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expectation confirmations or violations. The investigation of predictors and mechanisms
underlying expectation update and maintenance has been approached from many
research perspectives. However, in many instances there has been little exchange
between different research fields. To further advance research on expectations and
expectation violations, collaborative efforts across different disciplines in psychology,
cognitive (neuro)science, and other life sciences are warranted. For fostering and
facilitating such efforts, we introduce the ViolEx 2.0 model, a revised framework
for interdisciplinary research on cognitive and behavioral mechanisms of expectation
update and maintenance in the context of expectation violations. To support different
goals and stages in interdisciplinary exchange, the ViolEx 2.0 model features three
model levels with varying degrees of specificity in order to address questions about
the research synopsis, central concepts, or functional processes and relationships,
respectively. The framework can be applied to different research fields and has high
potential for guiding collaborative research efforts in expectation research.

Keywords: ViolEx model, expectation violation, expectations, prediction error, expectation update, expectation
change, expectation persistence, expectation maintenance

INTRODUCTION

We use expectations about us, others, and the world around us to anticipate the future and to help
us navigate through our environment successfully. Expectations influence our decisions and shape
our behavior in anticipation of expected experiences in many ways: Expectations help optimizing
functional behaviors, from visual search and simple action execution to complex behavioral
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patterns when approaching rewards and avoiding threats.
Stereotypical expectations about others influence how we
perceive and treat people who hold different political views,
belong to different ethnic or religious groups, or have physical
or mental health issues. Treatment expectations influence if
we adhere to psychotherapy and how much we benefit from
it. Performance expectations influence how we set, adapt, and
pursue our goals. In short, expectations are relevant in many areas
of life and across psychological disciplines (Roese and Sherman,
2007; Hoorens, 2012; Kruglanski et al., 2020).

Theories of human perception, cognition, and action refer
to making and testing predictions as the brain’s main purpose
(Friston, 2009; Den Ouden et al, 2012; Clark, 2013). To
improve their predictions, i.e., to minimize their prediction
error', individuals are able to update their expectations in
response to disconfirming events, experiences, or information.
Often enough, however, they do not update their expectations
when violated by disconfirming evidence (Roese and Sherman,
2007; Proulx and Inzlicht, 2012; Rief et al., 2015). On the
one hand, such expectation maintenance can be advantageous,
for example, when disregarding probable noise (Hohwy, 2017),
avoiding or attenuating negative affect after worse-than-expected
experiences (Proulx et al, 2012), or protecting expectations
that are relevant for values, goals, and positive beliefs that
individuals hold about themselves or about the world (Greve
and Wentura, 2010; Pinquart and Block, 2020). On the other
hand, the maintenance or even stabilization of expectations
despite disconfirming evidence - in other words, not adjusting
one’s internal model of the world to reality — can have negative
consequences for oneself (e.g., psychopathology; Craske et al.,
2014; Kube et al., 2019, 2020) or others (e.g., stereotypes; Dort
et al., 2020a,b; Kotzur and Wagner, 2021). Given the relevance
of expectations and expectation violations for understanding
human perception, affect, cognition, and behavior across basic
and applied psychological fields, interdisciplinary accounts
of predictors and mechanisms of expectation update versus
maintenance are needed.

THE ViolEx MODEL - AN
INTERDISCIPLINARY FRAMEWORK FOR
STUDYING EXPECTATION UPDATE
VERSUS MAINTENANCE IN THE
CONTEXT OF EXPECTATION
VIOLATIONS

To this point, different theoretical frameworks have aimed
to model and explain the processes and outcomes associated
with expectation violations, that is, how individuals respond
when their expectations are disconfirmed (Pinquart et al,
2021a, for an overview). Among them, the model of Violated
Expectations (ViolEx; Rief et al., 2015; Gollwitzer et al., 2018)
focuses on the role of expectation violations in expectation

'We will treat expectation and prediction as well as expectation violation and
prediction error as synonyms, respectively.

change versus maintenance. The ViolEx model has been one
of the most complete and versatile models in the sense that
it refers to all classes of cognitive processes and behavioral
responses to expectation violations that have been discussed
across the different theories (Pinquart et al, 2021a). More
precisely, it postulates cognitive mechanisms of expectation
change (accommodation), different cognitive mechanisms to
minimize the impact of expectation violations on expectations
(data-oriented and concept-oriented immunization), as well as
behaviors to actively increase the probability of future expectation
confirmation and decrease the probability of expectation
violation (assimilation) (Rief et al., 2015; Gollwitzer et al., 2018).
The ViolEx terminology was inspired by Brandtstidter and
colleagues’ model of coping with information that violates self-
concepts (Brandtstadter and Greve, 1994; Brandtstadter, 2007).
It is important to stress that it overlaps with those of other
theories in and beyond expectation research, sometimes with
similar and sometimes with different meanings (cf. Pinquart
et al.,, 2021a). For example, the concept of accommodation by
Piaget (1952) (adaptation of schemata to schema-inconsistent
experiences) closely resembles accommodation in the ViolEx
model. In most cases, assimilation in Piaget’s sense (fitting new
experiences into schemata without changing the schemata) refers
to the processing of new information that is not discrepant with
a preexisting cognitive schema, although biased perceptions of
discrepant information (a case of immunization according to the
ViolEx model) could also lead to assimilation of new information
in Piaget’s terms.

The original ViolEx model was used and evaluated in a
local research training group consisting of fourteen laboratories
from different psychological backgrounds, confirming the
model’s potential to facilitate interdisciplinary discussion and
collaboration. In this process, we also identified opportunities
to further improve the model’s accessibility for researchers from
different disciplines and to increase its specificity to better inform
concrete research questions. We developed the ViolEx 2.0 model
(ViolEx 2.0, in short) with the aims to (a) refine definitions of
central constructs and their arrangement in the model where
needed (also see Glossary; Table 1), (b) specify functional
relationships between the different processes and moderators,
and (c) elaborate on the role of behavior in expectation update
versus maintenance.

We developed ViolEx 2.0 as an open and flexible framework to
guide interdisciplinary exchange and ultimately help formulating
overarching research questions across fields. In order to facilitate
such exchange in the first place, a framework must be accessible
and provide sufficient degrees of freedom to researchers that
are used to work with different field-specific models. To this
end, we developed a set of general constructs and principles that
experts from different fields can agree on and that allows to
describe relevant mechanisms and predictors in a standardized,
formalized model. The core constructs of ViolEx 2.0, which
are important to explain expectation update and maintenance,
have been clearly defined (Table 1) and are depicted in the
diagrammatic model representation (boxes in Figures 1-3).
Meanwhile, the central general relationships between these
constructs are explicitly stated (arrows in Figures 1-3) providing
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TABLE 1 | Glossary.

Accommodation

Approach
Assimilation

Avoidance
Concept-oriented immunization

Data-oriented immunization

Expectation

Expectation change
Expectation (de)stabilization
Expectation violation

Experimentation
External anticipatory reaction

Generalized expectation

Immunization

Internal anticipatory reaction
Situational outcome

Mechanisms by which individuals update their expectation to increase consistency with the experienced situational outcome.
Includes expectation change and/or expectation (de)stabilization.

