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Abstract Affect control theory (ACT) is a sociological theory of meaning pro-
cessing in social interactions. Meaning, according to ACT, derives from cultural
institutions and situational affordances, having denotative (declarative) as well as
connotative (affective) properties. Mathematical formalizations of ACT allow pre-
dictions of affective incongruency (in the terminology of ACT, deflection), which
arises from conflicting institutional and situational meanings in a given interaction
context. Although ACT is theoretically consistent, its propositions regarding cog-
nitive and affective processing have rarely been tested. The present study fills this
gap by investigating the neural processing of affective incongruency in linguistic de-
scriptions of social interactions. Following a neurosociological paradigm, the study
draws on neurocognitive evidence on the effects of words’ affective content on word
processing as well as on a previous electroencephalography study that investigated
processing of affective incongruency using event-related brain potentials. We hy-
pothesized that affective incongruency is associated with activation in the anterior
cingulate cortex (ACC), a brain area known for conflict processing. To test this hy-
pothesis, we replicated the electroencephalography study using functional magnetic
resonance imaging: We visually presented sentences describing social interactions
to 23 participants in a silent reading task while measuring differences in the hemo-
dynamic response in two conditions of affective congruency. Results show expected
increases in neural activity for affectively incongruent sentences in the left ACC,
supporting the assumption that affective language content influences meaning-mak-
ing at very early semantic processing stages. The results also add to the emerging
neuroscientific evidence for ACT’s mathematical model of impression formation.

Keywords Neurosociology · Sociology of emotion · Affective meaning ·
Situational meaning · fMRI · Symbolic interactionism

Konflikterkennung in der Sprachverarbeitung: ein Test der Theorie der
Affektsteuerung zur Prognose neuronaler Korrelate affektiver
Inkongruenz in der sozialen Interaktion

Zusammenfassung Die Theorie der Affektsteuerung (Affect Control Theory) ist
eine soziologische Theorie zur Verarbeitung von Bedeutung in der sozialen Interak-
tion. Bedeutung speist sich darin sowohl aus institutionalisierten als auch aus situati-
ven Gegebenheiten und umfasst denotative (deklarative) wie konnotative (affektive)
Dimensionen. Die mathematische Formalisierung der Theorie erlaubt Vorhersagen
der affektiven Kongruenz oder Stimmigkeit („affective deflection“) einer Interak-
tionssituation, die sich aus dem Zusammenspiel institutionalisierter und situativer
Bedeutungen ergibt. Obgleich theoretisch konsistent, sind die Thesen der Theorie
zum Zusammenspiel kognitiver und affektiver Bestandteile von Bedeutung nur sel-
ten empirisch überprüft worden. Die vorliegende Studie schließt diese Lücke, indem
sie die neuronale Verarbeitung affektiver Inkongruenz in der sprachlichen Darstel-
lung sozialer Interaktionen untersucht. Einem neurosoziologischen Paradigma fol-
gend, stützt sich die Studie auf neurokognitive Befunde zur Rolle der affektiven
Konnotation von Wörtern in der visuellen Wortverarbeitung sowie eigene Befunde
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zur neurophysiologischen Verarbeitung affektiver Inkongruenz mittels ereigniskor-
relierter Hirnpotenziale. Wir testen die Hypothese, dass die affektive Inkongruenz
sozialer Interaktion mit der Aktivierung des anterioren cingulären Cortex (ACC)
korreliert, einem Hirnareal, das an der Verarbeitung konfligierender Informationen
beteiligt ist. Dazu replizieren wir ein bestehendes Experimentaldesign unter Nutzung
funktioneller Magnetresonanztomographie (fMRT): Im Rahmen einer Leseaufgabe
präsentieren wir 23 Teilnehmerinnen und Teilnehmern visuell Sätze, die soziale
Interaktionen beschreiben, und messen Unterschiede in der hämodynamischen Re-
aktion unter zwei Bedingungen affektiver Inkongruenz. Die Ergebnisse zeigen die
erwartete Zunahme der neuronalen Aktivität im linken ACC in der Bedingung ho-
her affektiver Inkongruenz. Dies stützt die Annahme, dass die affektive Konnotation
von Begriffen die Genese von Bedeutung in sozialen Interaktionen bereits in frühen
semantischen Verarbeitungsstufen bedingt. Die Befunde können zudem als neuro-
wissenschaftliche Evidenz für die mathematische Formalisierung der Theorie der
Affektsteuerung gelten.

Schlüsselwörter Neurosoziologie · Soziologie der Emotionen · Affektive
Bedeutung · Situative Bedeutung · fMRT · Symbolischer Interaktionismus

1 Introduction

Over the past decades, a number of scientific disciplines have initiated collaborations
with the neurosciences, including economics, philosophy, and psychology. Sociol-
ogy, although a latecomer to the show, is no exception. The label “neurosociology”
(as in neurophilosophy or neuroeconomics) reflects this collaboration and points
at efforts of sociologists to better understand the social world in terms of human
neurobiology (Kalkhoff et al. 2016). The neurosociological paradigm originated in
sociological social psychology, in particular from symbolic interactionism as well
as from evolutionary sociology, but it is also partly reflected in the works of soci-
ologists in the fields of, for example, epidemiology, demography, health, genetics,
and stratification (e.g., Falk et al. 2013; Hatzenbuehler et al. 2024; Sheridan 2023;
Conley et al. 2014; see also von Scheve 2018).

