
lable at ScienceDirect

Behaviour Research and Therapy 86 (2016) 87e94
Contents lists avai
Behaviour Research and Therapy

journal homepage: www.elsevier .com/locate/brat
The validity of laboratory-based treatment research: Bridging the gap
between fear extinction and exposure treatment

Sara Scheveneels a, *, Yannick Boddez a, Bram Vervliet a, b, Dirk Hermans a

a Centre for Learning Psychology and Experimental Psychopathology, University of Leuven, Leuven, Belgium
b Department of Psychiatry, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA
a r t i c l e i n f o

Article history:
Received 30 January 2016
Received in revised form
17 August 2016
Accepted 22 August 2016
Available online 24 August 2016

Keywords:
Fear extinction
Exposure therapy
Return of fear
Validity
Experimental psychopathology
Translational research
* Corresponding author. Centre for Learning Psych
chopathology, University of Leuven, Tiensestraat 102
Belgium.

E-mail addresses: Sara.Scheveneels@ppw.kuleuven
Boddez@ppw.kuleuven.be (Y. Boddez), Bra
(B. Vervliet), Dirk.Hermans@ppw.kuleuven.be (D. Her

http://dx.doi.org/10.1016/j.brat.2016.08.015
0005-7967/© 2016 Elsevier Ltd. All rights reserved.
a b s t r a c t

A major objective of experimental psychopathology research is to improve clinical practice via the
experimental study of treatment mechanisms. The success of this endeavor depends on the external
validity of the procedures used to model the treatment component in the laboratory. We propose a
general framework and a set of specific criteria that will allow evaluating whether a certain laboratory
procedure is a valid model for a certain clinical treatment. We illustrate this framework by evaluating the
validity of extinction as a laboratory model for clinical exposure therapy. Although we acknowledge the
merits of the extinction model, we argue that its validity might not be as firmly established as the
research community assumes. We also use extinction as an example to demonstrate how considerations
of the proposed criteria can stimulate further improvements to existing models of treatment. We
conclude that the systematic assessment of external validity of treatment models is an important step
towards bridging the gap between science and practice in the field of experimental psychopathology.

© 2016 Elsevier Ltd. All rights reserved.
Experimental psychopathologists study the causal factors of
pathological behavior under highly controlled conditions. Accord-
ing to Kimmel (1971), experimental psychopathology (EP) can be
approached as both “the experimental study of pathological
behavior” and “the study of experimental pathological behavior” (p.
7, see also Forsyth & Zvolensky, 2002; Zvolensky, Forsyth, &
Johnson, 2013). The former approach concerns the experimental
study of (factors that influence) pre-existing pathological behavior
in clinical or subclinical subjects. In the latter approach of EP,
‘pathological behavior’ is experimentally induced in healthy (ani-
mal or human) subjects. A prerequisite for research in healthy
subjects is a laboratory model of the pathological behavior: a set of
behavioral, pharmacological, genetic or surgical manipulations that
result in behavior that is similar to the pathological behavior. Pavlov
(1927), to give an early behavioral example, produced behavior
similar to neurosis by presenting his dogs with ambiguous stimuli.
In a first phase of a relatively easy discrimination task, a circle but
ology and Experimental Psy-
e Bus 3712, 3000 Leuven,

.be (S. Scheveneels), Yannick.
m.Vervliet@ppw.kuleuven.be
mans).
not an ellipse was presented together with food. Subsequent pre-
sentation with a stimulus somewhere in between a circle and an
ellipse resulted in symptoms characteristic of neurosis. An example
of a genetic manipulation is the cannabinoid receptor gene
knockoutmouse that exhibits behavioral changes that are similar to
symptoms of schizophrenia (Fritzsche, 2001). Once the prerequisite
of having a laboratory model of the pathological behavior is met, a
plethora of research questions can be investigated (e.g., about in-
dividual differences or about the environmental factors that exac-
erbate such behavior; Vervliet & Raes, 2013), and hence a better
understanding of this behavior can be attained.

However, the ultimate aim of experimental psychopathologists
is not to merely understand, but also to reduce pathological
behavior. Despite a great amount of EP research, there are still
opportunities for the further enhancement of clinical treatments.
Only about half of the patients experience a full remission or
respond to psychological treatment in a clinically meaningful way
(Holmes, Craske, & Graybiel, 2014). Moreover, an important sub-
group of patients fails to maintain the effects of treatment in the
long term and experiences relapse (e.g., Lipsitz, Mannuzza, Klein,
Ross,& Fyer, 1999; Steinert, Hofmann, Kruse,& Leichsenring, 2014).