Behavior influencing the situation with the goal to increase probabilities of certain situational outcomes.

Behavior influencing the situation with the primary goal to increase the probability of expectation-confirming situational
outcomes and/or decrease the probability of expectation-violating situational outcomes.

Behavior influencing the situation with the goal to reduce probabilities of certain situational outcomes.

Cognitive mechanisms by which individuals reframe the conceptual meaning of their expectations so that expectation-violating
evidence is no longer diagnostically valid for their original generalized expectations.

Cognitive mechanisms by which individuals devalue expectation-violating information (e.g., ignoring or denying the information;
doubting its credibility) so that it is no longer regarded as evidence against the original expectation.

Conditional belief about the probability of future events, experiences, or information.
Change in an expectation with regard to what the most plausibly anticipated situational outcomes are.
Decrease or increase in confidence or certainty in an expectation.

Inconsistency between situation-specific expectation and the internal representation of a situational outcome. May be specified
in terms of magnitude, direction, and uncertainty.

Behavior influencing the situation with the primary goal to obtain or generate new and valid expectation-relevant information

Behavior influencing the situation to attain expectation-related goals (assimilation vs. experimentation) and/or outcome-related
goals (approach vs. avoidance).

Abstraction of a set of more specific expectations with common situation and/or situational outcome characteristics (i.e.,
expectations about similar situations and/or similar situational outcomes).

Cognitive mechanisms by which individuals minimize the potential impact of expectation-violating evidence on their
expectations. It can be distinguished between data-oriented immunization and concept-oriented immunization.

Mostly cognitive, affective, and physiological reactions that aim at optimizing responses to expected situational outcomes.
Event, experience, or information with the potential to confirm or violate an individual’s expectations.

a certain degree of formalization. To still ensure sufficient degrees
of freedom for researchers from different fields, ViolEx 2.0
provides a flexible and open framework: empirical knowledge
and auxiliary assumptions from other models (e.g., particular
moderating variables or computational rules) can be easily
located and integrated if needed. Subsequently, overarching
research questions can be formulated, thus allowing (a) to probe
the generalizability of field-specific principles, (b) to identify their
potential boundary conditions, and (c) to eventually formulate
generalized principles that can be applied across research fields.
In order to benefit from the original model’s parsimony but
simultaneously achieve higher specificity in the ViolEx 2.0 model,
we developed three model levels that suit different purposes
and that differ in their level of detail. First, the synopsis level
(Level 0) provides a short summary of the model’s scope and
is well-suited for introductions and initial discussion of the
topic of expectation violation (see Figure 1 for description).
Second, the conceptual level (Level 1) contains all relevant
psychological and behavioral constructs of ViolEx 2.0, relates
them to each other, and is ideal for economically describing the
entirety of processes relevant for the update and maintenance of
expectations (see Figure 2). The functional level (Level 2) is a
more detailed elaboration of Level 1. It specifies process dynamics
and functional relationships between the ViolEx components
and is suited for deducing and testing empirical hypotheses for
specific parts of the model (Figure 3). The present paper is
structured along the lines of the conceptual Level 1, referring
to the functional Level 2 whenever appropriate. Throughout
this paper, we will introduce the different model components of
ViolEx 2.0 one after another. We will also show how empirical
findings and more specific models from particular fields can be

integrated to inform hypotheses about general mechanisms and
predictors of expectation update and maintenance.

EXPECTATIONS AND EXPECTATION
VIOLATIONS

In ViolEx 2.0, we understand expectations as conditional beliefs
about the probabilities of events, experiences, or information
in the future (Roese and Sherman, 2007; Hoorens, 2012).
The characteristics of a given situation (i.e., the physical and
social environment relative to an individual) can be used by
individuals as the antecedents of these conditional beliefs, which
are used to predict situational outcomes as precisely as possible.
Notably, expectations can vary in their degree of specificity for
certain situations and their outcomes. Generalized expectations
are abstractions of more specific expectations about groups of
similar situations on the one hand and expected situational
outcomes on the other hand (Huft and LaBar, 2010). For example,
threat expectations generalize across situations when they are
evoked by an entire class of cues or situations with similar
attributes, not only by those that were previously followed by
an aversive event (Dunsmoor and Paz, 2015; Dymond et al,
2015). As an example for generalization of outcomes, teachers
who expect children with ADHD to show “typical” ADHD
behavior may see their expectations confirmed when children
are either distracted, impatient, or aggressive (Dort et al,
2020a). Generalized expectations are highly adaptive as they
provide parsimonious heuristics about what to expect, even when
situations cannot be analyzed exhaustively or contain unfamiliar
elements (Gershman et al,, 2015; Binz and Endres, 2019). They
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FIGURE 1 | Synopsis level (Level 0) of the ViolEx 2.0 model. Overall, the model aims to inform and facilitate research on the predictors and mechanisms of
expectation update and maintenance, particularly in the context of expectation violations. Generalized expectations are expectations that individuals have about
groups of similar situations and their potential outcomes. Given a particular situation, generalized expectations inform more concrete situation-specific expectations.
Depending on whether the outcome of a situation is consistent with an expectation or not, this expectation is confirmed or violated, respectively. Following
expectation violation (or confirmation), individuals may either update their expectation to increase consistency with the situational outcome or maintain their
expectation. Identical expectations, situations, and situational outcomes may still result in differences in expectation updating or maintenance across occasions and

across individuals, given moderating social and personal influences.

\ 4
v

Violation vs. Confirmation Update vs. Maintenance

can be abstracted from more specific expectations (Huff and
LaBar, 2010), deduced from other beliefs or premises (Johnson-
Laird et al., 2015), and can be acquired via direct or indirect
experiences (Olsson and Phelps, 2004). When individuals find
themselves in a given situation (also see Figure 3[1]), they form
situation-specific expectations that are derived from generalized
expectations and aim at providing more precise predictions.
Both generalized and situation-specific expectations can be
found in many different domains of mental processing. As a basic
sensorimotor example, consider a simple reaching movement for
a goal object. Human movement execution is fraught with errors,
for example, endogenous motor noise. This necessitates feedback
control (Todorov and Jordan, 2002) based on sensory signals
(vision, proprioception, haptics) obtained during movement
execution, if the goal is to be reached with high accuracy.
However, for many swift movements, sensory processing is too
slow to be useful. It has therefore been proposed that the
motor system predicts the sensory consequences of its output
via a forward model (McNamee and Wolpert, 2019). Such
sensory consequences are, for example, joint configurations in
proprioception, or the visually perceived hand position. Feedback
corrections can then be executed based on the forward model’s
predictions. This forward model is a generalized expectation:
It describes the relationship between a motor command and
the expected sensory consequences, for example, the final hand
position after the movement. When a particular motor command
is combined with information about the relative position between
actor and goal object, the forward model will predict a specific
sensory consequence, which is a situation-specific expectation,
for example, the hand touching the goal object. To be useful, such
predictions have to be computed quickly; thus, the forward model
must have a parsimonious structure (Knopp et al., 2020).
According to ViolEx 2.0, expectations can formally be
described as subjective probability distributions of potential
situational outcomes. Depending on the representation of the

