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Abstract

How does misinformation influence our mind, brain, and judgments? Misinformation,
also called “fake news”, is highly prevalent in massive online communication affecting
public discourse and social coexistence. However, little is known about how the human
information processing system is affected by misinformation on the individual level when
we derive opinions and judgments. This dissertation investigates the cognitive and brain
mechanisms underlying the processing of social, person-related misinformation. Within
a conceptual framework of fast and slow information processing, we investigate the
precise role of the emotional content and the credibility of news using high temporally
resolving electrophysiological brain responses. Three studies employed real-life
indicators of news credibility. Participants were exposed to negative, positive, or
relatively neutral news about other persons that was either verbally marked as
untrustworthy by adding e.g., “allegedly” (Study 1), or stemmed from well-known media
sources perceived as trusted or distrusted (Study 2 and 3). Subsequently, we found that
social judgments of the persons from the news strongly relied on the emotional content
independent of the credibility, showing how social misinformation affects person
evaluation although it is perceived as untrustworthy. Electrophysiological indexes of
early emotional and arousal-related processes, as well as correlates of later evaluative
processing were enhanced for persons associated with emotional contents regardless of
the credibility of the information. This shows the pronounced influence of emotional
contents not only on the initial and early response to news, but even on processes that
were expected to evaluate the information on merit of its credibility. As a general
mechanism these findings reveal that people’s social judgments and their fast-impulsive
as well as their slow-controlled information processing are dominated by the emotional
contents of news irrespective of credibility. In a first attempt to intervene, participants
were instructed to explicitly evaluate the credibility of the source before reading the
headlines (Study 3). This helped to overcome the bias for positive news and process its
credibility to some degree. However, remarkably the insight into the lack of credibility
had no influence on the effects of negative news contents on brain responses and social
judgments. Our results demonstrate how emotional content in social misinformation can
affect mind, brain, and judgments even against better knowledge of its lacking credibility.
This also explains why “fake news” is so “successful”. In perspective, these insights help
to face the challenges of misinformation from the perspective of the individual’s
cognition.



Zusammenfassung

Wie beeinflusst Mis- und Desinformation unseren Verstand, unser Gehirn und unser
Urteilsvermogen? Misinformation, auch ,,Fake News* genannt, ist in der massiven
Online-Kommunikation weit verbreitet und beeinflussen den 6ffentlichen Diskurs und
das gesellschaftliche Zusammenleben. Es ist jedoch wenig dariiber bekannt, wie
Misinformation das menschliche Informationsverarbeitungssystem auf individueller
Ebene beeinflusst, wenn wir Meinungen bilden und Urteile ableiten. In dieser
Dissertation werden die kognitiven und Gehirn Mechanismen untersucht, die der
Verarbeitung sozialer, personenbezogener Misinformation zugrunde liegen. Innerhalb
eines konzeptionellen Rahmens der schnellen und langsamen Informationsverarbeitung
untersuchen wir die genaue Rolle des emotionalen Gehalts und der Glaubwiirdigkeit von
Nachrichten anhand von  zeitlich hochauflosenden  elektrophysiologischen
Gehirnreaktionen. In drei Studien wurden Indikatoren fiir die Glaubwiirdigkeit von
Nachrichten aus dem tiglichen Leben verwendet. Proband*innen wurden mit negativen,
positiven oder relativ neutralen Nachrichten iiber andere Personen konfrontiert, die
entweder verbal als unglaubwiirdig gekennzeichnet waren, z. B. durch den Zusatz
"angeblich" (Studie 1), oder aus bekannten Medienquellen stammten, die als glaubwiirdig
oder unglaubwiirdig wahrgenommen wurden (Studie 2 und 3). Darauthin fanden wir
heraus, dass soziale Urteile iiber die Personen stark vom emotionalen Gehalt der
Nachrichten beeinflusst waren, unabhingig von der Glaubwiirdigkeit. Das zeigt, wie
soziale Misinformation die Bewertung von Personen beeinflusst, obwohl sie als nicht
vertrauenswiirdig wahrgenommen wird. Elektrophysiologische Korrelate friiher
emotionaler und erregungsbezogener Prozesse sowie Korrelate spéterer evaluierender
Verarbeitung waren verstdrkte fiir Personen, die mit emotionalen Inhalten assoziiert
wurden—unabhéngig von der Glaubwiirdigkeit der Information. Dies zeigt den
ausgeprigten Einfluss emotionaler Inhalte nicht nur auf die unwillkiirliche und friihe
Reaktion auf Nachrichten, sondern sogar auf Prozesse, flir die erwartet wurde, dass sie
die Information aufgrund ihrer Glaubwiirdigkeit evaluieren wiirden. Als allgemeinen
Mechanismus zeigen diese Befunde, dass unsere sozialen Urteile und unsere schnell-
impulsiven sowie langsam-kontrollierten Gehirnreaktionen von den emotionalen Inhalten
der Nachrichten dominiert werden, unabhingig von der Glaubwiirdigkeit. In einem ersten
Versuch zu intervenieren, wurden die Teilnehmer*innen instruiert, vor der Konfrontation
mit Schlagzeilen die Glaubwiirdigkeit der Quelle explizit zu bewerten (Studie 3). Dies
trug zu einem gewissen Grad dazu bei, den Bias fiir positive Nachrichteninhalte zu
iiberwinden und deren Glaubwiirdigkeit zu verarbeiten. Bemerkenswerterweise hatte die
Einsicht in die fehlende Glaubwiirdigkeit jedoch keinen Einfluss auf die Effekte negativer
Nachrichteninhalte auf Gehirnreaktionen und soziale Urteile. Unsere Ergebnisse zeigen,
wie der emotionale Gehalt sozialer Misinformation den Verstand, das Gehirn und das
Urteilsvermogen beeinflussen kann, selbst wider besseres Wissen iiber die fehlende
Glaubwiirdigkeit. Das erklart auch, warum ,Fake News* so ,erfolgreich® sind.
Perspektivisch helfen diese Erkenntnisse, uns den Herausforderungen von Mis- und
Desinformation aus Sicht der individuellen Kognition zu stellen.



1. Introduction

You may have experienced that a news headline you read or a rumour you heard
about someone left you feeling outraged towards them and their behaviour. The
credibility and veracity of second-hand information can however vary greatly. What you
learn about others may be true and valuable—or its meaning may be dubious and without
value. Here, misinformation is defined as such information that lacks credibility and may
take shape as baseless gossip or headlines from untrustworthy sources perpetuating
misleading or incorrect half-truths up to outright lies. How does such information affect
your mind, brain, and judgments? Although stories about other people is a major subject
in human communication (Dunbar, 2004; Dunbar et al., 1997; Robbins & Karan, 2020),
little is known about how we are affected by social misinformation (Fig. 1 illustrates a
real-world example of social misinformation).

A growing research field is striving to catch up with the phenomenon of
misinformation, as misinformation and “fake news” poses an increasing problem in
today’s massive online communication. Once shared, unintentional or intentional
misinformation can spread like wildfire and reach a global audience, shaping people’s
opinions and public discourse (Lazer et al., 2018; Lewandowsky et al., 2012; Vosoughi
et al., 2018). By mainly investigating large-scale observational and behavioural data,
research has largely focused on how information cascades through social networks, how
well crowds and people can discern true from false news, what information they share,
and what interventions or algorithms could contain the spread of misinformation and
correct it (Bhadani et al., 2022; Ecker et al., 2022; Kozyreva et al., 2020; Lorenz-Spreen
et al., 2020; Pennycook & Rand, 2021; Vosoughi et al., 2018). However, despite the
prevalence of misinformation and its potentially detrimental effects, much remains
unknown about the impact of misinformation on an individual’s mind and brain.

This dissertation investigates the neuro-cognitive underpinnings of how the
individual’s cognition and judgments are affected by information holding or lacking
credibility. Thus, it adds a new and complementary perspective to the research on
misinformation. Electrophysiological signatures of brain activity can reveal the
consequences of (mis)information on the microstructure of information processing. By
considering these consequences within a framework of fast and slow information
processing, this work elucidates what cognitive processes are influenced how by which
aspects of (mis)information at what point in the processing stream. Understanding the
cognitive processes that lead to judgments based on misinformation advances a
comprehensive picture of our susceptibility to it, why it prevails in our communication,
and what we can do to protect ourselves against its influence.

Across three studies, this work focuses on the precise role of emotional content.
Despite possibly being a key factor to the “success” of misinformation, emotional content
has received little attention in research. The way we process emotional content and its
credibility may in fact help explain large-scale observations, such as that false news with
fear-evoking contents travel faster and further in social networks than true news that is
more characterized by contents evoking anticipation or joy (Vosoughi et al., 2018).



Figure 1. This inflammatory headline published by BILD
on the 4" of December 2021 is a real-life example of
person-related, social misinformation during the Corona
pandemic. The headline claims that the depicted scientists
are responsible for putting people in lockdown, and for
bringing frustration and misery upon them. Contrary to the
assumption that such headlines do little harm as “no one
trusts that source anyways”, we show how it can affect

SIE ha auns den people’s opinions and judgments, nevertheless.

-‘oc Universities hence have condemned this vilification of

elnge roc scientists in the media’.

Experten-Trio schenkt uns Frust zum Fest

1.1 A theoretical framework of fast and slow information processing

The theoretical framework of this work conceptualizes how the emotional
contents and the credibility of news may be processed along an information processing
stream in different cognitive processes (see Fig. 2 for a conceptual overview). The core
concept is based on the family of dual-process theories that generally differentiate
between faster and slower systems or interactive processes (Gawronski & Bodenhausen,
2006; Kahneman, 2003; Lieberman, 2007; Strack & Deutsch, 2004). Concerning fast
systems or processes, theoretical models assume so-called associative, reflexive, and
relatively automatic processing of information (e.g., Gawronski & Bodenhausen, 2006;
Strack & Deutsch, 2004). As such, fast processing is mostly insensitive to broader
semantic relations that refine the meaning of information. For example, news about a
person’s vile behaviour would put them reflexively in a bad light. In comparison,
concerning slow systems or processes, these models assume so-called propositional,
reflective, and controlled processing of information. Notably, slow processing is sensitive
to the broader and elaborate meaning of the information including its validity and truth-
value (De Houwer et al., 2020a). For example, your lack of trust in the news source would
theoretically devalue the meaning of the outrageous information in the headline and move
the person into a more neutral light.

With respect to the processing of emotional information, appraisal theories of
emotion assume processing levels that can be considered in analogy with the concept of
fast and slow processing (Ellsworth & Scherer, 2003; Scherer, 2001). At initial and rapid
processing levels, stimuli are checked for a coarse detection of emotional salience,
focused on the intrinsic pleasantness and arousal of the stimuli. This is followed by more
controlled and elaborate assessments regarding the relevance and implications for the
observer’s well-being, the coping possibilities that arise, and evaluations of the normative
significance, like the agreement with moral values or the validation of beliefs.

One aspect that shapes how emotional information is assessed is its positive or
negative valence. For instance, it is possible that threatening negative information is
evaluated as relevant even when the implications for the observer could be reappraised as

! https://www.hu-berlin.de/en/press-portal/nachrichten-en/december-2021/nr-21128?set_language=en



minor, for example due to its context (Cacioppo et al., 1999; Kahneman & Tversky,
1979). This might happen reflexively or deliberately and as a protection against the
potential threat a stimulus might pose (e.g., Ohman & Mineka, 2001).

Theories regarding the processing of social information also embody the concept
of fast and slow processes e.g., (Cunningham & Zelazo, 2007; Ehret et al., 2015;
FeldmanHall & Shenhav, 2019; Lieberman, 2007; Lieberman et al., 2002; Strack &
Deutsch, 2004). When we evaluate other persons, initial processes or processing iterations
are assumed to be relatively automatic, while additional processes or iterations and more
control-demanding processes incorporate more information over time, reaching a more
elaborate person evaluation or inference. Contemporary models of face perception and
recognition suggest that emotional information or knowledge about persons can affect
face perception already at early stages. Such parallel models assume that perceptual and
cognitive processing interact based on the neuronal architecture of the brain (Gobbini &
Haxby, 2007; Haxby et al., 2000). Via mechanisms of predictive processing social
knowledge such as associated news influences early and later processing of faces (e.g.,
Otten et al., 2017). This includes affective predictions generated from past visceral
experiences that can shape already the visual perception of faces (Abdel Rahman, 2011;
Barrett & Bar, 2009). This is in contrast to strictly serial models assuming that
information associated with a person can only be accessed at later processing levels
(Bruce & Young, 1986).

Further cognitive capacities likely play a role for news-based social judgments,
such as memory-related processes. In analogy to the core concept, models specific to
recognition and memory retrieval similarly distinguish faster and slower retrieval, where
slower processes retrieve additional context and source information that may be stored
unitized or separately (Yonelinas, 2002).

Based on this general theoretical framework of fast and slow information
processing, we hypothesize differential effects of the emotional contents and the
credibility of news (Fig. 2). Fast processing may primarily be affected by the emotional
salience and arousal of news, whereas slow processing should be sensitive to the meaning
of emotion in a given context and should therefore be sensitive to the credibility of the
news. The credibility of news is assumed to determine the relevance of the emotional
information to the observer, their values, and their judgment. Thus, the emotional contents
in untrustworthy news should affect us less than those in trustworthy news. Ultimately,
the emotional contents of untrustworthy news should count little for accurate and fair
explicit judgments of persons and their social character.

1.2 A neurocognitive perspective on the effects of misinformation

The neuro-cognitive underpinnings of the effects of misinformation are
considered within the theoretical framework of fast and slow information processing (see
Fig. 2). High-temporally resolved event-related brain potentials (ERPs) of the
electroencephalogram (EEG) allow us to track how the processing of different aspects of
news unfolds over time. To pinpoint what aspects of news affect which processes, we use
an experimental approach that offers full control of the manipulation of the emotional



content and the credibility of news (see section 1.4). Building on accumulated past
evidence that has described the functional significance of specific ERP components, we
investigate distinct earlier and later cognitive processes.

Theoretical framework Time Event-related brain potentials

Credibility determines
the evaluation of the emotional

. Reflective controlled appraisal
relevance and meaning of news

Emotion effects depend on

credibility
elaborate
400 ms
EPN
coarse Reflexive arousal-related appraisal

Emotion effects independent of
credibility

Emotional salience
of news contents drives
response

FAST 200 ms

Figure 2. The processing of (mis)information: A conceptual overview of the theoretical
framework of the information processing stream with central event-related potential (ERP)
components, and the respective hypotheses. In the information processing stream, fast
processes respond to the coarse emotional salience and arousal of news. Slow processes elaborate
the meaning and relevance of news in perspective of its credibility. Information processing along
the time axis is reflected in temporally high resolving ERPs. Fast processing in the EPN shows
reflexive appraisal that is expected to show emotion effects independent of credibility. Slow
processing in the LPP shows reflective appraisal that is expected to reflect emotion effects
modulated by credibility, with reduced or absent emotion effects for untrustworthy news.

The early posterior negativity (EPN) and the late positive potential (LPP) are two
ERP components whose temporal and functional attributes are well suited to address the
current key questions concerning the fast and slow processing of the emotional contents
and the credibility of news. Specifically, relatively fast processing related to reflexive and
arousal-related emotional processes is indexed by the early posterior negativity (EPN;
occurring about 200-300 ms after stimulus onset at occipito-temporal brain regions; e.g.,
Junghofer et al., 2001; Schupp et al., 2003, 2004). Slower, more controlled elaborate and
reflective processing is associated with the late positive potential (LPP; about 400-600
ms at centro-parietal regions; e.g. Sabatinelli et al., 2013; Schacht & Sommer, 2009b;
Schupp et al., 2004). The EPN has been found to be primarily affected by emotional



salience and arousal relatively independent of task demands and the relevance of
emotional contents in context; whereas effects on the LPP were shown to be sensitive to
additional information that puts the meaning or relevance of emotion in perspective of a
given context, such as a current task, goal, or revised appraisal (Blechert et al., 2012;
Hajcak et al., 2010; Herbert et al., 2013; Herbert, Pauli, et al., 2011; Rellecke et al., 2012;
Schacht & Sommer, 2009a; Schindler et al., 2019, 2020, 2021; Schindler & Bublatzky,
2020). Accordingly, emotion effects of the contents of news should be reflected in the
EPN still independent of credibility. In comparison, emotion effects in the LPP should
depend on the credibility of news, resulting in reduced or absent emotion effects for
untrustworthy news (please see section 1.5 for more detailed hypotheses).

In sum, the EPN and LPP component can shed light on cognitive processes that
are dissociable due to their timing and functional significance. Next, previous evidence
has shown that both the EPN and LPP can be modulated by verbal social-emotional
information in response to the face associated with it. This is relevant for how social-
emotional misinformation may be processed. The following section discusses what we
know so far about how associated semantic information is processed and how that could
be affected by the credibility of the information.

1.3 How social information affects person perception and social judgments

We effortlessly and routinely form impressions and opinions about others from
second-hand semantic information (Abdel Rahman, 2011; Bliss-Moreau et al., 2008;
Suess et al., 2013; Uhlmann et al., 2015). Sparse declarative, verbally transmitted person-
related information is enough to learn the affective value of others via mechanisms of
verbal evaluative learning and person attribution (for example, “He bullied his
apprentice”; Bliss-Moreau et al., 2008; Mattarozzi et al., 2015; Todorov & Olson, 2008;
Xu et al., 2016). This appears to apply to information specifically attributed to a person,
and not generally merely affective information (Ferrari et al., 2020). Neurocognitive
evidence suggests that during encoding and evaluative learning about depicted persons,
face perception is affected at earlier and later processing stages (Junghofer et al., 2017,
Kissler & Strehlow, 2017). For affective word encoding per se, the relevance of emotion
words for a given verbal context is processed at later, more elaborate stages, whereas
early, more automatic emotion processing may initially be relatively independent of such
contexts (Fields & Kuperberg, 2012; Herbert, Herbert, et al., 2011; Herbert, Pauli, et al.,
2011; Rohr & Abdel Rahman, 2018). For example, Rohr & Abdel Rahman (2018) found
that when emotional words described persons and therefore were socially relevant, later
evaluative processing in the LPP was enhanced compared to non-socially relevant
emotional words. However, there is also evidence that taking emotional words out of
isolation and into meaningful communicative social context can enhance emotion effects
already in earlier ERPs (Rohr & Abdel Rahman, 2015; Schindler et al., 2015; Schindler
& Kissler, 2016).

Faces that have been associated with verbal social-emotional news have gained
intrinsic emotional relevance that influences how we process them. Neurocognitive
evidence shows that associated social-emotional information can affect both early and
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later stages of face processing as proposed by parallel models of face perception, thus
shaping how faces are perceived and persons are evaluated (e.g., Gobbini & Haxby, 2007;
Otten et al., 2017; see also Schindler & Bublatzky, 2020; Schweinberger & Neumann,
2016). This is reflected in early neural signatures of enhanced reflexive and arousal-
related face processing (EPN), as well as slow, later correlates of elaborate person
evaluation (LPP); it influences how we see and interpret facial expressions, how likable
we find others, and how we judge their character (Abdel Rahman, 2011; Aviezer et al.,
2017; Galli et al., 2006; Goodwin et al., 2014; Junghofer et al., 2017; Kissler & Strehlow,
2017; Klein et al., 2015; Luo et al., 2016; Schindler et al., 2021; Suess et al., 2013; Wieser
et al., 2014; Wieser & Brosch, 2012; Xu et al., 2016). Also here, it was shown that
specifically socially relevant affective information modulates the EPN and LPP, but not
generally merely affective information that is non-social, e.g., “cut his finger” (Xu et al.,
2016). These findings imply, for example, that facial expressions are seen as rather
negative when the person is associated with negative biographical information, such as
them violently persecuting minorities, although their face displays neutral expressions
according to their facial muscle configuration and ratings of their expressions when the
observer is unaware of their actions (Abdel Rahman, 2011; Suess et al., 2014).
Electrophysiological evidence suggests that these modulations due to emotional person
knowledge happen reflexively and can affect the visual perception of faces in a top-down
manner (Abdel Rahman, 2011; Suess et al., 2014). Indeed, faces associated with negative
social information and other prejudice have been found to elicit effects on even early
visual processing in the N170 component that is related to structural encoding of and
attention to faces (Giménez-Fernandez et al., 2020, 2021; Hinojosa et al., 2015;
Krasowski et al., 2021; Luo et al., 2016; Schindler et al., 2021; Xu et al., 2016). Emotional
person-related information even increases the chances that a face is consciously seen at
all by lending it privileged access to visual consciousness at early processing levels
(Anderson et al., 2011; Eiserbeck et al., 2021; Eiserbeck & Abdel Rahman, 2020; but see
for conflicting findings Rabovsky et al., 2016; Stein et al., 2017).

Effects of affective person-related information have been found for both positive
and negative contents. However, negative contents might be processed under higher
priority and be considered higher in social informational value and more diagnostic for a
person’s social character, as previously seen in stronger effects of negative compared to
positive information (Abdel Rahman, 2011; Anderson et al., 2011; Schupp et al., 2004;
Suess et al., 2013; Suzuki et al., 2013).

In sum, considering the rich effects of social-emotional information on early and
later cognitive processing and behaviour, social-emotional misinformation can
potentially have detrimental consequences. Some evidence suggests that these effects
may depend on how meaningful the information is in a given context, for example if it is
social or non-social. However, it is unclear how meaningful person-related information
is processed when it is of questionable veracity, and surprisingly little is known about
how the credibility modulates the effects of person-related information. We tackle this
question by investigating the effects of the credibility of information as it is
communicated and assessed in everyday life.
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1.4 Prevalent ways to communicate and assess the credibility of news

We investigate two prominent and widely used indicators of how trustworthy and
credible news is: Verbal marking and knowledge about the credibility of media sources.
While both are common, they have different properties and functions. It is important to
study these different ways to identify the credibility of news, because they may
differentially affect processing and judgments, or we may find a pattern that suggests a
general mechanism.

Language can directly convey a lack of trust in the veracity of the information.
Verbal marking, for example by adding “allegedly”, “supposedly”, or “some claim”, warn
that the evidence to back a claim is unreliable, unclear, or missing. We encounter such
common expressions of doubt about the veracity of information in gossip-laden
conversations, social media communication, in headlines, and on fact-checking sites. In
fact, these verbal markers have important journalistic and legal functions to prevent
prejudice and wrongful beliefs. Initial evidence from linguistic studies has demonstrated
that these expressions can weaken the meaning of information during discourse (Haértl,
2016; Schumacher et al., 2018; Tulling et al., 2021). This weakening can be shown in
neurocognitive correlates. Adjectives like “alleged” or “supposed” evoke evaluative
processing that is suggested to reflect the need to negate certain aspects of the target
information, for example “murderer” (Schumacher et al., 2018). Moreover, a recent study
found that factual-but not hypothetical information marked by expressions such as
“might”—enhanced neural processing that reflects discourse updating (Tulling et al.,
2021). In Study 1 of this dissertation, we show that social-emotional information that is
verbally marked respectively, for example “He allegedly bullied his employees”, is
indeed explicitly judged as less trustworthy compared to information without such
markings.

Another important and simple index of news credibility is the media source.
Recent large-scale studies have shown that people can well discern the credibility of
media sources in service of assessing the veracity of news, and that their layperson
credibility ratings well align with those of professional fact-checkers (Allen et al., 2020;
Dias et al., 2020; Pennycook & Rand, 2019, 2021). People use resource-efficient and fast
heuristics to make such credibility evaluations. Criteria to assess source credibility are
cues like familiarity, likability, social endorsement, and reputation, as well as visual
layouts (Metzger & Flanagin, 2013). Well-known media sources and their characteristics,
including their perceived credibility, are stored in long-term memory. Study 2 and 3 of
this dissertation show that participants consistently discern well-known news sources as
clearly trustworthy or untrustworthy, for example “Tagesschau” and “Bild” in German
media, which have English-speaking analogies such as “BBC” or “The Sun”. Moreover,
we show that merely the visual layouts of well-known sources’ websites can serve as
valid cues of trustworthiness.

In sum, verbal expressions as well as source credibility are two frequently used
cues of news veracity, theoretically enabling us to mark and identify misinformation as
such. It has been suggested that prominent cues of the source are essential to fight the
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impact of misinformation and promote truth (e.g., Lorenz-Spreen et al., 2020). However,
little is known about how we process the credibility of news when we derive opinions and
judgments from it. We tackle this question by investigating the microstructure of
information processing with an experimental approach.

1.5 The experimental paradigm of news exposure and derived social judgements

Our general experimental paradigm aims to maintain a balance between an
ecologically valid approach and the experimental control necessary for robust
neurocognitive evidence (see Fig. 3 for an overview of the general study design; as a
variant of a well-established design by e.g., (Abdel Rahman, 2011; Suess et al., 2013).

The paradigm consists of two phases. In Phase 1, participants are exposed to news
about a depicted, previously unfamiliar person. The content of news refers to positive,
negative, or relatively neutral behaviours of the person, for example “This researcher
healed blindness for many”. These contents are inspired by authentic news but are revised
to gain full control over the presented materials. Thereby this approach also complements
large-scale online studies that focus on the identification and spread of misinformation
using fully authentic materials (Pennycook & Rand, 2021; Vosoughi et al., 2018). The
credibility of news is manipulated either with verbal markers like “allegedly” (Study 1),
or in the form of well-known media sources of high or low perceived credibility (Study 2
and 3). As in real life, it is left to the participants to put the information in perspective of
its trustworthiness that is easily assessable in form of source credibility or verbal
qualification. Crucially, the assignment of news to each face is counterbalanced across
participants, meaning that each face is assigned to each combination of positive, negative,
and neutral contents in trusted and distrusted news between participants. This allows to
precisely measure the neurocognitive correlates and relative contributions of processing
the emotional content and the credibility of news while controlling for differences in the
appearance of the faces in Phase 2. Additionally, participants rate the likability of the
persons before and after news exposure, which served two purposes. First, this rating
could be performed spontaneously without any additional information, and it could
therefore be compared between pre- and post-exposure and serve as a manipulation check.
Second, as person-related information is only indirectly relevant, the results of this task
can be compared to the main task of social judgments in Phase 2 where the person-related
information is directly task relevant.

