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Coping has a myriad of facets: knowledge concerning the circumstances of threats to emotional
and physical well being, the ability to meet immediate needs to mitigate, the potential for
recurrence, the ability to apply efforts and resources to manage recurrence, and the complex
assessment of competing motivations and changing circumstances. Successful coping is measured
in the efficiency of efforts in balance with the degree of threat and likelihood of future occurrence.
As one means of coping, avoidance encompass thoughts and efforts toward prevention of future
aversive experiences and events. Anxiety disorders exemplify an extreme bias toward avoidance.
A diathesis learning model focuses research efforts on individual vulnerabilities to acquire
and express avoidance, the neurobiology of avoidance learning and its attendant circuitry. A
fundamental understanding of avoidance through a diathesis learning model offers will facilitate
the development of effective treatment protocols in alleviating anxiety disorders.

Citation: Servatius, R. J., Pang, K. C. H., Quirk, G. J., Myers, C. E., eds. (2016). Avoidance: From
Basic Science to Psychopathology. Lausanne: Frontiers Media. doi: 10.3389/978-2-88919-828-3

Frontiers in Behavioral Neuroscience

2 May 2016 | Avoidance: From Basic Science to Psychopathology


http://journal.frontiersin.org/researchtopic/2448/avoidance-from-basic-science-to-psychopathology
http://journal.frontiersin.org/journal/behavioral-neuroscience

05

09

25

33

43

48

56

66

76

88

104

Table of Contents

Editorial: Avoidance: From Basic Science to Psychopathology

Richard J. Servatius

Avoidance learning: a review of theoretical models and recent developments
Angelos-Miltiadis Krypotos, Marieke Effting, Merel Kindt and Tom Beckers
Avoidance as expectancy in rats: sex and strain differences in acquisition
Pelin Avcu, Xilu Jiao, Catherine E. Myers, Kevin D. Beck, Kevin C. H. Pang

and Richard J. Servatius

Avoidance expression in rats as a function of signal-shock interval: strain and
sex differences

Richard J. Servatius, Pelin Avcu, Nora Ko, Xilu Jiao, Kevin D. Beck, Thomas R. Minor
and Kevin C. H. Pang

Contribution of emotional and motivational neurocircuitry to cue-signaled
active avoidance learning

Anton llango, Jason Shumake, Wolfram Wetzel and Frank W. Ohl

Persistent active avoidance correlates with activity in prelimbic cortex and
ventral striatum

Christian Bravo-Rivera, Ciorana Roman-Ortiz, Marlian Montesinos-Cartagena

and Gregory J. Quirk

Altered activity of the medial prefrontal cortex and amygdala during acquisition
and extinction of an active avoidance task

Xilu Jiao, Kevin D. Beck, Catherine E. Myers, Richard J. Servatius

and Kevin C. H. Pang

The role of the hippocampus in avoidance learning and anxiety vulnerability
Tara P. Cominski, Xilu Jiao, Jennifer E. Catuzzi, Amanda L. Stewart

and Kevin C. H. Pang

Effects of psychotropic agents on extinction of lever-press avoidance in a rat
model of anxiety vulnerability

Xilu Jiao, Kevin D. Beck, Amanda L. Stewart, lan M. Smith, Catherine E. Myers,
Richard J. Servatius and Kevin C. H. Pang

ITI-signals and prelimbic cortex facilitate avoidance acquisition and reduce
avoidance latencies, respectively, in male WKY rats

Kevin D. Beck, Xilu Jiao, lan M. Smith, Catherine E. Myers, Kevin C. H. Pang

and Richard J. Servatius

Absence of “warm-up” during active avoidance learning in a rat model of
anxiety vulnerability: insights from computational modeling

Catherine E. Myers, lan M. Smith, Richard J. Servatius and Kevin D. Beck

Frontiers in Behavioral Neuroscience

3 May 2016 | Avoidance: From Basic Science to Psychopathology


http://journal.frontiersin.org/researchtopic/2448/avoidance-from-basic-science-to-psychopathology
http://journal.frontiersin.org/journal/behavioral-neuroscience

119

133

142

157

168

183

197

208

221

Not so bad: avoidance and aversive discounting modulate threat appraisal in
anterior cingulate and medial prefrontal cortex

Michael W. Schlund, Adam T. Brewer, David M. Richman, Sandy K. Magee
and Simon Dymond