outcomes, this distribution may be discrete (e.g., expecting
that a treatment will be very effective, moderately effective,
or not effective at all) or continuous (e.g., expecting to score
a B on an exam with decreasing probabilities for scores
that deviate more extremely from the expected value, like a
D). In comparison with the original ViolEx model in which
expectations were defined as “if-X-then-Y” associations between
situations and situational outcomes, this conceptualization
has multiple advantages: (a) it provides more degrees of
freedom for researchers in operationalizing expectation-related
manipulations and measures, (b) it allows to quantify uncertainty
inherent in expectations, for instance, as variance or entropy
of the probability distribution, and (c) it allows to characterize
expectation violations more precisely (with regard to their
magnitude, direction, and uncertainty; see next paragraph).
Expectations, when specific enough, can be confirmed
or disconfirmed. In ViolEx 2.0, situational outcomes are
events, experiences, or information that have the potential to
confirm or violate situation-specific expectations. Expectation
violations occur if there are inconsistencies between the
perceived situational outcomes (also see internal representation
of situational outcome, Figure 3[2]) and the original situation-
specific expectations (Den Ouden et al., 2012; Clark, 2013).
Depending on the representation or operationalization of
expectations, expectation violations can be quantified by their
magnitude (Rescorla and Wagner, 1972), direction (e.g., better-
than-expected, less-than-expected, closer-than-expected; Schultz
et al., 1997; Yacubian et al, 2006), and the uncertainty that
is inherent in them (Feldman and Friston, 2010; Bach and
Dolan, 2012; Spicer et al, 2020). As they can result from
overly inaccurate expectations, expectation violations may set
off an “alarm signal” when detected (Roese and Sherman, 2007)
calling for attentional resources (Petersen and Posner, 2012)
and corrective actions (Shadmehr et al., 2010). In the following
section, we will focus on cognitive responses to expectation
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obtain confirmation & avoid violation
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FIGURE 2 | Conceptual level (Level 1) of the ViolEx 2.0 model. Generalized expectations inform situation-specific expectations. Anticipatory reactions are triggered
reactively by situation-specific expectations or proactively by generalized expectations and can influence the actual or experienced situational outcome (i.e.,
expectation-relevant events, experiences, or information). ViolEx 2.0 distinguishes between (a) internal anticipatory reactions (typically in the attentional,
cognitive-affective, or physiological domain) that aim at optimizing responses to expected situational outcomes and (b) external anticipatory reactions, that is, overt
behaviors that aim at changing the probabilities of potential situational outcomes. Assimilation describes behavior to obtain or generate expectation confirmation and
avoid expectation violation. Experimentation describes behavior to obtain or generate valid expectation-relevant information regardless of whether this information
confirms or violates prior expectations. Approach and avoidance describe behaviors that aim to increase the probability of desirable outcomes and decrease the
probability of undesirable outcomes, respectively. When external anticipatory reactions change the antecedents in the situation, the situation-specific expectation is
adjusted accordingly. The comparison between expectations and situational outcomes can result in different magnitudes of expectation violation, that is, the degree
of inconsistency between the situation-specific expectation and the situational outcome (no inconsistency being a case of expectation confirmation). Individuals can

expectation characteristics and modulate expectation-relevant processes.

respond to expectation violations (or confirmations) with accommodation, that is, updating their generalized expectation by integrating the evidence, or with
immunization, that is, by minimizing the situational outcome’s impact on the generalized expectation. Different social and personal influences are associated with

violations that either lead to an update of the original expectation
or that prevent expectation update by minimizing the impact of
the disconfirming evidence.

COGNITIVE RESPONSES TO
EXPECTATION VIOLATIONS:
ACCOMMODATION AND IMMUNIZATION

In response to expectation violations, individuals can either
integrate (pieces of) the disconfirming evidence into their
previously held expectations and/or they can shield these
expectations from such evidence. In other words, individuals
can increase consistency between expectations and situational
outcomes by updating their expectations and/or by re-evaluating
the evidence and its implications. Individuals may show different
degrees of immunization after expectation-violating outcomes
(e.g., ignoring some vs. all discrepant information) associated
with different degrees of accommodation (e.g., stronger vs.
weaker expectation change).

Accommodation

Accommodation includes mechanisms by which individuals
update their expectations following expectation violation (or
confirmation) to increase consistency with the experienced
outcome. Expectation updates can include expectation changes
in case of expectation violations (i.e., the outcomes that are
expected as most plausible change in the direction of the
disconfirming outcome) and expectation (de)stabilization (i.e.,
the confidence or certainty in an expectation decreases or
increases). For example, in motor control, accommodation
can occur when a motor output’s actual sensory consequences
do not match the expected sensory consequences and when
this mismatch is attributed to an error in the expectation.
Consider the reaching example described earlier: if the hand
misses the goal object, then the actor might accommodate
their expectations about the sensory consequences of the
motor output, that is, adapt the forward model. This
accommodation does not require conscious choice: it has
been demonstrated that there are implicit (automatic) and
explicit (consciously accessible) components to movement
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reaction and external factors outside the individual. It influences the situation-specific expectation (via the internal representation of the situation) and it ultimately
leads to the external situational outcome (dashed line); (2) Distinction between the objective external situation/situational outcome (gray boxes) and their internal
representations; (3) Influences on the selection of accommodation versus immunization include characteristics of the expectations, internally represented
characteristics of the situation and situational outcome, potential costs versus benefits of expectation update, as well as social and personal influences [see (5)]; (4)
Other responses to expectation violations that are not underlying expectation update versus maintenance; and (5) Pathways of social and personal influences (SPI)
are specified: the socio-cultural context, individual differences, prior experiences, and the individual’s current state can influence generalized expectations, internal
representations of situation and situational outcome, anticipatory reactions, and selection of accommodation versus immunization.
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adaptation (Schween and Hegele, 2017). The implicit component
likely counteracts the effects of continuous changes of the
human body’s biomechanical properties throughout the
day, for example, muscle fatigue or limb length changes.
These changes would lead to expectation violations in
the forward model.

Functional and computational accounts of accommodation
mechanisms can be found in classical (Rescorla and Wagner,
1972; Pearce and Hall, 1980) or Bayesian accounts of associative
learning (Kruschke, 2008; Gershman, 2015), in which prediction
errors (i.e., expectation violations) are a necessary condition for
expectation change. In ViolEx 2.0, the accommodation concept
has been broadened compared to the original ViolEx model. In
the original model, accommodation was equated with “learning.”
It occurred exclusively in response to expectation violation
(but not confirmation) and incorporated only expectation
change but not expectation (de)stabilization. Accommodation
now refers to any case in which experienced situational
outcomes are integrated into expectations. Thereby, the revised
concept of accommodation is compatible with learning accounts
that model degrees of expectation violation continuously
without a (potentially arbitrary) categorical distinction between
expectation violation and confirmation. It is also compatible
with the notion that changes in confidence or uncertainty

(i.e., destabilization and stabilization) can be understood as
instances of learning as well (e.g., Bayesian belief updating;
Chater et al., 2006).

