014). However, although bias and pre-
judice may be captured by implicit tests such as the IAT in
certain contexts, these processes often rely on complex,
automatic interactive, and consecutive mental mechan-
isms that cannot be reflected simply by variations in
response-time as IAT traditionally measures. Traditional
models of prejudice (Crandall & Eshleman, 2005; Devine,
1989; Dovidio & Gaertner, 1986; Plant & Devine, 1998)
have indeed suggested that prejudice relies on such auto-
matic and covert mechanisms, while receiving empirical
support from early psychophysiological explorations
(Cooper & Siegel, 1956; Rankin & Campbell, 1955).
However, it was not until less than two decades ago that
the technological progress in neuroimaging has enabled
delineating the different processes during prejudice and
their neural underpinnings: detection of bias, control of
prejudice and inhibition of prejudice control (Amodio &
Cikara, 2021; Amodio & Devine, 2006; Amodio & Ratner,
2011). Furthermore, relying on neuroimaging not only
uncovers important psychological processes but has
been shown to predict real-life future behavioral
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outcomes (Falk et al., 2015; Gabrieli et al., 2015; Poldrack
et al, 2018). Recently, a new approach was implemented
by using the IAT framed within the Israeli-Palestinian
context during MEG recording of rhythmic neural activity,
while individuals were performing the IAT task inside the
MEG room (Levy et al, 2021). Similar to well-studied
behavioral IAT index, to obtain a neural marker of inter-
group bias, the analysis focused on contrasting the
recorded data in the incongruent (i.e., ingroup bad, out-
group good) condition with the congruent (i.e., ingroup
good, outgroup bad) condition. By examining neural
rhythmic activity across a broad range from very low to
very high-frequency bands, the only rhythm found to
underlie the intergroup bias was posterior alpha rhythm.
Importantly, after the MEG session, participants from both
conflict groups (i.e., Palestinians and Israelis) in that study
dialoged with each other under quasi-naturalistic settings,
and in-depth interview evaluated their intergroup atti-
tudes. These data were used to evaluate real-life inter-
group behavior and attitudes. The results from that study
not only revealed a neural marker (i.e., posterior alpha) of
implicit prejudice and intergroup bias but also an associa-
tion between this marker and those real-life representa-
tions of intergroup behavior and attitudes (Levy et al.,
2021). In addition, another recent study found that the
attenuation of this neural alpha rhythm by another psy-
chological intervention can predict future support in
peacemaking even years later (Levy et al., 2022). None of
the self-reported or behavioral IAT measures in these
studies could predict any real-life behavior or future
change in peacemaking attitudes (Levy et al., 2021,
2022). Hence, examining this neural marker during the
IAT is a promising emerging strategy for examining covert
processes and mental mechanisms that may reflect real-
life intergroup behavior and attitudes, but more empirical
evidence from other social and experimental contexts is
needed to further test the validity of this claim.

In parallel to studying prejudice and its mechanisms, in
recent decades, social scientists moved forward to create
evidence-based knowledge on how to devise and structure
interventions that could be useful for practitioners and
decision makers for reducing prejudice (Badea & Sherman,
2019; Paluck, 2016) or promoting intergroup reconciliation
(Bruneau et al., 2020; Hameiri et al., 2018; Hasler et al., 2021;
Hasson et al., 2019). One of the promising interventions for
moderating heated intergroup attitudes is the recent para-
doxical thinking intervention (Bar-Tal et al., 2021). This inter-
vention has been found to be efficient in unfreezing of
previously held conflict-supporting attitudes and open
the mind of individuals to different information in various
contexts, ranging from intractable and violent conflicts, to
immigration and gender (Hameiri et al, 2020; Knab &
Steffens, 2022; Swann et al., 1988). The intervention leans

on the strategic use of information (often transmitted via
auditory statements, visual banners or vignettes), which is
consistent with individuals’ beliefs, but is also extreme,
exaggerated, or even absurd. This approach is thought to
circumvent personality defense mechanisms; individual
attitudes are not being directly confronted (Bar-Tal et al.,
2021). As a consequence, individuals may paradoxically
perceive their own social attitude beliefs as irrational, and
thereby mentally “unfreeze”, and this can potentially lead to
attitude moderation (Hameiri et al,, 2014). Although this
phenomenon has been tackled in numerous studies, it has
not been investigated using neuroimaging, which may
uncover neural consequences of such “unfreezing” of men-
tal states.