Avoidance prone individuals self reporting behavioral inhibition exhibit
facilitated acquisition and altered extinction of conditioned eyeblinks with
partial reinforcement schedules

Michael Todd Allen, Catherine E. Myers and Richard J. Servatius
Generalization of socially transmitted and instructed avoidance

Gemma Cameron, Michael W. Schlund and Simon Dymond

Acquisition and extinction of human avoidance behavior: attenuating effect of
safety signals and associations with anxiety vulnerabilities

Jony Sheynin, Kevin D. Beck, Richard J. Servatius and Catherine E. Myers

The influence of trial order on learning from reward vs. punishment in a
probabilistic categorization task: experimental and computational analyses
Ahmed A. Moustafa, Mark A. Gluck, Mohammad M. Herzallah

and Catherine E. Myers

Medial amygdala lesions selectively block aversive Pavlovian-instrumental
transfer in rats

Margaret G. McCue, Joseph E. LeDoux and Christopher K. Cain

Enhanced discriminative fear learning of phobia-irrelevant stimuli in spider-
fearful individuals

Carina Mosig, Christian J. Merz, Cornelia Mohr, Dirk Adolph, Oliver T. Wolf, Silvia
Schneider, Jirgen Margraf and Armin Zlomuzica

Neonatal handling decreases unconditioned anxiety, conditioned fear, and
improves two-way avoidance acquisition: a study with the inbred Roman high
(RHA-I)- and low-avoidance (RLA-I) rats of both sexes

Cristébal Rio-Alamos, Ignasi Oliveras, Toni Cafete, Gloria Blazquez,
Esther Martinez-Membrives, Adolf Tobena and Alberto Fernandez-Teruel

Pyrazine analogs are active components of wolf urine that induce avoidance
and fear-related behaviors in deer

Kazumi Osada, Sadaharu Miyazono and Makoto Kashiwayanagi

Frontiers in Behavioral Neuroscience

4 May 2016 | Avoidance: From Basic Science to Psychopathology


http://journal.frontiersin.org/researchtopic/2448/avoidance-from-basic-science-to-psychopathology
http://journal.frontiersin.org/journal/behavioral-neuroscience

'." frontiers

EDITORIAL
published: 12 February 2016

in Behavioral Neuroscience doi: 10.3389/fnbeh.2016.00015

OPEN ACCESS

Edited and reviewed by:
Nuno Sousa,
University of Minho, Portugal

*Correspondence:
Richard J. Servatius
richard.servatius@va.gov

Received: 08 January 2016
Accepted: 28 January 2016
Published: 12 February 2016

Citation:

Servatius RJ (2016) Edlitorial:
Avoidance: From Basic Science to
Psychopathology.

Front. Behav. Neurosci. 10:15.
doi: 10.3389/fnbeh.2016.00015

®

CrossMark

Editorial: Avoidance: From Basic
Science to Psychopathology

Richard J. Servatius *

Neuroscience, Syracuse DVA Medical Center, Stress and Motivated Behavior Institute, Rutgers Biomedical Health Sciences,
Newark, NJ, USA

Keywords: avoidance learning, anxiety disorders, depressive disorder, research domain criteria, expectancy,
animal models of mental disorders, association learning, escape

The Editorial on the Research Topic
Avoidance: From Basic Science to Psychopathology

As a means of coping, avoidance encompasses thoughts and efforts toward prevention of future
aversive experiences and events. Avoidance has been and remains controversial. Avoidance is
accepted as a construct in many areas of research, but is roundly disdained in others. Why is such
a critical feature of coping both acknowledged as such, but almost reluctantly studied?

For one, avoidance is often conflated with fear. Fear is an emotion. Threat conditions which
engender fear also engender a host of physiological and behavioral responses (Ledoux, 2013).
In animals, exposure to aversive stimuli or cues associated with aversive stimuli induce freezing,
fleeing, or aggressive displays depending on the context of exposure—all behavioral manifestations
of threat (Osada et al.). Responses to threat are relatively simple, engendered and refined through a
circumscribed neural circuitry (Ledoux and Muller, 1997; Delgado et al., 2008). Fear and defensive
responses to threat are readily and almost universally acquired. Those under threat (Shors and
Servatius, 1997), stress (Servatius and Shors, 1994), and fearful (Mosig et al.) have a generalized
facilitation of associative learning making threat and fear more pervasive. The engendering of
fear and its expression is a highly researched concept; advancements in fear and the neurobiology
subsuming fear is among the most notable and exhaustive neurobiological achievements in the past
half century.