In Phase 2, we investigate the effects of the emotional content and the credibility
of news by presenting the faces in isolation in a social judgment task. Participants’ EEG
is acquired, and they explicitly judge the persons based on the news. These social
judgments probe a relatively global social evaluation of the person and their social
characteristics. Such evaluations are a natural tendency that occurs in real life when we
spontaneously form social impressions from visual appearance or semantic information
(Bliss-Moreau et al., 2008; Foster, 2004; Todorov et al., 2007; Uhlmann et al., 2015). In
real life it is left to us to consider all the available information when we evaluate others.
Likewise, we do not explicitly mention the credibility of news when we ask participants
to judge the persons. We instructed participants to base their judgments on all the
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information from Phase 1, implicitly including the trustworthiness but not explicitly
mentioning it.

1.6 Hypotheses for the effects of emotional content and credibility

Based on the theoretical framework and the evidence discussed, specific effects
of the emotional content and the credibility of news can be hypothesized for ERPs and
social judgments (see Fig. 2 and Fig. 3 Phase 2). Fast brain responses reflected in the EPN
are expected to be sensitive to emotion effects mostly regardless of credibility. Thus,
enhanced EPN amplitudes for faces associated with negative and positive contents
relative to neutral contents should, respectively, be observed for both trustworthy and
untrustworthy news. Slow responses reflected in the LPP are expected to take the
credibility of the news into account and emotion effects should be modulated accordingly.
Therefore, enhanced LPP amplitudes to negative and positive associated contents relative
to neutral contents should be found for trustworthy news and, crucially, such modulations
should be reduced or absent for untrustworthy news. As the news is put into context of
its credibility, the explicit valanced judgments of the persons should be modulated by
how trustworthy it is what the news says about them. Consequently, we expect clearly
negative and positive judgments for emotional contents compared to neutral contents
when news is trustworthy, whereas untrustworthy news should be treated as relatively
meaningless and result in much weaker effects of emotional contents.

In addition, the effects of credibility may depend on the valence of the emotional
information, such that credibility may primarily modulate the influence of positive, but
not negative news content. As discussed earlier, some evidence suggests that negative
information might be processed under higher priority and social informational value. As
such it is possible that we are prone to neglect the credibility of news specifically in the
case of negative information about others.

This dissertation investigates these hypotheses in three studies. Study 1 and 2
aimed to describe the basic neurocognitive underpinnings of our susceptibility to
emotional misinformation by investigating verbal marking and source credibility as
indicators of news credibility, respectively. Study 3 builds on these results and attempts
to intervene with the identified processes, further advancing the understanding of the
mechanisms.
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As in real-life, participants received information without warnings about its credibility.
In study 3 participants classified sources’ credibility before news exposure as intervention.

Emotional content Positive This man rescued child soldiers with his organization
examples Neutral This teacher was elected as representative of committee
Negative This politician embezzled money for husband’s salary

‘))) Orally presented information
with verbal marking of credibility,
e.g., allegedly, some claim

Unfamiliar persons Person-related headline Media sources

“Based on all information from phase 1, how negative, neutral, or positive is the person to you?”

Face onset 500 ms Inter-stimulus Face onset
500 ms Fixation Point zero for ERPs interval 500 ms Fixation Point zero for ERPs

TAamEE

Negative Neutral Positive Negative Neutral Positive

Figure 3. Overview of the general experimental design with two phases and key
manipulations. Phase 1 is framed by pre- and post-news-exposure person likability ratings that
serve as manipulation check where news is only indirectly relevant. During news exposure,
participants are exposed to person-related news about previously unfamiliar people. The
emotional content of news was manipulated as either positive, neutral, or negative. Two
prominent and commonly used indicators of news credibility are investigated. In Study 1 news is
verbally marked as untrustworthy, e.g., by adding “allegedly”. In Study 2 and 3 news
trustworthiness is manipulated by well-known German media sources that knowingly differ in
credibility, e.g., Tagesschau and Bild. Similar English-speaking sources are for example BBC
News and Fox News. Crucially, the counterbalanced assignment of the face, the emotional content
of the person-related information, and the news credibility condition allows to analyse the precise
neurocognitive and behavioural correlates of the influence of the manipulations in Phase 2. In
Phase 2, that follows Phase 1 after a 15-minute break, the persons are presented in isolation.
Participant’s EEG is recorded, and they judge each person based on the information from Phase
1.
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2. Summary of the present studies

2.1 Study 1: Clear judgments based on unclear evidence: Person evaluation is
strongly influenced by untrustworthy gossip

Study 1 (Baum et al., 2018) investigated how we process and consider the verbally
communicated lack of trustworthiness (by adding e.g., “allegedly”) when we judge
persons based on social-emotional information. In Experiment 1 (N=32), neutral or
negative news was orally presented while each person was shown on the screen (Phase 1,
Fig. 3). Crucially, negative news about the immoral social behaviour of previously
unfamiliar persons was either stated as trustworthy fact (e.g., “He bullied his apprentice”)
or marked as untrustworthy gossip (e.g., “Some claim he bullied his apprentice”). Neutral
information was not verbally marked untrustworthy because it sounded ironic or irritating
(e.g., “He consulted a technician”). In contrast to the discussed hypotheses, results
showed that post-exposure person likability, explicit social judgments, and slow
processing reflected in the LPP component are strongly influenced by the negative
compared to the neutral news unaffected by the trustworthiness of the information (Phase
2, Fig. 3). A modulation of the EPN was not observed.

Experiment 2 (N=24) aimed to replicate these effects and tested the influence of
trustworthiness on positive news. As discussed above, the lack of trustworthiness of non-
threatening, positive gossip may be considered while it is neglected for negative gossip
to prioritize potentially threatening information. Positive, negative, as well as neutral
news was presented, whereby the trustworthiness of emotional information was
manipulated like in Experiment 1, e.g., for the untrustworthy positive condition: “He
allegedly fought for children’s rights over years”. Experiment 2 replicated the results of
Experiment 1 and extended them to positive gossip. Positive information strongly
affected person likability, social judgments, and LPP amplitudes independent of its
trustworthiness. EPN modulations suggested a weak modulation for positive contents
restricted to 300 to 350 ms, and, if anything, a tendency toward stronger effects for
trustworthy information.

The manipulation of credibility in Study 1 reflects the actual use of verbal markers
in real-life communication, such as in everyday conversations like gossiping, in news
headlines, social media, and on fact checking sites. Moreover, journalistic and legal
communication often relies on verbal qualification to prevent consequences of the
information, like wrong accusations. Manipulation checks showed that when participants
directly rated the trustworthiness of the information, verbally marked gossip was indeed
rated as less trustworthy than facts. However, our findings show that understanding that
the evidence is unclear does not automatically lead to qualified emotional responses and
social judgments. They rather demonstrate a tendency for strong emotional evaluations
and judgments even when they are knowingly based on untrustworthy information.

The pattern of effects found in Study 1 contradicts our theoretical predictions. We
found highly similar and robust effects when positive or negative social-emotional
information was presented fact-like and when it was verbally marked and recognized as
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untrustworthy. This contrasts with our expectation that untrustworthy information would
be less influential and meaningful, so that slow information processing in the LPP and
explicitly derived social judgments would show reduced emotion effects when the
information was marked as untrustworthy. At least, we expected to find this theoretically
predicted pattern in the case of positive contents when negative contents are prioritized
regardless of their trustworthiness as threatening. In conclusion, our findings of emotion
effects in both LPP and person judgments regardless of credibility suggest that knowing
information is untrustworthy does not automatically result in reconsiderations of
emotional appraisals in the service of making accurate and fair social evaluations.

2.2 Study 2: Emotional news affects social judgments independent of perceived
media credibility

Study 2 (Baum & Abdel Rahman, 2020) investigated how the credibility we
attribute to news sources affects our information processing and the social judgments we
derive from news headlines. Building on the results of Study 1, the aim of this
preregistered study was to test if theoretically expected effects are found with source
credibility as another important, and possibly stronger indication of information
trustworthiness. We used real-life well-known news media that are represented in long-
term memory along with relatively rich characteristics including their credibility. Indeed,
a source credibility rating in the end of the experiment showed that participants hold
distinct opinions of how trustworthy they consider the sources. Moreover, this rating
confirmed the classification of sources as trusted vs. distrusted that we determined via
pre-ratings (N=38) of perceived credibility.

Participants (N=30) were exposed to real news media website layouts including
colours and fonts that showed the source logo, and each an experimentally manipulated
picture of an unfamiliar person along with a negative, positive, or neutral headline about
the person, while all other details were blurred (Phase 1, Fig. 3). We then analyzed how
the credibility of the news source is processed and considered when persons are judged
based on the news headlines (Phase 2, Fig. 3).

Again in contrast to theory-based expectations, slow processing in the LPP
component was dominated by the negative and positive contents of headlines regardless
of source credibility. Persons associated with negative or positive headlines were judged
more negative or positive than persons associated with neutral headlines regardless of
source credibility. Judgments based on emotional contents were further made faster than
those based on neutral contents unaffected by source credibility. Person likability showed
the same pattern. These findings show once more that emotional news affects late stages
of information processing and social judgments regardless of trustworthiness, even when
we hold distinct opinions of the sources’ credibility.

Fast, emotion- and arousal-related brain responses in the EPN were enhanced for
negative contents in news. EPN modulations suggest that this effect of negative contents
may be increased for headlines from distrusted sources. While the critical interaction of
this modulation was not significant, separate comparisons showed effects only for
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distrusted sources. EPN effects by positive contents were not observed. The effects of
especially untrustworthy negative news may suggest an enhanced arousal or excitation
(cf. Menninghaus et al., 2017). This could result from compounded arousal-related effects
by source and headline (cf. Schirmer, 2010).

In sum, we again found a pattern of results in contrast to our theoretical
predictions. Like in Study 1, while participants understood the lack of credibility,
evaluative brain responses and social judgments were determined by emotional contents
independent of their credibility. The similarity of the findings in Study 1 and 2 suggests
a general mechanism where emotional contents dominate processing and explicit
judgments while source credibility is left unused in the service of reliable social
evaluations.

2.3 Study 3: Negative news dominates fast and slow brain responses and social
judgments even after source credibility evaluation

Study 3 (Baum & Abdel Rahman, 2021) investigated the malleability of the
mechanisms suggested by the findings of Study 1 and 2. The findings of Study 1 and 2
show that social judgments and slow evaluative processing are strongly influenced by
emotional contents while being remarkably insensitive to the credibility of the news. As
a first attempt to intervene with this bias, the preregistered Study 3 was identical to Study
2 but with one crucial manipulation. As a simple cognitive intervention, participants
(N=30) evaluated the credibility of the different news sources before they were exposed
to news. Participants clearly rated trusted sources as trustworthy, and distrusted sources
as untrustworthy. We expected that this active discernment of trustworthiness would
enhance the effects of source credibility by making it more salient and increasing its
availability when news contents are processed. As such, the intervention tests one aspect
of so-called nudging or boosting. Nudging or boosting has been hypothesized to help
promote the truth in online discourse (Kozyreva et al., 2020; Lorenz-Spreen et al., 2020),
and it has been shown to increase the discernment of news accuracy to some degree (e.g.,
Pennycook et al., 2020, 2021; Roozenbeek & van der Linden, 2019). However, how
nudging may affect the consequences of misinformation for individual information
processing and opinions has remained unknown.

We had two alternative expectations regarding if this intervention would affect
the results and how. On the one hand, if effective, the intervention should result in
theoretically predicted outcomes. This would suggest that increasing the attention to the
credibility during news exposure would overcome the dominance of the emotion effects.
Specifically, fast emotion effects induced by headline contents in the EPN may still occur
independent of source credibility, whereas emotion effects should be modulated by source
credibility in the later LPP component, resulting in considerate judgments. The
effectiveness of the intervention may differ for positive and negative headline contents,
such that source credibility may primarily modulate the influence of positive, but not
negative information. On the other hand, if the previously described mechanisms are not
readily susceptible to this attempt to intervene, we expected emotional headline contents
to strongly affect information processing and social judgments irrespective of source
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credibility, in line with the results found in Study 1 and 2. This would suggest that the
dominance of emotion is a rather robust effect.

Results showed that this intervention is insufficient to abolish the dominant effects
of emotional headlines regardless of source credibility. Participants’ social judgments
relied to a large extent on the emotional contents of the headlines irrespective of source
credibility. In a separate task, we had additionally asked participants to rate how confident
they are in their social judgments, and results showed that participants were also highly
confident in social judgments based on emotional contents regardless of source
credibility.

We also found that this bias might be susceptible to change for positive headline
contents, whereas negative social-emotional news seems to be particularly difficult to
disregard. Multiple measures suggested signs of source credibility effects for positive
contents as hypothesized. These modulations were found in preregistered separate tests
for trusted and distrusted sources, finding effects of positive contents only for trusted, but
not distrusted sources. These findings are tentative and need future evidence because the
specific interactions lacked statistical significance. Specifically, we found that judgments
based on positive relative to neutral contents were faster when the source was trusted, but
not when the source was distrusted, possibly suggesting more hesitation when judging
persons according to social-emotional information from untrustworthy sources. Further
in line with predictions, we found LPP effects of positive headline contents only for
trusted sources, but not for distrusted sources suggesting that slow brain responses put
emotional contents in perspective of their credibility. Furthermore, effects of positive
contents in the EPN were also only observed for trusted sources.

In contrast to positive headlines, the effects of negative headlines on fast and slow
brain responses and social judgments were immune to the insight of lacking credibility
before news exposure. All measures were dominated by negative contents from both
trustworthy and untrustworthy sources. Robust effects of negative relative to neutral
headline contents regardless of source credibility were observed in fast emotional
responses reflected in the EPN, in slow evaluative brain responses reflected in the LPP
and in social judgments and their latencies. Furthermore, negative headlines even affected
the visual level of face processing as suggested by influences on the N170 that is related
to structural encoding of and attention to faces.

The finding that the bias to disregard source credibility may be less pronounced
in the positive headline condition was further supported by additional results that explored
the role of memory-related processing (please see also section 3.4). We additionally
analyzed source credibility effects in the social judgment phase (Phase 2, Fig. 2) by
directly considering the individual memories of sources. Specifically, at the end of the
experiment participants assigned for each face the source condition that they remembered
and associated with the face (we added this task to Study 3 as a first step to address
memory-related processing). For the additional analyses we replaced the pre-defined
source credibility conditions with those individually remembered. Results showed main
effects of individually remembered source credibility in person likability ratings, in social
judgments, and in the confidence in judgments. Importantly, the pattern of results
confirmed the differential pattern of credibility on positive and negative news headlines.
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As in the main results, we found effects of positive headlines for trusted but not for
distrusted sources in separate tests (for latencies of judgments and the LPP). These effects
were statistically more robust, because we found the critical interactions of positive
headline effects with individually assigned source credibility for person likability,
confidence in judgments, and the LPP. Remarkably, the influence of associated negative
headlines was not modulated by individual source credibility assignments.

Together, these results suggest that it is the dominance of emotional contents,
especially negative contents, that weakens the influence of source credibility. This bias is
not easily disrupted by evaluating source credibility as a simple preventive intervention.
It is particularly difficult to overcome for negative information. Instead, fast and slow
brain responses show that emotional headlines bias the information processing system
even against better knowledge. Thus, the results of Study 3 further strengthen the
evidence alongside Study 1 and 2 for a general mechanism that partially contradicts the
predictions derived from the theoretical framework. Besides this key finding, results of
Study 3 suggest that the effects of positive contents may be more susceptible to change
when trustworthiness is explicitly evaluated before headlines are read. Thus, Study 3
provides initial evidence for leverage against the effects of misinformation.

3. General Discussion

Emotional contents in misinformation can affect mind, brain, and judgments even
against better knowledge of its lacking credibility. Neurocognitive evidence reveals that
both fast arousal-related processes and slow controlled evaluative processes are
influenced by emotional contents regardless of if we trust the news or not. Along the early
and later processing stream, it is the emotional contents of news that dominates the
information processing in our cognitive system and not the credibility such news holds.
The news we hear or read about others affects how positively or negatively we judge them
and their social characteristics, even if the news is knowingly untrustworthy.

This is astounding because we expected that our ability to assess, communicate,
and understand the credibility of information based on our use of verbal markings as well
as on our distinct perceptions of source credibility would guide our news-based opinions
and judgments accordingly. Yet, despite this ability, we do not automatically use this
knowledge when deriving opinions and judgments about others from person-related
news. This pattern of results is highly similar for the two studied and frequently used
indicators of how trustworthy news is, verbal marking and source credibility, suggesting
a general mechanism of dominant consequences of the emotional contents of news.

This bias even largely prevails a first attempt to intervene, where participants
actively discerned the credibility of media sources before being exposed to news and
forming opinions. Initial evidence suggests that the bias to neglect credibility can be
reduced for positive news contents. Conversely, the results demonstrate the pronounced
susceptibility to negative information even from explicitly distrusted sources.
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3.1 A general mechanism of the dominant influence of emotional content
regardless of credibility

Collectively, the pattern of behavioural and neurocognitive findings suggests a
general mechanism of dominant consequences of negative and positive emotional news
regardless of its credibility. What does this general mechanism mean considering our
expectations based on our theoretical framework and the discussed evidence?

3.1.1 Emotional content drives the fast reception of news

Even the sparse information in emotional headlines—and social misinformation—
can impact our information processing rapidly and involuntarily. We found that emotional
news, especially with negative contents, influences fast and reflexive brain responses in
the EPN. As predicted, this was mostly independent of credibility and mainly reflected
the arousal-related influence of emotional contents. Thus, emotional information in news
evokes reflexive affective and arousal-related reactions (Barrett & Bar, 2009; Ellsworth
& Scherer, 2003), and fast responses to news are driven by this emotional salience.

3.1.2 Emotional content, not credibility, dominates the slow evaluation of relevance
and meaning

The emotional content of news receives sustained and elaborate processing, even
when of questionable veracity according to its perceived credibility. We found highly
robust effects of negative and positive contents in the LPP component, a component that
is known to be sensitive to context information and deliberate control (e.g., Blechert et
al., 2012; Herbert et al., 2013; Herbert, Pauli, et al., 2011; Rellecke et al., 2012; A Schacht
& Sommer, 2009; Schindler et al., 2019, 2020, 2021). This elaborate processing stage
was expected to appraise the emotional meaning of news considering its credibility,
resulting in reduced emotion effects in response to untrustworthy news (De Houwer et
al., 2020b; Ellsworth & Scherer, 2003). Contrary to these expectations, this slow and late
stage of information processing weighted the relevance and meaning of news by its
emotional contents regardless of its credibility.

In line with the LPP effects, explicit news-based social judgments relied on
emotional contents and were remarkably insensitive to the credibility of news. Besides
the extremely valenced social judgments, evidence from other tasks further supports this
general mechanism. First, likability ratings show the same pattern of dominant emotion
effects, suggesting that this mechanism extends to less deliberate social evaluations.
Because person likability ratings can be given spontaneously and can be purely based on
someone’s face without any additional information, news is not directly task relevant.
Second, judgments based on emotional contents were made with high confidence
irrespective of news credibility. This shows a reliance on emotional content even when
asked for the subjective confidence in social judgments, an evaluation that is assumed to
be more deliberate and metacognitive than the main social judgment task (Petty et al.,
2007).
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This general mechanism of dominant emotion effects is even relatively robust
against an intervention aimed to increase the attention to credibility. Specifically,
participants explicitly evaluated the credibility of media sources before they were
exposed to their headlines (Study 3). This should have strengthened the saliency and
availability of credibility and by that the influence on slow evaluation and judgments.
Although participants clearly discerned the trustworthiness of media sources before they
read the news, this simple intervention was insufficient to abolish the bias, at least for
negative news (see discussion below). This implies that the dominance of emotion is not
simply explained by gross inattention to credibility (see also section 3.2) but further
suggests that emotion outweighs credibility.

The described mechanism contrasts the assumption that common and meaningful
indicators of credibility in everyday life protect against the impact of misinformation.
Instead, they seem strikingly inconsequential when news has emotional content. We
tested two prominent indicators of how trustworthy or untrustworthy news is, that is
distinct perceptions of media source credibility and frequently used verbal expressions of
lacking evidence, e.g., “allegedly”. The similarity of the findings despite two different
indicators of news credibility further speaks for a general mechanism. The knowledge
about communicating and assessing credibility is not automatically leveraged against the
influence of misinformation and does not directly work in service of fair and accurate
social judgments.

Taken together, our findings suggest that emotionally evocative content
dominates the intrinsic meaning and relevance of the news, resulting in social judgments
reliant on these contents. In contrast to the theoretical expectation, credibility is not the
key determinant of how meaningful and relevant social-emotional news is evaluated and
how persons are judged based on news, even when credibility is explicitly evaluated
before news exposure.

3.1.2 Credibility effects might depend on the valence of contents

Additional to the many similarities of the effects of negative and positive news
regardless of credibility, we also find indications for differential effects of credibility.
Specifically, thinking about source credibility before news exposure might protect us
against the influence of positive misinformation to some degree. After the cognitive
intervention in Study 3, we found a pattern of results that suggests that the bias of
dominant emotion effects is easier to overcome for positive news, while negative social-
emotional information seems to be particularly difficult to disregard, even when it stems
from sources one explicitly evaluates as untrustworthy. We had hypothesized that the
theoretically expected effects of credibility may be found at least for positive news if the
credibility if more readily neglected in case of threatening negative information. Indeed,
the results showed effects of positive news in slow processing and judgment latencies
only for trusted sources, but not for distrusted sources. Nevertheless, the intervention was
not sufficient to lead to significantly more neutral explicit judgments of persons
associated with distrusted positive news, calling for future research of more effective
strategies against the effects of misinformation (please see section 3.4).
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Negative misinformation seems hard to disregard despite it knowingly lacking
credibility. This dominance might weaken the influence of credibility. Negative
information may be processed under high priority as a protection against the potential
threat an allegedly dangerous person could pose (Ohman & Mineka, 2001). This
preferential processing seems to come at the cost of critical thinking. Recent evidence
supports this potential explanation by showing that negative emotional narrative contexts
reduce critical semantic analyses (Aristei et al., 2022). In comparison, one could speculate
that positive emotional information may be related to a broadened cognitive scope
(Fredrickson, 2001; Zimmerman & Kelley, 2010). For example, positive emotions can
sometimes enhance the processing of contexts (Madan et al., 2019; Talarico et al., 2009).

The current findings cannot determine if the differential patterns for positive and
negative headlines are related to differences in valence or in intensity or both. However,
pre-ratings of our materials show that the arousal does not differ between positive and
negative contents. Additional control analyses further suggest that valence may play an
independent role because differences in ERPs in response to positive vs. negative
headlines were only found for distrusted sources, and not for trusted sources. The exact
mechanisms underlying differential effects of credibility on positive and negative news
after intervention are a topic for future research (see section 3.4).

3.1.4 What social misinformation means for person perception and judgments

The news we hear and read about others influences how we perceive their face
and evaluate their social characteristics, and as shown here, even when this person
knowledge is merely based on untrustworthy, possibly false information.

We show that social misinformation can influence how we perceive persons as
reflected in earlier and later brain responses. These findings suggest that emotional
information comes online relatively early and reflexively in the face processing stream
and dominates also later, post-perceptual processing (c.f., Abdel Rahman, 2011;
Schindler et al., 2021; Suess et al., 2014; Wieser et al., 2014; Wieser & Brosch, 2012).
N170 effects as observed in Study 3 show that even earlier visual processing of the face
that is related to structural encoding is affected by negative news (Giménez-Fernandez et
al., 2020, 2021; Krasowski et al., 2021; Luo et al., 2016; Schindler et al., 2021; Xu et al.,
2016). These findings are in line with models of face perception that assume that person
knowledge can already influence early and reflexive processing of faces (Haxby et al.,
2000; Gobbini & Haxby, 2007).

This influence is found even though we could rely more on the information that
is directly observable from the faces, for example their (neutral) facial expressions, when
the person-related knowledge we have available cannot be trusted. In general, prior
knowledge can be highly useful to navigate the social world via rapid top-down effects
or predictions on our perception as well as early and later information processing (Abdel
Rahman, 2011; FeldmanHall & Shenhav, 2019; Maier et al., 2022; Wieser & Brosch,
2012). This helps to quickly reduce uncertainty about other’s intentions or to understand
facial expressions. Indeed, the effects of social misinformation are comparable to effects
found for affective biographical knowledge about well-known faces (Abdel Rahman,
2011, Suess et al., 2014). To gain biographical knowledge one has likely encountered
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many news reports and has built up a possibly more valid knowledge. Here, top-down
effects were found also by potential misinformation that should have little epistemic
meaning.

To make accurate and fair person evaluations, later evaluative processes and
explicit social judgments could put initial arousal-related responses into perspective of
the credibility of the information. However, we find that we rely more on the emotional
contents than the credibility of the information, suggesting that we care little about the
credibility, either deliberately or unintentionally. This implies that we might constrain our
social evaluations to the emotional substance and its potential relevance for our own well-
being and coping possibilities even at the risk of forming misleading or inaccurate
judgments of others, for example lost opportunities for social relations and cooperation,
and potential damage of existing relationships.

3.2 Experimental neurocognitive evidence underlying real-life behaviour

We translated many aspects of real-life media encounters into our design, but one
may suggest that it nevertheless differs from natural situations in many ways. That is true,
yet we took additional measures to show that our experimental approach unlikely caused
the pattern of results. In fact, we are confident that our approach represents a unique
strength because it enables us to obtain robust evidence of the microstructure of
information processing. This is a crucial foundation to be able to vary from controlled
designs in the future and it complements other research in the field that has largely
focused on large-scale observational and behavioural studies using completely original
but uncontrolled materials.