In the current study, we first examined implicit neural
prejudice (Levy et al,, 2021) toward COVID-19 vaccine hes-
itancy by implementing the Implicit Association Test (IAT)
(Kurdi et al., 2018) during a magnetoencephalography
(MEG) scan. In a previous study, the reduction of the implicit
neural prejudice response (i.e., the occipital alpha rhythm
during the IAT) was found to predict real-life intergroup
dialog style and support for reconciliation (Levy et al., 2021).
Second, we used a promising intervention for moderating
heated intergroup attitudes, the paradoxical thinking inter-
vention, which has been repeatedly evidenced to be effec-
tive in moderating well-entrenched negative intergroup
attitudes (e.g., prejudice) (Bar-Tal et al., 2021). By exposing
participants to multiple paradoxical auditory statements
targeting COVID-19 Vaccination (e.g., “Due to the limited
number of intensive care units and ventilators in Finland,
their capacity should be maintained by not providing inten-
sive care to the anti-vax individuals at all. The place in the
intensive care unit should be earned by taking vaccina-
tion”), we tested whether the intervention would reduce
implicit neural prejudice and the behavioral IAT bias.
A recent study found that another intergroup intervention
can attenuate this neural marker, not the behavioral IAT
marker, and that this attenuation is predictive of future
support in intergroup peacemaking (Levy et al., 2022). We
finally aimed to explore whether these measures can be
explained by explicit negative attitudes toward the tar-
geted individuals (i.e., vaccine-hesitant individuals) and self-
reported reactions toward the intervention stimuli.

Methods
Participants

A priori power analysis was conducted based on the
previous study that examined the neural implicit preju-
dice response (Levy et al., 2021) with a Cohen’s d effect
size =.70. This effect was calculated at the sensor level by
localizing the peak alpha-band sensor effect of the



neural IAT effect (i.e., incongruent vs. congruent con-
trast), thereby matching the similar sensor effect that
was hypothesized in the present study. An a priori
power analysis for computing the required sample size
was conducted using G*Power (Faul et al., 2007) for
a single-tailed (i.e., alpha reduction) difference in
means of matched pairs. This calculation indicated that
a sample size of 17 per group would be sufficient to
detect this targeted neural response (i.e., sensor-level
alpha reduction) at 85% power. We therefore recruited
36 participants (23 females, mean age+SD =245+
7.27). Noteworthy, this sample calculation should have
considered the differences in experimental contexts and
hypotheses and thereby increase the power and sample
aimed for; this is elaborated in the Discussion. All 36
subjects were right-handed, native Finns, over 18 years
old and did not have any psychiatric or neurological
disorders. MEG compatibility and history of neurological
and psychiatric disorders were checked before the
recruitments by asking subjects to fill a primary online
survey. The questions in the online survey were about
the history of disorders mentioned earlier, MEG compat-
ibility and their demographics (such as age, education
level, and gender). After recruiting the participants, the
participants were pseudo-randomly divided into two
groups: control group and intervention group.
Acquired data were excluded from the analysis only
under circumstances of lack of compliance with the
specifications in the experimental task. In the current
study, the acquired data of one participant was excluded
from the analysis due to the failure to complete the IAT.
All participants read an information sheet and a privacy
notice paper. In addition, they signed the participation
confirmation form. All were approved by the Aalto

University Research Ethics Committee.
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Experimental design

As illustrated in Figure 1, prior to attending the experi-
ment, participant’s attitudes toward anti-vax individuals
were evaluated via a brief survey containing questions
related to participant’s education, political orientation,
political activism, their negative perception of anti-vax
individuals and perceived threat related to the anti-vax
individuals. The information collected from this ques-
tionnaire was used to ensure a balance between the
two studied groups (intervention and control): for each
participant the numerical response of their answers was
stored in the Excel and the average was calculated from
these numbers. Negative perception of anti-vax indivi-
duals was assessed via a 7-item 7-point Likert-type scale
ranging from totally disagree (1) to totally agree (7). The
items were as follows: i) “I trust the vaccines ability to
improve our health”; ii) “I feel anger toward people who
refuse to get vaccinated against corona without
a medical reason”; iii) “l feel that the people refusing to
get the corona-vaccine are downplaying the seriousness
of the disease”; iv) “I think the people refusing to get
corona-vaccines without a medical reason are selfish”; v)
“I feel positively toward people who have gotten vacci-
nated against the coronavirus”; vi) “I think the vaccina-
tion passport is fair”; vii) “We should make people get
vaccinated against coronavirus using whatever means
necessarily, if they do not have a medical reason to
refuse”. Moreover, the feeling of threat that the anti-
vax individuals induced was assessed via a 4-item
7-point Likert-type scale ranging as well from totally
disagree (1) to totally agree (7). This perceived threat
scale assessed to what extent the participant feels that
the anti-vax individuals endanger i) the security of
Finland, ii) the welfare state of Finland, iii) the society
of Finland, or iv) the participant and their family.