Typically, neurosociology conceives of neural processes and mechanisms as spe-
cific levels of social reality that can be investigated using microsociological methods.
One of the basic tenets of neurosociology is that the social sciences should take into
account research in the neurosciences to advance and refine primarily microsoci-
ological concepts such as experience, mind, self, cognition, and emotion. In this
regard, neurosociology’s major interest is in those branches of the neurosciences
that aim at understanding the physiological, in particular neural but also neuroen-
docrine, immunological, developmental, and genetic foundations of social behavior
and social psychological processes, and especially social, cognitive, and affective
neuroscience (e.g., Schutt et al. 2015; Banich and Compton 2018; Armony and
Vuilleumier 2013). Neurosociology therefore argues that many studies and research
paradigms in these fields, as well as their hypotheses and results, are directly rele-
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vant for understanding the social processes and mechanisms traditionally studied by
sociology (Franks 2010; see also von Scheve 2018).

Taking this approach one step further, neurosociology not only suggests incor-
porating neuroscientific findings into sociological analysis but also advocates for an
active collaboration in the sense of using neuroscientific methods (as microsocio-
logical forms of inquiry) to address genuinely sociological questions. Taking social,
cognitive, and affective neuroscience as a landmark, one of the key paradigms is
to combine experimental methods from the social and behavioral sciences with
medical imaging (e.g., functional magnetic resonance imaging [fMRI] or positron
emission tomography) and brain mapping (e.g., electroencephalography [EEG] or
magnetoencephalography) techniques, which may provide insights into the founda-
tions of human social behavior and mental processes (see also von Scheve 2018). As
of yet, however, most of the neurosociological literature relies on theoretical work
that is primarily concerned with interpreting and adopting neuroscientific insights to
inform existing sociological accounts of, for example, social interaction, inequality,
or aging.

In this article, we build on the paradigm of neurosociology and use neuroimaging
methods to investigate the neural correlates of affective conflict in the processing of
social interactions. Our study draws on affect control theory (ACT), a sociological
theory proposing that actors strive to maintain the basic affective meaning of social
reality through their actions and behaviors. This theory provides formal models
of the degree to which social interactions deviate from established routines based
on the affective meanings of the concepts actors use to interpret (consciously or
unconsciously) a social situation. Our study makes use of a dictionary we developed
in previous work (Ambrasat et al. 2014; Schauenburg et al. 2015), which is—similar
to established dictionaries for sentiment analysis—built from normative, out-of-
context ratings of the affective meanings of a large number of words of the German
language. These meanings allow us to build sentences describing expected (affective
coherence) and unexpected (affective conflict) types of social interactions.

Using these sentences in experimental manipulations and employing fMRI, the
study demonstrates that the affective meanings of concepts are essential in processing
social interactions, above and beyond the denotative meanings actors use to interpret
a situation. More specifically, our study shows that activity in the anterior cingulate
cortex (ACC), a brain area commonly associated with automatic conflict processing,
is correlated with affective conflict and coherence in processing sentences describing
social interactions. In the following, we first provide a detailed account of ACT
and the general approach of our study. We then provide detailed information on
the methods, materials, and measures we used and present our results. We finally
discuss our findings with respect to their broader implications.

2 Affect Control Theory

Very generally, ACT conceives of the social world as a web of institutions (e.g., the
family, the economy, the educational system) and the various roles and identities
that individuals occupy in relation to such institutions (MacKinnon and Heise 2010;
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for the following description of ACT, see also Rogers et al. 2014). The institutional
order is tied to individual minds through shared affective meanings of the concepts
denoting roles and role identities (e.g., mothers, managers, teachers). Culture is thus
understood as shared meaning-making within and across groups and institutions.
Society shapes affective experiences when conceptual representations of social sit-
uations and their affective meanings are either confirmed or disconfirmed through
specific actions or observations (Heise 2007).

Affect control theory has some of its intellectual roots in symbolic interactionist
ideas about the creation, maintenance, and change of meaning through social inter-
action. According to this view, collective experiences with the social environment
crystallize in shared linguistic symbols that structure individual minds. Thus, shared
semantic structures reflect the institutional and symbolic order of societies (MacK-
innon and Heise 2010). When individuals interact with each other in specific social
situations, they rely on such semantic structures to generate a shared understanding
of the situation. Linguistic categories thus provide the “common ground” (Clark
1996; see also Berger and Luckmann 1966) that allows for efficient communication
and enables people to coordinate social action.