Was our manipulation of news credibility reasonable and did participants
understand it? We used indicators of news credibility that are common in real life, and
we can show that these are understood. Verbal markers such as allegedly are frequently
used in gossip-laden conversations, social media communication, or news headlines,
moreover such expressions have important legal and journalistic functions of preventing
prejudice and wrongful accusations. Well-known media sources and original layouts
closely resemble news media encountered in real life that are stored in long-term memory
including their credibility. We repeatedly show that people understand these indicators
and can discern trustworthiness from these cues. Participants in pre-ratings as well as in
experimental samples a) differentiate the trustworthiness of verbally marked information
from un-marked information and b) differentiate sources in trustworthiness ratings
(replicating other findings, e.g., Metzger & Flanagin, 2013; Pennycook & Rand, 2019).
Furthermore, short interviews after the experiments showed that participants did not
generally doubt the authenticity of the media reports, supporting our approach to use real-
life media stimuli.

Did participants notice the difference in credibility? We are confident that the
credibility of media sources was noticed during news exposure for several reasons. First,
each news website presentation started with showing the prominent source logo alone for
one second before the face and headline information was presented, giving extra time to
process source information. Second, we demonstrated in a control study via tracking
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active eye movements that participants sample source information during the news
exposure. Third, in the same control study we showed that blurred website layouts with
retracted source names are reliable cues for credibility. Finally, the intervention of
explicitly classifying sources before news exposure should have even increased the
attention to the sources.

Thus, we are confident that the findings reflect processes that happen in real life.
It is possible that we notice indicators of credibility and grasp their meaning, but just like
in real life, we may not fully engage with or encode this information. Such potential
mechanisms should be targeted by interventions against the influence of misinformation
in future research (see section 3.4).

The experimental situation is somewhat artificial due to the experimentally
necessary quantity of faces and repetitions in the judgment task. However, we can show
that it is unlikely that this has caused the results. To address this concern, we show that
post hoc analyses accounting for task repetitions and tests of only first judgments reveal
the same pattern of results. Furthermore, we show in a control experiment that the same
pattern of dominant effects of emotional information regardless of credibility is found
when participants make immediate, one-time judgments after each news is presented.
Thus, removing repetitions in both exposure and judgments does not change the pattern
of results.

Finally, the tendency for effects of source credibility after the intervention for
positive news, but not negative news, further supports the conclusion that our results show
a general mechanism that is not simply due to the experimental procedure. Overall, we
are confident that the repeatedly found pattern of effects, our control experiments and
analyses, plus the differential pattern found after a first intervention imply a non-trivial
general mechanism as discussed and described in the previous section (3.1).

3.3 On advancing the understanding of the susceptibility to misinformation

Our insights on the consequences of misinformation on the level of the
individual’s cognitive system complement research that has focused on people’s
knowledge and ability to discern news credibility. This research field is very active and
has developed in parallel to the timeline of this dissertation. The results of our
manipulation checks are in line with research demonstrating that people can distinguish
the credibility of media sources and that they understand the meaning of verbally
communicated lack of trustworthiness (e.g., Metzger & Flanagin, 2013; Pennycook &
Rand, 2019; Tulling et al., 2021; van der Bles et al., 2020). However, we show that social-
emotional misinformation affects our judgments even against this better knowledge. Our
neurocognitive evidence precisely shows what cognitive processes are affected and when.
Thus, our findings suggest that the ability to identify credibility is not automatically
protective against the impact of misinformation. In real-life we are not usually directly
asked to identify misinformation or prompted to think about the credibility of news.
Often, we are just confronted with news, process it, form impressions, and derive
judgments. Moreover, we show that the general tendency to rely more on news’ evoked
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emotions than its credibility even holds when known sources are explicitly evaluated
before news is read, at least when news has negative emotional contents.

This is further relevant to research on interventions against misinformation that
focus on helping people to identify information as untrustworthy, specifically nudging,
boosting, and inoculation interventions. Such interventions aim to prompt or educate
people with the aim to reduce their susceptibility to misinformation (e.g., Fazio, 2020;
Kozyreva et al.,, 2020; Lorenz-Spreen et al., 2020; Pennycook et al., 2020, 2021;
Roozenbeek & van der Linden, 2019). For example, it has been proposed to highlight the
news source and to nudge people to pay attention to cues that indicate the quality of news
to curb the influence of misinformation and promote trustworthy news (Lorenz-Spreen et
al., 2020). Recent empirical tests of nudging interventions asked participants to think
about the accuracy of one headline on a general topic (Pennycook et al., 2021, 2020).
Subsequently, verbatim headlines from various sources were presented and the
intervention improved participants’ explicit differentiation of accurate and inaccurate
headlines related to political and health information. Our findings complement this
research on different levels. First, our results suggest that the merit of interventions needs
to be further investigated in the consequences of news exposure, even if interventions
make people aware of differences in credibility. Second, the neurocognitive evidence of
such consequences adds a perspective that has been lacking but can identify how key
cognitive processes respond to interventions. Third, the general mechanisms we described
show that the effectiveness of interventions for influencing different outcomes may
depend on the context, specifically the emotional content of news and its valence. These
insights directly motivate future research on possible interventions (see section 3.4).

Diverse disciplines that study misinformation from different angles can derive
testable hypotheses from our experimental evidence that has identified emotional contents
as a key determinant of how we process misinformation. For instance, additional
sentiment analyses of the verbatim headlines used in recent studies (e.g., Pennycook &
Rand, 2018) shows that negative rather than positive contents were more often accepted
as correct (Borukhson et al., 2021). However, the emotional contents of the headlines
were not considered in the original study.

The described mechanisms help explain phenomena in real-life news
communication. In massive online communication, we are confronted with contents that
evoke emotions such as moral outrage at a high rate. Emotional contents can powerfully
capture our attention, are more readily shared with others, and are therefore often
favoured in online media where attention is an economically valuable resource (Bavel et
al., 2020; Brady et al., 2017, 2020; Crockett, 2017; Schone et al., 2021; Vosoughi et al.,
2018). For example, the social media platform Facebook profits most of content that
evokes anger and negative emotions, and even charges less for ads with negative than
with positive content (Facebook Whistleblowerin Frances Haugen Im Talk Uber Die
Facebook Papers | ZDF Magazin Royale - YouTube, 2021). Our findings suggests that
this makes sense in terms of maximizing impact: Emotional—especially negative—content
has an even bigger impact than expected, because it is relevant to our thinking and
judgments even when it is lacking credibility.



26

The minor role of the credibility of emotional messages, as shown here, gives
misinformation an advantage and helps explain its “success” on large scales. For example,
negative false news evoking emotions like fear and disgust spreads worryingly quickly
and widely in online media (Vosoughi et al., 2018). These large-scale propagation
measures of news may even boil down to mechanisms of how individuals respond to
news. Latest research of the spreading patterns indeed suggests that the “success” of
misinformation is best explained by its person-to-person infections (Juul & Ugander,
2021). Our findings of behavioural and neurocognitive responses to emotional
misinformation on the individual level help reveal what these mechanisms are.

3.4 Limitations and future research

Going forward, one important goal for future research is to understand why the
influence of emotional content is so dominant and the role of credibility so minor. To help
explain this bias, several targets of future research directly arise from the current work.
First, one factor in the persistence of this bias is related to the valence and intensity of the
emotional contents, with negative contents prevailing our attempt to intervene more
strongly than positive contents. The effects of the emotional intensity of news, and the
relative contribution of valence should be targeted in future research. Second,
mechanisms of learning and memory may be related to the pattern of results. We show
that participants notice and process the different sources and their credibility during news
exposure (section 3.2). Additional findings suggest that memory may play a role for main
effects of news credibility, but generally corroborate that the bias of emotional dominance
may be overcome for positive news but prevails for negative news. Future research is
needed to investigate the relative contribution of learning and memory related
mechanisms directly. Third, modulations of fast brain responses by credibility could tell
us more about certain mechanisms. Although theoretically not expected, results of Study
2 indicated that the EPN effect of negative headlines was most pronounced for distrusted
sources. However, this modulation was not replicated in Study 3 which employed an
intervention and showed clear and robust EPN effects for negative news regardless of
credibility. It can be speculated that untrustworthy negative social-emotional news may
induce pleasurable states of enhanced arousal or excitation (cf. Menninghaus et al., 2017),
increasing the impact of negative information (Kahneman & Tversky, 1979; Zillmann,
2013). Future research should investigate the hypothesis that the popularity and
sensational pleasure of gossip and misinformation may be related to those effects.
Furthermore, after the intervention of Study 3, EPN effects for positive news were found
only when news came from trustworthy sources, but not when it came from distrusted
sources. Such early modulations may suggest that interventions can influence early
effects of emotional contents on information processing. Future research should test this
hypothesis, since finding out what aspects of interventions affect also fast brain responses
can shed light on the mechanisms of an intervention. Fourth, meta-cognitive processes
like the confidence in social judgments or the fluency with which judgments are derived
may help explain the bias (Brashier & Marsh, 2020; Wang et al., 2016). In Study 3 we
found that social judgments based on emotional contents are made with high confidence
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regardless of credibility. Future research should directly investigate mental
processes related to meta-cognition, for example cognitive resource allocation. Fifth,
previous knowledge and other priors might play important roles in news-based social
judgments. In the current work, news featured previously unfamiliar persons as it can
often be the case in news coverage. However, it is of course also common that news is
about famous persons or familiar acquaintances. It is possible that previous knowledge
about a specific person can modulate the influence and relevance of untrustworthy
information, especially when the news is contradicting previous impressions (e.g., Cone
et al., 2019; Mende-Siedlecki et al., 2013; Rapp, 2016). Overall, future research into the
mechanisms of the bias can employ other tasks and (neurocognitive) measures that target
different processes. For example, the effects of news could be tested more implicitly in
comparison to the social judgments employed here, or they could be tested for decisions
that require more deliberation such as punishments or rewards. Finally, individual
differences in the susceptibility to emotional misinformation may help to further explain
why emotional contents have a dominant effect. For example, people over the age of 65
have shared more misinformation than younger people on social media and through
messaging apps (e.g., Brashier & Schacter, 2020), making age-related cognitive processes
another interesting target for future investigations.

Another important goal of future research is to use the current insights to identify
strategies to reduce the influence of misinformation and consider the veracity of news.
Previous strategies have often not had the wanted success, and one reason is that they
have not taken into account basic cognitive, social, and emotional mechanisms, into
which insight has been lacking (Ecker et al., 2022). These strategies have for example
attributed people’s susceptibility to misinformation to a lack of information that can be
overcome by providing more facts (Lewandowsky et al., 2017; Simis et al., 2016). Based
on the neurocognitive mechanisms shown here, we can investigate the aspects of the
cognitive system that must be targeted to successfully intervene with the described bias.
The current findings show that a simple intervention focused on contemplating source
credibility might be able to reduce the bias for positive headlines but seems insufficient
to reduce it for negative headlines. One possibility to move forward is to target the
dominance of emotional contents more directly. Employing emotion regulation seems to
be a promising avenue. For example, we could deliberately choose not to know about
certain news or shield ourselves from exposure (Hertwig & Engel, 2016). However, it is
not always possible and sometimes even impossible to avoid being exposed to
misinformation in today’s massive online communication landscape. Online media
prominently displays emotional contents that can powerfully capture our attention and it
is unlikely that online media will be free from misinformation (e.g., Kozyreva et al.,
2020). Therefore, it is important to develop other strategies that build on our
understanding of neuro-cognitive mechanisms and specifically protect the individual
information processing system and judgments. Such strategies include, for example,
educating about the consequences of social-emotional misinformation for us individually
and as social beings, and by employing cognitive reappraisal of untrustworthy emotional
contents to reduce their impact (e.g., Gross, 2015; Maroney & Gross, 2014; Wang et al.,
2021; Webb et al., 2012).
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3.5 Final remarks

In conclusion, understanding the lack of credibility matters little for the
consequences of emotional contents in social misinformation affecting mind, brain, and
judgments. It is the emotional content that matters. Neurocognitive evidence reveals that
emotional content affects fast-reflexive emotional responses and dominates slow-
controlled processing regardless of credibility. This bias is especially robust for negative
contents, even when attention to credibility is increased. These insights shed light on the
cognitive mechanisms underlying the processing and impact of social misinformation on
the individual level. Thus, they help explain the “success” of misinformation on large
scales and identify key targets for future interventions. Ultimately, a precise
understanding of our cognitive-emotional responses, vulnerabilities, and strengths can
empower us to protect ourselves against misinformation biasing our minds and
behaviours.
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Abstract

Affective information about other people’s social behavior may prejudice social interactions and
bias person judgments. The trustworthiness of person-related information, however, can vary
considerably, as in the case of gossip, rumours, lies, or so-called “fake news”. Here, we
investigated how spontaneous person-likability and explicit person judgments are influenced by
trustworthiness, employing event-related potentials as indexes of emotional brain responses.
Social-emotional information about the (im)moral behaviour of previously unknown persons was
verbally presented as trustworthy fact, (e.g. “He bullied his apprentice’’) or marked as
untrustworthy gossip (by adding e.g. allegedly), using verbal qualifiers that are frequently used
in conversations, news and social media to indicate the questionable trustworthiness of the
information and as a precaution against wrong accusations. In Experiment 1, spontaneous
likability, deliberate person judgments and electrophysiological measures of emotional person
evaluation were strongly influenced by negative information, yet remarkably unaffected by the
trustworthiness of the information. Experiment 2 replicated these findings and extended them to
positive information. Our findings demonstrate a tendency for strong emotional evaluations and
person judgments even when they are knowingly based on unclear evidence.

Keywords: trustworthiness, gossip, face perception, person evaluation, event-related

potentials
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Clear judgments based on unclear evidence:
Person evaluation is strongly influenced by untrustworthy gossip

Praised be doubt! I advise you to greet

Cheerfully and with respect the man

Who tests your word like a bad penny!
(Bertholt Brecht, 1932)

The veracity of person-related verbal information is often questionable. This has lately
been a prominent observation in public communication, where people encounter gossip,
rumours, and news from sources of varying reliability on a daily basis. As yet, little is known
about how verbally communicated information of questionable reliability affects us. The goal of
the present study was to investigate how one considers the lack of reliability when one
subjectively judges persons as negative, neutral or positive based on verbal information about
their immoral or moral social behavior.

How people perceive, judge, and interact with others is strongly influenced by what they
know about them. Even abstract and verbally transmitted information concerning good or bad
social behavior can affect how they judge others (Bliss-Moreau, Barrett, & Wright, 2008;
Goodwin, Piazza, & Rozin, 2014), how they perceive others’ faces or facial expressions (Abdel
Rahman, 2011; Luo, Wang, Dzhelyova, Huang, & Mo, 2016; Suess, Rabovsky, & Abdel
Rahman, 2015; Wieser et al., 2014; Xu, Li, Diao, Fan, & Yang, 2016), and may even affect
whether they see others’ faces in the first place (Anderson, Siegel, Bliss-Moreau, & Barrett,
2011; but see Rabovsky, Stein, & Abdel Rahman, 2016; Stein, Grubb, Bertrand, Suh, &
Verosky, 2017). Here we consider one factor that may influence the potency of social-emotional
information to modulate person evaluations: the verbally marked trustworthiness of the

LEINT3

information. We did so by adding qualifiers like “allegedly”, “supposedly”, or “people say” to
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person-related information, expressions often encountered during gossip-laden conversations and
typically used to express doubt concerning the veracity of the information, for example in legal
or journalistic contexts.

Via associations with affective person knowledge, faces gain intrinsic emotional
relevance, leading to motivated attention at perceptual and post-perceptual evaluative processing
stages (e.g., Abdel Rahman, 2011; Sabatinelli, Keil, Frank, & Lang, 2013). In event-related brain
potentials (ERPs) derived from the EEG', high-level evaluation is reflected in an enhanced late
positivity at about 400 to 600 ms over centro-parietal regions (late positive potential [LPP];
Schupp, Junghofer, Weike, & Hamm, 2003; Schacht & Sommer, 2009). At earlier stages,
affective information may induce an enhanced early posterior negativity (EPN) at about 200 to
300 ms at occipito-temporal sites related to fast and reflexive perception-related processes
(Schupp et al., 2003).

According to appraisal theories of emotion (Ellsworth & Scherer, 2003; Scherer, 2001),
stimuli are initially checked for a coarse detection of emotional salience and intrinsic
pleasantness, a process that may be related to early ERP modulations as the EPN (e.g., Herbert,
Pauli, & Herbert, 2011). Then, assessments concerning implications for the observer’s well-
being, coping possibilities, and evaluations of the normative significance — like the compatibility
with moral standards — follow that can be related to higher level evaluations associated with
LPP-generating processes (e.g., Herbert et al., 2011; Yoder & Decety, 2014). Crucially, whereas

the LPP has been shown to vary with the relevance and meaning of emotional attributes in a

! We used ERPs because they offer information on processes and their modulation by experimental factors that
cannot be directly observed. For instance, here, we expect a dissociation between effects in early (EPN) and later
(LPP) components associated with distinct processes.
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given context, the earlier emotion-induced reflexive EPN modulations are relatively independent
of task demands and the relevance of emotional contents and are mainly sensitive to arousal
(e.g., Hinojosa, Méndez-Bértolo, & Pozo, 2010; Kissler, Herbert, Winkler, & Junghofer, 2009;
Rellecke, Sommer, & Schacht, 2012; Schacht & Sommer, 2009). Specifically, the emotional
content associated with a face may be appraised independently of the verbally marked
trustworthiness of the information at early stages reflected in the EPN, whereas later stages of
high-level evaluations reflected in the LPP — in which emotion effects are more strongly affected
by context and relevance — should be more sensitive to additional information putting emotional
contents into perspective and should therefore be modulated by the verbally marked
trustworthiness of the information.

Empirical evidence on the trustworthiness of verbally transmitted information and its
effects on person judgments is scarce. However, related research has provided evidence that
emotional responses and person evaluation can be modulated by intentional emotion regulation
and context information. Indeed, we can in many ways deliberately choose to ignore information
(Hertwig & Engel, 2016). In this sense, untrustworthy person-related information may be
deliberately ignored to achieve fair, unbiased social judgments. In line with these assumptions,
influences of person knowledge on the spontaneous likability of faces were found to be reduced
when participants were instructed to suppress affective verbal information previously associated
with the faces (Molet et al., 2016), with stronger suppression for prosocial (e.g., “threw a
surprise party for a parent””) compared to antisocial (e.g., “hit a small child”) information.
Furthermore, changing the meaning of an emotional stimulus via context information, for
example, by labeling an unpleasant scene as fictitious versus real (Mocaiber et al., 2010), or by

reappraising a person’s angry face with the person’s bad day at work (Blechert, Sheppes, Di



50

CLEAR JUDGMENTS BASED ON UNCLEAR EVIDENCE 7

Tella, Williams, & Gross, 2012) induces spontaneous emotion regulation reflected in attenuated
LPP amplitudes (Foti & Hajcak, 2008). These studies suggest that people use context
information to adjust their emotional reactions. On the other hand, context may also be
involuntarily ignored, such as mistakenly associating social-emotional information with the
wrong person, even though the correct context information is clearly available (Ecker,
Lewandowsky, Chang, & Pillai, 2014). Specifically in the case of negative information,
however, context information about the trustworthiness may be ignored reflexively or
deliberately as a protection against potential threat (e.g., Ohman & Mineka, 2001).

The present study investigated effects of negative and positive person-related information
that was associated with the faces of previously unfamiliar persons either as trustworthy facts
(e.g., “He bullied his apprentice”; “He rescued refugees”) or as untrustworthy gossip (e.g., “He is
believed to have bullied his apprentice”; “He supposedly rescued refugees”). Gossip was
explicitly verbally labeled as untrustworthy, enabling participants to doubt the information.
Emotional information was compared to a neutral condition (e.g., “He visited clients”). Negative
information was about harmful social behaviour, that is, immoral, and positive information was
about kind social behaviour, that is, moral (¢/- Hofmann, Wisneski, Brandt, & Skitka, 2014).
Subsequent to learning person-related information participants completed a test phase in which
they were instructed to make explicit person judgments based on the information they had
learned, with the intention to motivate evaluative processing and consideration of the
information’s trustworthiness. Additionally, participants rated the person likability before and
after learning, which served two purposes. First, it allowed us to compare a judgment in which
the person-related information is directly task-relevant to a judgment in which this information is

more indirectly relevant. Second, because this rating can be performed spontancously without
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any additional information, a comparison between the likability before and after learning is
possible.

Based on the theoretical approaches and the empirical evidence discussed above, we
expected effects of emotional relative to neutral information on explicit person evaluations and
on EPN and LPP amplitudes, as documented in several studies (see above). Crucially, verbally
marked trustworthiness should modulate person judgments, resulting in reduced or absent effects
of untrustworthy compared to trustworthy emotional information. Early reflexive processing
should be immune to contextual factors or task demands (see discussion above). Therefore, we
expected EPN modulations of similar magnitude for faces associated with trustworthy and
untrustworthy emotional relative to neutral information. In contrast, later evaluative processing
should be susceptible to contexts and the (task) relevance of emotion. This should be reflected in
reduced LPP amplitudes for untrustworthy relative to trustworthy emotional information. These
effects may be modulated by valence, such that negative, but not positive, gossip may be

prioritized even when verbally marked as untrustworthy.

Experiment 1
Method
Sample size
For experiment 1 a multiple of eight participants was required to counterbalance the
assignment of information to faces. G¥*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007)
estimated a sample of 39 to 30 participants (alpha = .05, power = .9, three measurement levels,

within subject rmANOVA) for a np? reported between .15 (Abdel Rahman, 2011), and .17 (Luo et
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al., 2016) for LPP effects, and between .18 (Luo et al., 2016), and .19 (Suess et al., 2015) for
EPN effects.
Participants

Data consist of 32 German participants (25 female, mean age = 25, SD = 4.98, 30 right-
handed) with normal or corrected-to-normal vision. One participant was replaced due to
insufficient learning (recollected less than 50%). Participants received course credit or were
monetarily compensated. They were (de)briefed about the procedures and signed informed
consent. The study was approved by the local ethics committee.
Materials

Picture stimuli were grey-scaled frontal portrait photographs of 64 unfamiliar faces with
neutral facial expressions (2.7 x 3.5 cm, viewing distance 70 cm; obtained from various
databases, e.g. Ebner et al., 2010; Langner et al., 2010). Sixteen familiar filler faces (well-known
persons, e.2. Romano Prodi (neutral), or Josef Fritzl (negative)) were included to make the target
persons’ existence credible.

Short sentences describing social behavior were recorded (see Supplemental Material,
Table S1). Information was either neutral (e.g. “She showed the new collection to a customer™),
negative and presented as trustworthy fact (e.g. “She drowned her baby in the bathtub”), or
negative and presented as untrustworthy gossip, (e.g. “People say she drowned her baby in the
bathtub”). Neutral information was not presented as untrustworthy. The reason to not include an
untrustworthy neutral condition was simply that this would sound ironic or irritating (e.g. “He
allegedly consulted a technician”) and may therefore have reduced the credibility of the
information in general. Gossip was verbally marked as untrustworthy by using, for example,

people assume, allegedly, supposedly, or is believed to. Thirty-two faces were assigned to neutral
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information, 16 to negative facts, and 16 to negative gossip, with counterbalanced assignment
across participants. Affective information for familiar filler faces referred to their biography and
was not counterbalanced (8 neutral, 4 negative facts, 4 negative gossip; note that gossip referred
to ongoing speculations or accusations, e.g. “He allegedly stabbed his wife’s lover” (OJ
Simpson); “This man supposedly sexually harassed underage girls” (Silvio Berlusconi), whereas
facts referred to convictions, e.g. “‘He committed a massacre to teenagers at a summer camp”
(Anders Breivik)).
Manipulation check: Trustworthiness rating

After the experiment, we conducted an online rating to test whether the verbal marking
was sufficient to reveal the trustworthiness differences. A sample size of the multiple of two
participants was required for counterbalancing. G*Power estimated 36 participants for a medium
effect size of dz = .5 (alpha = .05, power = .9, one-tailed paired t-test). A different group of
participants (N = 38, mean age = 28.20, SD = 7.05, 21 female) was instructed to rate how
trustworthy they consider each individually presented information about unfamiliar persons. The
11-point scale ranged from 1 (not at all trustworthy) to 11 (very trustworthy). Only negative
information was included, with the presentation as fact or gossip counterbalanced across raters.
Gossip was rated as less trustworthy than facts, #37) = 3.42, p =.002, dz = .56, (see Table 1).
This indicates that the trustworthiness manipulation served the intended purpose and that,

accordingly, our experimental manipulation was successful.
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Table 1

Manipulation Check in Experiment 1: Trustworthiness Ratings of the Person-Related

Information. Ratings on an 11-Point Scale from not at all trustworthy (1) to very trustworthy (11)

Information Negative Facts Negative Gossip
M 6.65 5.70
95% CI [6.25, 7.05] [5.29, 6.10]

Note. CI = confidence interval.

Procedure

=2 2
o) gooooll Wil g
Likability Learning Phase Pause Likability Recognition Test Person Judgment
Pre-Rating Post-Rating Task

4

Figure 1. Schematic illustration of the experimental procedure. Event-related potential effects were investigated

during the person judgment task. Consent to publish photo here has been given by depicted person.

To create the global impression that all people encountered during the experiment existed
in real life, we included well-known filler faces, and participants were told that they would be
seeing faces and that some of them they may be more familiar with than others. The experiment
had a learning and a testing phase (cf. Figure 1), separated by a 15-minute break. In the
beginning of each phase, participants rated how likable they spontaneously found each person on
a 5-point scale (adopted from the Self-Assessment Manikin; Bradley & Lang, 1994). We call this
rating “spontaneous likability”, because this rating is not based on the information, but rather on

the spontancous feeling of liking; that is, the information was not task relevant. During learning,



55

CLEAR JUDGMENTS BASED ON UNCLEAR EVIDENCE 12

participants saw the face and listened to the assigned verbal information. Block-wise learning
familiarized the participants with 10 faces at a time. Each block included all experimental
conditions and two filler faces, with the exact combination of stimuli being random across
participants (for a similar design, see Abdel Rahman, 2011; Suess et al., 2015). Across learning,
faces were presented six times with information (for the duration of the recorded sentence, on
average 3.4 s, see Supplemental Material) and one last time without. To ensure participants paid
attention, they answered yes-or-no questions about the information learned in a block, e.g. “Is the
behavior of this person common?” (asked per face, four questions in total).