Paradoxical intervention

nl=17
Self-reports MEG: IAT Paradigm
Control
n2=18
Explicit negative Ratings of the Behavioral bias  Neural bias
attitudes statements (RT) (Alpha rhythm)
TIME

Figure 1. The experimental design of the study. The experiment consisted of three parts: explicit attitudes towards anti-vax

individuals, intervention/control, and the IAT-MEG session.
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Intervention/Control stimuli

During the intervention/control, participants listened to
22 auditory statements, and after each, a question
prompting them to rate their level of agreement with
the statement’s message. The answer choices were as
follows: Do not agree (1), | don't know (2), and Agree (3).
After the statement ended, it took 1.5 s until this ques-
tion appeared on the screen. After the participant
answered the question, it took 5 s until the next state-
ment appeared. Overall, depending on the participant’s
response time, this part of the measurement lasted from
10 min to 12 min. The audio stimuli were presented with
a Panphonics SoundShower speaker and with the
Presentation software (Neurobehavioral Systems Inc,;
version 22.0, Berkeley, CA, USA). All participants were
seated in the MEG room in front of a projector placed
at a viewing distance of 120 cm. All participants in both
experimental groups received auditory statements.
Participants in the intervention group perceived state-
ments following the paradoxical thinking principles
(Hameiri et al., 2014, 2016; Knab et al., 2021), whereas
participants in the control group perceived statements
following the conventional inconsistency approach
(Bartunek, 1993). The experimental rationale of interven-
tion was that the paradoxical thinking intervention
would induce threat to self-identity and thereby moder-
ate attitudes toward anti-vax individuals, in contrast to
the control which would not moderate the attitudes,
and the participants instead would clearly disagree
with those statements (Hameiri et al., 2018). The inter-
vention statements positively related to individuals who
have taken the corona vaccine and negatively related to
those who did not take the vaccine, but these state-
ments were extreme, exaggerated, or even absurd. By
contrast, the control statements positively related to
individuals who did not take the vaccine and negatively
about those who took the vaccine. All statements were
collected from social media, news, and other internet
forums. The length of the paradoxical thinking stimuli in
the experiment was 468 (11.87 = 1.21) seconds and 521
(23.68 + 2.75) words and the length of the conventional
inconsistent stimuli was 460 (12.25 +1.12) seconds and
497 (22.59 £ 3.07) words. There was no significant differ-
ence between the statements in the two groups (p
=0.21).

MEG recordings

To evaluate neural intergroup bias, we acquired IAT
data while MEG collected continuous oscillatory activity
using a 306-channel MEG device (MEGIN Oy, Helsinki,
Finland) with 102 radial magnetometers and 204 planar

gradiometers in a 3-layered magnetically shielded
room (Imedco AG, Hagendorf, Switzerland). Before the
MEG measurements, multiple preparations were done
to the participants. First, we placed electrooculogram
(EOQG) electrodes to the participant’s forehead and over
and under the eyes to obtain eye blinking data. In
addition, we placed one electrode on the neck to
ground the participants. Also, we attached continuous
Head Position Indicator (HPI) coils to the heads of the
participants, and lastly, we performed digitization of
the participants anatomical features, for example nose
and head, to correct head movements. In addition, we
familiarized the participants with the scanning proce-
dure and asked them to avoid any bodily movements
during the scan.

Implicit association test (IAT) measures implicit nega-
tive associations toward preselected targets, for example
toward outgroup members (Greenwald et al., 1998). In
this study, the selected outgroup was “anti-vax indivi-
duals”, and we assumed that there will be negative
implicit association toward the members of this out-
group. To adapt the standard IAT procedure
(Greenwald et al., 2003) to MEG settings, we based our
design on a previous MEG IAT study (Levy et al.,, 2021).
There were 10 blocks in total used in the IAT of this
study. Blocks 1 to 4 and 6 to 9 were used as practice
blocks, and blocks 5 and 10 were used in the analysis.
Blocks 5 and 10 took up 78% of the whole IAT experi-
ment and were the congruent and incongruent condi-
tion. These blocks used for the analysis had altogether
200 stimuli. Blocks were counterbalanced across partici-
pants so that half of the participants saw blocks 6 to 10
before blocks 1 to 5 and other half of the participants
saw blocks 1 to 5 before the blocks 6 to 10. The order of
stimuli inside a block was randomized, and there were
instructions on how to sort the stimuli at the start of
each block. The IAT stimuli were presented until
a response from a participant was registered. These
responses were delivered by a response pad by lifting
either the middle or index finger of the right hand. Index
finger corresponded to the left side of the screen and
middle finger to the right side of the screen, thus target-
ing one of the four IAT categories. Participants were
notified when an error was made - if the word or picture
was assigned to the opposite category it belonged - and
asked to correct their response.

