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A B S T R A C T

Excessive avoidance towards innocuous cues is a central diagnostic criterion across anxiety-related disorders.
Relevant laboratory paradigms typically include instrumental learning procedures, where the presentation of an
aversive cue (e.g., a shock) can be prevented by executing an experimenter-defined response (e.g., a button
press) during the presentation of a warning cue (e.g., a square). Despite the popularity of these paradigms, there
is no evaluation of how well the experimental findings of conditioned avoidance extend to maladaptive
avoidance, or whether findings from animal studies could be informative for human studies. Here, we present a
validation of the conditioned avoidance paradigm. We show that although this procedure meets the majority of
the tested validity criteria (i.e. face, construct, predictive, and diagnostic validity), it also faces a number of
challenges, including the non-consideration of individual differences in learning or the use of procedures that
cannot be easily translated to clinical settings. For meeting these challenges, we suggest extensions of the
paradigm including the test of individual differences by using ambiguous stimuli as well as the use of virtual
reality procedures. Our main conclusion is that despite the significant knowledge provided in conditioned
avoidance paradigms, their expansion will allow reaching more theoretical and clinical insights.

Although in case of impending threat avoidance is useful for the
organism's survival, excessive avoidance of relative safe cues (e.g.,
house spiders) or situations (e.g., group gatherings or exercising) can
have a severe impact on individuals' everyday functioning. Indeed, such
avoidance behavior is recognized as a fundamental symptom across
many mental disorders, such as anxiety disorders and post-traumatic
stress disorder (American Psychiatric Association, 2013). Despite its
key role in adaptive and maladaptive functioning, most of the experi-
mental and clinical insights of how avoidance is acquired and main-
tained are based on studies that were published until the decade of
1970s. To date, there is a surge of interest in the acquisition and re-
duction of avoidance (Hofmann & Hay, 2018; LeDoux, Moscarello,
Sears, & Campese, 2017; Pittig & Scherbaum, 2018; see also special
issues in Behavior Research and Therapy edited by; Beckers & Craske,
2017, and Frontiers in Behavioral Neuroscience edited by; Servatius,
2016). This resurgence of interest provides hope that some key ques-
tions about avoidance learning may eventually be answered, such as
why some individuals express maladaptive avoidance after a traumatic
event whereas some others do not.

Behavioral avoidance1 has traditionally been tested by using con-
ditioned avoidance tasks (AvT). When applied in humans, this paradigm

usually entails two phases: a Pavlovian and an Instrumental phase (see
Fig. 1) (e.g., Lovibond, Mitchell, Minard, Brady, & Menzies, 2009). In
the Pavlovian phase, an inherently neutral stimulus (e.g., a picture of a
square or a sound; Conditional Stimulus or CS) is paired with an
aversive stimulus (e.g., electric stimulation; Unconditional Stimulus or
US). This procedure typically results in the CS eliciting fear responses
and threat expression (e.g., higher skin conductance responses) in an-
ticipation of the US. In the Instrumental phase, the US may be canceled
by the performance (active avoidance) or inhibition (passive avoidance),
of an experimenter-defined response (e.g., a button press) during the CS
presentation. Usually, participants perform the experimenter-defined
response upon the CS presentation. Although AvT had been tradition-
ally used in rodents, dogs, or pig studies (e.g., Mowrer & Lamoreaux,
1942; Solomon & Wynne, 1953), to date, more and more studies use
human participants (see Fig. 2).

By using AvTs, knowledge of the basic cognitive processes of
adaptive avoidance has been achieved. To illustrate, Lovibond,
Saunders, Weidemann, and Mitchell (2008) have provided evidence
that US-avoidance during CS presentation is mediated by the ex-
pectancy of a US occurring. This finding challenged influential models
of avoidance acquisition according to which avoidance is mediated by
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fear reduction (e.g., two-factor theory; Mowrer, 1956). Also, Dymond,
Roche, Forsyth, Whelan, and Rhoden (2007, 2008) have elegantly
shown that participants exhibit avoidance not only to the CSs that were
used in avoidance training, but also to other stimuli that had previously
been associated with the CS and not directly with avoidance responses.
We have also provided evidence that avoidance, reflex-like, tendencies
towards a CS can be expressed after Pavlovian conditioning, without
influence of an instrumental procedure (Krypotos, Arnaudova, Effting,
Kindt, & Beckers, 2015; Krypotos, Effting, Arnaudova, Kindt, & Beckers,
2014).