By comparison, avoidance is a fairly sophisticated construct. Avoidance is the situational
evaluation of likelihoods, efficacy of responses, and costs. Avoidance is often weighed against
alternatives; alternatives with differing or competing motivations (Beck et al., 2011; Fernando et al.,
2014; Tlango et al.; Sheynin et al.). For many applications and circumstances fear and avoidance
seem to be inseparable, so the terms become conflated. In the vernacular, fear is an immediate
response to stressors and fear motivates avoidance. Therefore, in many circumstances those
avoiding are expected to be experiencing fear. However, the empirical literature provides ample
evidence that the processes are distinct (Bolles, 1968; Seligman and Johnston, 1973; Rio-Alamos
et al.) and while the neurocircuitry, such as the lateral habenula (Shumake et al., 2010; Ilango et al,,
2013) and cerebellum (Steinmetz et al., 1993) overlaps (Freeman et al., 1996, 1997; Bravo-Rivera
et al., 2014; Campese et al.; McCue et al; Jiao et al.), their influences on these processes potentially
do not. Further distinguishing fear and threat from avoidance, septal (Thomas and Van Atta, 1972;
Hedges et al., 1975) and hippocampal lesions (Cominski et al.) are known to facilitate avoidance
acquisition, whereas these brain regions are critically involved in fear conditioning when intact
(Kim et al., 1993; Desmedst et al., 1998; Knight et al., 2004).

As a research topic, avoidance all but disappeared through the 1990, a phenomenon that has
been noted in a number of recent reviews (Dymond and Roche, 2009; Krypotos et al.). Reduction
in the study of avoidance stemmed from theoretical and practical considerations. In humans, the
rise of institutional review boards and the reluctance of institutions and investigators to study
reactions to aversive, painful stimulation or uncomfortable situations stymied progress. Added to
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these concerns, there were growing controversies regarding the
role of awareness and instructional sets in human associative
learning. Explicit information stemming from the consent
form and instructions complicated experimental designs and
interpretations of acquisition. Now there are but a few
laboratories across the world with a vested interest in studying
avoidance acquisition and extinction in humans, the TOPIC
highlights several (Myers et al,, 2013; Schlund et al.,, 2013;
Sheynin et al.,, 2015; Cameron et al.; Moustafa et al.). Otherwise,
avoidance and coping are primarily studied through self-report
survey instruments which document coping strategies (Snell
etal, 2011; Ayers et al., 2014).

In animals, the meteoric rise of electrophysiological and
molecular techniques made reductionistic procedures ever more
popular. This was in the face of Bolles formulation of species
specific defense reactions (SSDRs) (Bolles, 1970). A reading
of Bolles strongly suggests that the most popular applications
of avoidance learning in animals were reducible to reflexes.
Avoidance that relied on SSDRs would be difficult to distinguish
from fear responses or their modification and would be better
studied in clearer procedures. Bolles did not negate avoidance
learning, but argued that avoidance was obscured by SSDRs and
arbitrary avoidances provided clear evidence of avoidance, which
would be slowly and incrementally acquired. The Bolles position
muddled already difficult discussions concerning reinforcement
in avoidance acquisition (Bersh, 2001; Dinsmoor, 2001; Hineline,
2001). The many criticisms of avoidance learning and its proper
interpretation became more and more inaccessible to the average
reader and more esoteric in argument. The zeitgeist is avoidance
responses either a SSDR or require the suppression of SSDRs.
SSDRs reflect fear and fear is more clearly examined in freezing
(Fanselow and Poulos, 2005) or by examining its exaggeration
of acoustic startle responses (Davis, 2006) under conditions in
which control procedures are established to reveal associativity.
Although arbitrary responses provide clear evidence of avoidance
(Avcu et al; Bravo-Rivera et al, 2014; Servatius et al.),
these procedures became more and more unpopular. An
increase in demand for throughput (self-contained, relatively
short, and easily scored procedures) is at odds with the
seemingly slow development of avoidance. In an unfortunate
happenchance, “passive avoidance” remains in the parlance of
behavioral neuroscience, but the high-throughput tasks and
protocols to study “passive avoidance” are essentially assessing
punishment.