In the first block, the task was to sort bad and good
words into the right categories as quickly as possible.
The discrimination was designed to be as easy as possi-
ble, thus the words used as a stimulus were clearly either
unpleasant or pleasant. In the second block, the task was
to sort the pictures of the people who support the
COVID-19 vaccines and pictures of the people who do



not support the COVID-19 vaccines into the current
categories. The categories were “Anti-vax” and “Pro-
vax”. In the third block, the participants sorted stimuli
from all categories, i.e., words and pictures and all four
categories, “Good”, “Bad”, “Pro-vax”, and “Anti-vax”, were
displayed on the screen. In the fourth block, the task was
the same as in the previous block, but the names of the
categories were not displayed anymore in order to prac-
tice the task with fewer eye movements for the experi-
mental block that was used for the analysis. As these
blocks were the congruent condition, on the one side of
the screen were the categories “Good” and “Pro-vax” and
on the other side of the screen were the categories “Bad”
and “Anti-vax”. The experimental fifth block had the
same logic as the block 4 - sort the words and pictures
without seeing the name of the categories anymore. This
fifth block was also a congruent block. Blocks 6 to 10
followed the same logic as blocks 1 to 5, but in these
blocks when the task was to sort stimuli from all four
categories (blocks 8 to 10), the sides of the “Pro-vax” and
“Anti-vax” category names were switched so that the
categories “Pro-vax” and “Bad” were on the one side of
the screen and the “Anti-vax” and “Good” on the other
side of the screen. These blocks were presenting the
incongruent condition.

IAT neuroimaging stimuli

The visual stimuli were presented with a PROPixx pro-
jector (1920 x 1080 at 120, max 1440 Hz) and with the
Presentation software (Neurobehavioral Systems Inc.;
version 22.0, Berkeley, CA, USA). Participants were seated
in the MEG room in front of a projector placed at
a viewing distance of 120 cm, except for one participant,
who was placed at a viewing distance of 90 cm due to
the strong myopia. The visual stimuli were presented in
the center of the screen.

There were two types of visual stimuli used in the IAT
part of the study. The first stimuli type was a series of
pleasant words (hereafter labeled “Good”) and unpleasant
words (hereafter labeled “Bad”). There were 10 words in
each category. The second type of stimuli were pictures of
anti-vax individuals and pictures of pro-vax individuals
also 10 in each category. Fundamentally, IAT relies on
contrasting trials with congruent (C) versus incongruent
(IC) implicit associations. In other words, it relies on the
slower behavioral responses on incongruent (where the
outgroup is good) versus congruent (where the outgroup
is bad) pairs of stimuli (Levy et al., 2021). In this study, in
the congruent trial contained the following category
name arrangements, where “Good” and “Pro-vax” were
on the one side, and in turn, the categories “Bad” and
“Anti-vax” on the other side. In an incongruent trial, the
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situation was reversed so that the categories “Pro-vax”
and “Bad” were on the one side of the screen and the
“Anti-vax” and “Good” on the other side of the screen.

Data preprocessing

The preprocessing of the collected data was performed by
using Spyder software and MNE-Python toolbox (Python
3.9.4 with the MNE-python 0.21.1). This preprocessing
step consisted of four different steps. At the very begin-
ning of the first preprocessing step, we marked all bad
channels manually. These marked channels, for example,
included channels with a lot of noisiness or channels that
were not functioning properly, such that they, for
instance, did not show any signal at all. In this first step,
the data were also lowpass filtered at 40 Hz using linear-
phase FIR-filter with delay compensation. After these
steps, we used Maxwell filtering to attenuate measure-
ment artifacts and magnetic interference from inside and
outside of the sensory array as well as transform data due
to head movements. In the second step, we bandpass-
filtered the data at 1-200 hz and performed an indepen-
dent component analysis (ICA) to detect and remove
heart and eye artifacts. Although there was automatic
detection of eyeblinks and saccades by electrocardiogra-
phy (ECG) and heartbeat by electro-oculogram (EOG), the
artifacts were manually inspected and excluded as well. In
the third step, we aligned the data with the onset of the
stimulus and detected the trial events. As stated earlier (c.
f. sub-section “IAT design”), we took only stimuli from
blocks 5 and 10 into account during the analysis, because
other blocks were used as test blocks in the IAT. In the last
step, we performed epoching. We created time windows
from —0.5 to 2 s relative to stimulus onset and extracted
the response times related to the stimuli for each partici-
pant. The extracted response times for congruent and
incongruent conditions were the average response times
of the conditions. Also, in this step, we extracted the
number of errors made in each condition.