Lastly, the relevant neuro-correlates of avoidance learning have
been primarily tested in rodent studies. These studies have underlined
the central role of amygdala (which is argued to hold the CS informa-
tion), infralimbic prefrontal cortex (which suppresses freezing to the
CS), and the nucleus accumbens (which supports CS-related actions;
e.g., avoidance) (see LeDoux et al., 2017, for a review).

Apart from elucidating the relevant cognitive and neurological
mechanisms, AvTs are nowadays also used as experimental parallels of
how maladaptive avoidance is acquired in clinical populations (Bouton,
2000; Mineka & Zinbarg, 2006). Specifically, and by following the re-
ductionism logic of the paradigms used in the experimental psycho-
pathology, it can be argued that similarly to how participants will learn

to press a computer key after seeing a CS, individual with anxiety
symptomatology may start avoiding phobic-related situations (e.g.,
going to the gym in case of panic patients). AvT are currently also used
to test novel interventions for reducing avoidance (see below). Finding
a way to reduce the rate of avoidance during the CS presentation could
be a building block for subsequent translational studies that could de-
velop a therapeutic protocol based on the experimental procedure (e.g.,
Treanor & Barry, 2017; van Uijen, Leer, & Engelhard, 2018; Vervliet &
Indekeu, 2015; Vervliet, Lange, & Milad, 2017). This last line of re-
search is particularly important clinically. As maladaptive avoidance is
a cardinal characteristic across anxiety and stress-related disorders
(American Psychiatric Association, 2013), elucidating the working
mechanisms of such avoidance could prove invaluable in battling these
disorders.

Despite their importance in the current experimental and clinical
research, a formal validation of AvTs is not yet available. Specifically,
although AvTs are routinely used for measuring conditioned avoidance,
it has not been addressed whether the relevant findings could be gen-
eralized to maladaptive avoidance. In case AvT addresses merely
adaptive, rather than maladaptive, responding towards predictors (the
CS) of aversive events (the US), then they could be better used to test
the (neuro)cognitive mechanisms and neural underpinnings of adaptive
avoidance only. It is also unclear how close the human learning version
of the AvT is to the animal version and as such how readily findings can
be translated between the different species. Please note that the above
considerations apply also to other paradigms used in the field of ex-
perimental psychopathology as even in well-established experimental
paradigms (e.g., see Scheveneels, Boddez, Vervliet, & Hermans, 2016),
there is always a translational gap between laboratory models and the
disorder of interest (Luyten, Vansteenwegen, van Kuyck, Gabriëls, &
Nuttin, 2011; Vervliet & Raes, 2013); this calls for a formal validation of
any model used in psychopathology research.

Given the renewed interest in the study of avoidance and its prin-
cipal relevance for clinical practice and intervention development, it is
time to critically validate the AvT. Here we provide such a formal
evaluation against the key criteria proposed for experimental psycho-
pathology (Vervliet & Raes, 2013). Specifically, and in line with recent
articles about the validity of US-expectancies (Boddez et al., 2012),
exposure procedures (Scheveneels et al., 2016), as well as the arbitrarily
applicable relational responding on fear and avoidance (Dymond,
Bennett, Boyle, Roche, & Schlund, 2017), we assess the face, construct,
diagnostic, and predictive validity of AvTs. We do that by referring to
both human and non-human animal studies. The main message of our
article is that although AvTs are extremely useful in providing im-
portant theoretical and clinical knowledge about avoidance, further
improvement of AvT would strengthen the applicability of the relevant
findings to both normal and clinical populations.

1. Comparison of AvTs to validity criteria

1.1. Face validity

Face validity is generally regarded as the weakest criterion but is
commonly the starting point for the development of an experimental
model. This criterion refers to how phenomenologically similar is the
behavior tested in the used model with the symptoms of the disorder.
As we show below, there are at least two reasons AvTs may not meet the
criterion of face validity. The first relates to the operationalization of
avoidance in humans AvT as simple button presses. The second relates
to the nature of the CS; although typically exteroceptive stimuli are
used (e.g., pictures, sounds), such stimuli do not apply to disorders in
which interoceptive stimuli are avoided (e.g., increased heart rate in
panic disorder).