Affect control theory extends the classic symbolic interactionist paradigm in sev-
eral ways: Conceptually, it assigns a central role to affect and emotion in the process
of creating and maintaining meaning in social interaction. Methodologically, it holds
that meaning can be quantified and measured, deviating from the predominantly in-
terpretative and hermeneutic approaches in symbolic interactionism. Both of these
amendments are rooted in Osgood’s (1962) proposition that the meanings of con-
cepts can be measured along the perceptual dimensions of evaluation (good vs. bad),
potency (strong vs. weak), and activity (active vs. passive); that these dimensions
are universal across the human species; and that they reflect affective and connota-
tive as opposed to denotative or declarative meanings. These dimensions constitute
a three-dimensional “affective space” within which the affective meaning of any
concept (e.g., persons, behaviors, situations, objects) can be located, and researchers
have compiled numerous dictionaries of affective meanings in which thousands of
concepts are represented by an evaluation–potency–activity profile acquired through
rating studies (e.g., Võ et al. 2009; Ambrasat et al. 2014; Schauenburg et al. 2015).

Moreover, integrative theoretical work has shown how the principles of ACT
can be applied to better understand the sociality of affect and emotion at multiple
levels of analysis, based on individual differences and commonalities in the affective
meanings of concepts. Rogers et al. (2014) have argued that ACT is, to a large
extent, compatible with theories of affect and emotion focusing on these different
levels, such as regarding cultural differences in affective meanings (Rogers 2019;
Ambrasat et al. 2016), the role of affective meanings in social exchange (Clay-
Warner et al. 2016), and their importance for the psychological (e.g., Lindquist
and MacCormack 2014) and the neural (e.g., Pornpattananangkul and Chiao 2014)
generation of emotion.
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2.1 From Affective Meanings to Social Interactions

While affective meanings reflect the emotional connotations of concepts at the sin-
gle-word level, the social psychological construct of affective coherence can be
understood as “the mutual goodness of fit” (Schröder 2011) in impression forma-
tion, that is, of all the connotations of the concepts used to linguistically represent
a given social situation. Similar to other cognitive-consistency theories (e.g., Heider
1946), one basic assumption of ACT is that people strive to maintain the affective
meanings of the concepts in their mental representations and social actions. Thus,
situations for which affective meanings of involved concepts match each other eas-
ily integrate into our stream of perception and action, whereas we mentally stumble
over events that are represented by concepts whose emotional connotations do not
fit together and produce what ACT calls “deflection,” a type of affective conflict. For
instance, in the situation “A mother plays with a child,” the affective meaning of the
concept “mother” almost perfectly matches the affective connotations of the words
“play” and “child.” However, the affective connotation of the concept “mother” may
harmonize less with that of the concept “to beat somebody.” Therefore, the situation
“A mother beats a child” would strongly violate our general affective representa-
tion of the concept “mother” because of the incongruency between its common
(“fundamental”) sentiment and its situational, transient affective meaning.

This mismatch, or affective deflection, would encourage individuals to some-
how “rebalance” the lack of perceived coherence—for instance, by postulating that
the child was badly misbehaving before the beating or that the beating happened
accidentally. Fundamental sentiments thus are trans-situative, socially shared affec-
tive meanings that are comparatively stable and resistant to change (Robinson et al.
2006, p. 182), whereas transient sentiments denote situational and dynamic affective
meanings that may, but need not, deviate from fundamental sentiments (Robinson
et al. 2006). In the framework of ACT, affective deflection can be modeled math-
ematically using impression-formation equations that were obtained in empirical
studies by regressing the ratings of the evaluation, activity, and potency dimensions
of words in the context of a sample of given events on out-of-context ratings of the
same words (e.g., Averett and Heise 1987; Schröder 2011).

Although this mental stumbling over affectively incoherent social situations is
theoretically well elaborated and has been empirically modeled (e.g., Schröder and
Scholl 2009), its underlying principles and mechanisms, the way it is processed
physiologically in situational meaning-making, and the way it relates to what we
typically look at in analyses of social situations—i.e., conflict and incongruency in
declarative meanings—are much less understood. In order to address this gap, we
devised an experimental study in which we used brain-imaging methods to better
understand the physiological—in particular, neural—bases of processing affectively
incongruent social situations.
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3 The Present Study

Existing neuroscientific research on the emotion–language relation suggests that af-
fective language content influences the processing of meaning, perception, and be-
havior. Regarding isolated words in visual language processing, studies have demon-
strated the relevance of words’ affective meaning in a variety of tasks and on a range
of behavioral and neuropsychological measures. These results support the general
assumption that rapid, automatic neurophysiological responses differentiate the pro-
cessing of words’ affective meaning, for example regarding affectively pleasant and
unpleasant words or emotion words (Bernat et al. 2001; Citron 2012; Zhang et al.
2014).

Investigating the effects of words’ affective meanings at the level of sentences
and phrases is significantly more challenging, not least because of a lack of theoret-
ical models concerning the interplay of the affective meanings of multiple words in
phrase or sentence contexts. In a previous study, we therefore investigated these ques-
tions, using ACT’s mathematical model of impression formation (and deflection), by
looking at event-related potentials (ERP), i.e., voltage fluctuations of certain brain
structures in response to stimuli, measured using EEG (Schauenburg et al. 2019).
Specifically, we focused on the coherence of words’ affective meanings in sentence
contexts describing social interactions.