Behavioral data analysis

We extracted the average response times related to the
stimuli for each participant for congruent and incongru-
ent conditions. We collected these extracted response
times into Excel for further behavioral-level analysis. In
order to test the first hypothesis at the behavioral level,
that is, whether there is an IAT bias toward the anti-vax
people in the control group, we calculated a response
time difference between the incongruent and congruent
conditions. To test the second hypothesis that the inter-
vention would reduce this behavioral-level bias in the
intervention group but not in the control group, we
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compared a response time difference between the two
conditions in the two groups. We tested the significance
of the response time differences in the congruent and
incongruent conditions and between the control group
and intervention group by using a two-tailed Student’s
t-test

Time-frequency analysis

For the neural-level analysis, we computed the time-
frequency representation (TFR) by applying the
Hanning tapers method on each trial after the four pre-
processing steps. We also calculated the average power
over epochs for congruent and incongruent conditions.
We performed this time-frequency analysis on the data
by using MATLAB 7.12.0 (MathWorks®, Natick, MA, USA),
and MATLAB R2021 (MathWorks®, Natick, MA, USA) and
the FieldTrip software toolbox. The oscillatory compo-
nents often show power changes related to experimen-
tal events (Tallon-Baudry et al, 1999). Thus, by
calculating the average power over epochs, the oscilla-
tions that are related to the repetition of the same con-
dition can be seen. To evaluate Time-Frequency
Representations (TFRs) of power for each trial and to
compute Fast Fourier Transform (FFT) for short sliding
time windows of 500 ms in the 1-40 Hz frequency range,
we applied a Hanning taper to each epoch of the 306-
sensor data (Zebarjadi et al., 2021). More specifically, the
time window was sliding from —0.5 to 2 s in step of 50
ms. In addition, we subtracted evoked responses from
the induced activity and eventually calculated TFRs for
the statistically significant contrast between the two
conditions (congruent and incongruent).

Statistical analysis

We performed the statistical tests described in this para-
graph to examine the first hypothesis and the second
hypothesis. We tested the significance of the response
time differences in the congruent and incongruent con-
ditions and between the control group and intervention
group by using a two-tailed Student’s t-test (c.f. sub-
section “Behavioral data analysis”). Moreover, statistical
procedures on the collected MEG data relied on a two-
tailed non-parametric approach based on the earlier
study of Levy et al. (2018) and Levy et al. (2019) and
these procedures did assess the significance of the
power values (Levy et al., 2018, 2019). This two-tailed
non-parametric approach took the cross-participant var-
iance into consideration and was used for a correction for
multiple comparisons. This procedure was cluster-based,
and it allowed a correction for multiple comparisons at all
sensor analyses. As stated in the study of Levy et al.

(2019), this used approach is beneficial and valuable,
because it does not make any assumptions related to
the underlying distribution and, moreover, it is unaf-
fected by partial dependence that occurs between neigh-
boring time-frequency pixels (Levy et al., 2018). Hence,
the same approach was used in the present study.

More specifically, what happened during this two-
tailed non-parametric approach used on the MEG
data was that we first computed t-values per partici-
pant, channel, time, and frequency. These computa-
tions represented the contrast between the
incongruent and congruent conditions. Secondly, we
pooled t-values over all participants in order to define
the test statistic. During this second step, we
searched the time-frequency clusters with effects
that were significant. The effects were significant, if
there was significance at the random effects level
after correcting for multiple comparisons along the
time dimensions and frequency dimensions.

To test the significance of the group-level statistic,
we randomly multiplied the t-value of each individual
by 1 or -1 and then summed them over all partici-
pants. This multiplication with 1 or —1 corresponded
to the permutation of the original conditions in that
participant. We repeated this randomization 1000
times in order to receive randomization distribution
for the group-level statistic. Furthermore, for each of
these 1000 randomizations, we kept only the maximal
and minimal cluster-level test statistic across all clus-
ters. Then, for each cluster from the data, we deter-
mined the fraction of the maximum or minimum
cluster-level test statistic that was higher or smaller
than the cluster-level test statistic and then the smal-
ler of the two fractions was retained and divided it by
1000 and this gave the multiple comparisons cor-
rected significance thresholds for a two-sided test.
Finally, we defined the p-value by the proportion of
values in the randomization distribution that exceed
this test-statistic.