1.1.1. AvTs often operationalize avoidance as simple button presses
In animal AvT studies, avoidance is usually operationalized as

Fig. 1. Graphical depiction of the AvT procedure. Left panel: Pavlovian phase.
During this phase participants learn to associate a CS, here a square, with the
presentation of an aversive US, here a shock. Right panel: Instrumental phase.
During this phase the CS is followed by a US unless a participant evokes an
experimenter-defined response, here a button press, which cancels the US.

Fig. 2. Number of publications indexed in Thomson Reuters' Web of Science for
the research areas of psychology, psychiatry, and neuroscience in which
"avoidance" and "animal" or "humans" was included in their title, by year
1990–2016 (as of May 02, 2017).
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moving away from a dangerous place (e.g., a chamber in which the
floor is electrocuted after the presentation of a sound CS) to a safe place
(e.g., a chamber where the US is not administrated; Solomon & Wynne,
1953). This type of experimenter-defined response (i.e. overt move-
ments) is phenomenologically similar to also avoidance reactions seen
in anxiety disorders (e.g., when a socially anxious person will leave a
room that gets crowed). In human studies, however, avoidance is op-
erationalized typically as simple computer button presses (see above).
Arguably a computer button press is not phenomenologically similar to,
for example, the avoidance of physical activities commonly found in
panic disorder, or shuttling, as seen in animal AvTs.

An additional problem with defining avoidance as plain button
presses is that the responses are essentially dichotomous (avoid or not
avoid). However, avoidance exists in grades from subtle to excessive
avoidance. A way to better account for this gradient of responses would
be by using continuous, rather than dichotomous, responses. For ex-
ample, avoidance could be measured as movements of a computer
mouse, which allows the continuous registration of the mouse co-
ordinates (e.g., Pittig & Scherbaum, 2018), or via the performance of
multiple key presses during the CS presentation (Flores, López, Vervliet,
& Cobos, 2018). Alternatively, reaction time tasks could be used (e.g.,
approach-avoidance tasks; Krypotos et al., 2014; Krypotos, Arnaudova,
et al., 2015).

An experimental paradigm that better maps realistic avoidance was
used by Glotzbach, Ewald, Andreatta, Pauli, and Mühlberger (2012)
(see Grillon, Baas, Cornwell, & Johnson, 2006, for a similar study).
Individuals navigated through different virtual contexts using a joy-
stick, with one of the contexts being associated with the presence of an
electric stimulus. Then, during a test phase, participants were allowed
to choose which environment they could enter. By not entering the fear
context, passive avoidance was modeled, at least as a predictor of a
contextual CS. Similar procedures could be used also for modeling ac-
tive avoidance. To illustrate, an individual could be asked to move into
a room and then a visual stimulus could be presented (e.g., a different
colored light turns on). Some of these stimuli (e.g., a purple light) could
operate as predictors of a shock, and as such individuals should exit the
room in order to avoid the shock, whereas others (e.g., a blue light)
could predict shock absence, meaning that the individual could remain
in the room.

1.1.2. The inclusion of costs in AvTs
As explained above, in AvTs the avoidance response is associated

with US absence. It could be argued that participants do not have
anything to lose by emitting the experimenter-defined action as this
action is largely effortless and will lead to the US omission, if a US is
scheduled to appear. Yet, in pathological situations, avoidance often
relates to the loss of rewarding stimuli (e.g., socializing). A phenom-
enological valid version of AvTs would include such costs in the stan-
dard procedure.