Carefully controlled for confounding variables of semantic processing, this prior
study found an increased negativity for affectively incongruent compared to congru-
ent final words of sentences describing social interactions in the N2/P2 (130–270ms)
and N400 (300–450ms after target word onset) components of the EEG signal. These
components, or ERP, are known to be associated with conflict detection, for exam-
ple in perceptual novelty and mismatch (N2/P2) and with semantic incoherence,
i.e., semantic, expectancy, and world-knowledge violations (N400). These previ-
ous findings suggest that conflicting affective meanings (or affective deflection, in
ACT terminology) are part of early semantic processing operating largely outside
conscious awareness.

Although these results are informative regarding the temporal processing of af-
fective conflict, they say little about the specific brain areas in which conflict is
processed. This is because EEG signals have a high temporal but low spatial reso-
lution. However, learning more about the specific brain areas involved in processing
affective conflict is imperative for a more comprehensive understanding of the phys-
iological foundations of affective conflict processing.

Existing neuroimaging research evaluating, for example, basic perceptual pro-
cessing and the rather complex processing of moral judgment has shown that the
ACC is related to error detection, conflict monitoring, expectancy-related processes,
and affective experience (Botvinick et al. 2004; Braem et al. 2017; Carter et al.
1998; Greene et al. 2004; Mansouri et al. 2009). The ACC is well connected to
limbic structures and prefrontal regions of the brain (Stevens et al. 2011). The for-
mer are predominantly associated with affective and automatic processing, while the
latter are mainly associated with executive control, as in decision-making, attention
allocation, and information integration and updating.
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Therefore, the ACC is well suited to monitor cognitive and affective information
inflow from limbic structures and to recruit prefrontal areas for more deliberate
processing (e.g., the dorsolateral prefrontal cortex; Greene et al. 2004), such as
emotion regulation, social cognition, and decision-making when conflict is detected.
The ACC might thus be particularly relevant for the neuropsychological founda-
tions of ACT because recruitment of these (and other) prefrontal brain areas is
essential for the reappraisal and reinterpretation of situations when conflicting infor-
mation is detected. It could therefore be vital for a neuropsychological foundation of
ACT’s theoretical predictions. In the present study, we aimed to test the hypothesis
that conflicting affective meanings in sentence processing correlate with increased
activation of the ACC. To test this proposition, we used the materials from our pre-
vious EEG study (Schauenburg et al. 2019) and employed them in an event-related
fMRI design. Functional MRI is a brain-imaging method that detects blood oxygen
level–dependent changes arising from changes in neural activity in different brain
areas, such as when the individual is engaged in a specific task or is presented with
perceptual stimuli (e.g., Gore 2003).

4 Materials and Methods

4.1 Participants

Twenty-seven German native speakers gave written consent and participated in this
study, which was conducted in accordance with the Declaration of Helsinki and
had been approved by the ethics committee of Freie Universität Berlin. All partic-
ipants were right-handed (German adaptation of Oldfield [1971]), with normal or
corrected-to-normal vision and no history of psychological or neurological diseases.
Participation was monetarily rewarded (8 C/hour). Data of four participants were
excluded due to too much movement during fMRI data acquisition (more than 5mm
in any orientation) or due to too many wrong answers to attention questions (more
than 16, i.e., one-third wrong answers). The final set included data from 23 subjects
(mean age 24.70 years, range 19–34; 12 women, 11 men).

4.2 Stimuli

Experimental stimuli were sentences describing social interactions in a basic ac-
tor–behavior–object manner. That is, all sentences conformed to the structure deter-
minant–subject–verb–(preposition)–determinant–object. These sentences were built
from existing dictionaries that are commonly used in research on ACT and that
include sentence elements (words) for which information on affective meaning is
available on the dimensions of evaluation, arousal, and potency (654 subject words,
275 verbs, 400 object words; Võ et al. 2006; Schmidtke et al. 2014; Schauenburg
et al. 2015, Ambrasat et al. 2014). We first permutated all possible sentence ele-
ments and then calculated the affective deflections for the approximately 72 million
resulting sentences using regression equations for impression formation (Schröder
2011).
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In our previous ERP study (Schauenburg et al. 2019), we allocated sentences to
three categories of affective deflection: low, medium, high. To limit costly fMRI
scanning time in the present study, we omitted sentences from the medium deflec-
tion category, only using sentences from the low and high deflection categories.
The final stimuli sentences were then selected so that sentences in both categories
included the same sentence contexts (i.e., combinations of subjects and verbs) and
final words (i.e., objects). This implies, first, that sentences in the high and low
deflection categories differed only in how the words were combined to form the
sentences, resulting in either high or low average deflection. Second, this ensures
that the contextual constraints (i.e., the expectancies induced by sentence contexts)
were identical across conditions. In sentences with low contextual constraints, for
example, subject and verb combinations can be followed by a variety of words in
a meaningful way, whereas high contextual constraints limit the number of plausible
(or expected) words to just a few.

Specifically, the stimuli sentences were balanced across high and low deflection
conditions with regard to variables known to influence language processing, such
as cloze probability and frequencies of subject-object as well as of verb-object
of co-occurrences. A word’s cloze probability refers to the proportion of subjects
who would use this particular word to complete an unfinished sentence (Kutas
and Hillyard 1984). This ratio can be low, moderate, or high, and the violation
of the expectancy of certain responses is associated with specific neural correlates
of semantic processing (Kutas and Hillyard 1984). This way, we ensured that our
stimuli sentences differed only in the affective deflection of entire sentences and
that sentences’ final target words had the same expectancy across the two deflection
conditions.