Modern theorists of avoidance have moved away from
response dynamics to cognitive processes driving response
dynamics. Humans and mammals form expectancies. Avoidance
expression reflects propositional knowledge but also the context
in which knowledge is to be expressed (Seligman and Johnston,
1973; Lovibond et al., 2008, 2009; Dymond and Roche, 2009).
Knowledge is subject to error and error correction (Myers
et al; Sheynin et al.). The difficulties encountered in learning
arbitrary responses may not rest in how unnatural such responses
are to humans and animals (Dinsmoor, 2001), but in the
pressures of time/distance (Fanselow and Lester, 1988) and a
cost/benefit analysis. There is a need for conceptual bridges
between propositional knowledge central to expectancy models

of avoidance and animal research in which processes are
resolvable to response dynamics (response selectivity, strength of
responding, and probability of responding; Krypotos et al.).

Recently, the National Institute of Mental Health (NIMH)
in the United States embarked on research domain criteria
(RDoC) to facilitate integration across levels of analysis and
between diagnostic boundaries. The Negative Valence System
encompasses acute responses to threat (fear) and inferred
threat (anxiety), with escape/avoidance learning and expression
emerging with sustained threat. In the NIMH working group
discussion, ambivalence was expressed concerning whether
sustained threat is distinct from acute threat, except for the
time dimension. An undercurrent is that the sustained threat
dimension, and by implication avoidance and escape, is not
distinctive of acute conditions. The bounding conditions of
avoidance are not only the duration of threat (acute/sustained),
but the perceived intensity of threat, its perceived proximity,
and the utility of responses or efforts. For perceived proximity
of time, parametric manipulations of signal-shock intervals
illustrate this point. Shuttling as the requisite response (a
modified SSDR) is efficiently acquired with CS-US intervals of
10-20s (Black, 1963). In lever press (not an SSDR) avoidance,
escape behaviors predominate when signal-shock intervals are
less than 20-s (Berger and Brush, 1975), with very few avoidance
responses expressed after days of training (Servatius et al.).
However, knowledge about avoidance is acquired; avoidance
is not expressed (Servatius et al.). Using a crossover design
those trained with a 10-s warning signal and exhibiting nominal
avoidance rates displayed greater than 60% avoidance when
switched to 60-s warning signal—nearly asymptotic performance
of those trained initially with a 60-s warning signal. As to stressor
intensity, shuttle box avoidance is efficiently acquired with
foot shocks of moderately low intensity (0.2-0.5mA) (Levine,
1966) with decrements apparent with shock intensity greater
than 1.0mA (Moyer and Korn, 1964). In contrast, lever press
avoidance is efficiently acquired with shock intensities of 1.0-
2.0mA (Berger and Brush, 1975; Servatius et al., 2008; Avcu
et al.). These features illustrate that avoidance acquired with
arbitrary responses differ in a number of parameters from those
modifying reflexive responses or “natural” responses, which are
in turn distinct from fear responses. On the other hand, recent
work also shows fear is more nuanced as fear contributes to
sustained processes such as foraging (Kim et al., 2014).

In subsequent position papers concerning RDoCs, fear and
threat processes feature prominently, whereas avoidance and
coping do not (Cuthbert et al., 2003; Insel et al., 2010; Cuthbert,
2015). This is indeed unfortunate. An opportunity to intensify
efforts in avoidance research is being missed. The mental health
implications are extensive. Psychologically healthy coping strikes
a balance between avoidance (responding in anticipation of
aversive stimulation) and escape (responding in the presence
of the stimulation) and competing motivations of approach
(Ilango et al; Ilango et al.). Deviant forms of avoidance are
evident in autism (Richer, 1976), anxiety (Ly and Roelofs, 2009);
(Kashdan et al., 2014), phobias, posttraumatic stress disorder
(PTSD; North et al., 2004; Kashdan et al., 2009), major depression
(Ottenbreit et al, 2014) and suicide (Dixon et al., 1991).
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Over-expression of avoidance, as in anxiety disorders and
PTSD, insulates one from aversive thoughts or experiences at
the expense of self-limiting interpersonal and environmental
interactions. Under-expression of avoidance, as in depression
or suicidality, unduly exposes one to aversive thoughts and
experiences that would be otherwise controllable, severely
depleting resources and progressing down a demoralizing spiral.