Pointers towards this direction could be given by approach-avoid-
ance conflict tasks (Kirlic, Young, & Aupperle, 2017). To illustrate,
Pittig, Brand, Pawlikowski, and Alpers (2014) and Pittig, Schulz,
Craske, and Alpers (2014) adapted the Iowa gambling tasks, in which
participants chose cards from different decks that include conditional
stimuli. Of importance, by not choosing a deck that has higher chances
of including CS cards participants lose points, and as such the avoidance
response is paired with costs. The role of costs has also been addressed
in the conditioning pain literature (e.g., Claes, Karos, Meulders,
Crombez, & Vlaeyen, 2014). A recent example is the study by Meulders,
Franssen, Fonteyne, and Vlaeyen (2016). It included costs in the
avoidance task in terms of how much effort participants should place
for moving a robotic arm, with more effort being linked to lower
chances of receiving a US. Only a few studies so far have included costs
in avoidance learning tasks and they seem to provide, at least in face
value, a better model of real-life maladaptive avoidance.

In such experiments, including the same costs across individuals

may not be enough. To illustrate, for some participants ‘points in a card
game’ may be important and create a true goal-conflict (approach
points vs. avoid shock), but for others this manipulation may not re-
present a ‘true cost’. In parallel, a person with flight phobia may ex-
perience costs from not flying only if she enjoys traveling in the first
place. In this line, experiments that employ costs could best set in-
dividually the costs of the avoidance response.

1.1.3. AvTs include CSs and USs that are fundamentally different from
stimuli in real situations

Another challenge related to the avoided stimulus is that studies
typically use only exteroceptive stimuli (e.g., pictures, sounds) as CSs.
However, individuals often tend to avoid interoceptive stimuli as well.
Returning to the social anxiety example, embarrassment can be evoked
by the social situation (e.g., negative or neutral attention from others;
Colonnesi, Engelhard, & Bögels, 2010), which constitutes an ex-
teroceptive stimulus, or by interoceptive stimuli, such as blushing
(Bögels et al., 2010). Recent experiments have introduced new con-
ditioning tasks for testing interoceptive conditioning in humans
(Pappens et al., 2013; Zaman et al., 2015), a line of research that is also
relevant for pain disorders (Meulders et al., 2016; Meulders,
Vansteenwegen, & Vlaeyen, 2011), and suggest that there are differ-
ences in conditioning when an interoceptive or exteroceptive stimulus
is used as the CS (Peuter, Diest, Vansteenwegen, Bergh, & Vlaeyen,
2011). Similar to the use of interoceptive CSs, interoceptive USs could
be used (e.g., CO2 inhalation to induce hyperventilation and panic at-
tack symptoms; Poma et al., 2005). Although the theoretical differences
between exteroceptive and interoceptive conditioning has long been
debated (Bouton, Mineka, & Barlow, 2001; Razran, 1961), using in-
teroceptive stimuli when studying the acquisition of avoidance of dis-
orders such as panic disorder will improve AvTs in terms of face va-
lidity.

In avoidance learning experiments, a shock US is typically used that
is adjusted to a level that is definitively unpleasant, but not painful.
Although such a stimulus is in line with the guidelines of many ethic
committees, such a brief stimulus, that often habituates quickly, is
largely different from real-life threat. Although imagery procedures
could be used in this regard, where the individual imagines an un-
pleasant event or personal experience, still the functional similarity
between the type of stimuli used in the lab and realistic situations differ
fundamentally.

All in all, AvT could be more phenomenologically similar to how
avoidance is acquired in real life settings if the task included virtual
environments, costs were incorporated, and interoceptive, and not only
exteroceptive, CSs were used. Even with these extensions though, fit-
ting the face validity criterion would not ensure that the AvT outcomes
could be generalizable outside the lab. For that, we continue by ac-
cessing the construct validity of the AvT.

1.2. Construct validity

Construct validity refers to how well the experimental paradigm
taps into the underlying theory (Nestler & Hyman, 2010; Vervliet &
Raes, 2013). Multiple theoretical accounts have been proposed re-
garding avoidance acquisition (see Krypotos, Effting, Kindt, & Beckers,
2015 for a review). Despite their differences, most theories agree that
avoidance is acquired in a two-step procedure, where the individual
first acquires fear towards a CS via Pavlovian learning and then learns
to avoid the US via instrumental learning (see above). Nonetheless,
there has been a long debate as to whether the performed response
(shuttling, button-press) denotes avoidance per se, or the closely re-
lated, and often phenomenologically similar, escape behavior (Sege,
Bradley, & Lang, 2018).