Fig. 1 Illustration for a selection of stimuli sentences showing how every sentence context (subject and
verb combinations) and final word (object) are present in the high and low deflection conditions (as indi-
cated by the bidirectional arrows). Original stimuli are presented in bold, with translations in italics
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Table 1 Overview of study design and stimuli example

Experimental sentences Control threads

Low deflection High deflection Without @ With @

Stimulus
example

The hussy chokes the
beast

The hussy
chokes the fairy

### ######
###### ###
#########

### ######
##@### ###
#########

N per run 26 (27) 27 (26) 10 (11) 11 (10)

N total 106 106 42 42

Question
example

Did the hussy strangle
the beast? (yes)

– Was there an @?
(no)

–

N yes,
total

6 6 6 6

N no, total 6 6 6 6

N total,
total

12 12 12 12

Applying all these criteria resulted in 212 stimulus sentences (106 per condition
of high vs. low affective deflection). To ensure attentive reading, we included an
attention question. To later analyze whether brain areas associated with semantic
processing were actually active in the experimental condition, we also added a non-
reading control condition in which we presented participants with hash signs (#).
A total of 84 hash-sign threads were matched with the experimental conditions,
ensuring that the length of single hash-sign strings matched the word length, and
hash-sign threads were matched to sentence length, typically containing five or six
words. To ensure better comparability with the experimental sentence reading con-
dition, we also included an attention check in the control condition: Participants
were instructed that, periodically, they would be asked if an “@” sign had been pre-
sented within the hash-sign strings. Consequently, the control nonreading condition
included hash-sign threads alternately with and without “@” signs, accompanied
by attention questions that were matched with the experimental sentence reading
condition (see Fig. 1 for examples, and Schauenburg et al. 2019 for full details on
stimulus generation). Table 1 offers an overview of the general study design and
characteristics of stimulus sentences.

Since it is well established that an interaction’s perceived likelihood is correlated
with affective deflection (Heise 2010), we also collected likelihood ratings of the
social interactions described in the experimental sentences for further analyses and
as a manipulation check. After fMRI scanning, participants were asked to rate the
likelihood of the described social interactions of each of the 212 sentences presented
in random order on a seven-point Likert scale (from “highly unlikely” to “highly
likely”).

4.3 Procedure

Sentences and control conditions (hash-sign threads) were visually presented in the
same manner. A trial started with the 250-ms presentation of a fixation cross followed
by a 100-ms blank screen. Sentences and control conditions were then presented in
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a word-by-word fashion: Each word or hash-sign string with less than nine letters
(hash signs) was presented for 250ms, and words with more than nine letters (hash
signs) were presented for 300ms to ensure complete perception (controlled across
runs). Since both experimental conditions included the same word stimuli, the pre-
sentation time of every word was perfectly balanced across conditions. There were
100-ms blank screens between words (hash signs), which improved smooth reading
perception (as indicated by a pilot test). Each stimulus was presented in the center
of the screen.

The interstimulus interval between sentences and hash-sign threads was opti-
mized with software, jittering1 a mean 2000-ms interval. To keep participants at-
tentive following the trials, yes/no questions (balanced for type of correct answer)
were randomly assigned and had to be answered by a button press (index finger=
yes, middle finger= no). There were 12 attention questions for each experimental
condition, which focused on the preceding sentence and used synonyms to make
answering sufficiently challenging. In control trials, 12 attention questions were
randomly presented. Jittering order and stimulus presentation order across condi-
tions (low affective deflection, high affective deflection, control condition, attention
question) were optimized to ensure a maximal signal-to-noise ratio.

To ensure that participants were familiar with the experimental setting and task,
they began with a practice run. This run consisted of eight trials, five sentence trials,
and three control trials, each followed by an attention question. Emoticons gave
feedback to participants’ responses: Frowning emoticons indicated a wrong answer,
and smiling ones indicated a right answer. Feedback was given only during prac-
tice trials. We used the software Presentation (Neurobehavioral Systems, Berkeley,
CA, USA) to present stimuli and record participants’ answers to attention questions.
Practice runs were followed by four experimental blocks, in between which partic-
ipants could take a break. After scanning, participants gave likelihood ratings on
each sentence.

4.4 Design

Consistent with our previous study (Schauenburg et al. 2019), we employed an
event-related fMRI design. The experiment consisted of four runs, each containing
74 trials (26 resp. 27 sentences of low affective deflection; 26 resp. 27 sentences
of high affective deflection, 21 control trials) and 12 attention questions; assigned
trials were randomized within each run, and the running order was randomized across
subjects. Total scanning time took about 60min. Table 1 presents an overview, and
Fig. 2 illustrates the sequencing of a sentence reading trial.