Diathesis models of mental illness capture avoidance biases
as dynamic interactions of vulnerabilities (genes, epigenetics,
personality, and developmental phases) with risk factors
(psychological stressors, physical injuries) ultimately expressed
as psychopathology. For example, behaviorally inhibited
temperament, withdrawal in the face of social and nonsocial
challenges, is a vulnerability factor for anxiety disorders (Moffitt
et al., 2007). Humans expressing behavioral inhibition (BI)
display enhanced avoidance expression (Sheynin et al.), and
enhanced new motor learning (Caulfield et al.; Holloway et al.,
2014), especially under degraded contingencies (Holloway
et al,, 2014; Allen et al.). Facilitated avoidance acquisition (Avcu
et al; Beck et al; Jiao et al;; Servatius et al.) and new motor
learning (Ricart et al., 2011a,b) are also apparent in Wistar-Kyoto
rats, an animal model of BI temperament. Further, avoidance
extinction is typically more difficult to obtain than extinction
of fear. This is likely amplified by individual differences (Avcu
et al,; Cominski et al.). Uncovering of neurobiological processes
biasing avoidance expression and extinction has the promise of
providing targets for individualized therapeutics and treatments
for a number of psychopathological disorders.
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Avoidance is a key characteristic of adaptive and maladaptive fear. Here, we review past
and contemporary theories of avoidance learning. Based on the theories, experimental
findings and clinical observations reviewed, we distill key principles of how adaptive
and maladaptive avoidance behavior is acquired and maintained. We highlight clinical
implications of avoidance learning theories and describe intervention strategies that could
reduce maladaptive avoidance and prevent its return. We end with a brief overview of
recent developments and avenues for further research.

Keywords: avoidance, fear, anxiety, learning, neuroscience

Introduction

Avoidance of genuinely threatening stimuli or situations is a key characteristic of adaptive fear.
People will typically not enter a building after a major earthquake nor approach a stray lion. At the
same time, excessive avoidance in the absence of real threat can severely impair individuals’ quality
of life and may stop them from encountering anxiety-correcting information (Barlow, 2002). In
such cases, avoidance loses its adaptive value and may transform into a maladaptive response.
Maladaptive avoidance is in fact a central characteristic of a wide spectrum of mental disorders
(World Health Organization, 2004; American Psychiatric Association, 2013). Individuals with
Obsessive Compulsive Disorder (OCD), for instance, tend to avoid situations in which the potential
for contact with contaminants is high (Rachman, 2004), Post-Traumatic Stress Disorder (PTSD)
patients will try to avoid intrusive memories (Brewin and Holmes, 2003; Williams and Moulds,
2007), and social phobics will refuse to attend group gatherings (Bogels et al., 2010; Schneier et al.,
2011).

Given the key role of avoidance in normal and disordered psychological functioning, it is
critical to better understand the relevant conditions and psychological mechanisms responsible
for the learning of avoidant reactions. Alas, although avoidance learning was once a central topic
in basic psychological research, interest has waned since the 1970, leaving important questions
unanswered. Only recently has there been a resurgence of theoretical, experimental and clinical
interest in the study of avoidance (see Figure 1). In the last years, new psychological theories
of avoidance learning have been proposed (e.g., De Houwer et al., 2005; Lovibond, 2006) and
avoidance is quickly becoming a topic of prime empirical interest not only in experimental
psychology but also in clinical psychology and psychiatry as well as in behavioral neuroscience
(see the present special issue). The latest edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5; American Psychiatric Association, 2013) includes avoidance in
several diagnostic criteria that previously referred to fear only. In parallel, recent years have
brought rapid increases in our understanding of the brain processes involved in the learning
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(e.g., Delgado etal., 2009), expression (e.g., Cominski et al., 2014),
and reduction (e.g., McCue et al., 2014) of avoidance behavior.

In this paper we review the main historical and modern
theories of avoidance learning and present a set of principles of
avoidance learning that integrate those theoretical propositions
with the strongest experimental support. We also address the
clinical implications of those principles and relate them to
current and novel interventions for maladaptive avoidance such
as in anxiety disorders or PTSD. Lastly, we consider recent
findings from behavioral neuroscience.

The outline of the paper is as follows: We first describe
how avoidance learning is studied in laboratory settings and
how functionally similar behaviors can serve the avoidance
of or the escape from an aversive event. Next, we discuss
traditional theories of avoidance learning, including Mowrer’s
two-factor theory. In the third section we describe Bolles’ (1970,
1971) Species-Specific Defense Reactions (SSDR) theory. We
then review more recent theories of avoidance learning that
address informational factors (e.g., expectancies) in avoidance.
Next, we propose a set of principles for avoidance learning
that incorporates the most well-validated propositions of the
aforementioned theories. We end our review with suggestions
for closer alignment between basic and clinical science and a few
avenues for future research.