Correlation analysis

We used two different correlation approaches to explore
whether the expected reduction in the observed bias
can be explained by the level of agreement with the
paradoxical thinking statements: the more the paradox-
ical thinking statements tend to induce disagreement
the less bias can be observed and to test the fourth
hypotheses, that is, whether the traditional IAT bias
could be explained by self-reported negative attitudes
toward anti-vax individuals and the feeling of threat that
they may impose; We conducted these correlation ana-
lyses in Excel. To calculate the correlations between



variables, we calculated the Pearson’s correlation coeffi-
cient. We used Pearson’s correlation coefficient because
we measured the relationship between parametric
values. Furthermore, we examined the potential outliers
from both groups by calculating the average and stan-
dard deviation of the parameter: if the value was higher
or lower than the group average + 2*SD, then it was
outlier. Accordingly, we examined whether the neural
reduction would be explained by the agreement rating
with each one of the paradoxical thinking stimuli.
Pearson’s correlation coefficient was calculated and
revealed that (without an outlier exceeding 2 SD from
the mean of the agreement measures) the correlation
between the neural-level bias and the agreement with
the paradoxical statements was significant (r=-0.52, p
=0.037). Noteworthy, with the outlier the correlation
was not significant (r=-0.42, p=0.092). The observed
reduction in the neural bias can be explained by the
level of agreement with the paradoxical statements:
the more the paradoxical thinking statements induced
disagreement, the less bias was observed. This can be
interpreted that the more the stimuli induced identity
threat, the more the neural prejudice response reduced.

Results

Participants on average tended to moderately agree with
the explicit negative perception of vaccine-hesitant indivi-
duals equally across both intervention (scale 1-7 with 7
representing total agreement; mean +SD 5.15 + 1.09) and
control (5.01 £ 1.15) groups (p = .71 for the between-group
t-test). Furthermore, as a manipulation check, we found that
the paradoxical thinking stimuli, unlike the control stimuli,
did not trigger strong disagreement or resistance, in line
with the paradoxical thinking principles (Bar-Tal et al., 2021).
The group average for the control group was 1.11 (Rating 1
to 3, with 1 being disagree and 3 agree; mean +SD 1.11 +
0.11) and for the intervention group 2.04 (mean + SD 2.04
+0.35).

During the MEG scan, as expected, participants
responded significantly (p =0.002) slower in the incon-
gruent condition (1003.175 ms +208.783) compared to
the congruent condition (803.668 ms +155.970) in the
control group, thereby confirming the typical behavioral
IAT effect — that an implicit bias was held toward vac-
cine-hesitant individuals. In the intervention group, this
bias was also present, and there was no significant dif-
ference (p-value=0.99, Cohen’s d =-0.002) between
the two groups on this implicit behavioral measure,
thereby suggesting that the intervention did not yield
any effect at the typical IAT behavioral level. At the
neural level, we followed a previous MEG study that
found an implicit neural IAT bias in the 8-10Hz and
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100-550 ms range (Levy et al., 2021). Our analysis repli-
cated this perceptual intergroup bias by revealing
a similar time-frequency (Figure 2A) and posterior
(Figure 2B) pattern in the control group
(Pgiuster-cor = 0.0009) (Levy et al., 2021). Further, to exam-
ine whether the paradoxical thinking intervention
reduced this neural bias, we examined the neural pat-
tern in the intervention group (Figure 2A), and this
analysis revealed a non-significant  effect
(Pgjuster-cor = 0.10) thereby ruling out robust neural pre-
judice after the intervention. Importantly, this neural
pattern was significantly more robust in the control
compared to the intervention group (Figure 2A) when
examining the all-sensor effect

(Pcluster-cor=0.03)  and  the posterior sensors
(Pgjuster-cor = 0.002). These findings suggest that partici-
pants in the control, but not in the intervention group,
revealed a significant and robust neural prejudice
toward the vaccine-hesitant individuals, and that the
neural prejudice was significantly more robust in the
control group. Hence, this result suggests that the para-
doxical thinking attenuated neural implicit prejudice
toward vaccine-hesitant individuals.