A straightforward factor that might add to the continued
development of clinical treatment is more interaction between
scientists and clinicians (e.g., Barlow, 1981; Berke, Rozell, Hogan,
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Norcross, & Karpiak, 2011). In line with this, evidence-based stra-
tegies to disseminate and implement evidence-based interventions
have recently started to develop (McHugh & Barlow, 2010). In
addition to enhancing communication, investing in the external
validity of treatment models provides an opportunity to further
improve clinical treatment. In laboratory research, complex psy-
chological treatments are reduced to the putative core mechanisms
(e.g., Van den Hout, 1999). Such reduction contributes to the in-
ternal validity of the model: by providing control over confounding
variables, reliable causal inferences can be made (Van den Hout,
Engelhard, & McNally, 2016). This is indeed considered one of the
major strengths of EP research. Also, from a pragmatic point of
view, it is more cost-effective and less time consuming to first test
hypotheses in healthy volunteers using a basic treatment model
before testing them in clinical trials. The question is, however,
whether findings obtained with these simplified treatment models
are still informative for clinical practice. In the present paper, we
propose a general framework to answer this question. In particular,
we discuss three criteria that have long been outlined in pharma-
cological research and have recently been used to evaluate the
external validity of experimental models for psychopathology: face
validity, construct validity and predictive validity (e.g., Abramson &
Seligman, 1977; Boddez et al., 2013; Luyten, Vansteenwegen, van
Kuyck, Gabriels, & Nuttin, 2011; Vervliet & Raes, 2013). To the
best of our knowledge, this is the first time that these validity
criteria are applied to a psychological treatment model. We illus-
trate this framework by evaluating the validity of extinction as a
treatment model for clinical exposure therapy.

Fear extinction is seen as one of the most successful treatment
models in the history of EP (Vervliet, Craske, & Hermans, 2013). Its
laboratory procedure entails unreinforced presentations of the
conditioned stimulus (CS; e.g., geometrical shape), resulting in a
decrease in the fear responses that were previously established by
pairing the CS with an aversive (unconditioned) stimulus (US; e.g.,
electrical shock). This procedure is used to model clinical exposure
therapy (e.g., Craske, Hermans, & Vansteenwegen, 2006). In
exposure-based treatments, the anxious client is repeatedly and
systematically confronted with the fear-provoking situation (e.g.,
McNally, 2007). Despite being an efficacious treatment for a range
of anxiety disorders, relapse is not uncommon after exposure-
based treatments (e.g., Simpson et al., 2004). Limited generaliza-
tion of extinction is generally considered to be the preeminent
laboratory model for relapse following exposure therapy (e.g.,
Bouton, 2002). But how can we know whether continued research
into fear extinction will teach us more about exposure treatment
andways to improve it? This question is fundamental to the issue of
external validity and speaks directly to the challenge of bridging the
gap between science and treatment.

Below, we discuss each of the three validity criteria (face val-
idity, construct validity and predictive validity) in separate sections.
We start each sectionwith a definition of the criterion as applied to
treatment models. Subsequently, we evaluate the extinction model
using this criterion. We end each section by using extinction as an
example to demonstrate how the validity approach can guide
future developments in laboratory-based treatment research.

1. Face validity

1.1. Definition

In the present context, face validity refers to the surface simi-
larity between the treatment model and the treatment itself. Sur-
face similarity (face validity) is generally seen as a good starting
point for the development of experimental models, but it is deemed
as not very informative for the external validity of a model (e.g.,
Vervliet & Raes, 2013). That is because mere similarities in pro-
cedure or result, however compelling, do not imply that similar
mechanisms are involved (i.e., construct validity) or that treatment
enhancing strategies that prove to be successful in the laboratory
will also be successful in clinical practice (i.e., predictive validity).
Nevertheless, surface similarity with clinical treatment does
remain important, because it can serve as a continuing source of
inspiration for creating new laboratory models or updating existing
ones.