Laboratory Procedures for Studying
Avoidance Learning

Avoidance learning procedures typically entail the cancelation of
an impending aversive event by either the emission or inhibition

of an experimenter-designated response. In active avoidance
procedures, for example, an antecedent stimulus is followed by
an aversive event unless an experimenter-designated response is
executed, a response that typically also terminates the antecedent
stimulus. For example, dogs will learn to jump a barrier following
the presentation of a light, previously associated with shock
administration (Solomon and Wynne, 1953).

By contrast, in passive avoidance procedures, the aversive event
occurs only if an experimenter-designated response is executed
during the antecedent stimulus presentation. For example, in a
standard passive avoidance procedure for rats, a rat is placed
in a brightly lit compartment of a two-compartment box, with
the second compartment being dark and the two compartments
separated by a closed door (Venable and Kelly, 1990; Kaminsky
et al., 2001). Given that rats have a preference for dark compared
to lit environments (see Costall et al., 1989; Bourin and Hascoét,
2003), they will move to the dark compartment once the door is
opened, an action that will be followed by shock administration.
This procedure often results in the rats passively avoiding
the shock by remaining in the light compartment on future
occasions.

In avoidance procedures, the experimenter-designated
response is not necessarily performed prior to the aversive
outcome, but can also be performed in presence of it. In such
cases, it would be more accurate to categorize the performed
response as escape rather than avoidance. Escape responses
involve distancing oneself from an ongoing aversive event
while avoidance refers to behavior that causes the omission of
a forthcoming noxious outcome, predicted by an antecedent
stimulus (Bowrer and Hilgard, 1981; see also the distinction
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between antecedent events and aversive outcomes in Lovibond
and Rapee, 1993). Thus, what differentiates avoidance from
escape is the proximity of threat (imminent vs. ongoing).

An elegant animal laboratory procedure to differentiate
between avoidance and escape responses, especially relevant
to behavioral neuroscience, is the elevated T-maze task (ETM;
Pellow et al., 1985). The ETM has been primarily designed for
testing rats’ defensive reactions in innately fearful environments
(i.e., open spaces and heights; Montgomery, 1955). It typically
consists of three elevated arms with one arm surrounded by a
wall (enclosed arm) and the other two being open (open arms).
Initially, the rat is placed in the enclosed arm. While exploring the
rat will eventually end up in the open arms. Following repeated
trials, the rat will tend to remain longer in the enclosed arms
after being placed there (i.e., passive avoidance) or run toward
the enclosed arm after being placed in one of the open arms (i.e.,
escape).

By using this procedure, research has illuminated the
differences in the neurobiology of avoidance and escape.
Specifically, serotonin, an anxiogenic neurotransmitter relevant
for defensive responses (Graeft, 2002), seems to play a different
role in the two types of behaviors (Zangrossi et al., 2001), with
serotonin administration enhancing avoidance and inhibiting
escape (Graeff, 1991). That observation supports the argument
that avoidance and escape may constitute diverse types of
defensive behaviors, differently elicited as a function of the
proximity of threat (imminent or ongoing), a hypothesis also
in line with models associating defensive response selection to
predatory imminence (Fanselow, 1994). Of note, the difference
between escape and avoidance is also relevant for clinical
practice. Specifically, Deakin and Graeff (1991) suggested
that (passive) avoidance is mainly related to generalized
anxiety disorder (GAD), where a threatening event is typically
anticipated, and escape to panic disorder, where panic reactions
could be considered as responses to an ongoing perceived danger
(Shuhama et al, 2007). This suggestion has gathered partial
support from pharmacological studies. It has been demonstrated
that commonly prescribed anxiolytic drugs (e.g., diazepam)
result in passive avoidance deficiencies while leaving escape
behavior intact. On the contrary, cholecystokinin agonists,
which typically invoke panic attacks, facilitate escape behaviors
(Pinheiro et al, 2007; Graeff and Zangrossi, 2010). Taken
together, avoidance and escape seem to be distinct subtypes of
defensive behaviors, and that they might play a different role in
mental disorders.