Finally, we examined whether the neural reduction
would be explained by the agreement rating with each
one of the paradoxical thinking stimuli. Pearson’s corre-
lation coefficient was calculated and revealed that (with-
out the outlier) the correlation between the neural-level
bias and the agreement with the paradoxical statements
was significant (r=-0.52, p =0.037). Noteworthy, with
the outlier, the correlation was not significant (r = -0.42,
p =0.092). The observed reduction in the neural bias can
be explained by the level of agreement with the para-
doxical statements: the more the paradoxical thinking
statements induced disagreement, the less bias was
observed. This can be interpreted that the more the
stimuli induced identity threat, the more the neural pre-
judice response is reduced. Furthermore, across all sub-
jects, there was a significant positive correlation (r=0.37,
p = 0.029) between the behavioral level implicit bias (i.e.,
RT) and the self-reported negative attitudes toward the
vaccine-hesitant individuals, thereby suggesting that the
implicit negativity (at the behavioral level) can be
explained by explicit negativity. Overall, the results
reveal two separate mechanisms: (1) One by which par-
ticipants explicitly relate negatively to vaccine-hesitant
individuals; this mechanism is clearly expressed at the
implicit behavioral level but is not affected by the para-
doxical thinking intervention. By contrast, (2) the second
mechanism is expressed as neural prejudice that is
clearly reduced following the paradoxical thinking inter-
vention, thereby suggesting a covert neural impact of
the intervention.
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Figure 2. Neural representations implicit prejudice. (a) the alpha rhythm underpinning of implicit prejudice was found statistically
significant in the control and statistically more robust than in the intervention group. (b) on the right is a topographical representation
of the alpha representation in the control group, highlighting the implication of left posterior channels
(Pjuster-cor < 0.05). On the left is the TFR representation of the induced activity emanating from those channels, thereby pointing

out a clear alpha rhythmic activity (P¢uster-cor = 0.00090).

Discussion

The introduction of the COVID-19 vaccination has triggered
skepticism, negativity, polarization, and societal division
(Bajwa, 2021; Jiang et al., 2021) between the anti- and pro-
vax individuals (Poddar et al.,, 2021). The present study
aimed to address this timely societal issue: the negative
intergroup attitudes that were recently triggered due to
vaccination in the ongoing pandemic. The study represents
two novel approaches in the study of prejudice and inter-
group attitudes. First, building on a recent study that was
conducted in the context of a well-entrenched intergroup
conflict (Levy et al,, 2021), we evaluate a neural response
reflecting implicit prejudice. Second, we conducted an
intervention to examine whether it can reduce this preju-
dice response; this is a very innovative strategy that has
hardly been implemented at all in the study of intergroup
interventions, and it can potentially uncover effects of the
intervention that might otherwise get overlooked by the
evaluation of conventional behavioral and self-reported
measures.

However, before examining the neural implicit prejudice
response, we first inspected the classical behavioral-level
bias, based on response times. As expected, we found
a strong behavioral bias toward the anti-vax individuals —
97.22% of participants revealed a statistically significant
behavioral bias. Furthermore, we examined whether such
bias could be explained by the self-reported negative atti-
tudes toward anti-vax individuals and the feeling of threat
that they may impose. A positive correlation between the
behavioral-level bias and self-reported negative attitudes
toward anti-vax individuals was revealed: the more biased
the individual was at the behavioral level, the higher self-
reported negativity was. Previous studies have examined
how explicit and implicit racial attitudes of white people are
related to impressions and behaviors in interactions with
other-race people (Dovidio et al., 2002; Knutson et al., 2007).
For example, the study by Dovidio et al. (2002), found that
explicit racial attitudes that white people self-reported sig-
nificantly predicted bias in verbal behavior toward other-
race people, ie., the outgroup (Dovidio et al., 2002).



Likewise, a study by Knutson et al. (2007) found that the
explicit measure of racism correlated with the implicit IAT
bias (Knutson et al.,, 2007). Hence, the findings reported
here on the implicit bias and its association with explicit
self-reports further consolidate the relationship between
these constructs, at least under certain circumstances.
Examining this in the context of the relations between
anti- and pro-vax individuals is new and adds another
empirical evidence to this literature, but this time in a new
and timely context.

Then, we examined the neural implicit prejudice
response based on a very recent study (Levy et al., 2021);
our study reproduced this neural response. This is an impor-
tant result that further support the validity of this novel
neural response, and importantly, in a totally different con-
text: while the previous study was conducted in the context
of intractable intergroup conflict wherein attitudes and
beliefs are socialized from an early age, the current study
examined this neural response in a context in which new
groups were formed ad hoc and only very recently. The
ability to measure this neural response in such different
intergroup contexts suggests that this response may reflect
a basic mechanism of prejudice. Future studies that would
examine this response in other contexts would enable to
further evaluate the validity and implications of this inter-
esting and new neural mechanism.