4.4.1 fMRI Data Acquisition

Functional data were acquired on a Siemens Tim Trio 3T MR scanner (Siemens
Healthineers AG, Forchheim, Germany). Four runs of 282 volumes were measured

1 Jittering refers to random variations in the time between successive stimuli and responses (https://surfer.
nmr.mgh.harvard.edu/optseq/).
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Fig. 2 Schematic presentation of a sentence reading trial

using a T2*-weighted echo-planar sequence (slice thickness 3mm, no gap; 37 slices;
repetition time [TR] 2s; echo time [TE] 30ms; flip angle 70°; matrix 64× 64; field of
view [FOV] 192mm; voxel size 3.0mm× 3.0mm×3.0mm), and individual high-res-
olution T1-weighted anatomical data (MPRAGE sequence) were acquired (TR 1.9s;
TE 2.52s; FOV 256mm; matrix 256mm × 256mm; sagittal plane; slice thickness
1mm; 176 slices; resolution 1.0mm×1.0mm× 1.0mm).

4.4.2 fMRI Data Preprocessing

Imaging data were preprocessed and analyzed using the software package SPM
v12 (www.fil.ion.ucl.ac.uk/spm). Preprocessing covered slice-timing correction, re-
alignment for motion correction, and sequential coregistration. Structural images
were segmented into grey matter, white matter, cerebrospinal fluid, bone, soft tis-
sue, and air/background using the “new segment” module (Ashburner and Friston
2005). A group anatomical template was created with the DARTEL (Diffeomorphic
Anatomical Registration Through Exponentiated Lie Algebra; Ashburner 2007) tool-
box from the segmented grey and white matter images. Transformation parameters
for structural images were then applied to functional images to normalize them to
the Montreal Neurological Institute brain template supplied with SPM software.
Functional images were resampled to a resolution of 1.5× 1.5× 1.5mm and spatially
smoothed with a kernel of 6mm full-width-at-half-maximum during normalization.
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4.4.3 fMRI General Linear Model Analysis

We realized statistical parametric maps by multiple regressions of the data onto
a model of the hemodynamic response. In the subject-level analysis, this model
contained regressors for both experimental and control conditions. Regressors were
convolved with the canonical hemodynamic response function in SPM software. Beta
images of each of the four conditions in the factorial design for each participant were
used at the group level to a random-effect paired t-test analysis (Holmes and Friston
1998) to explore potential differential correlations between the two experimental
conditions (HighDeflection>LowDeflection) and between reading and nonreading
conditions (AllSentences> AllThreads). Thus, we contrasted experimental condi-
tions vs. control conditions ([HighDeflection+LowDeflection]> [HashSignWith@+
HashSignWithout], in short: AllSentences>AllThreads) at the whole-brain level to
test whether the experiment successfully tapped into the language-processing net-
work.

Whole-brain fMRI analyses included a cluster-forming threshold for uncorrected
p< 0.001, and then a cluster-level threshold of family-wise error (FWE)–corrected
p< 0.05 for the entire image volume. For our experimental manipulation (High-
Deflection> LowDeflection), we also performed a small volume correction with
a bilateral ACC mask (BA32 mask defined by the WFU PickAtlas tool; Maldjian
et al. 2003). In the region of interest analyses, we applied an initial voxel-level
threshold of uncorrected p< 0.001 for the entire image, followed by the threshold of
voxel-level FWE–corrected p< 0.05 after applying a small volume correction with
the bilateral ACC mask. The statistical thresholds for our fMRI analysis, including
a cluster-forming threshold of uncorrected p< 0.001 and a subsequent cluster-level
threshold corrected for FWE at p< 0.05, were carefully selected to balance sensi-
tivity and specificity in detecting meaningful neural activations. These thresholds
align with established practices in the field of neuroimaging and have been widely
employed in similar studies, ensuring consistency with the existing literature (see
Flandin and Friston 2019).

4.5 Postscan Sentence Analysis: Likelihood Ratings

For further analyses and as a manipulation check of affective deflection, we gathered
likelihood ratings of the social interactions described in our stimulus sentences
after scanning had been completed. Participants were asked to rate each sentence
regarding the question “How likely do you rate the described interaction?” from “not
at all” to “extremely” on a seven-point-Likert scale. Mean likelihoods were computed
across all 106 sentences separated for each condition. Obtained likelihood means
were compared using t-tests.
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5 Results

5.1 Behavioral Performance

All 23 participants included in the final data set correctly responded to attention
questions above chance (≥66%), with a mean accuracy of 86.77%.

5.2 fMRI Results

The comparison between experimental (AllSentences) and control (AllThreads) con-
ditions showed activations in brain areas canonically associated with visual language
and semantic processing. Small volume correction with the bilateral ACC mask
showed increased neural activity in the left ACC (Brodmann area 32) for the high
compared to the low affective deflection condition. Table 2 presents an overview of
the results, Fig. 3 shows patterns of brain activation for contrasts between experi-
mental and control conditions, and Fig. 4 shows brain activation in the ACC for the
contrast between high and low affective deflection conditions.

5.3 Likelihood Ratings

We measured the likelihood of the described social interactions in the experimental
sentences stimuli on the ratings given by the included 23 participants. A t-test
comparison confirmed the well-known deflection-likelihood relation (Heise 2010);
that is, interactions with higher affective deflection (arithmetic mean [AM]= 3.88,
standard deviation [SD]= 0.91; n= 106) are perceived as less likely than those with
lower affective deflection (AM= 4.53, SD= 0.91; n= 106; T(210)= 5.163; p< 0.001).
Importantly, due to our tightly controlled sentence stimuli, this relation cannot be

Fig. 3 Brain activation for the contrast of experimental vs. control conditions (AllSentences> AllThreads)

Fig. 4 Brain activation for re-
gion of interest analysis in the
anterior cingulate cortex for con-
trast of high vs. low affective
deflection conditions
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explained by other lexicosemantic variables known to influence expectancy-related
processes.