The test phase always started with the likability rating (see learning phase). A recognition
test and the person judgment task followed, in a counterbalanced sequence. To test recognition,
participants decided whether a face was familiar from the learning phase (included 80 unfamiliar
filler faces). For the person judgment, participants had to judge whether the depicted person was
negative or neutral to them based on the information acquired during learning. Answer button
assignment was counterbalanced.

Each task was repeated six times, resulting in 192 person judgment trials for faces with
neutral information, and 192 for negative, i.e. 96 negative facts, 96 negative gossip. Trials started
with a 500 ms pre-stimulus fixation cross, faces were presented until response or for 2 s. In the
likability rating, faces were presented for 1 s, followed by the rating scale until response.

After the experiment, a paper-and-pencil test checked for sufficient learning. The
experiment continued on a second test day that is not part of the present research question and
not discussed further, as it does not affect the first day. Due to this second test day,

counterbalancing required a sample size of a multiple of eight participants. The recognition test
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was planned to control for the learning of the faces and mainly relevant for the second day. Here,
we focused on the likability rating and person judgment.
Data recording and analysis

The EEG was recorded from 62 electrode sites as specified by the extended 10-20 system
with Ag/AgCl electrodes. Impedance was kept under 5 kQ. The sampling rate was 500 Hz, and
the continuous signal was referenced to the left mastoid. Horizontal and vertical
electrooculograms were obtained with peripheral electrodes at the left and right canthi of both
eyes, and above and below the left eye. A short calibration procedure traced individual eye
movements after the experiment, later used to correct for eye movement artifacts.

Offline, the continuous EEG was transformed to average reference and low-pass filtered
at 30 Hz (24dB/oct, zero-phase IIR Butterworth filter). Using BESA (Berg & Scherg, 1991), we
removed artifacts due to eye movements by applying a spatiotemporal dipole modeling
procedure for each participant individually. A semi-automatic procedure rejected remaining
artifacts by filtering out amplitudes over + 200 uV, changing more than 50 uV between samples
or more than 200 pV within single epochs, or containing baseline drifts. Error- and artifact-free
EEG data was segmented into epochs of 2.5 s, starting 100 ms prior to stimulus onset (i.e.
appearance of a face during the judgment task), with a 100 ms pre-stimulus baseline.

We performed repeated measures ANOVAs (rmANOVAs) on averaged data per
information condition (neutral vs. negative facts vs. negative gossip) to assess amplitude
differences in ERPs during the person judgment task. Because trustworthiness was not
manipulated in the neutral condition (lack of credibility in the neutral condition), we calculated a
main effect over all three conditions and followed up with separate comparisons. Analyses

focused on two regions of interest, based on previous findings of emotional stimulus content
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(e.g. Schupp et al., 2003) and affective information effects (e. g. Abdel Rahman, 2011; Suess et
al., 2015) in the EPN (electrode sites PO7, PO8, PO9, PO10, TP9, TP10, between 200 and 300
ms) and LPP component (electrode sites Pz, CPz, POz, P3, P4, between 400 and 600 ms).
Huyhn-Feldt corrections were applied when appropriate. We report uncorrected degrees of
freedom and in case of separate comparisons Bonferroni corrected p-values for the number of
analyses. The significance level was p <.05. Data and Code are available from the Open Science
Framework (osf.io/jqv2g; Baum, Rabovsky, Rose, & Abdel Rahman, 2018).

Results
Behavioral results

For results of the recognition test see Supplemental Material (Table S2).
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Figure 2. Behavioral results of experiment 1. Error bars show 95% confidence intervals. (A) Mean likability ratings
of persons before and after learning person-related information, depending on type of information. (B) Mean

judgment rates in the person judgment task, depending on type of information.
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Likability rating

Whereas there was no difference in likability before learning, trustworthy as well as
untrustworthy negative information led participants to dislike persons relatively to persons
associated with neutral information (see Figure 2a and Table 2). A rmANOVA revealed main
effects of phase (two levels: before vs. after learning), F(1,31) = 118.57, p <.001, np>= .79, ng*
= .56, and information (three levels: neutral, negative facts, negative gossip), F(2,62) = 173.44, p
<.001, np? = .85, ng>= .60, as well as an interaction of phase and information, F(2,62) = 110.68,
p <.001, n,?>= .78, ng>=.59. Information had no effect before learning, F(2,62) = .58, p =1, ng?
=.018, but after learning, F(2,62) = 163.23, p <.001, ng* = .84. Faces associated with negative
facts and negative gossip were rated as less likable than faces with neutral information; F(1,31) =
169.37, p <.001, ng*>= .85, and F(1,31) = 172.24, p < .001, ng* = .85 respectively. Facts and
gossip did not differ, F(1,31) = 41, p =1, n6*>= .013.
Person judgment

Persons were judged as negative based on negative facts and negative gossip compared to
the neutral condition (see Figure 2b and Table 3). Judgment rates differed by information,
F(2,62) =2398.86, p < .001, ng*>=.99. Compared to neutral information, faces associated with
negative facts were more frequently judged as negative, F(1,31) =4197.12, p <.001, ng*= .99,
and likewise, faces associated with negative gossip were more frequently judged as negative,
F(1,31)=2226.15, p < .001, ng*=.99. Judgments based on negative facts and negative gossip

did not differ, F(1,31) =3.10, p = .27, n6*= .09.
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Faces associated with both negative facts and negative gossip were judged faster than
faces with neutral information, with no difference in reaction times (RTs) for facts and gossip

(see Table 4 and 5).

Table 2

Likability rating of persons before and after learning person-related information in experiment 1

on a 5-point scale

Phase Information Neutral Negative Facts Negative Gossip
Before M 3.04 2.99 3.03

95% CI [2.96, 3.11] [2.89, 3.09] [2.94,3.12]
After M 3.38 1.82 1.84

95% CI [3.24,3.53] [1.67, 1.96] [1.69, 1.98]

Note. CI = confidence interval.

Table 3

Means and confidence intervals for negative person judgments in experiment 1

Information Neutral Negative Facts Negative Gossip
M .070 .95 .93
95% CI [.044, .095] [.94, .97] [.91,.96]

Note. CI = confidence interval.

Table 4

Means and confidence intervals for reaction times (in ms) for person judgments in experiment 1

Information Neutral Negative Facts Negative Gossip
M 831.35 777.43 784.51
95% CI [817.33, 845.37] [762.19, 792.67] [772.19, 796.82]

Note. CI = confidence interval.
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Table 5

Statistical results for reaction times for person judgments in experiment I

60

17

Source df F p nG
Negative Facts vs. Negative Gossip vs. Neutral 2,62 18.46 <.001 37
Negative Facts vs. Neutral 1,31 25.70 <.001 45
Negative Gossip vs. Neutral 1,31 29.48 <.001 .49
Negative Facts vs. Negative Gossip 1,31 .055 1 .017

Event-Related Potentials

EPN. No main effect of information was found, F(2,62) =.70, p = .50, np?> = .022, ng?

<.001.

LPP. Negative facts as well as negative gossip elicited an enhanced positivity compared

to neutral information (see Figure 3), reflected in a main effect of information, F(2,62) = 8.57, p

=.001, np? = .22, 6> = .036. Separate analyses revealed an enhanced positivity for negative facts

compared to neutral information, F(1,31) = 7.64, p = .03, n,> = .20, ng>= .033, as well as for

negative gossip compared to neutral information, £(1,31) = 13.54, p = .003, 1% = .30, ng* = .046.

Faces associated with facts and gossip did not differ, F(1,31) =.60, p = 1, ny*> = .02, ng*>= .001.



61

CLEAR JUDGMENTS BASED ON UNCLEAR EVIDENCE 18

Negative __ __ Negative

Neutral Facts Gossip

Negative Facts -
Neutral

Negative Gossip -
Neutral

Amplitude [uV]

Negative Facts -
Negative Gossip

200 400 600 800
Time [ms] -0.70 v 0.70 pv

o4 - - -

Figure 3. Grand average event-related potentials at the central-posterior site Pz show the LPP effects of person-
related information in the person judgment task in experiment 1. Time point zero marks onset of face presentation.
Scalp distributions show the effects as differences between conditions in the LPP time window 400 to 600 ms (grey

area).

Discussion

We expected effects of emotional relative to neutral information on EPN and LPP
amplitudes and explicit person judgments. Verbally marked trustworthiness should result in
reduced emotion effects of untrustworthy compared to trustworthy information, reflected in the
LPP and explicit judgments. We expected EPN amplitudes to be unaffected by trustworthiness.

Experiment 1 showed no effects of information on the EPN, where we had expected
emotion effects. EPN emotion effects are very robust for well-known faces, however more
vulnerable if the faces have been newly learned (Abdel Rahman, 2011; Suess et al., 2015). As

expected, we found that negative person-related information strongly affected spontaneous



62

CLEAR JUDGMENTS BASED ON UNCLEAR EVIDENCE 19

ratings of likability, explicit person judgments and LPP amplitudes reflecting evaluative
processes. Additionally, the reaction times in the person judgment show that the negative
judgments based on gossip were made without hesitation. Unexpectedly, however, none of these
effects was modulated by the trustworthiness of the information, even though gossip could be

identified as untrustworthy, as shown by an independent manipulation check.

Experiment 2

Experiment 2 was conducted to replicate the results of experiment 1 and to investigate if
the findings generalize to effects of positive information. Positive information was included to
test the possibility that the trustworthiness information was involuntarily or deliberately ignored
to cope with the potential threat that is related to the negatively valenced person information.
Thus, we tested the hypothesis that the untrustworthiness of non-threatening, positive gossip may
be considered, resulting in reduced emotion effects of untrustworthy compared to trustworthy
positive information, reflected in the LPP and explicit judgments. We expected the emotion
effects in the EPN to be unaffected by trustworthiness.

Methods

Methods of experiment 2 were identical to experiment 1, except for the details described
in the following.
Sample size

A multiple of 6 participants was required for a counterbalanced assignment of
information conditions to faces. For an effect size of 1> = .22 (main effect of information in the
LPP in experiment 1), G*Power estimated a sample of 25 participants (alpha .05, power .9,

number of measurements 3).
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Participants

Data consists of 24 German participants (16 female, mean age = 25.17 years (SD = 5.76),
range 18 to 44, all right-handed). One was replaced due to not following task instructions, and
two due to artefacts in the EEG.
Materials

Picture stimuli were 24 unfamiliar faces and 8 familiar filler faces; we reduced the total
number of stimuli to facilitate learning. Social information’s valence was neutral, negative, or
positive. The selection of sentences was based on an independent rating, making sure both
affective conditions were considerably more arousing than neutral information (no
trustworthiness manipulation yet; see Supplemental Material). Negative and positive information
was either presented fact-like (e.g., positive fact: She resuscitated a tourist), or gossip-like (e.g.,
positive gossip: She is believed to have resuscitated a tourist; see Supplemental Material, Table
S3). Eight unfamiliar faces were assigned to neutral information, 4 to negative facts, 4 to positive
facts, 4 to negative gossip, and 4 to positive gossip, counterbalanced across participants.
Affective information for familiar filler faces referred to their biography (4 neutral, 2 negative
facts, 2 positive facts).
Procedure

During learning, one block consisted of 8 faces (1 negative fact, 1 negative gossip, 1
positive fact, 1 positive gossip, 2 neutral, 1 neutral filler and 1 negative or positive filler). Across
learning, faces were presented 4 times with information and one last time without, and 3 learning
enhancing questions were answered per face.

The test phase consisted of the likability rating, a recognition test, and the person

judgment task in this order. This was because the rating and the recognition test were performed
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only once, and the focus was now on the person judgment task, which was repeated 20 times,
resulting in 160 trials for faces with neutral information, 160 for negative (80 facts, 80 gossip),
and 160 for positive (80 facts, 80 gossip).

After the experiment, a trustworthiness rating of the learned information was conducted

with the same participants. Each sentence was visually presented on screen as it had been learned

but without the assigned face. Participants were instructed to rate how trustworthy they
considered the information about the person’s behavior on an 11-point scale. The neutral
information was presented as fillers, since it did not contain a trustworthiness manipulation.
Data recording and analysis

Analogously to experiment 1, we analysed effects (neutral vs. facts vs. gossip) for
negative and positive conditions separately. Additionally, we performed rmANOVAs including
the factors valence (negative vs. positive) and trustworthiness (facts vs. gossip) to investigate
possibly different effects of trustworthiness depending on the valence of the information.
Because trustworthiness was not manipulated in the neutral condition, it was not included in
those analyses.

Results

Behavioral results

For results of the recognition test see Supplemental Material (Table S4).
Trustworthiness rating

Facts were rated more trustworthy than gossip (see Table 6). A rmANOVA with the
factors valence (negative vs. positive) and trustworthiness (facts vs. gossip) revealed a main

effect of trustworthiness, F(1,23) = 6.84, p = .015, ny*> = .23, ng> = .13, but no effect of valence,
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F(1,23) = 0.46, p = .51, np> = .02, ng*> = .005, and no interaction of valence and trustworthiness,

F(1,23)=1.08, p= 31, 1,2 = .04, n6* = .01.

Table 6

Manipulation Check in experiment 2: Trustworthiness ratings of the verbal person-related

information. Ratings on an 11-point scale from not at all trustworthy (1) to very trustworthy (11).

Information Negative facts Negative gossip Positive facts Positive gossip
M 7.70 6.45 7.63 6.90
95% CI [6.98, 8.42] [5.95, 6.95] [7.00, 8.25] [6.22,7.57]

Note. CI = confidence interval.
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Figure 4. Behavioral results of experiment 2. Error bars show 95% confidence intervals. (A) Mean likability ratings
of persons before and after learning person-related information depending on type of information. (B) Mean

judgment rates in the person judgment task depending on type of information.
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Likability rating

Facts and gossip led participants to like or dislike persons more relatively to the neutral
condition, depending only on the valence of the information (see Figure 4a and Table 7).

In the negative condition an analysis including experimental phase (2 levels: before vs.
after learning) and information (negative facts, negative gossip, neutral) revealed a main effect of
phase, F(1,23) =27.21, p <.001, n,*>= .54, ng*> = .26, of information, F(2,46) = 20.27, p < .001,
N> = .47, 6> = .27, and an interaction of phase and information, F(2,46) = 36.51, p <.001, n,’
= .61, ng* = .31. Likability did not differ before, F(2,46) = 1.29, p = .57, ng*> = .053, but after
learning, F(2,46) = 35.75, p < .001, ng?> = .61. Faces associated with negative facts and negative
gossip were later rated less likable than faces associated with neutral information, F(1,23) =
36.62, p <.001, nG*> = .61 and F(1,23) = 53.22, p < .001, ng* = .70 respectively. Facts and gossip
did not differ, F(1,23)=0,p=1,n6*>=0.

In the positive condition a main effect of phase, F(1,23) = 62.78, p <.001, n,>=.73, N>
= .43, information, F(2,46) = 4.55, p = .016, 1, = .17, ng> = .078, and an interaction of phase and
information, F(2,46) = 8.73, p = .001, np> = .28, nc® = .10, were found. There were no condition
differences before, F(2,46) = .071, p = 1, ng* = .003, but after learning, F(2,46) = 11.22, p
<.001, ng® = .33. Faces associated with positive facts and positive gossip were rated more
likable than faces associated with neutral information, F(1,23) = 23.74, p <.001, ng*> = .51 and
F(1,23) = 13.26, p = .004, ng*> = .37 respectively. Facts and gossip did not differ, F(1,23) = 0.88,
p=1,n¢*=.037.

An analysis after learning including the factors valence (negative, positive) and
trustworthiness (facts, gossip), excluding the neutral condition, revealed a main effect of valence,

F(1,23)=68.44, p <.001, ny> = .75, ng* = .68, no effect of trustworthiness, F(1, 23) =.50, p
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49, 1> =.021, ng® = .003, and no interaction of valence and trustworthiness, F(1, 23) = .46, p

51, mp?=.019, ng* =.003.
Person judgment

Compared to the neutral condition, judgments were more negative in the negative facts
and in the negative gossip condition and more positive in the positive facts and in the positive
gossip condition (see Figure 4b and Table 8).

In the negative condition there was a main effect of information, £(2,46) = 730.32, p
<.001, ng* = .97. Relative to faces connected to neutral information, faces connected to negative
facts, F(1,23) = 1225,53, p <.001, ng> = .98, and also faces connected to negative gossip,
F(1,23) = 1057.32, p < .001, ng* = .98, were more frequently judged as negative. Judgments did
not differ for facts and gossip, F(1,23) =.070, p =1, ng> = .003.

In the positive condition there was an effect of information, F(2,46) = 84.53, p <.001,
ne? =.79. Relative to faces connected to neutral information, faces connected to positive facts,
F(1,23) = 121.55, p < .001, ng* = .84, and also faces connected to positive gossip, F(1,23) =
104.56, p <.001, ng? = .82, were more frequently judged as positive. Judgments did not differ for
facts and positive gossip, F(1,23) =.72, p = 1, ng*> = .030.

Excluding the neutral condition, we found a main effect of valence, F(1,23) = 15.10, p
<.001, np? = .40, ng> = .17, but no effect of trustworthiness, F(1,23) = .73, p = .40, n,>= .031,
nG? = .012, and no interaction of valence and trustworthiness, F(1,23) = .43, p = .52, 0> = .018,

na* = .006.
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Table 7
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Likability rating of persons before and after learning person-related information in experiment 2

on a 5-point scale

Phase Info. Neutral Negative Facts ~ Negative Gossip  Positive Facts  Positive Gossip
Before M 3.01 3.13 2.99 2.98 2.97

95% CI  [2.89,3.12] [2.99, 3.26] [2.83,3.15] [2.81,3.15] [2.83,3.11]
After M 3.29 2.16 2.16 3.79 3.68

95% CI  [3.15, 3.44] [1.83,2.48] [1.91,2.40] [3.57,4.01] [3.45,3.90]

Note. CI = confidence interval.

Table 8

Means and confidence intervals for negative person judgments (row 1) and for positive person

Jjudgments (row 2) in experiment 2

Judgment Info. Neutral Negative Facts ~ Negative Gossip ~ Positive Facts  Positive Gossip
Negative M .037 .92 92 .046 .049

95% CI [.009.064] [.88,.97] [.86,.97] [.005, .086] [.009, .090]
Positive ~ M .10 .019 .018 .83 .78

95% CI [.008,.19] [-.003,.041] [-.005, .042] [.75,.91] [.70, .87]

Note. CI = confidence interval.

RTs were faster in the negative facts and negative gossip relative to the neutral condition,

RTs in the positive conditions did not differ from the neutral condition, and while RTs were faster

for negative compared to positive information, there was no main effect of trustworthiness or an

interaction with valence (see Table 9 and 10).
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Table 9
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Means and confidence intervals for reaction times (in ms) for person judgments in experiment 2

Information Neutral Negative Facts ~ Negative Gossip Positive Facts Positive Gossip
M 879.25 825.21 818.73 866.67 885.33
95% CI [854.88,903.63] [791.57,858.85] [797.24,840.211] [836.20, 897.14] [849.86, 920.81]

Note. CI = confidence interval.

Table 10

Summary of statistical results for reaction times for person judgments in experiment 2

Source df F P Np nG
Negative facts vs. Negative gossip vs. Neutral 2,46 7.56 .001 25 25
Negative Facts vs. Neutral 1,23 13.39 .004 .37 37
Negative Gossip vs. Neutral 1,23 13.37 .004 .37 .37
Negative Facts vs. Negative Gossip 1,23 11 1 .005 .005
Positive Facts vs. Positive Gossip vs. Neutral 2,46 .40 .67 017 017
Valence (Positive vs. Negative) 1,23 11.55 .002 .33 .16
Trustworthiness (Facts vs. Gossip) 1,23 13 73 .005 .002
Valence : Trustworthiness 1,23 1.19 .29 .049 .010

Event-Related Potentials

EPN. In the EPN time window between 200 and 300 ms no effects of negative or positive

relative to neutral information were found. However, we also analyzed the time window from

300 to 350 ms since the EPN has been found slightly later for newly learned faces (up to 350 ms,

¢f. Luo et al., 2016; Suess et al., 2015; Xu et al., 2016; see Figure 1 in Supplemental Material).

Regarding the negative condition, no main effect of information was found between 200

and 300 ms, F(2,46) = .047, p = .95, np> = .002, ng < .001. Between 300 and 350 ms, the main

effect did not reach significance, F(2,46) = 2.87, p = .067, 1> = .11, n*> = .009. In the positive

condition, no main effect of information was found between 200 and 300 ms, F(2,46) = 1.46, p
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24, p"=. ,MG™ =. , but conditions differed between an ms R =3.7l,p
24, np? = .060, ng> =.004, b diti differed b 300 and 350 ms F(2,46) = 3.77

.030, np? = .14, ng* = .008. Analyses comparing positive facts to neutral information, F(1,23) =
5.01, p=.11, > = .18, ng*> = .007, and to positive gossip, F(1,23) = 5.47, p = .085, np> = .19, n6®
=.011, did not reach significance after Bonferroni corrections. Positive gossip did not differ from
neutral information, F(1,23) = .36, p =1, n,> = .015, ng> <.001.

LPP. Facts and gossip (negative and positive) elicited an enhanced positivity compared to
neutral information (see Figure 5).

In the negative condition a main effect of information was found, F(2,46) = 7.40, p
=.002, np? = .24, N> = .057. Separate analyses revealed an enhanced positivity for facts
compared to neutral information, F(1,23) = 14.73, p = .003, np> = .39, ng*> = .074, as well as for
gossip compared to neutral information, £(1,23) =9.67, p = .015, ny> = .30, ng> = .061. There
was no amplitude difference between negative facts and gossip, F(1,23) =.050, p = 1, n,*> = .002,
nG* <.001.

Concerning the positive condition a main effect of information was found, £(2,46) =
5.69, p =.006, np> = .20, ng* = .044. An enhanced positivity was found for positive facts
compared to neutral information, F(1,23) = 10.44, p = .011, ny*> = .31, ng® = .046, as well as for
positive gossip compared to neutral information, F(1,23) = 9.81, p =.014, n,> = .30, ng* = .059.
Positive facts and gossip did not differ, F(1,23) =.072, p =1, n,*> = .003, ng*> <.001.

An analysis of valence (excluding the neutral condition) and trustworthiness, showed no
main effect of valence, F(1,23) = .16, p = .69, n,*> = .007, ng*> < .001, no main effect of
trustworthiness, F(1,23) =.002, p = .96, n,> < .001, ns? < .001, and no interaction of valence and

trustworthiness, F(1,23) = .13, p = .72, > = .006, ng> < .001.
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Figure 5. Grand average ERPs at the central-posterior site Pz show the LPP effects of person-related
information in the person judgment task in experiment 2. Time point zero marks onset of face presentation. Scalp
distributions show the effects as differences between conditions in the LPP time window between 400 and 600 ms

(grey area). (A) Effects for negative information. (B) Effects for positive information.
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Discussion

The aim of experiment 2 was to replicate the findings of experiment 1 with negative
information and to test whether a similar pattern would be found for positive information or
whether the trustworthiness of positive information would be taken into account, in contrast to
negative information. This would be expected if participants ignore the trustworthiness to
prioritize negative and potentially threatening information. Thus, for positive gossip we expected
reduced effects of emotional evaluations reflected in explicit person judgments and LPP
amplitudes. Emotion effects in the EPN were not expected to be modulated by trustworthiness.

Experiment 2 replicates the results of experiment 1 and in extension demonstrates that
positive gossip also strongly affects spontaneous ratings of likability, explicit person judgments
and LPP amplitudes reflecting evaluative processes. Again, none of these effects was modulated
by the trustworthiness of the information, even though gossip was explicitly identified by the
same participants as less trustworthy than facts. A statistically weak modulation of the EPN was
restricted to a time window between 300 and 350 ms, and if anything, showed an unexpected

tendency towards stronger effects for trustworthy information.

General Discussion
How people judge and emotionally evaluate others is influenced by what they know and
what they hear about them. Here we show that person judgments are dominated by the social-
emotional contents of person-related information, even when the information is clearly marked
and understood as untrustworthy. Specifically, untrustworthy gossip strongly influenced
spontaneous likability ratings and person judgments as well as brain responses in the LPP

indexing emotional person evaluation.
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Crucially, the gossip-like verbal information that was presented here clearly conveyed
untrustworthiness and vagueness. Verbal qualifiers and constructions including e.g. “allegedly”,
“supposedly”, “people assume”, and so forth put the contents of messages into perspective and
weaken their meaning by indicating questionable reliability. In line with this, linguistic evidence
shows that such expressions indeed change the meaning of verbal messages (e.g., Haertl, 2017,
Schumacher, Brandt, & Weiland-Breckle, 2016). Furthermore, these expressions are commonly
used in spoken and written form to indicate that information may not be truthful — and in
professional journalistic contexts precisely such expressions are used to prevent prejudice and
legal consequences of wrongly accusing and therefore defaming possibly innocent persons.

Besides the communicative and legal function of the verbal qualifiers employed here, we
can demonstrate that the untrustworthiness was apprehended by our participants. The
trustworthiness ratings revealed that participants differentiated between trustworthy and
untrustworthy information and directly identified gossip as less trustworthy. We therefore
conclude that the available verbal context information about the questionable trustworthiness
was understood, but deliberately or involuntarily ignored during person evaluation. This finding
dovetails with studies of the reliance on inaccurate information, even when it is easily identified
and knowingly wrong (Hansen, Gerbasi, Todorov, Kruse, & Pronin, 2014; Lewandowsky, Ecker,
Seifert, Schwarz, & Cook, 2012; Rapp, 2016).

We had expected that person judgments based on untrustworthy compared to trustworthy
information should affect us less, at least in the positive condition, if negative information is
prioritized irrespectively as threatening. In contrast to these predictions, we found highly similar
and robust effects when positive or negative social-emotional information was presented fact-like

and when it was verbally marked — and recognized — as untrustworthy. The LPP findings in
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combination with the behavioral results thus indicate that the knowledge about the
untrustworthiness of person-related information does not automatically result in regulations of
emotional responses in the service of arriving at accurate and fair judgments. Late aspects in the
process of emotional appraisal and evaluation therefore seem to rely more on emotional contents
for one’s well-being, coping possibilities, and moral standards, even at the risk of possible

misjudgments.