Importantly, to test the effect of the paradoxical inter-
vention, we evaluated both the neural and the behavioral
indices — in both experimental groups: the intervention and
the control groups. The results of these analyses revealed
a significant reduction of the neural response following the
intervention. Interestingly, the behavioral response
remained unchanged. As a corollary, an important question
arises: why was the behavioral-level bias not reduced? First,
it is noteworthy that using neural and behavioral measures
to evaluate the impact of intergroup interventions is a very
new direction of research and there is hardly any previous
evidence that can be compared to for bringing up assump-
tions and forming interpretations of this differential effect.
Nevertheless, one possible explanation for this difference
between neural and behavioral effects may relate to the
temporal dynamics of the two processes. Schiller and col-
leagues found that the latency delay reflecting the implicit
behavioral effect was reflected in a neural delay right before
button press, around 600 ms post-stimulus onset (Schiller
etal, 2016). In other words, increased time delay in that late
phase was associated with an increased implicit behavioral
bias. By contrast, the neural response begins much earlier -
already at 100 ms post-stimulus onset — and is not corre-
lated with the behavioral bias — neither in our study nor in
the previous one that measured this same response (Levy
et al, 2021). It is therefore very plausible that the neural
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response, which begins very early in time, represents one
process, whereas the behavioral response, which occurs
much later in time - reflects a different process.
Furthermore, it might not be a coincidence that the neural,
but not the behavioral response was impacted by the
intervention: the neural response correlated with the level
of agreement with the paradoxical thinking items, therefore
implying the attunement of the neural response with the
interventional effect.

But what psychological processes do the two
mechanisms reflect? Paradoxical thinking is thought to
trigger unfreezing, which in turn, can lead to attitudes
change, but not necessarily (Bar-Tal et al., 2021). People
can reconsider their views and decide that they should
stick with them. Hence, the differential effect reported in
the present study might suggest that the intervention
triggered unfreezing, as can be detected by the reduc-
tion of the neural response, but not the immediate
downstream consequences, that is behavior change
(possibly relating to attitudinal change). This interpreta-
tion further corroborates with previous behavioral stu-
dies of the paradoxical thinking intervention: In many
cases, the effects were not assessments of intergroup
attitudes but rather of unfreezing and openness
(Hameiri et al., 2016, 2018; Knab et al., 2021). Moreover,
in many of the cases in which there were effects on
intergroup attitudes, these were not assessed immedi-
ately after the intervention, but only after some time had
passed after the first exposure to it (Hameiri et al., 2014,
2016; Knab & Steffens, 2022). This new piece of empirical
finding reported here is therefore valuable for the grow-
ing evidence pointing to the ability of neuroimaging
data to quantitatively assess various cognitive and affec-
tive processes and to predict outcomes better than tra-
ditional behavioral and self-reported measures (Falk
et al,, 2015; Gabrieli et al., 2015). Future studies should
further re-test this radically important assumption, and
focus not only on immediate outcomes of interventions
but also on long-lasting effects. This direction of
research can transform the domain of intergroup inter-
ventions which exactly needs new approaches and long-
term assessments (Paluck et al., 2021).

The current study has potential implications for both
theory and practice on a timely societal matter. In
particular, the study (i) further consolidates a new
neural response reflecting implicit prejudice; (ii) it
opens new vistas for examining both neural and beha-
vioral impact of intergroup interventions and the
mechanisms that each one of them may reflect; and
(iii) it can have societal implications for moderating the
polarized attitudes in a new era of pandemics.
Nevertheless, it is important to note that the general-
izability of the findings reported here requires further
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research. Although the sample of participants in this
study relies on a priori sample size calculation, it is
noteworthy that the hypotheses and experimental con-
texts in the current study (i.e., vaccine hesitancy in
Finland) and in that reported by Levy and colleagues
(i.e., violent ethnic conflict in Israel) (Levy et al.,, 2021)
are very different. Hence, more studies are needed in
the future with larger sample sizes, in other societies,
and with additional controls such as neutral-outcome
controls (e.g., no intervention). It is our hope that the
current study will motivate such future work as this
new direction of research is very relevant and timely
with the prolonged COVID-19 pandemic and with its
long-term consequences on many levels of the global
society.
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