1.2. Extinction and return of fear

We now turn to the assessment of the extinction model using
this criterion. Many researchers do refer to surface similarity when
justifying their choice for fear extinction as a model of exposure
treatment, as evidenced by the introduction sections of many
published studies on extinction (e.g., Culver, Vervliet, & Craske,
2015; Kindt & Soeter, 2013; Leer & Engelhard, 2015). In both
extinction training and exposure-based treatment, the repeated
confrontation with a fear-evoking situation or stimulus results in a
decrease in outcome variables that are indicative of fear and anx-
iety (e.g., US-expectancy, subjective units of distress ratings). The
same holds for laboratorymodels of relapse. Return of fear is awell-
documented phenomenon after fear extinction in the laboratory
(Vervliet, Baeyens et al., 2013; Vervliet, Craske et al., 2013). Two
paradigms frequently used for this purpose are renewal and rein-
statement (Vervliet et al., 2013). In renewal, a context switch be-
tween the extinction phase and the test phase causes a return of
fear responses similar to a clinical relapse after successful treat-
ment when the feared object or situation is encountered outside
the therapy context (Effting& Kindt, 2007). Reinstatement refers to
the return of fear after unsignaled US-presentations between
extinction and test, and can be seen as the equivalent of relapse
after unsignaled panic attacks or if the previously feared stimulus is
encountered after a stressful event or in a distressing situation
(Dirikx, Hermans, Vansteenwegen, Baeyens,& Eelen, 2007; Haaker,
Golkar, Hermans,& Lonsdorf, 2014). In conclusion, at face value fear
extinction seems to be a sufficiently good treatment model of
exposure therapy.

1.3. Future research

Researchers can continue to invest in increasing the surface
similarity between the extinction procedure and exposure treat-
ment. For example, it has been argued that basic stimulus sets such
as geometrical shapes lack the complexity of real-world experi-
ences (e.g., Barry, Griffith, De Rossi, & Hermans, 2014). Some re-
searchers therefore turn to the use of 3-D virtual reality technology
that allows administering extinction training under conditions that
are closer to real-life situations (e.g., Dunsmoor, Ahs, Zielinski, &
LaBar, 2014). Using more complex, multi-sensory stimuli (e.g.,
auditory, tactile, olfactory, visual) can be a conceivable step in
increasing the procedural overlap between extinction and exposure
therapy (for a similar argument, see Waters, LeBeau, & Craske,
2016). In addition, extensions of the extinction model aimed at
improving its face validity can target similarities in outcome mea-
sures. Behavioral avoidance is an important source of impairment
in daily functioning in pathological anxiety (Barlow, 2002) and is
frequently used as an outcome measure in clinical exposure
studies, by using a behavioral approach task (e.g., Niles, Craske,
Lieberman, & Hur, 2015). The external validity of extinction
research might therefore benefit from including behavioral avoid-
ance as an outcome measure in addition to expectancy or fear
ratings and psychophysiological indices of fear (e.g., Van Meurs,
Wiggert, Wicker, & Lissek, 2014; Vervliet & Indekeu, 2015).
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However, as mentioned before, enhancing the surface similarity
of the extinction model does not by itself imply enhanced external
validity with regard to underlying mechanisms or enhanced pre-
dictive value. Future research should therefore verify whether ex-
tensions of the extinction model aimed at increasing face validity
do add to the transfer of successful interventions investigated in the
laboratory to clinical exposure therapy. The validity criteria that are
typically considered more decisive d construct validity and pre-
dictive validity d are discussed in the next sections.

2. Construct validity

2.1. Definition

The criterion of construct validity is met if the psychological
mechanisms that drive behavioral change in the treatment model
are the same as those that drive behavioral change in clinical
treatment. Making this comparison requires a profound theoretical
understanding of the mechanisms at play in the treatment model
and in clinical treatment. Without an elaborate theoretical ground,
themodel might resemble the clinical treatment in terms of surface
similarity (i.e., face validity), but further developments to optimize
the clinical treatment based on the model will be hampered. That
will, for example, be the case if an intervention that shows promise
in the laboratory model exerts its effect through targeting a
cognitive process that is at play in the model, but not in the clinical
treatment. In such case the promise of the intervention will not be
fulfilled in clinical treatment. In addition, construct validity is
essential for the generation of theory-based optimization
strategies.