Limitations and Prospects for Future Research

Was our manipulation of trustworthiness too weak? The manipulation checks show that
gossip was rated as significantly less trustworthy than facts. However, the mean difference seems
comparatively small, raising the question whether the robust knowledge effects found in the
gossip condition are due to a failure to induce a sufficiently strong manipulation. To address this
point directly, we conducted additional Bayes factor hypothesis tests” (Wagenmakers, Marsman,
et al., 2018) on the rating data of the manipulation checks and the person judgments, quantifying
the relative evidence of the data in favor of the null hypothesis or the alternative hypothesis (see
Supplemental Material page 12 for details). For the manipulation check in experiment 1, a Bayes
factor of 42 indicates that it is 42 times more likely that facts were rated more trustworthy than
was gossip, and for experiment 2 (across the positive and negative conditions) a Bayes factor of

47 indicates that it is 47 times more likely that facts were rated more trustworthy than was

% “The Bayes factor hypothesis test compares the predictive adequacy of two competing statistical models, thereby

grading the evidence provided by the data on a continuous scale, and quantifying the change in belief that the data

bring about for the two models under consideration” (Wagenmakers, Marsman, et al., 2018, p. 37)
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gossip. Thus, we can consider the data of the manipulation checks as very strong evidence in
favor of an effect of trustworthiness (for classification of Bayes Factors see Wagenmakers, Love,
et al., 2018). We additionally estimated Bayes factors for the rating data in the person judgments
that reveal that for both facts and gossip, judgments were over 100 times more likely to be
negative (or positive in the case of positive information) than when based on neutral information
(see Supplemental Material, Table S6). Concerning the direct comparison of facts and gossip we
found inconclusive (experiment 1; Bayes factor of 1.3), and moderate evidence that facts and
gossip did not indeed result in different judgments (experiment 2; Bayes Factor in favor of the
null hypothesis of 4.6 for negative judgments, meaning it was 4.6 times more likely that there
was no difference between negative facts and gossip, and of 3.7 for positive judgments, meaning
it was 3.7 more likely that there was no difference between positive facts and gossip). Taken
together, the Bayesian analyses reveal additional evidence that the trustworthiness effects are
robust, suggesting that we have not simply failed to induce sufficiently strong effects.

Crucially, as discussed above, with our use of verbal markers to vary the trustworthiness
of the information we chose a manipulation that reflects the actual use of such qualifiers in every
day conversations (gossiping), and specifically in the news and social media. If our manipulation
has no effect on person judgments and emotional responses to gossip, the frequent use and legal
function of qualifiers as “allegedly” to prevent negative consequences of wrong accusations
might be of questionable value.

One may also ask if the judgment task was engaging enough and if participants were
lacking motivation to take the trustworthiness of the information under consideration. By
including well-known filler faces and associated information, we created the overall impression

that the persons and information encountered were existing, and thus that judgments were made
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about real persons. It is a frequent real-life experience to read or hear information about
unfamiliar people in many situations, and person judgments and evaluations are made
deliberately and even happen spontaneously (e.g. Todorov, Gobbini, Evans, & Haxby, 2007). In
such situations, without further motivation, we seem to care little about trustworthiness. The
situation may be different when the motivation to care about the trustworthiness is enhanced (see
discussion below).

It is also conceivable that our finding that person judgments and evaluations based on
gossip are not tempered is related to a source monitoring deficiency (Johnson, Hashtroudi, &
Lindsay, 1993). Specifically, participants may remember the (emotional) gist of the information,
but not the trustworthiness-related qualifiers or alternatively, they may ignore the information
already in the encoding phase. We cannot distinguish between these two alternatives based on
our present data. However, future studies may investigate trustworthiness effects at encoding and
recognition stages. Even if the precise mechanisms have yet to be described in full detail in
future studies, our findings demonstrate that we strongly base our judgments on the emotional
content while verbal qualifiers do not seem to have the often intended effects.

Last, in the judgment task, we used a categorical button-press answer format, which
reduced artifacts during measuring ERPs, but does not enable nuanced judgments. One could
argue that this forced participants into strong judgments. However, likability was measured on a
scale with nuanced ratings and resulted in highly similar effects as for the judgments, suggesting
that the answer format cannot explain the effects.

In summary, our results show that affective person judgments rely heavily on the
emotional content of the information, while the reliability plays a minor role. The next step for

future research is to think about what other factors could lead to a consideration of
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trustworthiness. For example, motivation can be an important factor. Participants may be more
inclined to consider trustworthiness when they know and care about the target of their judgments
or more generally, when their judgments may have direct or indirect consequences. Another
factor may be the arousal of the information and the social relevance. Some of the person
information used in the present experiments were relatively extreme interpersonal behaviors (e.g.
rape, saving someone’s life; but also stealing, kindness; see Supplemental Material). It was
important to use socially relevant information to be consistent with the effects found in past
studies investigating person perception and evaluation (e.g. Abdel Rahman, 2011; Anderson et
al., 2011; Bliss-Moreau et al., 2008; Wieser et al., 2014). Trustworthiness could have different
effects depending on the intensity or sociality of the information, making this a topic for further

investigation.

Conclusion

Our findings bear practical relevance. As in real life situations when confronted with
social-emotional person-related information of varying levels of trustworthiness, participants
were not instructed to actively suppress the emotional content or to contemplate the
untrustworthiness of gossip but were free to use the available trustworthiness information to put
their judgments into perspective. We demonstrate that person evaluation and person judgments —
frequent activities in our daily social life and instances of everyday moral decisions (Helion &
Ochsner, 2018; Hofmann et al., 2014), are strongly influenced by gossip, even when it is verbally
marked, and can easily be identified as untrustworthy. Future research may target emotion
regulation as possible strategy (Maroney & Gross, 2014) when emotional responses and biased

judgments based on gossip cannot be prevented.
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Abstract

How does the credibility we attribute to media sources influence our opinions and judgments derived from news? Participants
read headlines about the social behavior of depicted unfamiliar persons from websites of trusted or distrusted well-known
German news media. As a consequence, persons paired with negative or positive headlines were judged more negative or
positive than persons associated with neutral information independent of source credibility. Likewise, electrophysiological
signatures of slow and controlled evaluative brain activity revealed a dominant influence of emotional headline contents
regardless of credibility. Modulations of earlier brain responses associated with arousal and reflexive emotional processing
show an effect of negative news and suggest that distrusted sources may even enhance the impact of negative headlines.
These findings demonstrate that though we may have distinct perceptions about the credibility of media sources, information
processing and social judgments rely on the emotional content of headlines, even when they stem from sources we distrust.

Key words: news media trust; misinformation; evaluative learning; emotional person knowledge; social judgments; event-
related potentials

In times of massive online communication, news and infor-
mation from various sources spread rapidly, shaping personal
opinions as well as public debates (Vosoughi et al., 2018). Aside
from well-vetted news, intentionally or unintentionally spread
misinformation, ‘fake news’ and ‘alternative facts’ have gained
influence (Lazer et al., 2018; Lewandowsky et al., 2012). Despite
the potentially detrimental effects of misinformation and their
increasing prevalence in (social) media and political discourse,
research on the consequences of being exposed to misinforma-
tion is scant, and little is known about the behavioral and neural
correlates of processing information of questionable veracity
(Baum et al.,, 2018). Experimental evidence revealing insights
into the cognitive mechanisms can be vital to a comprehensive

understanding of how we are affected by information from
media (as argued, e.g. by Lazer et al., 2018; Vosoughi et al., 2018
and Aral and Eckles, 2019).

One resource-efficient and fast heuristic to assess the verac-
ity of news is to consider the credibility of the source. Indeed,
recent evidence suggests that we trust or distrust media sources
based on criteria as familiarity, likability, social endorsement
and reputation, and laypeople’s credibility assessments align
with those of professional fact checkers (Metzger and Flanagin,
2013; Pennycook and Rand, 2018, 2019). However, despite our
ability to evaluate the credibility of a source, little is known
about the impact of such assessments on the cognitive pro-
cesses underlying social judgments and decisions. The aim
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of the current study is to investigate the later (and possibly
memory-related) consequences of having been exposed to news
from various sources. Specifically, we asked how the per-
ceived credibility of existing and well-known news sources
affects subsequent information processing and social judg-
ments based on person-related negative or positive head-
lines. We extracted event-related brain potentials (ERPs) from
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the electroencephalogram (EEG) to localize the effects and
interactions of social-emotional information and source cred-
ibility at early reflexive and later more controlled processing
stages to gain insight into the underlying cognitive mechanisms
and brain signatures (Figure 1 for the study phases).

When we are exposed to news, we are confronted with verbal
information (Figure 1, Phase 1). Emotional person-related verbal

Phase 1 News exposure and manipulation checks (see Fig. 4) |

Post-exposure:
Person recognition test

Post-exposure:
Person likability rating

Pre-exposure:

Person likability rating News exposure

{2 I 15- [ 2] [ 2]
& minute PN ﬁ b8
@ break ﬁ
OO (8§ = 5 & o a
Likable...Unlikable Likable...Unlikable Yes No

Websites of trusted and distrusted sources Eye Tracking: Information sampling during news exposure

News media
source:

Person-related

T d headline:

Tusted or Negative

distrusted (Berlin: This casino owner
forced teenager to smuggle
cocaine)

Face: - Neutral

(Startup scene: He invests in
smart household appliances)
Positive

(Scientific breakthrough: This
researcher restores sight for

blind people)

Unfamiliar with
neutral facial
expression

Assignment counterbalanced: News media source + Face + Person-related headline

. |
| Phase 2 Main task: Social judgment; EEG acquisition (see Fig. 2 and Fig. 3) @:l

Trial sequence

| a : :

2

CIRCISCIRC IS >

500ms Face onset 500ms Inter-stimulus ~ 500ms Next face onset :
Fixation Point zero for ERPs  Positive...Neutral...Negative ~ interval Fixation Point zero for ERPs  +
Phase 3 News media source checks (see Fig. 4)
Media source familiarity Media source trust Media source likability
1
m m i
p o oS A
o = OO = § 8 u u
Yes No Likable...Unlikable

Trustworthy... Untrustworthy

Fig. 1. Overview of the well-controlled experimental study design with three phases. In Phase 1, participants were exposed to experimental but authentic websites
of existing and widely distributed mainstream German news media (e.g. ‘Tagesschau’ and ‘Bild’) that were selected based on their pre-rated high or poor credibility.
English-speaking analogies may be e.g. ‘BBC’, ‘Fox News’, ‘The Guardian’, ‘The New York Times’, ‘Daily Mirror’ or ‘The Sun’. Each website presented the news media
source logo, the face and the headline containing negative, positive or neutral emotional person-related information; all other details were blurred (in the experiment
original layouts, logos and fonts were used). To enhance authenticity, we added news reports about well-known persons as fillers. The assignment of unfamiliar faces
to conditions was counterbalanced: while one participant was exposed to each face only in one context condition, the faces were presented equally often in each
condition across participants. An additional eye-tracking experiment with different participants verified the sampling of source information during news exposure
(shown here: example data of one participant for one website, lines represent saccades, points represent fixations and point magnitude represents their duration).
To check whether the news exposure manipulation was successful, we subsequently tested whether the faces were reliably recognized and how likable participants
found each person before and after news exposure. In Phase 2, the main experimental task followed, in which the faces were presented in isolation and the EEG was
registered, while participants judged the depicted persons based on the information they had been exposed to (social judgment). Just as it is typically the case when
reading news headlines, participants were not explicitly instructed to consider the credibility of the source. Instead, they were asked to make their judgment based on
the information from Phase 1. In Phase 3 (after the main task), participants rated the familiarity, likability and credibility of the news media sources as an additional
manipulation check.
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information—even when minimal like in headlines—can change
the affective value of people by mechanisms of verbal evaluative
learning (also referred to as evaluative conditioning) as well as
by attributional or propositional processes that may additionally
take into account the relevance or truth-value of the informa-
tion in its context (Bliss-Moreau et al., 2008; Mattarozzi et al.,
2014; Ferrari et al., 2020; for a general review, see De Houwer,
Van Dessel, Moran, 2020). Some evidence of potential neural
underpinnings of person-related verbal evaluative learning sug-
gest that while emotional information may not affect very early
visual processing (but see Galli et al., 2006), it can affect early and
later conceptual processing that may rely on both implicit and
explicit memory of the information (Kissler and Strehlow, 2017;
Junghofer et al., 2016 and see introduction of ERP effects below).
Yet, research on how these effects are modulated by the veracity
of the information is scarce (Baum et al., 2018).

What are the expected consequences of having been exposed
to emotional news from trusted and distrusted sources on social
judgments (Figure 1, Phase 2)? The family of dual-process theo-
ries distinguishes between two separate systems or interactive
processes related to fast, impulsive, spontaneous and automatic
processing on the one hand and slower, intentional and con-
trolled processing on the other (e.g. Kahneman, 2003; Strack and
Deutsch, 2004; Gawronski and Bodenhausen, 2006; Cunningham
and Zelazo, 2007 and Lieberman, 2007). This concept also relates
to models of recognition and memory distinguishing faster and
slower retrieval, with slower processes retrieving additional con-
text and source information that may be stored unitized or
separately (for a review, see Yonelinas, 2002). For the memory-
related processing in Phase 2, this suggests that our cognitive
system initially spontaneously processes the emotional content
of the headlines associated with the person irrespective of the
credibility of the source, whereas later, more controlled pro-
cesses should result in evaluations that take the credibility of
the source into account, resulting in social judgments that are
qualified according to the presumed credibility.

With respect to emotion processing, appraisal theories
(Scherer, 2001; Ellsworth and Scherer, 2003) assume that stim-
uli are initially checked for a coarse detection of emotional
salience, intrinsic pleasantness and arousal. This is followed
by assessments regarding implications for the observer’s well-
being, coping possibilities and evaluations of the normative
significance, like the compatibility with moral standards. This
may also include the truth-value of information. Concerning the
impact of news, and in analogy to dual-process theories, emo-
tional contents and source credibility should be processed at
different points in time. While early emotional responses should
be influenced only by the emotional content of headlines, later
more controlled processes should take source credibility into
account.

In ERPs, fast and early processing has been related to an
enhanced early posterior negativity (EPN) at about 200-300 ms
at occipito-temporal brain regions that indexes reflexive and
arousal-related emotional processes (e.g. Junghofer et al., 2001;
Schupp et al., 2003, 2004; Kissler et al., 2007). At later stages, an
enhanced late positive potential (LPP) at about 400-600 ms at
centro-parietal regions is associated with elaborate and reflec-
tive processing (Schupp et al., 2004; Schacht and Sommer, 2009a;
Sabatinelli et al., 2013). Both components are sensitive to ver-
bal affective person-related information associated with faces
via verbal evaluative learning (for instance, EPN: Abdel Rahman,
2011; Kissler and Strehlow, 2017; Wieser et al.,, 2014; Suess
et al., 2015; Junghofer et al., 2016; Luo et al., 2016; Xu et al., 2016;

LPP: Luo etal.,, 2016; Baum et al., 2018). Crucially, the LPP is
sensitive to additional information such as context and rele-
vance, putting emotional contents into perspective (Schacht and
Sommer, 2009b; Herbert et al., 2011, 2013; Blechert et al., 2012;
Rellecke et al., 2012; Schindler et al., 2019), whereas the EPN is
relatively independent of task demands and the relevance of
emotional contents in a given context (Schacht and Sommer,
2009b; Herbert et al., 2011, 2013). It is noteworthy that this evi-
dence of additional contextual influences on ERPs comes from
studies testing the effects of emotional information immedi-
ately, while there is scarce evidence of such contextual effects
on later consequences (Baum et al., 2018). We expected that the
EPN is mainly sensitive to the emotional content of the head-
lines irrespective of source credibility, whereas emotion effects
in LPP amplitudes should be modulated by source credibility,
with reduced amplitudes for distrusted sources.

To summarize, based on dual-process theories distinguish-
ing fast impulsive and slower more controlled processes, we
expected that early processing of faces associated with emo-
tional vs neutral headlines from trusted and distrusted sources
should be modulated only by effects of emotion, whereas
later controlled evaluation should take source credibility into
account, resulting in tempered social judgments. This modula-
tion may be primarily found for positive headlines if negative
information is prioritized as protection against potential threat
(cf. Baum et al., 2018). The present study was preregistered under
the OSF (Open Science Framework) (osf.io/scbgq).

Method
Participants

The sample size was preregistered and planned according to
the requirements of the counterbalancing and based on power
analyses, see Supplementary Data page 1. The final data set con-
sisted of 30 participants [Mage =25 (s.d.=5.36), 25 females, all
right-handed]. Four participants were excluded (one was famil-
iar with face databases, two rated the trustworthiness equal
across sources and one did not acquire person-related infor-
mation) and replaced with new participants. Participants were
compensated in the form of course credit or money. They were
(de)briefed about the procedures and signed informed consent.
The study was approved by the local ethics committee.

Materials

Websites of news media combined source, face and headline
(for example Figure 1, Phase 1). We edited each colored face pho-
tograph onto a natural background (e.g. street scene and wall),
inserted it onto the website and changed the headline via source
code, keeping the characteristic font (with font size kept similar
across media sources). Thus, we maintained the distinctive lay-
out of the media sources while experimentally manipulating the
content, since the layout and visual design of websites play an
important role in assessing the credibility of a source (Metzger
et al., 2013). In Phase 1, website screenshots were displayed full
screen and showed the prominent logo on top of the page, the
face and the headline, while all other details were blurred. For
the news exposure, 24 unfamiliar faces were equally assigned to
neutral, negative and positive headlines, with counterbalanced
assignment across participants. The assignment of faces and
headlines to media sources was also counterbalanced across
participants, with 12 target faces appearing in trusted sources



and 12 faces in distrusted sources, resulting in four target faces
in each condition of the 3 x 2 design. Affective information for
eight well-known filler faces referred to recent news about them,
and the assignment of headlines was fixed for all participants.

News media sources were selected based on pre-ratings of
credibility and familiarity with a different group of German par-
ticipants [N =38, 33 females, Mage =26 (s.d. = 4.69), all students].
The pre-rating tested 35 German news media sources, including
well-known, less-well-known and highly partisan sources. The
rating scale was from 3 (very credible) to —3 (not credible). We
selected the four sources rated as most credible (M = 1.77, 95%CI
[1.57,1.97]), and the four rated as least credible [M = —1.64, 95%-
CI(—1.92, —1.37)], all highly familiar (familiar = 1, unfamiliar = 0;
M =0.98 for trusted and distrusted). The selected sources were
‘Tagesschau’, ‘Sueddeutsche’, ‘Zeit Online’, ‘Frankfurter Allge-
meine’, ‘Bild’, ‘B.Z. Berlin’, ‘Bunte’ and ‘Gala’. Credibility ratings
were significantly higher for trusted than for distrusted sources,
t(37) = 14.83, P<0.001. Colored screenshots of the sources’ logos
were presented in similar size in the media source ratings of the
current experiment (2.7 x 3.5 cm).

Face stimuli were colored frontal portraits of 24 unfamil-
iar faces with neutral facial expressions, presented on a gray
background during the main task and manipulation checks
(2.7 x 3.5 cm, viewing distance 70 cm; from multiple databases,
see Supplementary Data page 14). Eight familiar filler faces
(e.g. Emma Watson and Harvey Weinstein) were added to make
the target persons’ existence credible.

Headlines describing social behavior were either neutral,
negative or positive (for all headlines see Supplementary
Table S20). Pre-ratings with different participants confirmed
their valence and showed that positive and negative head-
lines were equally more arousing than neutral headlines
(see Supplementary Data, page 14).

Procedure

The procedure entails three phases (Figure 1) as a variant of a
well-established design (cf. Abdel Rahman, 2011; Suess et al.,
2015; Baum et al., 2018). In Phase 1, the experiment started
with a person likability rating of all faces on a 5-point scale
(pre-exposure rating). Response buttons were placed in front
of participants. Then the news exposure followed. Participants
were instructed as follows (here translated from German): “You
now receive information of various kinds about these people,
taken from media reports. Unrelated content and details remain
unrecognizable. Please read the information carefully’. Each trial
started showing the website—which was blurred except for the
logo of the media source—for one second. For the remaining5 s,
the logo, the face and the headline were unblurred. Websites
were presented in blocks of eight, including all experimental
conditions and two fillers. Each website was presented five times
in total (160 trials in total). To keep participants engaged with
the task, they occasionally answered short yes-or-no questions
about the persons, e.g. ‘Is the behavior of this person common?’
(asked in ~22% of the trials of Phase 1). After completion of the
news exposure, participants had a 15-minute break. Phase 1
ended with a post-exposure likability rating (see earlier) and a
recognition test as manipulation checks. In the recognition test,
participants decided whether a face had been encountered in
the news exposure or not (this included 32 additional unfamiliar
filler faces).

In Phase 2, the EEG was recorded while a social judgment
task was employed as the main task. Participants judged how
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negative, neutral or positive the depicted person was based
on information acquired in Phase 1. Participants judged on a
5-point scale, enabling them to nuance their answers between
neutral and negative/positive. To enhance the signal-to-noise
ratio necessary for the EEG data quality, the task was repeated
20 times block-wise, separated by breaks, resulting in 80 trials
per condition (excluding fillers). Participants were told that the
repetition of the task is a technical necessity for EEG measure-
ments. Trials started with a 500 ms pre-stimulus fixation cross
and had a 500 ms inter-trial interval. Faces were presented until
response or for a maximum of 3 s.

Phase 3 entailed manipulation checks of the media sources.
First, participants saw the logos and were asked if they knew
the sources. Then they rated how trustworthy they consider
each source, on a 5-point scale from trustworthy to untrustwor-
thy while the EEG was recorded. The trust rating was repeated
10 times, resulting in 40 trials per condition and logos were
presented until response. At last, participants were asked to
rate how likeable they find each media source. This rating was
included because likability may not necessarily be equivalent to
credibility (e.g. one may enjoy reading gossip papers, without
trusting its contents).

The direction of scales was counterbalanced, i.e. there were
two versions, in version one five buttons ranged from positive
(left) to negative (right), and in version two the buttons ranged
from negative (left) to positive (right). This was consistent for
all tasks and phases, i.e. very likeable, positive, yes and very
credible on the left for version one and vice versa for version
two. After the experiment, participants were asked to reproduce
the contents of the headline about each person to check if they
remembered the broad information. Phase 1 lasted 30 minutes
and Phases 2 and 3 together lasted 40 minutes, and participants
were compensated for all time spent at the lab.

EEG data recording and preprocessing

The EEG was recorded with BrainAmpDC amplifiers, from
62 Ag/AgCl electrodes as specified by the extended 10-20 sys-
tem, referenced to the left mastoid with FCz as ground electrode.
Impedance was kept under 5 k2. EEG data were recorded at a
sampling rate of 5 kHz and down-sampled to 500 Hz using a low-
cutoff of 0.016 Hz and a high-cutoff of 1000 Hz. Horizontal and
vertical electrooculograms were obtained with peripheral elec-
trodes at the left and right canthi of both eyes, and above and
below the left eye. A short calibration procedure traced individ-
ual eye movements after the experiment, which were later used
to correct for eye movement artifacts.

Offline, the continuous EEG was transformed to average ref-
erence and low-pass filtered at 30 Hz passband edge [zero-phase
FIR (Finite Impulse Response) filter with transition band width
of 7.5 Hz and cutoff frequency (—6 dB):33.75 Hz, EEGlab toolbox
version 13_5_4b; Delorme and Makeig, 2004]. Using BESA (Brain
Electrical Source Analysis) (Berg and Scherg, 1991), we removed
artifacts due to eye movements by applying a spatiotemporal
dipole modeling procedure for each participant individually. Tri-
als with remaining artifacts were rejected, i.e. trials with ampli-
tudes over +200 pV, changing >50 pnV between samples or >200
pV within single epochs or containing baseline drifts. Error- and
artifact-free EEG data were segmented into epochs of 1 s, start-
ing 100 ms prior to stimulus onset, with a 100 ms pre-stimulus
baseline. For EEG analysis, per participant an average of 79 tri-
als per condition remained (range: 73-80) and in each condition
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98% of trials were kept overall (neutral-trusted 2357, neutral-
distrusted 2364, negative-trusted 2350, negative-distrusted 2355,
positive-trusted 2363 and positive-distrusted 2362). Trials where
no judgment was given were excluded (in the social judgment
task there were 33 out of 14400).

Data analysis

ERP analyses focus on two regions of interest (ROIs), the EPN
(at electrode sites PO7, PO8, PO9, PO10, TP9, TP10, 200-350 ms
after face stimulus onset) and the LPP component (Pz, CPz, POz,
P3, P4, 400-600 ms), based on previous findings of emotional
stimulus content (e.g. Schupp et al., 2003) and affective informa-
tion (e.g. Abdel Rahman, 2011 and Baum et al., 2018). To explore
effects occurring during early visual face processing, we addi-
tionally analyzed the P100 (PO3, PO4, O1, 02, 100-150 ms), and
the N170 (P7, P8, PO7, PO8, 150-200 ms), based on previous find-
ings (e.g. Abdel Rahman and Sommer, 2012). P100 and N170
results are available in the Supplementary Tables S7-S9. Ampli-
tudes were averaged over ROIs and time windows on single-trial
level.