6 Discussion

The aim of this article was to illustrate the viability of a neurosociological approach
to better understand the neurophysiological foundations of processing conflicting
affective meanings in linguistic descriptions of social interactions. Affect control
theory proposes that individuals make sense of social situations and interactions
based on the affective meanings of concepts used to mentally construe these sit-
uations. More specifically, ACT assumes that actors strive for consistency in the
overall affective meaning of a given social situation and that affectively incoherent
situations produce affective deflection, which lets actors mentally stumble across
a situation and motivates them to act toward consistency in meanings.

Our study draws on neurocognitive evidence regarding the implications of words’
affective meanings for the neural correlates of word processing and on our own
previous work providing evidence for early and rapid processing of affective con-
flict measured by event-related brain potentials (Schauenburg et al. 2019). To gain
a better understanding not only of the temporal processing of conflicting affective
meanings in social interactions but also of the functional properties of conflict pro-
cessing in specific brain areas, the present study employed an fMRI design and
measured hemodynamic responses to visually presented sentences describing social
interactions in two conditions of affective deflection. We hypothesized that the previ-
ously demonstrated early ERP effect should translate to the hemodynamic response
and be associated with activation in the ACC, a brain area well known for conflict
processing.

To ensure that our findings are actually related to semantic processing (instead
of just visual processing), our design included attention questions and a control
condition in which we visually presented controlled strings of hash signs. As a ma-
nipulation check for affective deflection, we acquired likelihood ratings for the
social interactions described in our experimental sentences. Both behavioral and
fMRI data support the assumption that participants were semantically engaged dur-
ing sentence processing. Attention questions were answered at above-chance levels,
and the results of whole-level brain contrasts were in line with the prevailing litera-
ture regarding language comprehension and semantic processing (e.g., Binder et al.
2009; Binder 2016; Federmeier et al. 2008; Ferstl et al. 2008).

With regard to our experimental manipulation, we expected reading sentences
in the high compared to the low affective deflection conditions to correlate more
strongly with hemodynamic responses in the ACC. As hypothesized, the ACC
showed increased neural activity for sentences with high as compared to low affec-
tive deflection. Our study therefore confirms previous findings in supporting ACT’s
mathematical model of impression formation of linguistic representations of social
interactions, and it suggests that affective deflection is related to activity in the ACC,
even in the absence of explicit task demands. This supports the assumption of fast,
implicit, and automatic processing of affective deflection.
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Although our study was not explicitly designed to further probe the basic proper-
ties and (functional) implications of ACC activation, it motivates discussion of how
ACC activity in response to affective deflection might be explained, alternatively, in
terms of its involvement in prediction error signaling. Alexander and Brown (2019)
presented a computational model of hierarchical error representation, rooted in the
tradition of reinforcement learning models, suggesting that surprise as a (predic-
tion) error is a key component in the formalization of association learning. The
model assumes a hierarchical organization of frontal lobe processes in which error
signaling is driven by bottom-up processes and prediction error modeling by top-
down processes. By proposing that the ACC is not sensible, in the first place, to
the affective components of a stimulus, but rather, and more generally, to surprise
(i.e., the discrepancy of the occurrence or nonoccurrence of an expected or unex-
pected event), it aims at providing a comprehensive and unifying approach to ACC
activation across various studies.

The pattern of ACC activation we found can thus also be explained as an error sig-
nal of predicted affective congruency induced by sentences’ final words. Crucially,
the concept of affective deflection shows considerable overlap with the concept of
error prediction because it represents the degree to which an expected affective
meaning is violated by an acutely perceived meaning. Similar to the concept of
prediction error processing, the magnitude of affective deflection is an experienced-
based correlate of the discrepancy between a predicted probability and an actually
observed event. This interpretation also speaks to more recent predictive processing
theories of affect and emotion, in which prediction error signaling and reduction play
a decisive role such that interoceptive prediction signals (and errors) may initiate
changes in affect (Barrett 2017, p. 9). According to this view, unanticipated infor-
mation, such as affective deflection producing prediction errors, serves as feedback
for “embodied simulations” (Barsalou 2008) that allow for predictions (e.g., regard-
ing the course of a social interaction) to be made in the first place. Error signals, as
suggested by the patterns of activation in the ACC, monitor differences between pre-
dicted and actual sensations (Barrett 2017, p. 7). How continuous changes in affect
correspond to discrete emotions (e.g., fear, anger, guilt) has been outlined in detail
by psychological constructionist accounts of emotion, which, in turn, have been
shown to be compatible in many respects with ACT (Rogers et al. 2014; Lindquist
and MacCormack 2014).