2.2. Extinction and return of fear

2.2.1. Extinction
The currently dominant theory attributes extinction effects to

an inhibitory learning mechanism (e.g., Bouton, 2002). The central
tenet of this theory is that, rather than a destruction of the original
excitatory CS-US association, an additional inhibitory CS-noUS as-
sociation is learned throughout extinction training. This inhibitory
association cancels out the original excitatory association, resulting
in low to no conditioned responding when both these associations
are activated. The theory additionally assumes that retrieval of the
inhibitory association is modulated by the context, which allows it
to explain the limited generalization of extinction performance. The
inhibitory learning approach has proven its merits in accounting for
extinction phenomena at the behavioral level (e.g., Bouton, 1993)
and did find support in neurobiological research as well. As a result
of extinction training, it is observed that prefrontal areas show an
increase in activity, whereas areas activated during fear acquisition
(e.g., the amygdala) show a decrease in activity, often interpreted as
the former areas inhibiting the latter (e.g., Milad & Quirk, 2012;
Milad et al., 2005, 2007; Phelps, Delgado, Nearing, & LeDoux,
2004).

High construct validity of the extinction treatment model would
imply that a similar inhibitory mechanism drives the effects of
exposure therapy. Speaking to its success, the inhibitory learning
approach has provided useful recommendations for conducting
clinical exposure therapy (see Craske, Treanor, Conway, Zbozinek,&
Vervliet, 2014; Pittig, van den Berg, & Vervliet, 2016). Rather than
pursuing fear reduction during treatment, which is a central
component in habituation-based theories of exposure therapy such
as the Emotional Processing Theory (e.g., Foa & Kozak, 1986), the
inhibitory learning approach focuses on enhancing inhibitory
learning and facilitating the retrieval of the inhibitory association
following successful treatment (Craske, Liao, Brown, & Vervliet,
2012; Craske et al., 2008). Theoretically speaking, acquisition of
an inhibitory association can be strengthened by, for example,
maximizing expectancy violation, deepened extinction (i.e., mul-
tiple CS's are presented together during extinction after being
extinguished separately; Culver et al., 2015), and occasional rein-
forcement during extinction (Craske et al., 2014). Retrieval of an
inhibitory association can be facilitated, amongst others, by the use
of retrieval cues (e.g., Culver, Stoyanova, & Craske, 2011;
Vansteenwegen et al., 2006) and by inducing variability in timing,
stimuli and contexts (e.g., Bandarian-Balooch, Neumann, &
Boschen, 2012). Although there is a need for further evidence,
some of these strategies have proven successful in optimizing
exposure therapy, hence providing support for a role of the inhib-
itory learning mechanism in exposure therapy (e.g., Mystkowski,
Craske, Echiverri, & Labus, 2006; Rowe & Craske, 1998a; Tsao &
Craske, 2000; Vansteenwegen et al., 2007). Furthermore, neuro-
imaging research suggests that the neural mechanisms underlying
exposure therapy are similar to those supporting inhibitory
learning as a crucial mechanism underlying extinction. In partic-
ular, a normalization of amygdala responses is observed after
exposure therapy (Goossens, Sunaert, Peeters, Griez, & Schruers,
2007), which is modulated by increased prefrontal activity (e.g.,
Felmingham et al., 2007; Hauner, Mineka, Voss, & Paller, 2012).
Felminghan, Dobson-Stone, Schofield, Quirk, and Bryant (2012)
found that BDNF genotype, associated with reduced inhibition of
the amygdala by prefrontal areas, predicts poor exposure treatment
response. These results are consistent with findings from extinction
research (Soliman et al., 2010).

At the same time, exposure therapy most likely encompasses
more than the acquisition of an inhibitory association (e.g., Carey,
2011; Hofmann, 2008; Lovibond, 2004). Among other things,
real-life exposure treatment might also recruit from other pro-
cesses studied in the associative learning tradition, including US-
habituation, US-devaluation and counterconditioning (e.g., Jaycox,
Foa, & Moral, 1998; Tryon, 2005). Although exposure to the US is
unethical in some cases, two notable exceptions are the treatment
of social anxiety and panic disorder. In the treatment of social
anxiety, the client can be exposed to social rejection (Craske et al.,
2014). In the treatment of panic disorder, the feared physical sen-
sations (e.g., hyperventilation, increased heart rate, dizziness) are
deliberately induced during interoceptive exposure, and this oc-
casionally results in a full-blown panic attack (Craske & Barlow,
2014). By experiencing panic attacks during treatment and in the
presence of the therapist, clients can come to evaluate a panic
attack as less dangerous and aversive (i.e., US-revaluation; Rescorla,
1973). Reinforcing feedback and compliments by the therapist and
surrounding others might also result in counterconditioning: the
feared stimulus is presented together with a positive event (i.e.,
compliments) that might change the valence of the feared stimulus
(De Houwer & Hughes, 2016).