Immunization

Immunization refers to a class of mechanisms that aim
at minimizing the impact of evidence disconfirming the
original expectation and thereby prevent expectation update.
Data-oriented immunization influences the evaluation of the
experienced situational outcome. This includes ignoring or
denying information (Nickerson, 1998), assigning low reliability
or credibility to the information source (Dunn and Schweitzer,
2005; Sarathchandra and Haltinner, 2020), and subtyping
(categorizing the outcome as exception to the rule; Carnaghi
and Yzerbyt, 2007; Riek et al, 2013). Examples for data-
oriented immunization after violated motor control expectations
include unsuccessful reaching for an object in a nearly dark
room (failure might be attributed to low reliability of the
visual input) or trying to hit a fly (action would have been
successful if the fly had not moved as quickly). Hence, a forward
model update can be omitted. Meanwhile, in concept-oriented
immunization, the conceptual meaning of a situation-specific
expectation is reframed so that it becomes irrelevant for the
protected generalized expectation (Greve and Wentura, 2010).
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For example, a person may have their expectations about
the hostility of an outgroup violated when encountering an
outgroup member who smiles at them. Instead of updating their
expectation or denying the smile, however, the first person might
reason post hoc that the smile is just a superficial response
intended to hide hostile feelings inside or that it represents a
mean smile (cf. Paulus et al., 2016). In other words: the violated
expectation about the outgroup member’s overt behavior has
become diagnostically irrelevant for probing the generalized
expectation that members of said outgroup (secretly) hold
hostile feelings.

Influences on Responding With

Accommodation or Immunization
Whether individuals respond to expectation violations with
accommodation and/or immunization depends, among other
factors, on the magnitude of the expectation violation. Small
violations often are neglected (immunization) because readily
adjusting expectations to noise comes with more cognitive
costs than benefits (Gershman et al, 2015; Hohwy, 2017;
Kruglanski et al., 2020). Beyond such negligible expectation
violations, the “delta rule” predicts that higher magnitudes
of expectation violations will result in higher magnitudes of
expectation change, a facet of accommodation (Rescorla and
Wagner, 1972). However, when expectation violations become
extremely large, beyond some threshold, individuals may engage
in subtyping (i.e., immunization) and categorize their experiences
as exceptions to the rule (Summerfield and Tsetsos, 2015;
Filipowicz et al., 2018) or doubt the validity of their priors (Niv,
2019). This suggests that the relationship between expectation
violation magnitude and probability of accommodation may
follow an inverted U-shape (Filipowicz et al., 2018) rather than a
monotonously increasing function. However, at this point, more
systematic research is needed to identify boundary conditions
(i.e., why has the delta rule been appropriate for associative
learning but not for violations of stereotypes) and to probe the
plausibility of any generalized formal rule (e.g., the U-shaped
relationship). Here, ViolEx 2.0 has been developed to address
these very questions. It guides the identification of relevant
field-specific principles and provides the frame in which these
principles can be communicated to other researchers so that new
studies can be conceptualized. In addition to the magnitude,
the direction of expectation violation may influence cognitive
responses; for instance, in optimism biases, with stronger
immunization tendencies for unpleasant compared to pleasant
expectation violations (Sharot et al., 2011; Garrett and Sharot,
2017). Again, ViolEx 2.0 can be used to investigate whether
stronger immunization tendencies to unpleasant expectation
violations generalize per se or under which conditions they do.
In terms of utility maximization, the probability of
accommodation or immunization also depends on the
costs and benefits of expectation updates (Figure 3[3]). As
previously pointed out, the cognitive costs of a more complex
generalized expectation may outweigh the benefit of slightly
more accurate predictions that result from it (Kruglanski
et al, 2020). Alternatively, integrating expectation violation

experiences without increasing expectation complexity (ie.,
more complicated premises) can only be achieved by increasing
uncertainty levels in expectations (i.e., less precise outcome
predictions; Kwisthout et al., 2017) — which can be experienced
as aversive in itself (Grupe and Nitschke, 2013; Pepperdine et al.,
2018). Psychological costs of expectation update may also come
from having to accept inconvenient truths about oneself (Wilson
and Dunn, 2004; Greve and Wentura, 2010; Korn et al., 2012)
or the world (Sharot et al., 2011). Moreover, expectation updates
may be associated with social benefits or costs when they are
(not) aligned with those of relevant peers (Esser, 1998; Hogg and
Hains, 1998; Kuntsche et al., 2014; Robertson and Tustin, 2018).

In addition to accommodation and immunization, ViolEx
2.0 now explicitly includes other responses to expectation
violations that arise from processes that are not the basis
of expectation update or maintenance (Figure 3[4]). Among
them are, for example, immediate attentional (e.g., increase in
alertness, orienting; Petersen and Posner, 2012), corrective (e.g.,
adaptations in motor control; Shadmehr et al., 2010), or palliative
responses (e.g., committing to other, non-violated expectations;
Proulx et al., 2012), that aim at avoiding or buffering unwanted
consequences of expectation violations. Although these other
responses are not mechanistically involved in expectation update
or maintenance, they can be of interest for researchers, for
example, as indicators of expectation, outcome, or expectation
violation characteristics (e.g., explicit appraisals of expectation
strength, surprise, or disappointment; Sweeny and Dillard, 2014;
Korfer et al., 2020).

INFLUENCING ACTUAL AND

EXPERIENCED SITUATIONAL
OUTCOMES: ANTICIPATORY

REACTIONS

Individuals do not passively await situations and their outcomes
but instead actively select and modify the situation. ViolEx
2.0 describes anticipatory reactions that depend on situational
outcomes expected by individuals and that aim either at
preparing for these outcomes or at actively changing outcome
probabilities. Anticipatory reactions may be triggered by
situation-specific expectations (i.e., reaction to situation
characteristics) or be shown proactively motivated by generalized
expectations (i.e., proactive selection of situation characteristics).

For ViolEx 2.0, we significantly expanded the concept of
anticipatory reactions relative to the original model, in order
to achieve our goal of elaborating on the role of behavior in
expectation updating versus maintenance. As we will describe in
more detail in the following paragraphs, ViolEx 2.0 distinguishes
between internal anticipatory reactions to prepare for anticipated
situational outcomes and external anticipatory reactions to
influence situational outcome probabilities. Moreover, external
anticipatory reactions can be characterized by expectation-
related goals (assimilation vs. experimentation behavior) and by
outcome-related goals (approach vs. avoidance behavior; also see
Figure 2).
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Internal Anticipatory Reactions