Specifically, according to the dual-factor theory (Mowrer, 1951;
Mowrer & Lamoreaux, 1942), when a dog shuttles after hearing a tone
CS, the dog is escaping the CS, with the US-avoidance being just a by-
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effect of the performed response. Such an explanation followed drive-
reduction theories at the time, which rejected that a cause of a behavior
is a future event (in this case the US presentation). This theory was
challenged by findings that show that even when the CS continues after
the performance of the avoidance response, which is typical in human
AvTs, then avoidance can still be acquired as long as no US is presented
(Bolles, Stokes, & Younger, 1966). Mowrer (1960) explained this
finding by arguing that even though the avoidance response may not be
directly followed by the immediate termination of the CS, gratification
from the CS termination will still occur once the CS presentation ends.
Still, the current consensus is that it is the US omission that reinforces
the avoidance response (Lovibond, 2006).

The difference between avoidance and escape is also relevant in
clinical settings. Let us consider, for example, the case of someone who
is afraid that flying will lead to a panic attack. The person could avoid
both the CS and the (predicted) US by choosing not to board any plane
ever again. Alternatively, this person may choose to encounter the CS,
by boarding the plane, but performing safety behaviors that will prevent
the US from occurring, such as taking anxiolytics. In this case, there is
no CS-escape or CS-avoidance but only US-avoidance (see Table 1 for the
relevant definitions). These examples show that due to phenomen-
ological similarities, it is often hard to distinguish between CS escape
and US avoidance behavior.

There are different ways to modify AvTs to disentangle escape from
avoidance responding. To illustrate, CS escape can be disengaged from
CS avoidance by intermixing CS-escape trials, in which the operant
response during the CS presentation will terminate the CS and prevent
the anticipated US, with CS-avoidance trials, in which participants have
to respond to a stimulus predicting the CS (e.g., in sequential proce-
dures where a first CS1 predicts a secondly CS2 which subsequently
predicts a US; Levis, 1981) so as to prevent the US presentation. Si-
milarly, US-avoidance can be achieved by the cancellation of the US if
the operant response is performed during the CS, and US-escape with
the termination of the US if the operant response is performed during
the US presentation. Note that for the latter to happen, US duration
should be long enough to allow the performance of the experimenter-
defined response. This is typically not the case: many avoidance-
learning procedures use only short USs (e.g., 50msec shocks).

Another way to test the construct validity of the AvT is to blend
trials in which avoidance results to the CS termination, with trials in
which avoidance does not terminate the CS. If the former type of trials
would result in avoidance's acquisition, this would suggest that the CS
termination could operate as avoidance's reinforcement. If the latter
type of trials would also lead to the acquisition of avoidance, this would
indicate it is the US cancellation that reinforces avoidance and not CS
termination. The above two types of trials could be easily incorporated
in a virtual reality experiment where participants would choose be-
tween a context in which avoidance would terminate the CS, an another
context where avoidance does not result in CS termination.

To recapitulate, the AvT can meet the construct validity criterion if
a better distinction is made between the measurements of avoidance
and escape behavior.

1.3. Predictive validity

Predictive validity refers to the ability of the experimental model to

predict performance in disorder-relevant situations. Similar to
Scheveneels et al. (2016), we will access this criterion based on two
issues: whether AvTs can be used to distinguish individual differences
in avoidance acquisition at realistic settings, and whether well-known
manipulations (e.g., extinction and response prevention) in the lab that
modify avoidance result in behavioral changes when similar procedures
(e.g., exposure with response prevention; Abramowitz, 1996; Whittal,
Thordarson, & McLean, 2005) are used in the clinic.

1.3.1. AvTs do not account sufficiently for individual fluctuations
Following a traumatic event, not all individuals will develop an

anxiety or trauma-related disorder (e.g., PTSD; Engelhard et al., 2007).
Likewise, conditioning procedures do not result in similar fear re-
sponses and threat expression across all participants (Duits et al., in
preparation; Galatzer-Levy, Bonanno, Bush, & LeDoux, 2013; Galatzer-
Levy et al., 2014). If AvT serves as a valid laboratory model for the
acquisition and maintenance of maladaptive avoidance, it should be
sensitive to measure the divergence in the acquisition of maladaptive
avoidance. However, most study results rely on group patterns where
individual fluctuations are regarded as statistical noise (Lonsdorf &
Merz, 2017), an approach that leaves little room for the investigation of
individual differences.