In addition, whereas extinction is typically investigated in a
Pavlovian procedure in which the participant is passively exposed
to the CS, operant processes most likely play an important role in
exposure-based treatments (Bouton & Todd, 2014). During clinical
exposure, clients not only learn to refrain from avoidance behav-
iors, but are also encouraged to actively approach the feared situ-
ation. This approach behavior might add to the effects of exposure
in several ways. First, merely approaching an object leads to more
positive attitudes towards that object (Jones, Vilensky, Vasey, &
Fazio, 2013). Second, clients learn to acquire control over their
behavior despite being anxious and experience that they are able to
copewith the feared situation, leading to an increased sense of self-
efficacy (e.g., Tryon, 2005). This operant component is no part of the
extinction treatment model, although it is considered to be one of
the primary therapeutic targets by many therapists in clinical
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practice (Hayes, Strosahl, & Wilson, 2003, but see Van Uijen, van
den Hout, and Engelhard, 2015).

It can be concluded that the construct validity of extinction as a
model of exposure therapy is not unequivocally supported and
needs to be elucidated more clearly. While acknowledging the
considerable success of the inhibitory learning account, we also
argued that there are mechanisms that are at work in exposure
treatment but not in the extinction model, including US-
habituation, counterconditioning and approach behavior
(McConnell & Miller, 2014).

2.2.2. Return of fear
We now extend our analysis from extinction as a model of

exposure therapy to return of fear as a model of relapse. Based on
laboratory research on return of fear, the research community aims
to draw conclusions about relapse and its prevention in clinical
practice. Accordingly, it is important that the return of fear
observed after extinction training is mediated by similar mecha-
nisms as relapse after exposure treatment. So, the question be-
comes: are similar mechanisms responsible for the return of
extinguished fear responses and for clinical relapse? Processes at
work in exposure therapy, but not in the extinction treatment
model, might exert influences on the generalization of the behav-
ioral change. The small amount of available evidence suggests that
some of these processes dmore specifically, US-habituation and
counterconditioningd are better retained over time and are less
vulnerable to generalization decrement than extinction training
(Dibbets, Poort, & Arntz, 2012; Haesen & Vervliet, 2015; Kerkhof,
Vansteenwegen, Baeyens, & Hermans, 2010; but see; Bouton,
2002; Brooks, Hale, Nelson, & Bouton, 1995). Haesen and Vervliet
(2015), for instance, found that participants who were exposed to
the US (i.e., a procedure to obtain US-habituation) showed less
renewal in skin-conductance response compared to participants
who were exposed to the CS (i.e., standard extinction training).
Isolating the inhibitory learning component of exposure therapy in
laboratory research might therefore result in ignoring the interplay
between such processes and in an incomplete understanding of
how the effects of exposure therapy generalize.

Another potential confound in translating laboratory findings on
return of fear to clinical practice is that, arguably, laboratory phe-
nomena such as renewal and reinstatement are adequate models
for temporarily re-experiencing fear in real life, but not necessarily
for clinical relapse. In the laboratory, return of fear is typically
defined as the increase in US-expectancy and physiological fear
responses between the end of extinction training and the first trial
of an unreinforced test phase (e.g., Barry, Griffith, Vervliet, &
Hermans, 2016). However, return of fear observed in the labora-
tory is typically not persistent: immediately after the first test trial,
a steep decline in the ‘returned’ fear responses is observed (e.g.,
Barry et al., 2016; Vervliet, Kindt, Vansteenwegen, & Hermans,
2010). Therefore, phenomena such as renewal and reinstatement
might correspond to a short-term recurrence of fear or a lapse
rather than a full-blown relapse (i.e., a long-term recurrence of the
full symptomatology). Although in clinical practice a lapse can be a
precursor for a full relapse, not all clients who experience a pro-
visional recurrence of fear after treatment actually relapse
(Vervliet, Baeyens et al., 2013; Vervliet, Craske et al., 2013). A critical
mediator in the transition between a lapse and an actual relapse
could be re-engaging in excessive and rigid avoidance behaviors in
response to a recurrence of fear. Similar to its role in the etiology
and maintenance of anxiety disorders, it seems reasonable to as-
sume that rigid avoidance in response to a short-term recurrence of
fear after treatment takes away the opportunity to experience that
the expected or feared outcomes do not occur and that one is able
to cope with the fear-eliciting situation (Forsyth, Eifert, & Barrios,
2006; Lommen, Engelhard, Sijbrandij, van den Hout, & Hermans,
2013; Mineka & Zinbarg, 2006). Notably, models for relapse typi-
cally used in the laboratory are restricted to a Pavlovian procedure
and do not include an opportunity to perform avoidance behavior
when experiencing return of fear at the first test trial. Because
participants cannot escape from or avoid the CS in these proced-
ures, they will experience that the US does not occur and imme-
diate (re-)extinction will take place after the first test trial.