Active and passive avoidance and escape procedures have
proved valuable for testing avoidance and/or escape learning
in laboratory settings. Based on findings obtained with those
procedures, theories have emerged that address the underlying
psychological mechanisms. We now turn to a discussion of early
theories of avoidance/escape learning in psychology.

Early Theories of Avoidance/Escape
Learning and the Two-factor Theory

In the early days of psychology, learned avoidance was considered
an example of a Pavlovian conditioned reflex (Bekhterev,

1907, 1913; Watson, 1916). Just like Pavlovs dogs would
salivate upon the sound of a metronome previously associated
with food administration (Pavlov, 1927), in the studies of
Bekhterev (1913), a dog would flex its leg after the presentation
of an antecedent stimulus, previously associated with shock
administration (Herrnstein, 1969; Bolles, 1972). Since leg flexion
would occur in the presence of the antecedent stimulus and prior
to shock delivery, the acquired response was considered to reflect
Pavlovian learning.

Nonetheless, two procedural characteristics differentiated
the acquired responses from learned Pavlovian reflexes. First,
what constituted the avoidance response (e.g., leg flexion) was
usually an experimenter-defined voluntary response, whereas
in Pavlov’s experiment the learned response toward an initially
neutral stimulus (i.e., salivation upon sound of the metronome)
would typically consist of the automatic response toward an
evolutionary relevant stimulus (i.e., salivation during food
presentation; Unconditioned Stimulus or US). Second, the
emitted response would lead to the cancelation of the impending
event, making the (non-)presentation of the aversive stimulus
dependent on the organism’s response (Herrnstein, 1969). This
procedural aspect is at odds with the standard Pavlovian
procedure in which the presentation of food, or of any other
US, would not depend on the animal’s response (i.e., food would
be presented independently of whether dogs salivated or not).
Those procedural differences pointed to the potential operation
of instrumental processes during avoidance learning, since
in instrumental learning procedures an experimenter-defined
action of the organism is necessary for outcome presentation
or omission (Rescorla and Solomon, 1967). The potential
involvement of instrumental processes, however, raised the
question as to how avoidance responses are reinforced. Although
one might intuitively argue that the source of reinforcement is
the omission of the impending aversive event (i.e., the dogs flex
their legs because this cancels the shock), assigning the cause
of behavior to an event that has not yet occurred (i.e., shock
administration) violated the dominant scientific principles of
psychology at the time (i.e., the behaviorist paradigm; Watson,
1913).

A solution to that conundrum was offered in the two-factor
theory formulated by Orval (Mowrer, 1951), who proposed that
the performed response was reinforced by fear reduction (Hull,
1943). Specifically, Mowrer argued that as a result of Pavlovian
fear conditioning (first factor), i.e., an antecedent stimulus (e.g.,
a tone) being associated with the administration of an aversive
event (e.g., a shock), presentation of the antecedent stimulus
will come to evoke fear. Subsequently, during the instrumental
phase (second factor), escape responses that are emitted in the
presence of the antecedent stimulus will be negatively reinforced
by fear reduction, due to increased distance to or cessation of
the antecedent stimulus. This idea was heavily inspired by the
avoidance learning procedures used at the time, where avoidance
responses led to the termination of the antecedent stimulus by
locomotion (e.g., moving away from a shock area of a box) or
by the antecedent stimulus being turned off. Of note, according
to Mowrer, the omission of the aversive outcome event was to
be regarded as a mere by-product of the performed CS escape
behavior (Schoenfeld, 1950; Mowrer, 1960).
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Two-factor theory quickly gained popularity in experimental
psychology. By resorting to the concept of fear reduction during
the instrumental phase, Mowrer’s proposition was in line with
the dominant drive reduction theories of the time (e.g., the drive
reduction theory of Hull, 1943). Concurrently, by suggesting
that the initial fear learning was based on Pavlovian processes,
rather than drive reduction, the theory was better applicable
to experimental data than the competing theory of Neal Miller
(Miller, 1948), according to which all reinforcement during
escape/avoidance learning originated from fear reduction.