We used mixed-effects regression models on single-trial data
of behavioral measures and ERPs (Fromer et al., 2018). For contin-
uous dependent variables we used linear mixed models (LMMs;
Bates et al.,, 2015b: ‘Ime4’ v.1.1-17 in R) and tested the signif-
icance of fixed effects coefficients (P-value<0.05) by Satterth-
waite approximation (‘summary’ function of ImerTest’ v.3.0-1,
Kuznetsova et al., 2017). For ordinal dependent variables we used
cumulative link mixed models fitted with Laplace approxima-
tion (CLMMs; ordinal v.2019.12-10, Christensen, 2019). For each
dependent variable, the model was specified with fixed effects
for the experimental factors ‘headline content’ (negative, pos-
itive, neutral; with neutral as the reference level) and ‘source
credibility’ (trusted, distrusted; with distrusted as the refer-
ence level) and their interaction. Both factors were modeled

as repeated contrasts that compare the means of factor lev-
els to the respective reference level. Thus coefficients repre-
sent our hypotheses that expect emotion effects of negative
us neutral and of positive vs neutral headline content, each
in interaction with source credibility, with reduced or absent
effects of headline content for distrusted sources (see Schad
et al., 2020 for details on testing a priori hypotheses through
contrast specification in LMMs). We fitted models with a maxi-
mal crossed random-effects structure correcting for by-subjects
and by-face-stimuli random intercepts and slopes. If neces-
sary, random-slopes correlation parameters were set to zero and
slopes explaining zero variance were omitted to achieve conver-
gence and avoid overparameterization (Bates et al., 2015a; final
random structures are reported in the results tables). To test
our hypotheses that emotion effects may be present only for
trusted but not distrusted sources, we tested emotion effects
separately for each source credibility condition as a follow-up
(via ‘emmeans’ v.1.4.6, Lenth, 2020, with false discovery rate-
adjusted P-values, Benjamini & Hochberg, 1995; Tables 2 and 4).
We report point estimates (b), 95% confidence intervals (CIs) for
LMMs, standard errors, t-values for LMMs, z-values for CLMMs
and P-values for the fixed effects coefficients. Data and code can
be accessed online (osf.io/dwesx/).

Results

Effects of emotional news on information processing
and social judgments (Phase 2)

Behavioral results. Persons associated with negative head-
lines were judged as more negative relative to persons associ-
ated with neutral headlines, and judgments based on negative
headlines were faster than when based on neutral headlines
(Table 1 and Figure 2). Source credibility did not modulate the
negative headline effects in judgment decisions and latencies
(Table 1). Unexpectedly, social judgments based on negative

Table 1. Mixed model summary statistics show effects of source credibility, negative and positive headline content and their interactions on
behavioral dependent variables in the social judgment task. Effects on social judgment decisions and latencies were estimated in separate
mixed models, and fixed effects were coded as repeated contrasts according to our hypotheses

Social judgment decisions

Social judgment latencies [—1000/latency(ms)]

Coefficient b SE z b (95% CI) SE t P

Intercept (grand mean) —1.31(—1.37 to —1.25) 0.03  —4445  <0.001

Source credibility (trusted vs —0.01 0.39 —0.02 0.984 0.01 (—0.01 to 0.04) 0.01 0.84 0.410
distrusted)

Negative headline content —8.20 0.75 —11.00  <0.001 —0.13 (—0.18 to —0.07) 0.03 —4.69  <0.001
(Neg us Neu)

Source credibility x negative —0.28 1.11 —0.26 0.799 —0.02 (—0.08 to 0.04) 0.03 —0.65 0.521
headline content

Positive headline content 4.93 0.61 8.07 <0.001 —0.06 (—0.10 to —0.02) 0.02 —3.04 0.004
(Pos us Neu)

Source credibility x positive —0.05 0.46 -0.12 0.908 —0.02 (—0.08 to 0.05) 0.03 —0.55 0.583

headline content
Model formula

Pos + S xPos|| face)

Decision ~ headline content x source
credibility + (S+ Neg+ S x Neg + Pos +
S xPos|| subject) + (S + Neg+ S xNeg +

Latency ~ headline content x source credibil-
ity +(S+Neg+ S xNeg+ Pos + S xPos || sub-
ject) + (S+Neg+ S xNeg + Pos + S x Pos|| face)

Double bars in random effects terms represent correlation parameters set to zero. Abbreviations for slopes in the random effects terms: S=source credibility,
Neg = negative headline content, Pos = positive headline content. Face stands for face stimulus.

CLMM threshold coefficients for social judgment decisions: —2|—1: b= —3.9, SE=0.07,z= —57.9; —1|0: b= —1.75,SE=0.05,z= —33.2; 0 x 1b=2.0, SE=0.05,z=40.4;
1j2:b=5.1, SE=0.07, z=74.3. LMMs yield the same pattern of results for ordinal dependent variables as CLMMs, see Supplementary Table S2 for LMM results of ordinal

dependent variables treated as continuous variables.
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Fig. 2. In Phase 2, social judgment was performed as the main task to investigate the effects of emotional news and source credibility. Behavioral results show that (a)
persons were judged based on emotional headline content, whereas source credibility had no influence. (b) Judgments based on emotional headlines were faster than
neutral, but not tempered by source credibility. Raincloud plots (Allen et al., 2019) show means and 95% ClIs calculated with the ‘summarySEwithin’ function (Morey,
2008) on single trial data, with points and distributions for data aggregated by subject.

Table 2. Negative and positive headline content effects on social judgment decisions and latencies separately within each source credibility

condition computed from the models in Table 1

Social judgment decisions

Social judgment latencies [—1000/latency(ms)]

Contrast b SE z b SE t P

Trusted: Neg vs Neu —8.35 0.93 —8.98 <0.001 —0.14 0.03 —4.39 <0.001
Distrusted: Neg vs Neu —8.06 0.93 —8.67 <0.001 —0.12 0.03 —3.74 <0.001
Trusted: Pos vs Neu 491 0.65 7.50 <0.001 —0.07 0.03 —-2.71 0.011
Distrusted: Pos us Neu 4.96 0.65 7.60 <0.001 —0.05 0.03 —2.00 0.049

us neutral headlines were more negative and faster for both,
trusted and distrusted sources (Table 2).

For positive headlines, social judgments were more posi-
tive and also faster compared to neutral headlines (Table 1).
These effects were not modulated by source credibility (Table 1).
Social judgments of positive vs neutral headlines were
more positive and faster for trusted and distrusted sources
(Table 2).

Post hoc (non-preregistered), we included repetition as a
covariate to test whether social judgments and their latencies
were biased toward focusing on emotional contents by repeating
the task, which was necessary to ensure EEG data quality. The
three-way interactions were not significant (all t-values<|.9|,
all P-values >0.4; see Supplementary Table S3). Moreover, test-
ing only the first judgments per face (task was repeated block
wise) resulted in the same pattern (Supplementary Table S4). We
conclude that repetition did not change the result pattern.

Event-related brain potentials

EPN. To investigate relatively fast and reflexive emotional
processing we focused on the EPN component. Negative com-
pared to neutral headlines elicited an enhanced negativity, and
there was a trend for an interaction with source credibility

(please see Table 3). The EPN effect of negative headlines was
enhanced for distrusted sources, but absent for trusted sources
(Table 4 and Figure 3A,C).

For positive headlines, we found no EPN effect for positive
compared to neutral headlines, no interaction with source cred-
ibility (Table 3) and no EPN effects nested in trusted or distrusted
sources (Table 4 and Figure 3B,C).

LPP. To investigate more controlled evaluative processing, we
tested effects in the later LPP component. For negative head-
lines, we found an enhanced LPP compared to neutral headlines
and no interaction with source credibility (Table 3). Negative
information from both, trusted and distrusted sources elicited
LPP effects (Table 4 and Figure 3A,C).

For positive headlines, the LPP was enhanced compared
to neutral headlines and there was no interaction with
source credibility (Table 3). Positive information from trusted
and distrusted sources elicited LPP effects (Table 4 and
Figure 3B,C).

Post hoc (non-preregistered), we included judgment laten-
cies as a covariate to account for motor responses in the LPP
results. This did not change the effects of predictors, and three-
way interactions were not significant (all ts<1, all ps>0.3; see
Supplementary Table S6). We cannot fully exclude the pos-
sibility of motor-response or -preparation influences. Yet, we
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Table 3. LMM summary statistics show effects of source credibility, negative and positive headline content and their interactions on ERPs as
dependent variables in the social judgment task. Effects on the predefined ROI and time range of the EPN and LPP amplitudes were estimated
in separate LMMs and fixed effects were coded as repeated contrasts according to our hypotheses

EPN LPP

Coefficient b (95% CI) SE t P b (95% CI) SE t P

Intercept (grand mean) 2.41 (1.33 to 3.49) 0.55 4.36 <0.001 4.64 (3.88 to 5.41) 0.39 11.85 <0.001

Source credibility (trusted —0.02 (—0.23 to 0.18) 0.11 —0.23 0.819 0.10 (—0.11 to 0.31) 0.11 0.95 0.353
us distrusted)

Negative headline —0.29 (—0.50 to —0.08)  0.11 —2.65 0.014 1.13 (0.80 to 1.45) 0.17 6.79 <0.001
content (Neg vs Neu)

Source credibil- 0.42 (0.01 to 0.84) 0.21 2.00 0.056 0.36 (—0.06 to 0.78) 0.21 1.69 0.101
ity x negative headline
content

Positive headline content ~ —0.11 (—0.32 to 0.09) 0.10 —1.09 0.287 0.50 (0.23 t0 0.77) 0.14 3.60 0.001
(Pos vs. Neu)

Source credibil- 0.14 (—0.33 to 0.61) 0.24 0.59 0.559 0.21 (—0.29 to 0.71) 0.26 0.83 0.414

ity x positive headline
content
Model formula

EPN ~ headline content x source credibility +
(S+ Neg+ S x Neg+ Pos + S x Pos|| subject)
+(S+Neg+ S x Neg+Pos + S x Pos|| face)

LPP ~ headline content x source credibility +
(S+Neg+ S x Neg + Pos + S x Pos || subject)
+ (S+Neg+Pos + S x Pos|| face)

Double bars in random effects terms set correlation parameters to zero. Abbreviations for slopes in the random effects terms: S = source credibility, Neg = negative

headline content, Pos = positive headline content. Face stands for face stimulus.

consider motor response confounds unlikely because first, all
trials involved motor responses (Luck, 2014) and second, latency
differences were taken into account in the model. Thus, mostly
unsystematic or nonlinear motor-response-related differences
could have affected the LPP.

News exposure and manipulation checks (Phase 1)

We manipulated headline content and news media credibility
during news exposure and demonstrate that these manipula-
tions were successful (Figure 4A,B). Pre-exposure person lika-
bility ratings were on average neutral (Supplementary Tables
S$10-S12), whereas after exposure persons were disliked when
associated with negative headlines and liked when associ-
ated with positive headlines [b=—-1.52, 95% CI (—1.73, —1.31),
t=-13.96, P<0.001 and b=0.78, 95% CI (0.61, 0.95), t=9.01,
P<0.001, respectively]. Source credibility did not modulate lik-
ability ratings (ts<|.97|, ps>0.3). In the post-exposure recogni-
tion test, faces were successfully recognized across conditions,
M =97.3%. There were no effects of headline or source on accu-
racy (Supplementary Tables S13 and S14).

We conducted an additional eye-tracking experiment with
different participants [N =12, Mage =25 (s.d. =7.93), 8 females]
to check whether participants acknowledge the media source
during news exposure, without having been explicitly instructed
(see ‘Procedure’ section). One-sample t-tests confirmed that
per face presented in the website context, the source fixation
durations and frequencies on the source logo were above zero
[M =896 ms, 95% CI (440,-); t(11)=3.53, P=0.002, d =1.02 and
M=4.1, 95% CI (2.2,-); t(11)=3.93, P=0.001, d =1.14; Figure 1
and Supplementary Data page 11]. Furthermore, we tested if
the blurred layout in itself provides cues of the media source.
In a separate task after news exposure, participants assigned
screenshots of websites where the logo had been removed for
one of two sources (correct media source vs logo of a different
source from the other credibility condition). Ninety percentage

of the layouts were correctly identified [M =0.90, 95% CI (0.86,-),
t(11) =40.58, P<0.001, d = 11.71].

News media source checks (Phase 3)

All participants were familiar with all media sources. Distrusted
sources were rated as untrustworthy and less likable, whereas
trusted sources were rated as trustworthy and likable [source
credibility effect in trust ratings: b=3.02, 95% CI (2.66, 3.38),
t=16.64, P<0.001 and in likability ratings: b=2.56, 95% CI (2.09,
3.02), t=10.80, P<0.001; see Figure 4C,D and Supplementary
Data page 11f].

Discussion

Here we show that emotional person-related news headlines
strongly affect subsequent information processing and social
judgments irrespective of whether the source is perceived as
credible or not. Emotional contents of headlines determined
social judgments and affected slow evaluative brain responses
in the LPP component known to be sensitive to context infor-
mation and deliberate control. Crucially, none of these effects
was modulated by source credibility, suggesting that headlines
in news media may have an even stronger than expected influ-
ence on information processing and social judgments. Indeed,
even if we assume that there are subtle traces of source cred-
ibility modulations that are difficult to detect, the fact remains
that headlines from distrusted sources induce strong and robust
effects of emotional information on social judgments.

Fast emotional brain modulations in the EPN component
associated with arousal and sensation-related reflexive process-
ing were modulated by emotional headline content and show
furthermore that, if anything, distrusted sources may even
enhance, instead of reduce, the impact of negative compared
to neutral headlines. Please note however that this early interac-
tion of headline content and source credibility was not predicted
and the interaction was only marginally significant, even though
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Fig. 3. In Phase 2, the EEG was acquired while social judgments were performed to investigate the neurocognitive correlates of emotional news and source credibility
effects. (a) ERP results for persons related to negative headline content reveal that reflexive emotional processing in the EPN (200-350 ms) was affected by headline
content. Evaluative processing in the LPP (400-600 ms) was enhanced for negative headlines from trusted as well as distrusted sources. (b) For persons related to
positive headlines no EPN (200-350 ms) modulation was observed, and the LPP (400-600 ms) was enhanced for positive headlines from trusted and distrusted sources.
In (a) and (b), grand average ERPs are shown for the EPN at electrode sites PO9 and for the LPP at Pz, and scalp distributions show the effects as differences between
conditions in the respective time windows shaded in gray. (c) Mean ERP amplitude sizes are shown for the pre-specified ROIs and time window of the EPN and LPP.
Raincloud plots (Allen et al., 2019) show means and 95% Cls calculated with the ‘summarySEwithin’ function (Morey, 2008) on single trial data, and points, boxplots
and distributions for data aggregated by subject.

Table 4. Negative and positive headline content effects on EPN and LPP separately within each source credibility condition computed from the

models in Table 3

EPN LPP
Contrast b SE t P b SE t P
Trusted: Neg us Neu —0.08 0.15 —0.52 0.79 1.31 0.20 6.62 <0.001
Distrusted: Neg vs Neu —0.50 0.15 —3.30 0.007 0.95 0.20 4.79 <0.001
Trusted: Pos us Neu —0.04 0.16 —0.27 0.786 0.60 0.19 3.20 0.031

Distrusted: Pos us Neu —0.18 0.16 —1.16 0.501 0.39 0.19 2.07 0.043
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Fig. 4. In Phase 1, pre- and post-exposure person likability ratings and a post-exposure person recognition test served as manipulation checks for the news exposure.

(a) Persons were liked or disliked depending on the associated headline content, unaffected by source credibility. (b) Persons were successfully recognized equally

across conditions. In Phase 3, news media source checks confirmed that all sources were familiar, and that they were differentiated in (c) trustworthiness and
(d) likability. Raincloud plots (Allen et al., 2019) show means and 95% Cls calculated with the ‘summarySEwithin’ function (Morey, 2008) on single trial data, with points

and distributions for data aggregated by subject.

clear and robust emotion effects were found only for distrusted
sources. Future evidence should reveal additional evidence on
the scope and limits of this effect. We speculate that this influ-
ence specifically of negative (but not positive) social-emotional
information from distrusted sources may explain in part the
popularity and success of (media) sources of questionable
credibility: Untrustworthy negative social information may
induce even positive states of enhanced arousal or excitation
(cf. Menninghaus et al., 2017), increasing the impact of negative
information (cf. Kahneman and Tversky, 1979; Zillmann, 2008).
Indirect evidence for a possible compounded effect of source
and headline comes from research demonstrating that arousal
induced by irrelevant contexts (e.g. vocal affect) can change the
subsequent emotional evaluation of neutral words, an instance
of evaluative conditioning (Schirmer, 2010). Taken together, we
conclude that low levels of perceived credibility may, if any-
thing, even enhance the early reception of negative headlines.

As discussed above, this may be due to pleasant states of arousal
associated with untrustworthy negative information (gossip) or
due to a form of evaluative learning resulting in negative affect.

The trend for an EPN modulation is unlikely to be affected
by the differences in perceptual salience of the different source
conditions because the faces were presented in isolation during
social judgment.

The present effects were observed even though participants
clearly distinguished between trusted and distrusted sources,
as reflected in different measures. First, the perceived credi-
bility of the news sources was determined in a separate rating
study, which was confirmed by the participants of the present
study, and early emotional responses in the EPN were induced
by the logos of media sources judged as untrustworthy rela-
tive to trustworthy sources (Phase 3, see Supplementary Data
page 13). Please note the EPN elicited by logos is likely biased by
the real-life differences in perceptual salience (e.g. red us blue).



Third, active eye movements in an additional manipulation
check study demonstrate that the media sources of the head-
lines are actively acknowledged during news exposure. Finally,
we found that even the blurred website layouts without logos
provide reliable cues of the source and its credibility. We are
therefore confident that the credibility of media sources was
successfully manipulated and noticed by the participants.

The pattern of results is in contrast to our theoretical predic-
tions, assuming that fast reflexive processes are mainly based on
the emotional contents of the headlines, whereas slower, more
controlled evaluations reflected in the LPP component and the
actual judgments are modulated by source credibility, putting
emotional information of questionable credibility into perspec-
tive. In contrast, our findings are in line with recent evidence
of strong emotion effects of untrustworthy affective person-
related information. In arelated study we manipulated the trust-
worthiness of person-related information with verbal markers
such as ‘supposedly’ and ‘people assume’ (e.g. ‘He allegedly bul-
lied his trainee’; Baum et al., 2018). Verbal qualifiers have an
important communicative and legal function to indicate that the
information might not be truthful. Just like in the present study,
while participants understood the questionable veracity, person
judgments and evaluative brain responses were determined by
the emotional information independent of the verbally marked
trustworthiness. The similarity of the findings may suggest a
general mechanism.

The use of a controlled experimental design with a system-
atic manipulation of source credibility offers full control of con-
founding factors such as visual differences between faces, but it
also differs in many ways from natural situations. However, here
we presented existing and well-known media sources that are
stored in long-term memory, including their perceived credibil-
ity. This should have even strengthened credibility effects. As in
real-life situations when confronted with emotional headlines
containing social information, participants in our experiment
were not instructed to actively suppress the emotional content
or to contemplate about the credibility of the source, but were
free to consider source credibility to put their judgments into
perspective. In the main task, we asked participants to repeat-
edly judge the person, which may have induced a strong focus
on the news contents and could have them distracted from the
source. However, post hoc tests including task repetition as a
covariate and tests including only first judgments revealed the
same pattern of results. This renders a strong bias toward social
judgments and distraction away from the sources due to task
repetitions unlikely. We can additionally show with eye-tracking
that the source of the information is actively acknowledged dur-
ing news exposure. We would also like to note that judging
others based on visual appearance or minimal person-related
information seems to be a natural tendency—we spontaneously
form impressions about others and draw inferences about their
character from minimal information (Foster, 2004; Todorov et al.,
2007; Bliss-Moreau et al., 2008; Uhlmann et al., 2015). We there-
fore have no reason to assume that the results are due to
the experimental situation. Indeed, in a short interview after
the experiment (available from 29 participants), 27 expressed
no doubt about the authenticity of the media reports. Taken
together, our findings complement recent online studies on how
true, misleading or false information spreads and how news
and its sources are evaluated (e.g. Brady et al., 2017; Pennycook
and Rand, 2018; Vosoughi et al., 2018) by providing experimental

94

J. Baum and R. Abdel Rahman | 289

insight into the precise neurocognitive mechanisms that under-
lie such behavior.

The current study was explicitly designed so that influences
of the visual appearance of the faces were controlled for by
careful counterbalancing. Facial trustworthiness can however
influence person perception and memory (Wendt et al., 2019;
Lischke et al., 2018; Weymar et al., 2019), and thus, it would be
interesting to investigate how facial-appearance-based informa-
tion, such as trustworthiness, may modulate the effects of emo-
tional information and its credibility. First evidence suggests
independence of emotional information and facial appearance
(Mattarozzi et al., 2014; Eiserbeck and Abdel Rahman, 2020).

We conclude that the influence of source credibility on the
effects of emotional contents of news headlines is remarkably
weak. It is conceivable that source credibility did not qualify
judgments because participants merely remembered the emo-
tional content of the news but not the source (cf. Johnson et al.,
1993; Yonelinas, 2002) or that they deliberately or unintention-
ally ignored the credibility of the source. This distinction cannot
be made based on the current results and may be targeted in
future studies. Future studies may identify the circumstances
under which the influence of source credibility is strengthened.
This may for example depend on how salient the source is
and how clearly it is represented in memory and contextually
available. Future research may further target emotion regulation
(Maroney and Gross, 2014; Gross, 2015) and enhanced awareness
about the consequences of potentially misleading information
from sources of questionable credibility as a protection against
biased social judgments.
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Remedies to counter the impact of misinformation are in high demand, but little is known about the neuro-
cognitive consequences of untrustworthy information and how they can be mitigated. In this preregistered study,
we investigated the effects of social-emotional headline contents on social judgments and brain responses and
whether they can be modulated by explicit evaluations of the trustworthiness of the media source. Participants
(N = 30) evaluated —and clearly discerned- the trustworthiness of news sources before they were exposed to
person-related news headlines. Despite this intervention, social judgments and brain responses were dominated
largely by emotional headline contents. Results suggest differential effects of source credibility might depend on
headline valence. Electrophysiological indexes of fast emotional and arousal-related brain responses, as well as
correlates of slow evaluative processing were enhanced for persons associated with positive headline contents
from trusted sources, but not when positive headlines stemmed from distrusted sources. In contrast, negative
headlines dominated fast and slow brain responses unaffected by explicit source credibility evaluations. These
results provide novel insights into the brain mechanisms underlying the “success” of emotional news from un-
trustworthy sources, suggesting a pronounced susceptibility to negative information even from distrusted sources
that is reduced for positive contents. The differential pattern of responses to misinformation in mind and brain
sheds light on the cognitive mechanisms underlying the processing of misinformation and possible strategies to

avoid their potentially detrimental effects.

Facing today’s massive online information overload, it is especially
important for us to distinguish trustworthy and well-vetted news from
all kinds of rumours, misinformation or lies. But how can we guard
ourselves against false news biasing our cognitive processing and social
judgments? Previous research on this topic using large-scale behavioural
online studies has revealed how well we can discern the trustworthiness
of news and how they influence our online behavior, such as whether we
share information or not (e.g., Pennycook et al., 2021; Pennycook and
Rand, 2019). Our study aims at complementing this research by shed-
ding light on the cognitive and brain mechanisms underlying the pro-
cessing of news contents of varying levels of trustworthiness. Neurocog-
nitive information is thus far scant (pointed out also by e.g., Lazer et al.,
2018; Vosoughi et al., 2018), but may provide valuable cues helping
us to better understand our susceptibility to misinformation and, in per-
spective, to identify potential cognitive strategies as a protection against
misinformation and false news.

In the present study, we focus on the role of emotional contents of
misinformation, assuming that emotion may be an important ingredi-
ent for the “success” of misinformation (Baum et al., 2018; Baum and

Abdel Rahman, 2020; Baum et al., 2020; Martel et al., 2020). Specif-
ically, we expose participants to negative, positive and comparatively
neutral person-related news headlines from trusted and distrusted me-
dia sources, investigating the subsequent, and likely memory-related,
neural and social consequences of such news. We analyze the neurocog-
nitive signatures and social judgments as well as the confidence with
which these judgments are made in response to what the news claim,
where social judgments are valence ratings that refer to the person and
their social characteristics. As a crucial manipulation we test if lever-
aging people’s ability to explicitly discern the credibility of sources can
serve as a cognitive guard against the influences of misinformation. This
minimal cognitive intervention was implemented by deliberately eval-
uating the trustworthiness of media sources before reading their head-
lines.

We routinely form social opinions from second-hand information,
and even untrustworthy emotional information can bias our judgments
(Baum et al., 2018; Baum and Abdel Rahman, 2020; Baum et al., 2020).
Without first-hand experience, we can learn the affective value of oth-
ers through even sparse declarative, verbally transmitted person-related

* Corresponding authors at: Humboldt-Universitdt zu Berlin, Institut fiir Psychologie, Unter den Linden 6, 10099 Berlin, Germany.
E-mail addresses: julia.baum@hu-berlin.de (J. Baum), rasha.abdel.rahman@hu-berlin.de (R. Abdel Rahman).

https://doi.org/10.1016/j.neuroimage.2021.118572.

Received 26 May 2021; Received in revised form 10 August 2021; Accepted 7 September 2021

Available online 8 September 2021.

1053-8119/© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.neuroimage.2021.118572
http://www.ScienceDirect.com
http://www.elsevier.com/locate/neuroimage
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuroimage.2021.118572&domain=pdf
mailto:julia.baum@hu-berlin.de
mailto:rasha.abdel.rahman@hu-berlin.de
https://doi.org/10.1016/j.neuroimage.2021.118572
http://creativecommons.org/licenses/by/4.0/

J. Baum and R. Abdel Rahman

information via mechanisms of evaluative learning (for example, “He
bullied his apprentice”; Bliss-Moreau et al., 2008; Ferrari et al., 2020;
Mattarozzi et al., 2014; Todorov and Olson, 2008). The robust conse-
quences of the affective information are reflected in early and later neu-
ral signatures of face processing and person evaluation, in modulations
of the access to visual consciousness as well as explicit social judgments
(Anderson et al., 2011, but see for conflicting findings Rabovsky et al.,
2016 and Stein et al., 2017; Aviezer et al., 2017; Abdel Rahman, 2011;
Baum and Abdel Rahman, 2020; Baum et al., 2018; Eiserbeck and Abdel
Rahman, 2020; Eiserbeck et al., 2021; Galli et al., 2006; Junghofer et al.,
2016; Kissler and Strehlow, 2017; Luo et al., 2016; Suess et al., 2014;
Wieser et al., 2014; Xu et al., 2016).