Admittedly, because of ethical considerations laboratory
research will always be limited in its ability to model clinical
relapse. However, below we illustrate how feasible adjustments to
the extinction model could result in a laboratory model of relapse
that might better reflect clinical relapse.

2.3. Future research

A number of suggestions to optimize the extinction model of
exposure therapy can be derived from the evaluation of its
construct validity. We discussed that additional processes, dis-
regarded in current extinction research, might be at work in
exposure therapy and that some of these processes are less subject
to generalization decrement. An obvious research strategy would
be to form hypotheses about the various mechanisms at work in
exposure therapy and to investigate whether they show effects on
extinction learning and its generalization. Let us illustrate this with
the example of operant processes. As said, patients are encouraged
to actively approach the feared situation during exposure, which
might lead to more positive attitudes towards the feared object
(Jones et al., 2013) and to an increased sense of self-efficacy (e.g.,
Tryon, 2005). In future research, one could add an approach
component by having participants pull the CS towards themwith a
joystick during the extinction phase (with the CS enlarging in
response to the joystick movement; Krypotos, Arnaudova, Effting,
Kindt, & Beckers, 2015) and assess whether that changes the
course of extinction and its generalization. We also argued that
return of fear observed in laboratory procedures is typically not
persistent due to immediate (re-)extinction. Including the possi-
bility to avoid the CS or escape from the CS when testing the
generalization of extinction might better reflect what happens in
clinical practice and could result in more persistent return of fear.

The decision to update a standard laboratory model should,
however, depend on whether including such extra components
adds to the successful transfer of laboratory findings to clinical
exposure therapy (i.e., the predictive validity). For example, an
extinction model that includes these operant components should
only replace the standard extinction model if it allows drawing
stronger conclusions of clinical significance. We further elaborate
on this type of validity in the next section.

3. Predictive validity

3.1. Definition

Whereas construct validity concerns the question whether or
not the same theoretical mechanisms are at work in the model and
in the clinical treatment, predictive validity is a criterion that re-
lates to the question whether performance in the model predicts
performance in the clinical treatment. Thus claims about latent
psychological mechanisms are at the heart of construct validity,
whereas predictive validity in principle remains silent with respect
to these mechanisms.

We distinguish two aspects in evaluating the predictive validity
of psychological treatment models. A first aspect refers to testing
whether individual differences in performance in themodel predict
the course and outcome of the clinical treatment. According to this
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aspect, a model has predictive validity if individuals who perform
better in the model also benefit more from the clinical treatment. A
second aspect of evaluating the predictive validity concerns testing
whether interventions and factors that influence behavior in the
model also influence the clinical treatment and vice versa. This
aspect is directly attached to the translational value of the model.

3.2. Extinction and return of fear

Testing the first aspect of predictive validity requires investi-
gating whether individual extinction performance is correlated
with performance in exposure therapy. An important stepwould be
to assess whether individuals who show steeper extinction curves
in the laboratory also show greater decreases in indices of fear and
anxiety during exposure treatment (i.e., correlation between the
course of extinction and exposure). Similarly, individuals who show
incomplete extinction would be expected to experience more re-
sidual anxiety at the end of treatment (i.e., correlation between the
immediate outcome of extinction and exposure). Furthermore, the
predictive validity of laboratory models for relapse can be tested by
examining whether the amount of return of fear observed in the
model is correlated with relapse after exposure therapy. Surpris-
ingly, these tests have not been carried out in a systematic way.

The second aspect of predictive validity involves testing
whether interventions of interest have similar effects on perfor-
mance in the extinction model and exposure therapy. This aspect of
predictive validity can be demonstrated in two directions: from the
clinical treatment to the model and from the model to the clinical
treatment. The former involves showing that factors that are
known to influence clinical exposure treatment influence extinc-
tion training in a similar way. The latter involves the successful
translation of interventions first tested in the extinction model to
exposure therapy. Below, we discuss research on self-efficacy and D-
cycloserine to illustrate both directions of this type of predictive
validity.