Mowrer’s theory has been used not only for explaining how
maladaptive avoidance is acquired (Levis, 1981), but also as a
basis for clinical interventions (Eysenck and Rachman, 1965). For
example, in exposure therapy a patient is repeatedly confronted
with a fearful situation or stimulus, in order to reduce that fear.
It is commonly suggested that patients should be kept in the
exposure situation until fear or anxiety levels have declined. This
suggestion is rooted in two-factor theory and the notion that if
the exposure session is terminated while fear levels remain high,
the fear reduction caused by the termination of the session could
promote escape or avoidance of similar situations in the future
(Mathews et al., 1981; Emmelkamp, 1982; see next section for
arguments against this notion).

Despite its wide influence on basic research and clinical
science, two-factor theory had trouble explaining later data (see
Rescorla and Solomon, 1967; Herrnstein, 1969; McAllister and
McAllister, 1991, for extended discussions of two-factor theory).
We now turn to some of the key criticisms against the two-factor
theory.

Criticisms Against the Two-factor Theory

One of the strongest criticisms against the two-factor theory
concerned the purported role of fear in motivating the emission
of a learned escape/avoidance response. According to Mowrer’s
proposition, escape/avoidance is motivated by high fear levels.
This notion implies that no such actions should be performed
in the absence of fear. One of the first experiments to show
that this may not be true was done by Solomon et al. (1953).
In their experiment, dogs were first trained to jump across a
barrier in response to the sounding of a buzzer previously paired
with shock. The dogs then received a fear extinction treatment in
which the buzzer was repeatedly presented without shock. Such
extinction procedure typically leads to the reduction of fear levels
(Hermans et al., 2006). If, as assumed by Mowrer, it is fear that
motivates escape/avoidance, it would be expected that following
Pavlovian fear extinction, dogs would also stop performing the
avoidance response. The results contradicted this hypothesis:
Dogs continued to jump upon sounding of the buzzer, even when
the shock device had long been turned off permanently.

The observation that fear may not be necessary for avoidance
has clear clinical implications. As mentioned earlier, patients are
typically prevented from prematurely terminating exposure out
of concern that the fear reduction resulting from termination
of the session could otherwise serve as negative reinforcement
for escape (Eysenck and Rachman, 1965). Experimental data,
however, indicate that patients undergoing exposure therapy
show similar clinical improvement regardless of whether they

ended exposure while fear levels were high or low (De Silva
and Rachman, 1984; Rachman et al., 1986). Taken together, both
experimental data and clinical findings suggest that fear may
sometimes, but not always, be involved in the maintenance of
avoidance, and as such, fear and avoidance may not always
“synchronize” with each other (Rachman and Hodgson, 1974).

Two-factor theory also had trouble explaining how avoidance
can be acquired in the absence of an explicit antecedent stimulus.
Specifically, in unsignaled avoidance procedures (Sidman, 1953a,
1962; see Lazaro-Munoz et al., 2010; McCue et al., 2014 for more
recent examples), rats learn to avoid shocks presented at fixed
time intervals, in the absence of a discrete antecedent stimulus
(Sidman, 1953a,b; see Hassoulas et al., 2013, for examples in
humans). In its initial form, two-factor theory assumed the
operation of explicit antecedent stimuli during the Pavlovian
and the instrumental phases, stimuli that during unsignaled
procedures appear to be absent.

A potential explanation for the observation of unsignaled
avoidance procedures is that although not explicit, warning
stimuli may still be present in a “silent” form. Temporal and
proprioceptive stimuli (e.g., the passage of time), for example,
could be associated with the aversive outcome (Schoenfeld, 1950;
Dinsmoor, 1977). Subsequently, those stimuli could signal the
presentation of an aversive event (for an alternative account
centering on the role of US omission during avoidance learning
see Herrnstein, 1969).

By assuming that avoidance is based on reinforcement
learning, the two-factor theory also failed to explain how
avoidance is acquired in naturalistic settings, where the first
encounter of an organism with danger could prove fatal (Bolles,
1970; Osada et al., 2014). Similarly, when it comes to maladaptive
avoidance, patients do not always report a direct traumatic event
as the source of their symptomatology (Rachman, 1990). An
explanation for those observations is that avoidance need not
always be acquired through direct experience but can be acquired
via other pathways as well (Rachman, 1991, 1977; Olsson and
Phelps, 2004, 2007). Those pathways include vicarious learning
(e.g., learning to be afraid of dogs after observing someone being
afraid of a dog) and instructional learning (e.g., learning to be
afraid of a dog after someone suggesting that dogs often attack
people; Bandura and Rosenthal, 1966; Rachman, 1977). Recent
evidence shows that avoidance learning can be achieved even
mo