False news and misinformation with respect to social-emotional in-
formation can have detrimental effects. Therefore, it is paramount to
distinguish trustworthy from untrustworthy information. The credibility
of the source is an important index and simple heuristic to assess infor-
mation veracity. However, knowing and understanding media source
trustworthiness does not seem to automatically guard against the in-
fluences of emotional contents of news, although people have distinct
opinions on the credibility of media sources and acknowledge contextual
source information when they are confronted with news (Baum and Ab-
del Rahman, 2020; see also Metzger and Flanagin, 2013; Pennycook and
Rand, 2019). Regardless of perceived source credibility, negative and
positive emotional contents may lead to strongly valenced and confident
social judgments of persons associated with such headlines (Baum and
Abdel Rahman, 2020; see also Baum et al., 2020). Here, we investi-
gate how susceptible these effects are to a simple cognitive intervention
aimed at strengthening the ability to consider source credibility. We test
if explicitly attending to and evaluating media sources’ trustworthiness
before being confronted with their news headlines can be used as a pro-
tection against the effects of untrustworthy headlines (Fig. 1).

We base our predictions on effects of the valence and credibility
of information on the class of dual-process theories and appraisal the-
ories of emotion that differentiate between fast, relatively automatic
and slow, more controlled information processing (Cunningham and
Zelazo, 2007; FeldmanHall and Shenhav, 2019; Gawronski and Bo-
denhausen, 2006; Kahneman, 2003; Lieberman, 2007; Strack and
Deutsch, 2004; Yonelinas, 2002; and Ellsworth and Scherer, 2003;
Scherer, 2001). Fast processing should primarily be affected by emo-
tional salience and arousal of the information, whereas slow process-
ing should be sensitive to the meaning or relevance of emotion in a
given context, such as a current task, goal, or reappraisal and should
therefore be sensitive to the trustworthiness of the information, result-
ing in leveraged judgments. Early and late processing is investigated
with event-related potentials (ERPs) as high-temporally resolving sig-
natures of brain activity allowing us to track the processing of social-
emotional information as it unfolds over time. Specifically, relatively
fast processing related to reflexive and arousal-related emotional pro-
cesses is indexed by the early posterior negativity (EPN; occurring about
200-300 ms after stimulus onset at occipito-temporal brain regions; e.g.,
Junghofer et al., 2001; Schupp et al., 2003, 2004). Slower, more con-
trolled elaborate and reflective processing is associated with the late
positive potential (LPP; about 400-600 ms at centro-parietal regions;
e.g. Sabatinelli et al., 2013; Schacht and Sommer, 2009a; Schupp et al.,
2004). The EPN has been found to be primarily affected by emo-
tional salience and arousal whereas effects on the LPP were shown to
be sensitive to the meaning or relevance of emotion in a given con-
text, such as a current task, goal, or reappraisal (Blechert et al., 2012;
Herbert et al., 2011; 2013; Rellecke et al., 2012; Schacht and Som-
mer, 2009b; Schindler et al., 2019, 2020, 2021).

Concerning our minimal cognitive intervention of actively discern-
ing the credibility of the media sources, we assume that this should en-
hance the saliency and availability of the source with its perceived trust-
worthiness during later processing of the headlines. As a result, evalu-
ative processing and social judgments should be more strongly affected
by headlines form explicitly trusted sources, whereas emotional head-

98

Neurolmage 244 (2021) 118572

lines from explicitly distrusted sources should be put into perspective,
resulting in weaker or no effects (Fig. 1, Phase 2). The current imple-
mentation of such a cognitive guard in the context of misinformation
can be related to the concept of nudging or boosting that have recently
been shown to enhance discernment of news accuracy (Pennycook et al.,
2020, 2021; Roozenbeek and van der Linden, 2019) and have been pro-
posed as a protection against misinformation (Kozyreva et al., 2020;
Lorenz-Spreen et al., 2020). Nudges offer cues that steer people’s at-
tention and boosts encourage people’s cognitive competencies to enable
better decisions that align with their goals (Hertwig & Griine-Yanoff,
2017). Here, we apply one aspect of these concepts by steering atten-
tion towards the news’ trustworthiness during processing of emotional
headlines. To our knowledge, the scope and limits of such a cognitive
intervention have not yet been investigated in the context of the ef-
fects of social-emotional information and its underlying neurocognitive
mechanisms.

As preregistered (osf.io/hqwy2) we investigated the effects of emo-
tional news from trusted and distrusted media sources with social judg-
ments and ERPs to reveal the underlying brain responses at different
levels of processing. Fast emotional brain responses in the EPN and
slower evaluation-related responses in the LPP are expected to be dom-
inated by negative and positive contents, regardless of source credibil-
ity (Baum and Abdel Rahman, 2020). We hypothesized that if this cog-
nitive intervention is effective, fast emotion effects induced by head-
line contents in the EPN may still occur independent of source credi-
bility, whereas emotion effects should be modulated by source credi-
bility in the LPP, reflecting more controlled evaluative processing that
may also take context information into account. While enhanced pro-
cessing of emotional contents is expected for trusted sources, emotion
effects of headlines from distrusted sources should be reduced or absent
in the LPP, as well as in the behavioral measures of social judgments
and the confidence in the judgments. Furthermore, the success of the
cognitive intervention may depend on the valence of information, such
that source credibility may primarily modulate the influence of posi-
tive, but not negative information (as hypothesized also in Baum et al.,
2018; Baum and Abdel Rahman, 2020). This expectation is based on the
presumed prioritization of negative information as a protection against
potential threat (e.g., Ohman & Mineka, 2001). Alternatively, if the cog-
nitive intervention is not effective, we expected emotional headline con-
tents to strongly affect information processing and social judgments ir-
respective of source credibility (Baum and Abdel Rahman, 2020).

1. Method
1.1. Participants

The sample size was planned according to the requirements of the
counterbalancing and based on power analyses preregistered on OSF
(osf.io/hqwy2), see Supplemental Information (SI) page 1 and SI-tables
S1, S2 (the SI is linked in the end of the article). The sample consisted
of 30 participants (mean age = 25 (SD = 5.36), 25 females, 5 males,
90% right-handed). Nine participants were excluded and replaced with
new participants (reasons: excess noise in the EEG, being familiar with
face databases, insufficient eyesight, not following task instructions).
Participants were compensated in form of course credit or money. They
were (de)briefed about the procedures and signed informed consent. The
study was approved by the local ethics committee.

1.2. Materials

Materials were identical to previous experiments (Baum and Abdel
Rahman, 2020; Baum et al., 2020). Face stimuli were 24 unfamiliar faces
exhibiting neutral facial expressions (various databases, e.g. Ebner et al.,
2010; Langner et al., 2010). Faces were shown as colored headshots on
gray background in the person likability ratings in Phase 1 and the social
judgment tasks in Phase 2 (2.7 x 3.5 cm, viewing distance 70 cm). Eight
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Fig. 1. Overview of the study design with two phases (Phase 1 is shown here) and key experimental manipulations. A. Depicted is the procedure of Phase 1 with the
cognitive intervention in form of source classifications, the news exposure, and framing pre- and post-exposure person likability ratings as manipulation check. B.
- D. The cognitive intervention before news exposure entailed media source classifications according to their perceived familiarity, trustworthiness, and likability.
Sources differed on trustworthiness (C.) and likability (D.). Sources used in the experiment are existing and widely distributed mainstream German news media
(e.g., Tagesschau and Bild) that were selected based on pre-ratings of high or poor credibility. Similar English-speaking media outlets are for example The New York
Times, BBC News, Fox News or The Sun. E. During news exposure, participants were exposed to authentic websites of these media outlets containing the prominent
source logo, the face, and the headline with all other details remaining blurred. Unfamiliar faces were presented on trusted or distrusted media websites with
positive, neutral, or negative person-related headlines. The assignment of source, face, and headline was counterbalanced across participants. F. Participants rated
the likability of persons before and after news exposure as manipulation check. Headline contents modulated person likability independent of source credibility.
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well-known filler faces were added to make the overall existence of the
persons credible.

For the classifications of sources in Phase 1, colored screenshots
of the eight media outlet’s logos were presented in similar size
(2.7 x 3.5 cm). We chose news media sources used in this study ac-
cording to pre-ratings of credibility and familiarity by a different sam-
ple of German participants (please see SI-page 11 and Baum and Abdel
Rahman, 2020).

For the news exposure in Phase 1, static experimental websites with
the original online layouts of well-known German news media outlets
were displayed. Each display entailed the source logo, headline, and
face with all other details blurred (for examples, see Fig. 1, Phase 1).
Headlines were of either neutral, positive, or negative valanced con-
tent (e.g., neutral: Startup scene: He invests in smart household appliances;
positive: Scientific breakthrough: This researcher restores sight for blind peo-
ple; negative: Berlin: This casino owner forced teenager to smuggle cocaine;
all headlines can be found in the SI, page 12-14). Valence and arousal
were confirmed by pre-ratings, further showing that positive and neg-
ative headline content were equally more arousing than neutral (see
SI-page 11, and Baum and Abdel Rahman, 2020). The assignment of
the unfamiliar faces was equally counterbalanced to headlines (neutral,
negative, and positive) and to sources (trusted, distrusted).

1.3. Procedure

The procedure was mainly equivalent to previous experiments, with
the exception that we introduced a cognitive intervention before news
exposure (Baum and Abdel Rahman, 2020; Baum et al., 2020; and based
on a well-established design, cf. Abdel Rahman, 2011; Baum et al., 2018;
Suess et al., 2014). The experiment consisted of two phases (Fig. 1). In
Phase 1, participants first rated all persons on likability. We included
this likability rating as it can be done based on a spontaneous feeling
of liking without further information about a person and thereby pro-
vides a global pre-post measure as manipulation check. As a cognitive
intervention they then rated all media sources on their familiarity, cred-
ibility, and likability. As instruction participants were told that they will
receive media reports about the persons and that first they should an-
swer some questions. The news exposure followed, where in each trial a
website was presented completely blurred except for the source logo for
one second followed by five seconds of unblurred logo, face, and head-
line. Websites were presented in blocks of eight, each block including
all experimental conditions and two fillers and repeated five times in to-
tal across news exposure. We previously demonstrated via eye-tracking
that participants look at the media source logo during news exposure
(Baum and Abdel Rahman, 2020). Therefore, we conclude that the in-
formation about the source is available during news exposure. Partici-
pants were kept engaged during news exposure by occasionally answer-
ing short yes-or-no questions about the persons (e.g. Is the behavior of
this person common?, asked in about 20% of the trials of Phase 1). After
news exposure they took a 15-minute break and ended Phase 1 with a
post-exposure person likability rating.

Phase 2 started with the social judgment task as main task while the
EEG was acquired. Each face was presented in isolation and participants
judged on a 5-point scale how positive, neutral, or negative the depicted
person was based on the information of Phase 1. For EEG data quality,
the task was repeated 20 times block-wise (resulting in 80 trials per
condition) and participants were told that this was necessary for EEG
measurements. In each trial, a fixation cross was presented for 0.5 s, a
face was presented until response or maximally 3.5 s followed by a 0.5 s
fixation cross as inter-trial-interval. As a secondary task, the confidence
in judgment task was conducted separately after the main task was com-
pleted. Participants first gave an overall social judgment of the person
on the same scale as in the main task, however now this was in each
trial directly followed by a rating of their confidence in this judgment
on a slider scale ranging from low to high confidence (0-100, 1 incre-

100

Neurolmage 244 (2021) 118572

ments; this procedure was adopted form the confidence literature, see
Baum et al., 2020; Fromer et al., 2021).

After the main experiment, additional tests followed. In a source
memory task the participants saw each face in isolation and were asked
to decide in which of two depicted sources (one trusted, one distrusted)
the face had appeared in Phase 1. If the face had appeared in a trusted
source, the distractor was a randomly selected distrusted source and
vice versa. Across all conditions, source memory was better than chance
(M = 0.61, 95%-CI [.57, 0.65], t(29)= 5.18, p< .001, d = 5.2). We had
no hypotheses on this task and included it as first step for future in-
vestigations into explicit retrieval processes, as specific source mem-
ory seems to be relatively weak (cf. Johnson et al., 1993). Importantly,
eye-tracking evidence confirms for this experimental design that source
information is sampled by the participants and available during news
exposure in Phase 1 (Baum and Abdel Rahman, 2020). Next, partici-
pants rated all media sources on arousal. To measure source logo evoked
ERPs, the rating was repeated 10 times (i.e., 40 trials per condition;
ERPs evoked by source logos can be found in the SI, page 15). Trusted
sources were rated as marginally more arousing than distrusted sources
(b =0.81, SE=0.39, 95%-CI [.04, 1.57], t = 2.07, p=.046; SI-Table S18,
$19), this direction was unexpected and could be explained by partici-
pants giving a rather controlled and cognitive answer, possibly related
to or confounded with the previously rated trustworthiness, possibly re-
flecting a tendency for giving social desirable answers. As expected, the
EPN was enhanced for distrusted compared to trusted sources (b = 1.08,
SE=0.41, 95%-CI [.27, 1.89], t = 2.07, p=.026; SI-Table S20 and SI-
Fig. S1), suggesting an at least initially increased arousal towards dis-
trusted sources. However, please note that this effect is likely affected by
the characteristic layouts that differ in perceptual salience from trusted
sources (e.g., red font). The reversed effect in the rating may be due to
later cognitive or strategic adjustments described above. At last, partici-
pants wrote down contents of each headline on a list of all faces to check
that they broadly remembered the headlines.

The direction of scales was counterbalanced but consistent for one
subject in all tasks. Therefore, there were two versions with version one
having 5-point scales range from positive (left) to negative (right), and
in version two from negative (left) to positive (right). The experiment
lasted about 7Ominutes and participants were compensated for all time
spent at the lab.

1.4. EEG data recording and preprocessing

The EEG was recorded with BrainAmpDC amplifiers, from 62
Ag/AgCl-electrodes as specified by the extended 10-20 system, refer-
enced to the left mastoid with FCz as Ground Electrode. Impedance was
kept under 5kQ. EEG data was recorded at a sampling rate of 5 kHz and
down-sampled to 500 Hz using a low-cutoff of 0.016 Hz and a high-
cutoff of 1000 Hz. Horizontal and vertical electrooculograms were ob-
tained with peripheral electrodes at the left and right canthi of both
eyes, and above and below the left eye. A short calibration procedure
traced individual eye movements after the experiment, that were later
used to correct for eye movement artifacts.

Offline, the continuous EEG was transformed to average reference
and low-pass filtered at 30 Hz pass-band edge (zero-phase FIR-filter with
transition band width of 7.5 Hz and cutoff frequency (-6 dB):33.75 Hz,
EEGlab-toolbox version 13_5_4b; Delorme and Makeig, 2004). Using
BESA (Berg & Scherg, 1991), we removed artifacts due to eye move-
ments by applying a spatiotemporal dipole modeling procedure for each
participant individually. Trials with remaining artifacts were rejected,
i.e. trials with amplitudes over +200uV, changing more than 50uV be-
tween samples or more than 200V within single epochs, or containing
baseline drifts. Error- and artifact-free EEG data was segmented into
epochs of 1 s, starting 100 ms prior to stimulus onset, with a 100 ms
pre-stimulus baseline. For EEG analysis, per participant an average of 73
trials per condition remained and in each condition 91% of trials were
kept overall (neutral-trusted 2174, neutral-distrusted 2194, negative-
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trusted 2189, negative-distrusted 2205, positive-trusted 2194, positive-
distrusted 2196). Trials where no judgment was given, or reaction time
was below 200 ms were excluded (in the social judgment task that were
133 out of 14,400).

1.5. Data analysis

ERP analyses focused on the EPN (at electrode sites PO7, PO8, PO9,
PO10, TP9, TP10, 200-350 ms after face stimulus onset) and the LPP
component (Pz, CPz, POz, P3, P4, 400-600 ms; regions of interest were
preregistered and equal to Baum and Abdel Rahman, 2020). Amplitudes
were averaged over ROIs and time windows on single-trial level.

We performed linear mixed-effects regression models (LMMs) on
single-trial data of behavioral measures and ERPs (Fromer et al., 2018;
Bates et al., 2015b: Ime4 v.1.1-17 and confirmed in v.1.1.26 in R).
We tested the significance of fixed effects coefficients (p-value < 0.05)
by Satterthwaite approximation (summary function of ImerTest v.3.0—
1, Kuznetsova et al., 2017). For each dependent variable, the model
was specified with fixed effects for the experimental factors headline
content (negative, positive, neutral; with neutral as the reference level)
and source credibility (trusted, distrusted; with distrusted as the reference
level) and their interaction. Both factors were modeled as repeated con-
trasts that compare the means of factor levels to the respective reference
level. Model coefficients represent our hypotheses that expect emotion
effects of negative vs. neutral and of positive vs. neutral headline con-
tent, each in interaction with source credibility, with reduced or ab-
sent effects of headline content for distrusted sources (see Schad et al.,
2020 for details on testing a-priori hypotheses through contrast speci-
fication in LMMs). We fitted models with a maximal crossed random-
effects structure correcting for by-subjects and by-face-stimuli random
intercepts and slopes. If necessary, random-slopes correlation parame-
ters were set to zero and slopes explaining zero variance were omitted
to achieve convergence and avoid overparameterization (Bates et al.,
2015a; final random structures are reported in the results Tables). To
test our hypotheses that emotion effects may be present only for trusted
but not distrusted sources, we tested emotion effects separately for
each source credibility condition as a follow-up (via emmeans v.1.4.6,
Lenth, 2020, with false-discovery-rate adjusted p-values, Benjamin and
Hochberg, 1995). We report point estimates (b), 95% confidence inter-
vals for LMMs, standard errors, t-values, and p-values for the fixed ef-
fects coefficients. Data and code can be accessed online (osf.io/hqwy2)

2. Results
2.1. Phase 1

2.1.1. Classification of media sources as minimal cognitive intervention

Participants rated sources that were assigned to the distrusted con-
dition based on pre-ratings as untrustworthy and less likable, while they
rated sources of the trusted condition as trustworthy and likable (source
credibility effect in trust ratings: b = 2.67, SE=0.27, 95%-CI [2.16, 3.19],
t = 10.08, p<.001, and in likability ratings: b = 2.11, SE=0.33, 95%-CI
[1.47, 2.75], t = 6.48, p<.001; see Fig. 1 and SI-Tables S3, S4). Further-
more, both, distrusted and trusted sources were rated as highly familiar
(M = 0.92, 95%-CI [.86, 0.99]; no difference between source conditions,
F(1,29)=0,p = 1).

2.1.2. Person likability rating as manipulation check

Before participants were exposed to news, person likability ratings
were on average neutral (SI-Table S5 to S7; see Figure 1 Panel F). Post-
exposure ratings showed that persons associated with negative head-
lines were disliked and persons associated with positive headlines were
liked relatively to neutral headlines (b=—1.56, SE=0.10, 95%-CI [-1.77,
—1.36], t=—14.95, p<.001 and b = 0.80, SE=0.08, 95%-CI [.64, 0.97],
t = 9.51, p<.001, respectively). In contrast, person likability was not
affected by source credibility (all t-values <0.9, all p-values >0.4).
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2.2. Phase 2

2.2.1. Behavioral results in the social judgment task

In the social judgment task, participants judged each person pre-
sented in isolation based on the information from Phase 1 (see Figure 2).
For associated negative headlines, persons were judged as more negative
relative to neutral headlines, and judgments based on negative head-
lines were faster compared to neutral headlines (please see Table 1, for
all descriptive results see SI-Table S8). In contrast to expectations of a
successful intervention, source credibility did not modulate the negative
headline effects in judgments and their latencies (Table 1). Social judg-
ments based on negative vs. neutral headlines were more negative and
faster for both, trusted and distrusted sources (Table 2).

For positive headlines, social judgments of associated persons were
more positive and also faster compared to neutral headlines (Table 1).
Social judgments were not modulated by source credibility (Table 2).
While for latencies of judgments the interaction effect was not signifi-
cant (Table 1), preregistered direct comparisons show that judgments
were faster for positive headlines vs. neutral only in the case of trusted
sources (Table 2).

Post-hoc (non-preregistered), we included repetition as a covariate
to test whether social judgments and their latencies were affected by
repeating the task, which was necessary to ensure EEG data quality.
The three-way interactions were not significant (all t-values <|.8, all
p-values >0.4; see SI-Table S9). And testing only the first judgments per
face (task was repeated block wise) showed the same pattern (SI-Table
$10). Moreover, the result pattern of social judgments was confirmed
in a separate control study (N = 30) where persons were judged only
once immediately after the news was encountered (see SI-page 8). We
conclude that repetition did not affect the pattern of results.

2.2.2. Behavioral results in the confidence task

After the social judgment task, we conducted a separate secondary
task where we investigated confidence in social judgments as a behav-
ioral measure that reflects meta-cognitive evaluations of a given judg-
ment. Confidence in overall social judgments showed a pattern of results
like the social judgment task, replicating earlier results (Baum et al.,
2020). Confidence was high for both, faces associated with negative vs.
neutral and positive vs. neutral headlines independent of source credi-
bility (Table 3 and 4, for descriptive results see SI-Table S12).

2.2.3. Event-related brain potentials in the social judgment task

EPN. For effects on relatively fast and reflexive emotional process-
ing we investigated the EPN component (see Figure 3). We found an
enhanced negativity for faces associated with negative vs. neutral head-
lines and that effect was not modulated by source credibility (Table 5
and 6; for all descriptive ERP results see SI-Table S13).

For faces associated with positive compared to neutral headlines the
main effect and interaction with source credibility did not reach sig-
nificance (Table 5), however separate tests suggest that the EPN effect
was elicited for associated headlines from trusted sources, but absent
for distrusted sources (Table 6).

LPP. To investigate slower, more controlled evaluative processing,
we tested effects in the later LPP component (see Figure 4). For faces as-
sociated with negative headlines, we found an enhanced LPP compared
to associated neutral headlines and no interaction with source credi-
bility (Table 5). Faces associated with negative information from both,
trusted and distrusted sources elicited LPP effects (Table 6).

For faces associated with positive headlines, we found an enhanced
LPP compared to associated neutral headlines and no interaction with
source credibility in the LPP (Table 5). Preregistered separate contrasts
showed as predicted that LPP effects of faces associated with positive vs.
neutral headlines were only present for trusted sources, whereas emo-
tion effects were absent for distrusted sources (Table 6).

Post-hoc (non-preregistered), we included judgment latencies as a
covariate to account for motor responses in the LPP results. This did
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Fig. 2. Behavioral results in the social judgment task. In Phase 2 the social judgment was performed as main task to investigate the effects of source credibility
and headline content. A. Participants judged persons presented in isolation based on the information from Phase 1. Faces were presented until response. B. Social
judgments relied on associated emotional content for both trusted and distrusted sources, not accounting for source credibility. C. Latencies of judgments were faster
than neutral for negative and positive contents for trusted sources. For distrusted sources, only judgments based on negative headline contents were found to be faster
than neutral, but not positive contents. B.-C. Raincloud plots (Allen et al., 2019) show means and 95% confidence intervals calculated with the summarySEwithin
function (Morey, 2008) on single trial data, with points and distributions for data aggregated by subject.

Table 1

Mixed model summary statistics show effects of source credibility, negative and positive headline content and their interactions on behavioral
dependent variables in the social judgment task. Effects on social judgments and their latencies were estimated in separate mixed models and fixed
effects were coded as repeated contrasts according to our hypotheses.

Social Judgments Latencies of Judgments [-1000/latency(ms)]

Coefficient b (95%-CI) SE t P b (95%-CI) SE t P

Intercept (Grand Mean) -0.03 0.06 -0.45 0.656 -1.37 0.04 -33.06 <0.001
(-0.14 - 0.09) (-1.45--1.29)

Source Credibility (Trusted vs. Distrusted) -0.01 0.07 -0.11 0.916 0.01 0.01 0.48 0.634
(-0.14-0.12) (-0.02 - 0.04)

Negative Headline Content -1.89 0.12 -16.00 <0.001 —-0.16 0.03 —4.60 <0.001

(Neg vs. Neu) (-2.13 - -1.66) (-0.22 - -0.09)

Source Credibility * Negative Headline —-0.03 0.17 -0.16 0.876 0.01 0.03 0.41 0.685

Content (-0.37 - 0.31) (-0.05 - 0.08)

Positive Headline Content 1.24 0.11 11.82 <0.001 -0.07 0.03 -2.50 0.016

(Pos vs. Neu) (1.04 - 1.45) (-0.12 - -0.01)

Source Credibility * Positive Headline 0.12 0.17 0.71 0.482 —-0.01 0.03 —-0.31 0.759

Content (=0.21 - 0.45) (-0.08 - 0.06)

Model Formula

Judgment ~ Headline Content * Source Credibility
+ (S+Neg+S*Neg+Pos+S*Pos | subject)
+ (S+Neg+S*Neg+Pos+S*Pos | face)

Latency ~ Headline Content * Source Credibility
+ (S+Neg+S*Neg+Pos+S*Pos | subject)
+ (S+Neg+S*Neg+Pos+S*Pos | face)

Note. Asterisk (*) stands for interaction. Abbreviations for slopes in the random effects terms: S=Source Credibility, Neg=Negative Headline Content,
Pos=Positive Headline Content. Face stands for face stimulus.

Table 2

Negative and positive headline content effects on social judgments and their latencies separately within each source
credibility condition computed from the models in Table 1.

Social Judgments

Latencies of Judgments [-1000/latency(ms)]

Contrast b SE t P b SE t P
Trusted: Neg vs. Neu -1.91 0.14 -13.41 <0.001 —-0.15 0.04 -3.99 <0.001
Distrusted: Neg vs. Neu ~ —1.88 0.15 -12.43 <0.001 —-0.16 0.04 —4.25 <0.001
Trusted: Pos vs. Neu 1.30 0.14 9.61 <0.001 -0.07 0.03 -2.52 0.022
Distrusted: Pos vs. Neu 1.18 0.13 8.77 <0.001 —-0.06 0.03 -1.78 0.083
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Table 3
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Mixed model summary statistics show effects of source credibility, negative and positive headline content and interactions on behavioral dependent
variables in the confidence task. Effects on overall judgments and on confidence ratings were estimated in separate mixed models and fixed effects were

coded as repeated contrasts.