To amend the non-consideration of individual differences, different
CS types could be used. It has been argued that individual differences in
conditioning that are relevant for anxiety-related disorders tend to
emerge in case of weak instead of strong situations (Beckers, Krypotos,
Boddez, Effting, & Kindt, 2013; Boddez, Baeyens, Hermans, & Beckers,
2014; Lissek, Pine, & Grillon, 2006). A strong situation would include a
warning stimulus that is reliably associated with a specific (threat)
outcome, whereas in a weak situation the association between the sti-
mulus and the corresponding outcome is ambiguous (Xia, Dymond,
Lloyd, & Vervliet, 2017).

An ambiguous stimulus that gives room for testing individual dif-
ferences in avoidance conditioning is a generalization stimulus
(Dymond, Dunsmoor, Vervliet, Roche, & Hermans, 2015). In general-
ization paradigms, participants learn to associate the extremes of a
continuum (e.g., a small or a big circle) with the presence or the ab-
sence of a shock. Fear responses are then tested across the continuum.
Participants typically show a generalization gradient, in which they
exhibit elevated responses towards the stimuli closer to the CS that has
been previously paired with the US, even though those stimuli were
never presented before. Lommen, Engelhard, and van den Hout (2010)
used a similar method for testing whether the generalization effect
would also lead to differences in avoidance responses. Importantly, they
found stronger avoidance in individuals with higher, compared to
lower, neuroticism scores (see Arnaudova, Krypotos, Effting, Kindt, &
Beckers, 2016 for a partial replication). In similar lines, Hunt, Cooper,
Hartnell, and Lissek (2017) and van Meurs, Wiggert, Wicker, and Lissek
(2014) showed that individual differences in distress endurance and
distraction/suppression predict the rate of instrumental responding after
Pavlovian generalization. Lastly, Vervliet and Indekeu (2015) showed
that trait anxiety correlated positively with the levels of responding
towards a CS that was not associated with a US (safe CS), as well as the
decrease rate from the end of an instrumental phase to the end of a test
phase, after extinction training.

There are simpler ways to create ambiguous situations. To illustrate,
partial reinforcement of avoidance response generates variability in
avoidance behavior (e.g., Xia et al., 2017). It would be interesting to
test individual differences in such partial reinforcement schedules,
especially when costs are involved (see above). For example, studies
could test whether individuals high in neuroticism (as in Lommen et al.,
2010) or other vulnerability traits (e.g., trait anxiety) may use a ‘better
safe than sorry’ strategy, whereas sensation-seekers may gamble not to
do the effortful avoidance behavior. Collectively, it seems that more
ambiguous situations leave more room for the study of individual dif-
ferences in AvTs.

Table 1
Glossary of actions involved in AvT.

Term Definition

CS-avoidance Action that prevents the CS presentation
CS-escape Action that terminates the CS presentation
US-avoidance Action that prevents the presentation of the US
US-escape Action that terminates the US presentation
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Individual differences in AvTs could also be addressed on an ana-
lytic level by using modern statistical techniques, such as latent growth
curve modeling (LCGM). LCGM is used to detect heterogeneous sub-
groups of participants within the entire tested sample. This data-driven
procedure has allowed the detection of heterogeneous learning patterns
in PTSD (Blessing et al., 2017) and in avoidance training in animals
Galatzer-Levy et al. (2014), which was not possible when these animal
data were analyzed with group means (Moscarello & LeDoux, 2013).

Specifically, although the original study showed that the whole
sample acquired avoidance on average, the re-analyses of the data
showed that the animals could be separated into four distinct groups:
animals who learn to avoid rapidly, animals who have an average rate
of avoidance learning, animals who learn slowly, and animals that did
not learn to avoid at all. We have recently replicated these results by
using another independent rat sample (Krypotos, Moscarello, Sears,
LeDoux, & Galatzer-Levy, 2018). A more extensive use of such statis-
tical models in human data seems fit for testing for individual differ-
ences in AvT, and accordingly ensuring the AvT meets the predictive
validity criterion.