Internal anticipatory reactions aim at optimizing responses to
expected outcomes. Other than external anticipatory reactions
(see below), they do not aim at changing the situation
and associated situational outcome probabilities, but rather
influence how the situational outcome will be experienced
(internal representation of the situational outcome, Figure 3).
Internal anticipatory reactions include, for example, anticipatory
affective states (Davis et al., 2009) and physiological changes
of behavioral activation or inhibition (Krause et al., 2018;
Hashemi et al., 2019). Of particular importance, they also
include attention modulations that may result in heightened
selective attention to predictive cues (Miskovic and Keil, 2012;
Panitz et al., 2019) and optimized attention guidance toward
expected outcome locations (Bergmann et al, 2019, 2020).
Anticipatory attention modulation supports the detection and
integration of expectation-relevant information and enhances
processing of prediction error signals (Kok et al., 2012; Jiang
et al, 2013; Smout et al., 2019) thereby facilitating adaptive
accommodation responses to expectation violations. In turn,
however, effective attention guidance itself depends on reliable
and precise expectations about relevant information (Torrents-
Rodas et al,, 2021) and uncertain expectations may result in
hypervigilance (Wieser et al., 2016; Kastner-Dorn et al., 2018).
Importantly, attention processes can also be biased, as seen, for
instance, in threat biases (Aue and Okon-Singer, 2015; Koenig
etal.,, 2017), confirmation biases (Nickerson, 1998; Kappes et al.,
2020), or optimism biases (Kress and Aue, 2017), which skew the
probability of accommodation versus immunization responses.
While additional assumptions from field-specific models are
needed to predict which type of bias will be shown in which
situations, ViolEx 2.0 allows to integrate these assumptions and
level the existing knowledge about biases to investigate their role
in mechanisms of expectation update and maintenance.

External Anticipatory Reactions

External anticipatory reactions refer to overt behaviors that aim
at actively influencing the situational circumstances and thereby
ultimately changing situational outcome probabilities (Figure 3).
These behaviors can be further characterized based on their
expectation- and outcome-related goals.

Assimilation and experimentation describe behaviors that
are motivated by expectation-related goals. More specifically,
assimilation behavior aims at generating or obtaining situational
outcomes that confirm one’s expectations (which may be realistic
or not; Miller and Turnbull, 1986; Bessi et al., 2015; Del Vicario
et al., 2016; Hechler et al., 2016) and avoid situational outcomes
that violate them (Klayman and Ha, 1987; Charpentier et al.,
2018; Sharot and Sunstein, 2020). In contrast, experimentation
refers to behavior aimed at generating or obtaining valid
expectation-relevant situational outcomes, not biased toward
confirming prior expectations. In general, motivation to
assimilate or experiment depends on the potentially obtainable
information, which can have both inherent (cognitive or hedonic)
and instrumental value (Gottlieb et al., 2013; Sharot and Sunstein,
2020). Feedback-regulated motor control (Todorov and Jordan,

2002) is a prime example of assimilation: in the above-mentioned
reaching example, an actor regulates their motor output toward
the goal, with the objective of avoiding an expectation violation.
However, before one can assimilate successfully, one must first
have valid generalized expectations (forward models). “Body
babbling” observed in human infants might be considered
as experimentation with the goal of developing such valid
expectations (Meltzoff and Moore, 1997).

Drawing on previous findings on information seeking and
processing, we formulated hypotheses about general predictors
of assimilation and experimentation behavior. For example,
ViolEx 2.0 assumes that both assimilation and experimentation
can be used to reduce uncertainty in expectations or at
least avoid increases in uncertainty (cognitive value). Here,
previous research suggests that high degrees of uncertainty
inherent in an expectation primarily favor experimentation
(Lee et al.,, 2011; Mehlhorn et al., 2015). First, the benefits of
increasing the precision of simple and uncertain expectations
typically outweigh the costs of increased complexity (Gershman
et al., 2015; Kruglanski et al, 2020). Second, unelaborated
expectations simply do not provide specific outcome expectations
that individuals are biased to confirm. In addition, higher
instrumental value of information (i.e., the information’s utility
for optimizing goal-directed behaviors; Gottlieb et al., 2013)
increases motivation for experimentation because adaptive
instrumental behavior requires expectations that closely reflect
real-world contingencies. Meanwhile, assimilative strategies
should become more likely when uncertainty is lower and
it becomes more effective to reduce or limit uncertainty
by selectively generating expectation-confirming or avoiding
expectation-disconfirming information (Klayman and Ha, 1987;
Nickerson, 1998). In addition, assimilation for positively
valued expectations should become more likely when potential
information has a high (positive or negative) hedonic value.
Under this assumption, pleasant anticipated information will
increase the motivation to obtain confirming evidence while
unpleasant anticipated information will increase the motivation
to avoid disconfirming evidence (Scherer et al., 2012). Notably,
the overall information value - and therefore the motivation
to engage in assimilation or experimentation — would result
from the total of information value facets (Sharot and Sunstein,
2020). Future systematic research is needed to test whether these
assumptions can be formalized (cf. Sharot and Sunstein, 2020)
in a way that they are universally valid across research contexts
and/or what additional boundary conditions need to be specified.

The concepts of assimilation and experimentation share some
overlap with the concepts of information seeking (in the case
of assimilation and experimentation) as well as exploration
(in the case of experimentation). Building upon the original
ViolEx model, we chose to keep the label assimilation and add
experimentation for the following reasons. First, information
seeking often is associated with conscious and deliberate
behavior to obtain new explicit knowledge, for example, when
patients search the internet for information about symptoms
or treatments (Zhao and Zhang, 2017). While assimilation and
experimentation include such information seeking strategies,
they also include instances in which individuals act upon
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their environment to create expectation confirmation without
deliberately seeking for new knowledge (e.g., behavior in the
context of self-fulfilling prophecies). Second, experimentation in
ViolEx 2.0 is closely related to the general concept of exploration.
Nonetheless, we chose the label experimentation in order
to avoid confusion with some exploration conceptualizations
that are incompatible with our experimentation concept,
for example, because they do not refer to open behavior
(e.g., visual exploration; Mirza et al., 2018; Rubo et al,
2020) or assume random selection of behavioral alternatives
(Sutton and Barto, 1998).

The second dimension described under external anticipatory
reactions, approach versus avoidance, describes the degree
to which behavior is motivated by outcome-related goals.
Motivation for approach or avoidance depends on the subjective
value of a desired or undesired situational outcome itself (Corr,
2013) rather than the outcome’s implications for an expectation.
Approach behaviors aim to influence the situation in order
to increase the probability of expected outcomes (typically
associated with positive subjective values) while avoidance
behaviors aim to decrease the probability of expected outcomes
(typically with negative subjective value). Although approach and
avoidance behaviors are not defined by expectation-related goals
in ViolEx 2.0, they can play a central role in expectation update
and maintenance. A prominent example is fearful avoidance
(Mowrer, 1956; Bouton et al., 2001; Vlaeyen and Linton, 2012;
Benke et al., 2019). Here, individuals will avoid situations because
of an anticipated situational outcome’s inherent aversiveness
(e.g., pain) which prevents exposure to potential correcting
expectation violations (i.e., no pain) and, as a consequence, leads
to stable and invalid generalized expectations about threat. These
dynamics are reflected on the functional Level 2 of ViolEx 2.0
(Figure 3), where successful avoidance behavior terminates the
threat situation before it plays out and transforms it into a safe
situation. This modification of the situation (a) prevents violation
of threat expectations and (b) evokes situation-specific safety
expectations that are subsequently confirmed (Lovibond et al.,
2009; LeDoux et al., 2017).