Furthermore, ACT postulates that impressions of affectively deflecting events
would initiate cognitive and behavioral processes aimed at regaining an experience of
affective congruency (Robinson et al. 2006). In the hierarchical error representation
model, corresponding neural processes should be located at higher-order levels, top-
down regulating areas in the prefrontal cortex. Rather than invalidating our findings
and conclusions, we suggest that both models in fact complement one another with
respect to the computational modeling of precise and testable patterns of brain
activation and connectivity and to corresponding bottom-up and top-down processes
in the frontal lobe.

Our study also showed increased activity only in the left ACC. Previous studies
on conflict detection provide inconsistent findings concerning each hemisphere’s dif-
ferential contributions to overall ACC activity (Lütcke and Frahm 2008). Crucially,
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Stephan et al. (2003) found that cognitive control is localized in the same hemi-
sphere as task execution: In their study, the left hemisphere was more involved in
a letter decision, whereas the right hemisphere was more involved in a visuospatial
decision task. With regard to the present study, this finding would explain activation
of the left ACC based on the reading task being associated with activity in the left
hemisphere.

Nonetheless, Lütcke and Frahm (2008) found that differential hemispheric in-
volvement was related to differences between cognitive processes of conflict de-
tection vs. error processing, rather than to task-induced lateralized processing. In
this regard, Ochsner et al. (2009) reported increased activation in the left ACC in
response to conflicting stimuli in a cognitive flanker task, whereas the right ACC
was more involved in an affective flanker task. However, going into more detail
concerning the applied tasks and the salience of emotionality (implicit processing
of affective congruency in a reading task vs. an explicit categorization task for af-
fective words), the comparison of reported findings of lateralized ACC involvement
seems to be easier said than done. Future studies should therefore further investigate
differential lateralization of ACC activity in different task and stimulus settings to
overcome these inconsistencies.

Three limitations of our study need to be mentioned. First, hash signs might
not be an ideal cognitive control condition in this design. They served as visually
comparative stimuli, but the kinds of cognitive processes participants might recruit
when perceiving hash signs was not tightly controlled (this also concerns the com-
parability of processing demands related to task difficulty; see Binder et al. 2009).
Second, a combined EEG–fMRI study with the same group of participants is likely
to provide more detailed information about the temporal evolvement of cognitive
processes and their neural correlates. Third, individual differences in social cogni-
tion (e.g., trait empathy trait, theory of mind, or mentalizing abilities), personality
traits, or language competencies should be accounted for in future studies.

The implications of our findings for ACT are threefold. First, the results help to
better understand the concept of deflection, which until recently (e.g., Money 2023)
had not received considerable attention. Our study provides evidence that different
levels of affective deflection, mathematically derived from impression formation
equations and existing out-of-context ratings of evaluation, potency, and activity, are
correlated with increased activity in brain areas commonly associated with conflict
processing. This lends support to the view that deflection is not simply an abstract,
conceptual aide for ACT but is indeed a relevant psychological process with identi-
fiable neurophysiological correlates.

Second, and going back to the roots of ACT in symbolic interactionism, our find-
ings show how deviations from what individuals expect to typically occur in social
interactions (as characterized by, for example, specific identities and role relations)
are processed at the neurophysiological level. Importantly, this is contingent on the
match or mismatch between transient (i.e., situational) and fundamental (learned,
internalized) sentiments and affective meanings. Although there seems to be broad
consensus within societies regarding the affective meanings of many socially rele-
vant concepts, there is also systematic variation along indicators of culture and social
stratification (Ambrasat et al. 2014; Ambrasat et al. 2016). Although there is no di-
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rect evidence, our research indicates that the social and cultural contexts and living
conditions of, for example, social class, lifestyles, or social milieus bring about dif-
ferences not only in cognitive and mental structures but also in neurophysiological
processing.

Third, our study very generally speaks to existing research that has aimed to
bring neuroscientific perspectives to ACT. This includes, for example, attempts at
developing a neuroscientifically informed model of the relation between affect and
cognition in ACT (MacKinnon and Hoey 2021), steps toward a neural computational
model and implementation of ACT (Malhotra et al. 2020), and computational models
of emotion that conceptualize the neural mechanisms involved in emotion processing
as “semantic pointers,” that is, patterns of neural firing binding neural representations
of physiological input, evaluations of situations, and cultural context (Kajić et al.
2019; Thagard and Schröder 2015).

Some broader implications of our findings, in particular from a sociological and
neurosociological standpoint, concern theories that deal with implicit, automatic,
embodied, prereflexive, and unconscious forms of information processing and be-
havior. This can be found, for instance, in dual-process theories of action (e.g.,
Vaisey 2009), in nondeclarative modes of culture (in action; e.g., Lizardo 2021), or,
classically, in Bourdieu’s ideas of the “incorporation” of practices and fields and its
relevance for habitualized forms of action.

Taken together, our study showed, first, that the affective meanings of con-
cepts—above and beyond their declarative meanings—are notably implicated in
the processing of simple social situations (actor–behavior–object) and that affective
deflection (i.e., affectively incoherent situations) recruits similar neural circuits as
the processing of other types of conflicting information, such as semantic or per-
ceptual conflict. The findings provide support for some of the key assumptions (and
methodologies) of ACT and show that collaborations between sociology and the
neurosciences can be fruitful for both disciplines.
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