1.3.2. AvTs for the study of avoidance's reduction
There is currently an increased interest in studying avoidance re-

duction in the lab (Krypotos & Engelhard, 2018; Treanor & Barry, 2017;
van Uijen et al., 2018; Vervliet et al., 2017; Vervliet & Indekeu, 2015).
Apart from potential clinical relevance, avoidance reduction studies
could be used for testing the predictive validity of AvTs. This can be
done by evaluating whether a laboratory procedure results in com-
parable effects when tested in treatment and vice versa. Regarding the
former, the study of Lovibond, Davis, and O'Flaherty (2000) provided
partial evidence in this direction. These researchers found that if par-
ticipants are allowed to avoid the CS during an extinction procedure
(i.e. presentation of the CS without the US during an AvT), participants
will continue to perceive the CS as threatening, although the CS is no
longer paired with a US. This observation is in line with the preserva-
tion of threat beliefs in patients with anxiety-related disorders if they
follow exposure treatment without response prevention (e.g.,
Salkovskis, Clark, & Gelder, 1996). Regarding the latter, only a few
studies have included elements of clinical interventions in relevant
experimental designs.

For example, several studies (Rattel, Miedl, Blechert, & Wilhelm,
2016; Vervliet et al., 2017; Vervliet & Indekeu, 2015) included an ex-
tinction phase after an AvT, in which participants encountered the CSs
without being able to perform an avoidance response. The results
suggest that once the avoidance response becomes available again,
participants exhibit high avoidance rates. Regarding animal studies,
Solomon, Kamin, and Wynne (1953) trained dogs to shuttle from one
side of a box to another, whenever a buzzer would sound, in order to
avoid a shock. Then, the experimenters placed a barrier in the middle of
the box, something that prevented avoidance, while the buzzer was
presented without shock administration. After lowering the barrier, the
dogs would start shuttling again whenever the buzzer would sound.

Similarly, Rodriguez-Romaguera, Greenberg, Rasmussen, and Quirk
(2016) trained rats to access a platform in order to avoid a shock. In the
following phase, a barrier was placed before the platform so that rats
could not access it. In the test phase, the barrier was removed and the
rats were once again able to access the platform. Most rats showed
reduced avoidance but some rats showed failure to extinguish the
avoidance response.

Although the above studies are useful for testing avoidance's re-
duction, it should be noted that exposure therapy entails more, such as
cognitive restructuring techniques and behavioral experiments, than
just encountering the fear stimulus without a negative outcome (Craske,
Treanor, Conway, Zbozinek, & Vervliet, 2014; Scheveneels et al., 2016).
As such, more research in needed in order to test whether other aspects
of exposure therapy could be enhanced in order to effectively reduce
avoidance.

The design of future studies could be informed by the recent work of
Treanor and Barry (2017). They argue that avoidance behavior during a
CS could operate as conditional inhibitor (a stimulus that is not fol-
lowed by a US). As such, participants in a conditioning experiment may
perform the avoidance response whenever it is available because this
response predicts the US absence. The authors propose ways to extin-
guish conditioned responses to the conditioned inhibitor, such as using
USs with different intensities during the acquisition procedure. In
comparison with a schedule where the CS is always reinforced by a US
with the same intensity, using USs with different intensities will result
in larger discrepancy between the CS presentation and US omission
during an extinction with response prevention schedule. Such larger
discrepancies are linked to deeper learning (Rescorla & Wagner, 1972).
Alternatively, similar effects could arise by increasing the CS salience
during an extinction with response prevention procedure (e.g., via in-
structions). This could result in participants being more surprised when
the CS is not followed by a US during extinction, resulting in deeper
extinction learning again.