A necessary condition for the execution of external
anticipatory responses is a minimum sense of control about the
situation (sometimes also referred to as sense of agency) of the
acting individual (e.g., Karsh and Eitam, 2015). Here, it is less
important whether the situation is objectively controllable but
rather whether the agent feels or judges that an outcome can be
influenced by them. On the one hand, prolonged experiences
of low control may result in experiences of “helplessness”
where goal-directed behavior is suppressed (Seligman, 1972)
and individuals may become less sensitive to changes in
action-outcome contingencies (Soral et al,, 2021). Deviations
of experienced control from reality imply that there is no valid
internal representation of the objective situation (cf. Level 2 of
ViolEx 2.0) and anticipatory reactions can become dysfunctional.
For example, aversive outcomes may not be avoided even though
it is possible. On the other hand, individuals may have illusions
of control and overestimate the influence that they have on a
given situation (Moore, 2016). Illusions of control have been
associated with superstitious beliefs (Griffiths et al, 2019),
for example, in ineffective gambling strategies (Henslin, 1967;

Griffiths, 1994). Whether sense of control is perceived - and
perceived accurately — depends both on dispositional (Rotter,
1966; Bryant, 1989) and situational factors (see Thompson et al.,
1998; Farrer et al., 2013; Yarritu et al., 2014, for a review). While
an in-depth discussion of these factors goes beyond the scope of
the present paper, they may be incorporated in research questions
addressed within the ViolEx framework. Finally, sense of control
can be conceptualized as expectations about action-outcome
contingencies (Friston et al., 2013). This means that ViolEx 2.0
cannot only incorporate high versus low sense of control to
predict the likelihood of anticipatory responses; it can also be
used to investigate mechanisms of updating or maintaining said
control expectations in the same way it can be used for any other
type of expectation.

Compared to the original ViolEx model, ViolEx 2.0
significantly expands the concept of anticipatory reactions,
specifically external anticipatory reactions. First, assimilation
was relocated within the model. The original ViolEx model
listed assimilation behavior as an immediate response to
expectation violation, together with the cognitive mechanisms of
accommodation and immunization. In ViolEx 2.0, assimilation
is described as behavior that is mostly proactive or motivated
by impending expectation violations rather than directly
triggered by preceding expectation violations. Nonetheless,
experiencing expectation violations may lead to accommodation
which, in turn, can motivate assimilation. For example, when
expectation violations lead to destabilization (accommodation),
assimilation is a potential strategy to restore confidence.
Second, in contrast to the original ViolEx model, ViolEx 2.0
allows to describe behavior independently on dimensions of
expectation-related goals (i.e., that directly aim at updating or
maintaining expectations in a particular way) and outcome-
related goals (that, nonetheless, can lead to expectation update
or maintenance indirectly as a byproduct). That does not
mean, however, that the dimensions of assimilation versus
experimentation and approach versus avoidance are necessarily
exclusive. For example, a student may study hard to get a good
grade, both motivated because the good grade is rewarding
in itself (approach) and because it confirms the student’s
expectation of doing smart things and writing good grades in
general (assimilation).

SOCIAL AND PERSONAL INFLUENCES

ViolEx 2.0 postulates that different social and personal influences
(socio-cultural context, individual differences, prior experiences,
current state) are associated with characteristics of generalized
expectations. Moreover, they influence and moderate processes
and behaviors related to expectation update or maintenance so
that objectively comparable situations lead to different behavior
and responses to expectation violations across occasions and
individuals (Figure 3[5]). First, social and personal influences
affect internal representations of the situation and the situational
outcome. On the one hand, they modulate what characteristics
of the real-world situation and its outcome we perceive and
how we experience them. On the other hand, current internal
states may be used as expectation premises as well (e.g., having a
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feeling about something to happen). Second, social and personal
influences moderate anticipatory reactions by influencing the
ability and motivation to show different behaviors. Third, they
influence the probability (and magnitude) of expectation update
or maintenance in response to expectation violations. In the
following paragraphs, we will elaborate on these mechanisms
with some examples. For a more comprehensive review,
see Pinquart et al. (2021b).

Socio-Cultural Context

The socio-cultural context includes relatively stable social
circumstances like norms and other influences from society,
media, and peers. Social norms provide information about
the utility of individual expectations and behaviors (ie.,
external anticipatory reactions; Hawkins et al., 2019). They
can serve as simple and efficient heuristics (Legros and
Cislaghi, 2020), especially when expectations are uncertain
(Higgs, 2015). Public opinion and social climate can have a
significant impact on individuals’ expectations. For example,
negative expectations about immigrants and diversity among
right-wing authoritarians are stronger in countries with more
prominent multicultural ideologies (Kauff et al, 2013) and
in countries with a negative collective view on immigrants
(Cohrs and Stelzl, 2010). Generalized expectations that have
been acquired via socio-cultural norms will, in turn, influence
the experience of individualsS’ environment (i.e., internal
representations of situations and situational outcomes), for
example, when stereotypical expectations about outgroups
inform situation-specific expectations about particular outgroup
members (Unkelbach et al., 2008).

Media coverage or statements from public persons can also
influence individual expectations, for example, expectations
about symptoms and abilities of individuals with mental or
somatic health issues (Benbow, 2007; Miller, 2007; Pearl et al.,
2012), expectations about gender differences in professional skills
or sexuality (ter Bogt et al., 2010; Steinke, 2017), or expectations
about the threat from ethnic or religious outgroups (e.g., Muslims
in Western countries; Ogan et al, 2014). Previous studies
suggested that media coverage primarily impacts individuals with
congruent prior expectations (Crandall et al., 2018; Stiirmer et al.,
2019), providing most evidence for expectation confirmation
and stabilization as central mediators. Notably, effects of media
coverage or public opinion on expectations are more effective
in individuals who have no or limited direct experiences with
the expectation topic (or group) to confirm or disconfirm their
expectations (Liebe et al., 2018).

In a narrower social context, research has highlighted the
significant influences of peers on expectations. For example,
higher exposure to peers with more positive attitudes toward
alcohol (Cumsille et al., 2000; Kuntsche et al., 2014) or smoking
(Romer and Hennessy, 2007; Urban, 2009) predicts more
positive expectations in adolescents about the experience
and consequences of alcohol and tobacco consumption,
respectively. First, peers” expectations may have direct influences
on generalized expectations, that is, individuals adopt their
peers standards for orientation. Second, peers can provide
opportunities to make experiences to confirm peer expectations.

For example, making pleasant experiences with alcohol will
lead to according expectation accommodation, potentially
leading to repeated deliberate consumption (i.e., approach)
and stabilization of these appetitive expectations (further
accommodation). Third, accommodating expectations to match
peer expectations may come with social benefits (e.g., social
inclusion; Kuntsche et al., 2014).