Overall Judgments

Confidence in Judgments

Coefficient b (95%-CD) SE t p b (95%-CD SE t P

Intercept (Grand Mean) -0.02 0.06 -0.41 0.688 69.15 2.69 25.66 <0.001
(-0.14-0.09) (63.87 - 74.43)

Source Credibility (Trusted vs. Distrusted) -0.03 0.05 -0.47 0.643 3.31 1.70 1.94 0.066
(=0.13 - 0.08) (-0.03 - 6.65)

Negative Headline Content (Neg vs. Neu) -1.91 0.09 -21.92 <0.001 14.07 4.99 2.82 0.008
(-2.08 - -1.74) (4.29 - 23.85)

Source Credibility * Negative Headline Content ~ —0.00 0.12 —-0.01 0.995 2.07 3.52 0.59 0.556
(-0.23-0.23) (-4.82 - 8.96)

Positive Headline Content (Pos vs. Neu) 1.34 0.09 14.26 <0.001 17.70 3.39 5.23 <0.001
(1.15-1.52) (11.07 - 24.34)

Source Credibility * Positive Headline Content 0.07 0.12 0.64 0.521 -0.09 4.51 —-0.02 0.984
(=0.15-0.30) (-8.94 - 8.75)

Model Formula

Judgment ~ Headline Content * Source

Credibility + (Neg+Pos || subject)
+ (S+Neg+Pos || face)

Confidence ~ Headline Content * Source
Credibility + (Neg+Pos+S*Pos || subject)
+ (S+Neg+Pos+S*Pos || face)

Table 4

Note. Asterisk (*) stands for interaction. Double bars in random effects terms set correlation parameters to zero. Abbreviations for slopes in the random
effects terms: S=Source Credibility, Neg=Negative Headline Content, Pos=Positive Headline Content. Face stands for face stimulus.

Negative and positive headline content effects on overall judgments and confidence in judgments separately within
each source credibility condition computed from the models in Table 3.

Overall Judgments

Confidence in Judgments

Contrast b SE t P b SE t P
Trusted: Neg vs. Neu -1.91 0.11 -18.20 <0.001 15.10 5.29 2.85 0.009
Distrusted: Neg vs. Neu ~ —1.91 0.11 -18.22 <0.001 13.03 5.29 2.46 0.018
Trusted: Pos vs. Neu 1.38 0.11 12.45 <0.001 17.66 4.07 4.34 <0.001
Distrusted: Pos vs. Neu 1.30 0.11 11.77 <0.001 17.75 4.07 4.36 <0.001

Table 5

Mixed model summary statistics show effects of source credibility, negative and positive headline content and their interactions on EPN and LPP
as dependent variables in the social judgment task. Effects on the predefined ROI and time range of the EPN and LPP amplitudes were estimated
in separate mixed models and fixed effects were coded as repeated contrasts according to our hypotheses.

EPN LPP
Coefficient b (95%-CD SE t P b (95%-CD) SE t p
Intercept (Grand Mean) 1.16 0.51 2.29 0.029 5.02 0.38 13.25 <0.001
(0.17 - 2.15) (4.28 -5.76)
Source Credibility (Trusted vs. —-0.06 0.10 —-0.58 0.569 0.14 0.10 1.48 0.149
Distrusted) (-0.26 - 0.14) (-0.05 - 0.33)
Negative Headline Content -0.45 0.09 —4.72 <0.001 0.81 0.17 4.88 <0.001
(Neg vs. Neu) (-0.63 - -0.26) (0.49-1.14)
Source Credibility * Negative —-0.02 0.21 -0.12 0.907 -0.15 0.21 -0.71 0.479
Headline Content (-0.43-0.38) (-0.55-0.26)
Positive Headline Content -0.17 0.10 -1.69 0.103 0.37 0.14 2.69 0.013
(Pos vs. Neu) (-0.37 - 0.03) (0.10 - 0.64)
Source Credibility * Positive Headline -0.33 0.20 -1.64 0.116 0.27 0.23 1.19 0.241
Content (-0.71 - 0.06) (-0.17 - 0.72)

Model Formula

EPN ~ Headline Content * Source Credibility

+ (S + S*Neg+S*Pos || subject)
+ (S+Neg+S*Neg+Pos+S"Pos || face)

LPP ~ Headline Content * Source Credibility
+ (S+Neg+Pos+S*Pos || subject)
+ (Neg +Pos || face)

Note. Asterisk (*) stands for interaction. Double bars in random effects terms set correlation parameters to zero. Abbreviations for slopes in the
random effects terms: S=Source Credibility, Neg=Negative Headline Content, Pos=Positive Headline Content. Face stands for face stimulus.

Table 6

Negative and positive headline content effects on EPN and LPP separately within each source credibility condition
computed from the models in Table 5.

EPN LPP
Contrast b SE t P b SE t P
Trusted: Neg vs. Neu —0.46 0.14 -3.26 0.006 0.74 0.20 3.77 <0.001
Distrusted: Neg vs. Neu ~ —0.43 0.14 -3.09 0.006 0.89 0.20 4.52 <0.001
Trusted: Pos vs. Neu —-0.34 0.14 -2.35 0.030 0.51 0.18 2.83 0.008
Distrusted: Pos vs. Neu —-0.01 0.14 —-0.08 0.940 0.24 0.18 1.33 0.190
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Fig. 3. Early posterior negativity (EPN) modulations by headline content and source credibility effects. In Phase 2, the EEG was acquired in the social judgment
task when faces were presented in isolation. We investigated neurocognitive correlates of fast and reflexive emotional processing in the EPN (200-350 ms). A. The
EPN was enhanced for negative contents compared to neutral for both trusted and distrusted sources, exhibiting no modulation by source credibility. B. For positive
headline contents, the EPN was enhanced compared to neutral only for trusted sources, but not for distrusted sources. A.-B. Grand average ERPs are shown at
electrode site PO9 and scalp distributions show the effects as difference between conditions in the time windows shaded in gray. C. Mean ERP amplitude sizes are
plotted for the pre-specified regions-of-interest and time window of the EPN. Raincloud plots (Allen et al., 2019) show means and 95% confidence intervals calculated

with the summarySEwithin function (Morey, 2008) on single trial data, and points, boxplots, and distributions for data aggregated by subject.

not change the effects of predictors and three-way-interactions were
not significant (all t-values <0.7, all p-values >0.5; see SI-Table S14).
Since all trials involved motor responses and accounting for latency dif-
ferences did not affect the pattern of results, we consider systematic
influences of motor response-related activity unlikely to have affected
the LPP (Luck, 2014).

Additional post-hoc comparisons reveal that the positive and neg-
ative condition did not differ for trusted but for distrusted sources
(trusted: b = 0.23, SE= 0.22, t = 1.05, p=.299; distrusted: b = 0.65,
SE=0.22, t = 2.93, p=.009; see SI-Table S15). A similar pattern was
also found in the EPN, with the difference only for distrusted but not
for trusted sources (trusted: b=—0.12, SE= 0.16, t=—0.79, p=.521; dis-
trusted: b = 0.42, SE= 0.16, t=—2.73, p=.018; see SI-Table S15). This
suggests that the valence dependent effects are directly related to the
processing of the lack of source trustworthiness and not a generally
smaller effect in the positive condition.

N170. For effects on the earlier visual processing of the faces we
conducted a post-hoc analyses of the N170 (between 130 and 200 ms
according to Hinojosa et al., 2015 and at the electrode sites P7, P8,
PO7, PO8, PO9, PO10 according to S. Schindler et al., 2021). We found
an enhanced negativity for faces associated with negative vs. neutral
headlines, all other effects were not significant (Table 7, Fig. 5). Separate
comparisons showed no effects (Trusted: Neg vs. Neu b= —0.33, SE=0.15,
t= —2.19, p= .13; Distrusted: Neg vs. Neu b= —0.12, SE= 0.15, t= —0.80,
p=.429; Trusted: Pos vs. Neu b= —0.20, SE= 0.14, t= —1.39, p= .340;
Distrusted: Pos vs. Neu b = 0.12, SE= 0.14, t = 0.81, p= .429).

3. Discussion

How does the brain respond to emotional information from untrust-
worthy sources and how does that influence our social judgments? How
effective are contemplations about the credibility of media sources as a
cognitive guard against the social and neural consequences of untrust-
worthy headlines? Here we show that simply drawing people’s attention
to the trustworthiness of media sources before being exposed to news
is insufficient to abolish the dominant consequences of emotional head-
lines regardless of how credible their source is. We asked our partici-
pants to classify media sources’ trustworthiness as a minimal cognitive
intervention and guard against misinformation that can be easily ap-
plied in daily life. Subsequently, they were exposed to news headlines
with social contents of neutral or emotional valence. Replicating ear-
lier findings (Metzger and Flanagin, 2013; Pennycook and Rand, 2019;
Dias et al., 2020) we observed that participants clearly discerned me-
dia sources’ trustworthiness. Despite their clear discernment of what
sources they trust or distrust, when judging the persons they had read
about, participants relied to a large extent on the emotional contents
of the headlines irrespective of source credibility, and they did so with
high confidence in their judgments. This key result is accompanied by
findings indicating that this bias might be more susceptible to change
for positive headline contents, whereas negative social-emotional infor-
mation seems to be particularly difficult to disregard, even when we
know it stems from sources we don’t trust. As further discussed below,
preregistered separate tests show that effects of positive headlines were
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Fig. 4. Late positive potential (LPP) modulations by headline content and source credibility effects. In Phase 2, the EEG was acquired in the social judgment task
when faces were presented in isolation. We investigated neurocognitive correlates of slow and evaluative processing in the LPP (400-600 ms). A. The LPP was
enhanced for negative contents compared to neutral for both trusted and distrusted sources, exhibiting no modulation by source credibility. B. For positive headline
contents, the LPP was enhanced compared to neutral only for trusted sources, but not for distrusted sources. A.-B. Grand average ERPs are shown at electrode site
Pz and scalp distributions show the effects as difference between conditions in the time windows shaded in gray. C. Mean ERP amplitude sizes are plotted for the
pre-specified regions-of-interest and time window of the LPP. Raincloud plots (Allen et al., 2019) show means and 95% confidence intervals calculated with the
summarySEwithin function (Morey, 2008) on single trial data, and points, boxplots, and distributions for data aggregated by subject.

Table 7

Mixed model summary statistics show effects of source credibility, negative and positive headline
content and their interactions on visual face processing in the N170 as dependent variable in the

social judgment task.

N170

Coefficient b (95%-CD SE t P

Grand Mean -1.02 0.62 -1.64 0.112
(-2.24 - 0.20)

Source Credibility (Trusted vs. Distrusted) 0.11 0.07 1.55 0.122
(—0.03 - 0.26)

Negative Headline Content (Neg vs. Neu) -0.22 0.10 -2.18 0.037
(-0.42 - -0.02)

Source Credibility * Negative Headline Content ~ —0.21 0.22 -0.96 0.346
(-0.63 - 0.22)

Positive Headline Content (Pos vs. Neu) -0.04 0.11 -0.38 0.706
(-0.26 - 0.17)

Source Credibility * Positive Headline Content —-0.32 0.19 -1.70 0.098
(-0.68 - 0.05)

Model Formula

N170 ~ Headline Content * Source Credibility
+ (Pos + S*Neg || subject)
+ (Neg +Pos+S*Neg+S*Pos || face)

Note. Asterisk (*) stands for interaction. Double bars in random effects terms set correlation pa-
rameters to zero. Abbreviations for slopes in the random effects terms: S=Source Credibility,
Neg=Negative Headline Content, Pos=Positive Headline Content. Face stands for face stimulus.

only present for trusted but not for distrusted sources, however these
findings are tentative due to the specific interactions lacking statisti-
cal significance. Our findings provide critical insights into the cogni-
tive and brain mechanisms underlying the processing of misinformation
and in the potential scope and limits of contemplating source credibil-
ity as a guard against misinformation. They will be discussed in detail
below.

For positive headline contents different measures suggested signs of
source credibility effects. Specifically, judgments based on positive rel-
ative to neutral contents were faster when the source was trusted, but
not when the source was distrusted, possibly suggesting more hesitation
when judging persons according to social-emotional information from
untrustworthy sources. Furthermore, fast emotional brain responses in
the EPN, a component related to more impulsive arousal-driven process-
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Fig. 5. N170 modulations by headline content and source credibility effects. In Phase 2, the EEG was acquired in the social judgment task when faces were presented
in isolation. We investigated neurocognitive correlates of visual face processing in the N170 (130-200 ms). A. The N170 was enhanced for negative contents compared
to neutral, exhibiting no modulation by source credibility. B. For positive headline contents, no significant modulations were found. A.-B. Grand average ERPs are
shown at electrode site PO10 and scalp distributions show the effects as difference between conditions in the time windows shaded in gray. C. Mean ERP amplitude
sizes are plotted for the pre-specified regions-of-interest and time window of the EPN. Raincloud plots (Allen et al., 2019) show means and 95% confidence intervals
calculated with the summarySEwithin function (Morey, 2008) on single trial data, and points, boxplots, and distributions for data aggregated by subject.

ing of emotional stimuli were only observed when positive (vs. neutral)
headlines stemmed from trusted sources, suggesting that the early recep-
tion of positive contents depends on explicit trustworthiness evaluations
of the source. Please note, however, that such an early modulation by
source credibility was not predicted. Based on dual-process theories we
predicted that fast brain responses were dominated by emotion and slow
responses integrated both, emotional contents and source credibility. In
line with these predictions, the LPP component related to later more
controlled evaluative processes, sensitive to context information and
deliberate control, shows effects of positive (relative to neutral) head-
line contents only for trustworthy sources, but not for untrustworthy
sources. Thus, evaluations based on untrustworthy positive information
are comparable to neutral information. Taken together, early as well
as late brain responses to faces in the positive headline condition were
reduced for sources judged as untrustworthy and valenced social judg-
ments were made more slowly. Please note however that these effects of
source credibility must be considered with caution, because the critical
interactions of positive headline effects with source credibility lacked
statistical significance, and only the planned separate tests show that
effects of positive headlines were present only for trusted but not for
distrusted sources. While further evidence is needed to draw clear con-
clusions about the susceptibility of positive headline contents to source
credibility, the current results suggest that source credibility might pro-
tect against the influence of untrustworthy positive information to some
extent, as effects in both fast emotional and slow, evaluative processing
were restricted to trustworthy positive information.

Remarkably, fast and slow brain responses and social judgments re-
lated to negative headlines were immune to the insight into the lack of
credibility before news exposure. All measures were dominated by neg-

ative contents from both trustworthy and untrustworthy sources. We
found robust effects of negative relative to neutral headline contents
regardless of source credibility in fast emotional responses reflected in
the EPN, in later evaluative brain responses reflected in the LPP and
in social judgments. Furthermore, negative headlines even affected the
visual level of face processing as suggested by influences on the N170
that is related to structural encoding of and attention to faces (Giménez-
Ferndndez et al., 2020; 2021; Krasowski et al., 2021; Luo et al., 2016;
S. Schindler et al., 2021; Xu et al., 2016). These results demonstrate
that negative headlines have prevailing consequences for emotional and
evaluative brain responses and social judgments that withstand an ex-
plicit and deliberate contemplation of source credibility.

3.1. Limitations and future directions

What further mechanisms may play a role in the weak effects of
source credibility, such as learning and memory processes related to
news exposure and retrieval? One may wonder if the credibility of news
was unnoticed by participants during news exposure. However, we con-
sider this unlikely for several reasons. We show that participants can
well discern the credibility of news sources. Further, each news web-
site presentation started with showing the prominent source logo alone
for one second before the face and headline information was presented,
giving enough time to process the source before the headlines were pre-
sented. Additionally, we demonstrated in a control study (reported in
Baum and Abdel Rahman, 2020) via tracking active eye movements that
participants sample source information during the news exposure in a
learning design identical to the current study. The additional explicit
classifications of sources beforehand as realized here should even have
increased the attention to the sources in the current study. Moreover,
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the same control study showed that blurred website layouts with re-
tracted source name are reliable cues for credibility. We are therefore
confident that source credibility information was available to our par-
ticipants. Like in real-life, however, it is possible that participants notice
and know about source credibility when confronted with news but may
not fully engage with or encode this information. This question should
be targeted in future research.

After news exposure, it is possible that the source credibility informa-
tion is no longer present in memory, while the emotional information
is preserved. As a first step to address memory-related processes, we
explored source credibility effects in dependent measures of the social
judgment phase by directly considering the individual memories, that
is, we assigned the source condition that the participants remembered
and associated with each face in the end of the experiment, thereby
replacing the pre-defined source credibility conditions. Results of this
analysis show main effects of individually remembered source credibil-
ity in several measures (Source Credibility (Trusted vs. Distrusted) in per-
son likability after news exposure b = 0.20, SE= 0.07, t = 2.99, p=.006;
social judgments b = 0.24, SE= 0.09, t = 2.66, p=.011; and confidence
in judgments b = 4.11, SE= 1.16, t = 2.56, p= .011; see SI pages 17ff
for results of all dependent measures). The pattern of results also con-
firms the differential pattern of credibility on positive and negative news
headlines that our main results suggest, revealing statistically more ro-
bust effects: Additional to the differential effects of positive headlines for
trusted and distrusted sources in separate comparisons (Positive Head-
line Content (Pos vs. New) with ps (0.015 for Trusted, and ps ) 0.3 for
Distrusted in latencies of judgments and the LPP, see SI pages 18, 20),
statistical interactions of positive vs. neutral headlines with individually
assigned source credibility are found in several measures (Source Cred-
ibility x Positive Headline Content was found for person likability after
news exposure: b = 0.33, SE= 0.16, t = 2.10, p= .036, confidence in
judgments b = 10.96, SE= 4.57, t = 2.40, p=.024, and the LPP b = 0.68,
SE=0.30, t = 2.27, p=.029; see SI pages 17ff). Whereas the influence of
associated negative headlines was not modulated by source credibility
assignments (Source Credibility x Negative Headline Content all ps > 0.3,
see SI pages 17ff).

These additional findings suggest that memory plays a role especially
for the effects of source credibility. However, the general pattern of the
findings matches the main results, supporting a differential effect for
positive and negative headline contents. This corroborates the conclu-
sion that the bias to disregard source credibility may be less pronounced
in the positive headline condition, suggesting that it is the dominance es-
pecially of the negative information that weakens the influence of source
credibility. However, future research is needed, especially to investigate
the relative contribution of learning and memory mechanisms more di-
rectly.

The dominant consequences of emotional contents of news despite its
credibility is likely a general mechanism underlying the current findings
and unlikely due to the specific paradigm of the study. We employed a
controlled experimental design to systematically manipulate news cred-
ibility and content without confounding factors while enhancing eco-
logical validity by using well-known media sources and original layouts
that closely resemble news media encountered in real life. As discussed
earlier, we can assume that the news’ credibility was noticed by partici-
pants during news exposure. Additionally, we can show that the exper-
imentally necessary quantity of faces and repetitions in the judgment
task are unlikely to have caused our results, for example by participants
sorting persons into broad categories. We can show the same pattern of
dominant effects of emotional information in a control experiment with
immediate, one-time judgments after each news was presented, thereby
removing repetitions in both, exposure, and judgments (see Results sec-
tion and SI page 8). Moreover, accounting for repetitions of the judg-
ment task in the analysis of our current results revealed the same find-
ings. Furthermore, the tendency for differential effects of source cred-
ibility for positive contents but not negative contents speaks against a
general explanation due to the experimental procedure or strategic re-
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sponses on the side of the participants. Therefore, we conclude that a
general bias due to the experimental design is unlikely and that, on the
flipside, the controlled setup strengthens the robust neurocognitive ev-
idence that we aimed for.

We examined the neural and social consequences of news on rela-
tively global social evaluations that reflect a natural tendency of form-
ing social impressions from visual appearance or semantic information
(Todorov et al., 2007; Bliss-Moreau et al., 2008; Uhlmann et al., 2015).
It is possible that participants focused more on the emotional informa-
tion than the source of news to make these judgments. We instructed
participants to base their judgments on all information of Phase 1. This
implicitly includes news credibility but does not explicitly mention it.
Like in real life when confronted with emotional information about oth-
ers, it is left to us to consider the available trustworthiness, but we might
not necessarily use this information to put our judgments into perspec-
tive. One may ask if the specific task or instruction led to dominant
effects of emotional contents, and if other tasks or instructions result in
other outcomes. Here, we address this concern by additionally asking
participants for their confidence in judgments and results show again a
reliance on emotional contents, suggesting a general mechanism. Future
research must show if making source credibility explicit in the task or in-
struction helps to reduce the dominant effects of emotional contents, for
example by instructing participants to base their judgments on the avail-
able contents of news and the credibility of the media sources. However,
we think that such tasks create situations that differ from how person
judgments are made in natural situations as described above. Moreover,
we used high-temporally resolving ERPs to investigate the different lev-
els of information processing in response to news. Additional EEG anal-
yses and other neuroimaging measures may show different and com-
plementary results. For example, analyzing social relevance via induced
activity in frequency bands, investigating signals in different neural sys-
tems via functional brain imaging, and employing connectivity measures
would add valuable evidence to the picture (e.g., Ensenberg et al., 2017,
Gordon et al., 2019; Van Bavel et al., 2015).

Our findings provide experimental insight into the precise neurocog-
nitive mechanisms that may underlie real life behaviors observed in
online media, enhancing our understanding of how misinformation is
processed at an individual level and extending recent research. Fast and
slow brain responses revealed the mechanisms underlying the “success”
of emotional headlines irrespective of their trustworthiness. Thereby,
our work suggests that emotions in headlines bias the information pro-
cessing system even against better knowledge. This partially contradicts
predictions we derived from classical dual-process theories assuming
that only fast processing, but not slow and more controlled processing
is subject to such influences. Further, the present findings advance cer-
tain aspects of the concept of nudging interventions in the context of
(mis)information (e.g., Kozyreva et al., 2020; Lorenz-Spreen et al., 2020;
Pennycook et al., 2020; Pennycook et al., 2021; Roozenbeek and van
der Linden, 2019) by suggesting that nudges targeting the contempla-
tion of news trustworthiness are limited in warding off the influences of
emotional contents. Specifically, other nudging interventions asked par-
ticipants to think about the accuracy of one headline on a general topic
and found that participants improved in judging the accuracy of head-
lines related to political and health information (Pennycook et al., 2021;
2020), whereby source names were also presented along with the ver-
batim headlines from published articles (e.g., New York Times, Wash-
ington Post, Fox News, or Washington Examiner). Like the current inter-
vention this nudge was aimed at increasing attention to the trustworthi-
ness of news. However, important differences between the approaches
pertain thinking about the trustworthiness in relation to a headline vs.
media sources; and the outcome measures, that is, judging the accuracy
of the news vs. making judgments based on what the news alleges. These
differences and similarities highlight interesting paths for future inves-
tigations. Finally, understanding these mechanisms can be viewed as
a first step to develop further cognitive strategies as protection against
misinformation, which is relevant for testable hypotheses in various dis-
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ciplines that investigate this topic from different angles. Such strategies
may include educating about the impact of social-emotional misinfor-
mation on the individual level and employing emotion regulation, for
instance by deliberate ignorance or reappraisal of emotional contents
(Hertwig and Engel, 2016; Gross, 2015; Maroney and Gross, 2014).

3.2. Summary and conclusion

Together, our findings show important similarities in how positive
and negative social-emotional headlines affect social judgments regard-
less of source credibility and the current attempt to increase the minding
of news trustworthiness. Additionally, our findings also tentatively sug-
gest differential effects for positive and negative contents to a certain
degree, indicating that this bias is more susceptible to our intervention
when the headline contents are positive, whereas it is particularly dif-
ficult to overcome for negative headlines. This might be related to the
valence as such or, to the emotional intensity of the headlines irrespec-
tive of valence. A distinction cannot be drawn based on the current data.
Additional analyses on ERPs suggest that valence might play an inde-
pendent role, as differences between ERPs in response to positive and
negative headlines were only found for distrusted sources (SI page 10).
Moreover, preratings of the arousal of the headlines show that posi-
tive and negative headlines don’t differ from each other statistically (SI
page 11). In general, negative contents may have higher social infor-
mational value than positive information, as stronger effects of stim-
uli with negative compared to positive valence have frequently been
found (Abdel Rahman, 2011; Anderson et al., 2011; Skowronski and
Carlston, 1987; Suess et al., 2014). Thus, negative information may be
processed under high priority as a protection against the potential threat
an allegedly dangerous person could pose. This preferential processing
seems to come at the cost of critical thinking, and recent evidence sup-
ports this by showing that negative emotional narrative contexts may
reduce critical semantic analyses (Aristei et al., 2021). Furthermore,
there is some evidence that meaningful contexts can modulate specif-
ically the processing and impact of positive stimuli. For example, taking
positive words out of isolation and into social-communicative situations
has been shown to enhance their emotion effects in ERPs (Rohr and Ab-
del Rahman, 2015).

In conclusion, the current evidence suggests that negative social-
emotional misinformation has prevailing consequences despite in-
creased attention to source credibility. This abates the hope for simple
solutions to the misinformation problem, especially because negative
contents are often favored in online media, where attention is a scarce
and economically valuable resource. As a result, consumers are con-
fronted with contents that evoke negative emotions such as moral out-
rage at a high rate, as these contents can powerfully capture consumers’
attention and are more readily shared (e.g., Brady et al., 2017, 2020;
Crockett, 2017; Soroka et al., 2019; Schone et al., 2021; Van Bavel et al.,
2020). Conversely, this may even give an advantage to misinformation,
as fear- and disgust-evoking false news have been found to travel faster
and further in social networks than true news that were more character-
ized by anticipation or joy (Vosoughi et al., 2018). The current insights
into the cognitive mechanisms of responses to misinformation in mind
and brain suggest that emotional contents and how they can be put in
perspective are key targets for future strategies to avoid false news’ po-
tentially detrimental effects.
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