1.3.3. AvTs and anxiolytics
Another way to validate the AvTs is by testing whether medication

influences the acquisition and/or reduction of conditioned avoidance.
Such research is found typically in animals, but with inconclusive re-
sults. In an early review of the effects of anxiolytics in conditioned
avoidance, Treit (1985) refers to various studies that showed that an-
xiolytic agents increase, decrease, or have little effect on conditioned
avoidance (see also Fernández-Teruel et al., 1991). More recently
LeDoux and Pine (2016) mention that anxiolytic drugs that are often
used in therapy are based on animal studies showing reduced avoidance
in the lab, but, in humans, these drugs only seem to reduce fear and
anxiety. Importantly, this fear and anxiety is what often makes in-
dividuals seek help (see also Griebel & Holmes, 2013 for an extensive
review on anxiolytic drug discovery). As noted by LeDoux and Pine
(2016), these results could mean that defensive responses (i.e., avoid-
ance) and fear refer to different brain circuits. All in all, it is unclear
whether a specific anxiolytic drug could directly and exclusively reduce
avoidance or a specific conditioned fear response. As such it remains to
be seen if anxiolytic research would be helpful for testing the predictive
validity of AvTs.

Summarizing the previous points, AvT can better meet the pre-
dictive validity criterion if individual differences are addressed by ei-
ther the use of weaker situations and/or employment of modern sta-
tistical procedures. Lastly, it could prove useful to further test
additional procedures of avoidance's reduction, a goal of tremendous
clinical relevance.

1.4. Diagnostic validity

Diagnostic validity refers to the ability of the experimental model to
distinguish between at-risk individuals and healthy individuals (Boddez
et al., 2012; Vervliet & Raes, 2013). The importance of this criterion
lays in demonstrating that the tested model addresses processes that are
only found in patient populations (Vervliet & Raes, 2013). There are
different ways to support the diagnostic validity.

In psychology, typically self-report questionnaires are used for dis-
criminating, for example, individuals with low and high anxiety (e.g.,
STAI Spielberger, Gorsuch, & Lushene, 1970).

Accordingly, AvTs would meet the criterion of diagnostic validity if
they would detect which individuals have higher chances of exhibiting
excessive avoidance, for instance in the aftermath of major stress (e.g.,
a serious car accident). A cross-sectional study could also be carried out
to detect differences in performance between clinical and healthy in-
dividuals (as in Michael, Blechert, Vriends, Margraf, & Wilhelm, 2007).
Lastly, the AvT could be used for detecting relevant biomarkers that
could predict the development of avoidance symptomatology. In a re-
cent review Lonsdorf and Kalisch (2011) provided evidence that,
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among others, low levels in the serotonin transporter were related to
stronger, and possibly more persistent, fear learning, and to the de-
velopment of PTSD symptomatology. It would be useful if human and
animal studies explored the potential role of specific biomarkers in the
acquisition and reduction of avoidance.

To date, and despite the plethora of ways in which this could be
addressed, there are no published studies that provide evidence for or
against this criterion of validity. This is quite astonishing given the
central role of avoidance conditioning in psychological theories of
clinical anxiety. Studies that test the diagnostic validity of AvTs are
timely.

2. Conclusion

There is currently a surge of interest in the experimental study of
human avoidance (Krypotos, Effting, et al., 2015; LeDoux et al., 2017).
By using AvTs, experimental psychologists often strive to gain knowl-
edge on the acquisition and extinction of (mal)adaptive avoidance.

Although currently used also for determining the cognitive me-
chanisms of avoidance's acquisition and reduction, a formal validation
of whether AvTs fit these purposes was lacking. As we have shown
above, AvTs often fall short in terms of face, construct, and predictive
validity when it refers to maladaptive avoidance, or when human AvTs
are compared to the corresponding animal AvTs. Based on examples
from the avoidance learning literature we have argued that given these
limitations, the generalization of AvTs findings to clinical populations,
and of animal to human studies, may be limited. In this line, we have
made some concrete suggestions regarding the revisions of AvTs so that
they better meet the tested validity criteria. Among others we have
suggested the adoption of virtual reality procedures, use of inter-
oceptive stimuli, and the investigation of more procedures that may
lead to avoidance's reduction. Although further suggestions could be
included, the main point of our article is that the further extension of
the AvT is important if this model is to be used for testing maladaptive
avoidance behavior.

We conclude that despite the important contributions of human
avoidance literature in understanding avoidance learning, firmer con-
clusions relating to how maladaptive avoidance is acquired would be
reached by using more valid AvTs. We hope that by following the
suggestions mentioned above, the validity of AvTs will increase,
something that could result in richer theoretical and clinical insights.
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