Individual Differences

The model’s social and personal influences further include
individual differences like personality traits and other stable
personal dispositions (e.g., genes). At this point, there is primarily
evidence for personality traits that are relevant for specific
expectation contents. For example, negative affective traits (e.g.,
neuroticism, trait anxiety), are associated with stable, negative
expectations about the probability and consequences of threats
as well as low self-efficacy expectations to cope with these
threats (Barlow et al., 2014). Several processes that can be
incorporated into ViolEx 2.0 contribute to this stability such as
attentional threat biases (internal anticipatory reaction; Aue and
Okon-Singer, 2015), repeated and more generalized avoidance
behavior (external anticipatory reaction; Lommen et al., 2010),
and interpretation biases (immunization; Hirsch et al.,, 2016)
that facilitate maintenance of expectations even after better-than-
expected outcomes.

Another prominent trait is optimism, which is defined by
stable positive expectations that generalize to many different
situations and situational outcomes (Scheier and Carver, 1985).
Increased stability of positive expectations likely stems from
stronger immunization tendencies, although it is not clear yet
whether enhanced immunization in optimistic individuals occurs
selectively to worse-than-expected outcomes (Geers et al., 2010;
Sharot et al., 2011) or to expectation violations in general,
regardless of valence (Geers and Lassiter, 2002; Morton et al.,
2011). Other dispositions in the positive affectivity spectrum,
like agentic extraversion or trait (an)hedonia, may influence
accommodation and/or immunization tendencies as well, as
they have been shown to modulate processing of situational
outcomes (here, feedback processing; Mueller et al., 2014, 2015).
In line with this assumption, it has been repeatedly shown that
individuals suffering from major depressive disorder, who have
low levels of agentic extraversion and trait hedonia (Mueller et al.,
2015), show stronger immunization responses after better-than-
expected situational outcomes (Kube et al., 2017, 2019, 2020).

Another group of relevant traits are cognitive styles and
preferences: Originally, higher levels of need for cognitive
closure (i.e., the desire for clear and non-ambiguous answers)
(Kruglanski and Webster, 1996) and need for structure (i.e., the
preference for simple mental models; Neuberg and Newsom,
1993; Neuberg et al., 1997) have been conceptualized to indicate
preferences for simple and categorial mental models. In line
with this concept, higher trait levels were shown to facilitate
immunization after violations of stereotypical expectations
(Dijksterhuis et al., 1996) and assimilation strategies before
decision making (Hart et al., 2012). Recent findings, however,
suggest that these effects are context-dependent and actually may
reverse (i.e., individuals show lower tendencies for immunization
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and higher tendencies for experimentation) when (a) categorial
expectations have not yet been established and (b) there
is more disconfirming than confirming information available
(Kemmelmeier, 2015).

To this point, the roles of personality traits in expectation-
relevant cognitions and behaviors have been investigated in
separate lines of research without exchange between the
fields. Although it is theoretically plausible that broad meta-
traits exist (DeYoung, 2015) that predict accommodation or
immunization tendencies across expectation types as well as
external anticipatory reactions (Hirsh et al., 2009), this has not
been tested systematically yet (Pinquart et al., 2021b).

Prior Experiences

Prior experiences refer to an individual’s learning history about
situation-outcome associations and experiences with previously
shown expectation-relevant responses or behaviors. First, higher
numbers of prior experiences with (similar) situations typically
lead to more confidence about the resulting generalized
expectations which increases their stability (Roese and Sherman,
2007). However, the effect of prior experiences may not only
depend on their sheer number but also on their heterogeneity: In
simple classical conditioning studies, expectations that have been
acquired with intermittent pairing (i.e., the cue is sometimes,
but not always, followed by the outcome) are more resistant
to extinction (i.e., accommodation after expectation violation)
than expectations acquired with continuous pairing (i.e., the
cue is always followed by the outcome; “partial reinforcement
extinction effect”; Haselgrove et al., 2004; Chan and Harris,
2017). From an associative learning perspective, the continuous
pairing leads to higher associative strength between cue and
outcome which ultimately results in a larger prediction error
and stronger reduction in associative strength when the outcome
is unexpectedly omitted. Therefore, at least for very simple
cue-outcome associations, expectations that are based on a
homogeneous set of prior experiences could be assumed to be
particular vulnerable to single expectation violations. As pointed
out earlier, however, expectations may be maintained even in
response to strong expectation violations (immunization). First,
undesirable expectation changes may be avoided by subtyping
the experience. Second, unexpected situational outcomes may
be associated with other cues present in the situation (Rescorla,
1969; Kutlu and Schmajuk, 2012; Sosa and Ramirez, 2019)
or with contextual information (Lucke et al., 2014; Uengoer
et al., 2020b). This, in turn, allows individuals to infer that
the unexpected outcome resulted from other latent causes
(Niv, 2019) than previously assumed (i.e., the premises in the
situation were incorrect), such that the original expectation
remains unchanged.

Previous effective or ineffective attempts of accommodation,
immunization, assimilation, experimentation, avoidance, or
approach can influence self-efficacy and expectations about the
responses  effectiveness. This then influences the probability
to show similar responses in the future (Bandura, 1977,
1982). Furthermore, at least for repeated worse-than-expected
violations of highly self-relevant expectations, there might be a
prototypical order of coping attempts: at first, individuals will

tend to immunize. If immunization is not successful, assimilation
attempts will be undertaken given that self-efficacy expectations
are sufficiently strong. If assimilation strategies fail in avoiding
further expectation violations — or are deemed non-effective
in the first place - individuals will resort to accommodation
(Brandtstadter and Greve, 1994; Pinquart et al., 2021b).

Current State

Lastly, we have added current state as an influence to ViolEx
2.0, referring, for example, to transient mental, emotional,
and physiological states of an individual. For example, higher
cognitive load leads to shifts from proactive to reactive
anticipatory reactions (Miki-Marttunen et al., 2019), interferes
with detection of outcome information (Savage et al., 2019)
and thorough outcome evaluation (Hamamouche et al., 2018),
and increases sensitivity for expectation-violating information
(Sherman et al., 1998). Alertness and arousal can influence
internal anticipatory reactions via attentional modulation (Oken
and Salinsky, 1992; Vogt et al., 2008); and arousal can facilitate
more sustained accommodation (Sharot and Phelps, 2004;
Mickley Steinmetz et al., 2012). Pharmacological manipulations
may alter physiological and mental states and may thereby,
for example, influence anticipatory reactions (Willadsen et al.,
2018; Berz et al,, 2021) or evaluation of situational outcomes
(Mueller et al., 2011, 2014).

Emotional states may influence and moderate different
expectation-related processes as well. For example, it has
been repeatedly shown that negative affective states (e.g.,
sadness) lead to higher expectations about future negative
mood states (“affective forecasting”; Hoerger et al., 2012;
Marroquin et al., 2016), a potential mechanism in upholding
pessimistic expectations in depressive disorder (Marroquin and
Nolen-Hoeksema, 2015). Here, the current emotional state
may constitute a situational cue itself (influencing the internal
representation of the situation; Schwarz and Clore, 2003) that
is predictive of a situational outcome (i.e., feeling sad now is
a predictor of feeling sad later). Notably, affective states also
influence likelihood estimates of events that are not logically
or causally related to one’s emotional state, for example, the
likelihood of being killed by tornadoes (Johnson and Tversky,
1983), the likelihood that oneself will be honored for a major
achievement (Hoerger et al, 2012), or the likelihood that
someone else will get rejected by a person they love (DeSteno
et al., 2000). In other words, emotional states may directly shift
generalized expectations in an emotion-congruent direction to
be more optimistic or pessimistic. Moreover, emotional states
can influence attentional processes (i.e., internal anticipatory
reaction) like the processing of global versus local attributes in
positive versus negative mood states (Gasper and Clore, 2002).

THE ViolEx MODEL AND OTHER
FRAMEWORKS ON EXPECTATIONS AND
EXPECTATION VIOLATIONS

The ViolEx model is not the only framework that addresses
questions of expectation violation, update, and maintenance. We
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recently compared the ViolEx model and six other frameworks
(Pinquart et al., 2021a), which can be grouped with regard
to their scope: First, there are broad, universal frameworks
like the Meaning Maintenance Model (Proulx et al, 2012)
and a social psychological model of expectancy and expectancy
disconfirmation (Roese and Sherman, 2007). Second, some
models are of particular relevance to specific components of
ViolEx 2.0, like associative learning theories (accommodation;
e.g., Rescorla and Wagner, 1972; Pearce and Hall, 1980) or the
predictive coding framework (accommodation and assimilation;
Schultz et al., 1997; Friston, 2009). Lastly, some frameworks
have been developed for specific research content like the
Expectancy Violation Theory of social interactions (Burgoon,
1983) or the Expectation-Disconfirmation Theory of consumer
satisfaction (Oliver, 1980, 2014). For a detailed description
and comparison of these frameworks, we refer readers to
Pinquart et al. (2021a).

In general, ViolEx 2.0 is among the models with the
broadest scope of applications. It addresses both short-term
and long-term dynamics of expectation updates or maintenance
rather than just immediate responses to expectation violations.
Moreover, ViolEx 2.0 addresses the role of behavior more
thoroughly than any other framework, particularly by defining
the different classes of external anticipatory reactions. Finally,
ViolEx 2.0 provides a more detailed description and formalized
assumptions about (a) which classes of moderators (ie.,
social and personal influences) affect expectation update or
maintenance and (b) via which mechanisms they exert their
effects. Besides these general advantages of ViolEx 2.0, there
are several key differences between our model and different
other models that may inform a researcher’s choice of
framework. On the one hand, the diagrammatic representation
of ViolEx 2.0 is more formalized than other broad, verbal
frameworks (i.e., the Meaning Maintenance Model or the social
psychological model by Roese and Sherman). On the other
hand, models from associative learning and predictive coding
theories can provide even higher degrees of formalization,
including computational rules of expectation update. Moreover,
if research questions are narrower or address consequences
of expectation violations other than expectation update versus
maintenance, content-specific models (i.e., Expectancy Violation
Theory of social interactions, Expectation-Disconfirmation
Theory of consumer satisfaction) might be more tailored
to researchers needs. Nonetheless, all of the mentioned
frameworks can easily be integrated within ViolEx 2.0 to combine
their content specificity with the ViolEx model’s broad and
interdisciplinary scope.

The main focus of ViolEx 2.0 is the description and
explanation of expectation maintenance and update. While Level
2 of the ViolEx 2.0 acknowledges responses to expectation
violations that are not underlying expectation update or change,
other models address this class of responses in more detail:
The Meaning Maintenance Model, for example, emphasizes
the goal of reducing aversive arousal created by violated
expectations. This includes mechanisms that are not underlying
the update or maintenance of violated expectations. Moreover, in
their social psychological model, Roese and Sherman suggested

“tagging” as a relevant mechanism in delayed expectation
update. Here, expectation violations may be acknowledged
but they do not lead to accommodation right away. Instead,
memories of expectation violation episodes are “tagged onto”
the relevant expectations and retrieved in future occurrences
of comparable expectation violations. However, the literature
on the tagging concept is scarce and is primarily focused on
memory encoding and retrieving rather than on mechanisms
of expectation update (McClelland et al., 1995; Klein et al.,
2002). As of now, delayed effects of expectation violations
on expectation update can be modeled in ViolEx 2.0 as an
immediate destabilization that makes expectations more prone to
change after recurring expectation violation. Nonetheless, future
research may address the plausibility of tagging, ideally in an
interdisciplinary setting.

OPEN QUESTIONS

The ViolEx 2.0 model in its current form provides a
comprehensive interdisciplinary framework for studying
expectation maintenance and change in the context of
expectation violations, yet several aspects are left open. First,
the current classification of social and personal influences
is rather descriptive than functional. While there is an
enormous number of empirical findings that can be readily
integrated into ViolEx 2.0, the long-term goal will be to
develop more generalized principles about which social and
personal influences facilitate which behaviors and cognitive
responses. This, in turn, will allow the ViolEx model itself
to make more precise predictions and to become more
testable. As an example, the following assumption could
be formulated and tested: social or personal factors (e.g.,
values, goals, peer opinions, etc.) that are relevant for
expectations related to one’s self-concept may predict the
motivation to protect these expectations and thereby a higher
likelihood of assimilation and immunization (cf. Greve and
Wentura, 2010). However, more systematic, interdisciplinary
research is needed to generate such generalized principles
and probe their validity. Here lies the great potential of
ViolEx 2.0, which provides the framework to guide these very
research efforts.

Second, ViolEx 2.0 implies that all changes in anticipatory
reactions following expectation violations are mediated
via accommodation: an expectation is changed and/or
(de)stabilized, which causes changes in behavior. It needs
to be debated and empirically tested whether modeling
a direct influence from expectation violations on future
anticipatory reactions is needed to describe and explain
psychological and behavioral phenomena not captured by the
current model.

Third, the model does not address explicitly the processes
involved in the generalization from situation-specific expectation
violations to generalized expectations (Huff and LaBar, 2010;
Niv, 2019; Uengoer et al, 2020a). It is plausible to assume
that relationships between generalized and specific expectations
are more complex than currently modeled. For example, a
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certain situation-specific expectation may be informed by more
than one generalized expectation or individuals may be able to
access a hierarchy of superordinate and subordinate expectations
with different degrees of generalization.

CONCLUSION

In the present paper, we introduced the ViolEx 2.0 model,
an interdisciplinary framework for studying predictors and
mechanisms of expectation update and maintenance, particularly
in the context of expectation violations. Building upon a
previous version (Rief et al, 2015; Gollwitzer et al, 2018),
our goal was to design a model that can be used flexibly in
collaborative research across research fields. To this end, the
developed model contains three levels with different purposes
and different degrees of specificity. The three levels combine
parsimonious descriptions of expectation-relevant ideas and
concepts with concrete descriptions of functional relationships
that are necessary to derive testable hypotheses. Moreover,
ViolEx 2.0 elaborates on the role of behavior in the updating
and maintenance of expectations and explicitly distinguishes
between objective situations and situational outcomes on the
one side and their internal representations on the other side.
It can easily be applied to research fields across psychology,
cognitive (neuro)science, and other life sciences and will allow
researchers from different disciplines to collaborate effectively.
ViolEx 2.0 thereby can be an important tool for a comprehensive
advancement of our knowledge on the acquisition, change, and
persistence of expectations as well as the role of expectation
violations therein.
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