Self-efficacy or the belief that one can effectively cope with fear-
eliciting situations, is an important determining factor for both
immediate and long-term effects of exposure therapy (e.g., Goldin
et al., 2012). In particular, increases in self-efficacy have been
found to mediate the effects of exposure-based treatment. Similar
effects of self-efficacy on extinctionwould provide an argument for
its predictive validity. A recent study indeed showed that adding
verbal persuasion aimed at increasing self-efficacy in a human fear
conditioning paradigm facilitated extinction of fear (Zlomuzica,
Preusser, Schneider, & Margraf, 2015).

The second example illustrates predictive validity in the other
direction, from the extinction model to exposure therapy. Admin-
istering D-cycloserine (DCS), a partial agonist at the glycine-binding
site of the N-methyl-D-aspartate receptor in the amygdala, has been
shown to facilitate fear extinction and strengthen extinction
memory in rodents (e.g., Vervliet, 2008; Walker & Davis, 2002). If
extinction is a valid model for exposure therapy, adding DCS should
improve the outcome of clinical exposure therapy in a similar way.
This was confirmed in several meta-analyses (Bontempo, Panza, &
Bloch, 2012; Norberg, Krystal, & Tolin, 2008; Rodrigues et al., 2014;
but see; Hofmann et al., 2013; Ori et al., 2015).

3.3. Future research

There is plenty of room for future research inspired by the
evaluation of the predictive validity of extinction as a model of
exposure therapy. Themost important challenge for future research
remains to test whether individual differences in the course and
outcome of extinction training can predict the course and outcome
of clinical exposure treatment. These tests are a relatively
straightforward way to assess the predictive validity of extinction.
With regard to the second aspect of predictive validity, a sub-

stantial subset of extinction-enhancing strategies have not been
tested systematically in exposure therapy (e.g., Craske et al., 2014;
Pittig et al., 2016). Future translational research is warranted to
test the effects of strategies such as deepened extinction (Culver
et al., 2015) and occasional reinforcement (Culver, 2013) in clin-
ical exposure studies. In the other direction, it can be examined
whether variables and strategies that have proven successfully in
optimizing exposure therapy, such as affect labeling (Kircanski,
Lieberman, & Craske, 2012; Niles et al., 2015) and expanding-
spaced exposure schedules (Rowe & Craske, 1998b; Tsao &
Craske, 2000) can attenuate return of fear in human fear extinc-
tion as well.

The second aspect of predictive validity involves bridging the
gap between laboratory techniques and clinical practice. It is,
however, important to note that, with regard to our present pur-
poses, the goal of these research studies would primarily be to
assess the external validity of the extinctionmodel. That is, we here
argue for these translational studies because they are a means to
evaluate whether extinction is a good model for exposure therapy,
rather than because they involve translating a specific and prom-
ising laboratory technique to clinical practice.

4. Conclusion and discussion

The issue of external validity has received ample interest in
pharmacological research and some interest in EP research con-
cerned with the modeling of psychopathology (e.g., Abramson &
Seligman, 1977; Vervliet & Raes, 2013). The external validity of
models of psychological treatment, although no less important, has
received less attention. Threatened external validity of treatment
models, amongst other factors, can explain why promising findings
of experimental research do not generalize to clinical treatment.
This has led some clinically-oriented researchers to argue in favor
of testing interventions directly in clinical research and skip
experimental approaches (Sloan, 2014). However, EP treatment
research can make a unique contribution to the advancement of
(transdiagnostic) treatment next to clinical studies by offering a
profound understanding of treatment mechanisms. To maximize
the translational value of EP research, it is, however, important that
treatment models are subjected to systematic evaluation with re-
gard to their external validity. In the present paper, we propose a
framework for such evaluation. In particular, we demonstrate how
the validity criteria previously outlined in pharmacological
research (i.e., face validity, construct validity and predictive val-
idity) can be applied to models of psychological treatment. Using
extinction as a model for exposure-based therapy, we illustrate
how this framework is not only suitable to evaluate treatment
models, but can also stimulate future research to optimize models
for psychological treatment.

Face validity, or the surface similarity between the treatment
model and the clinical treatment, can be considered a good
starting point and a source of inspiration for the further develop-
ment of a model. However, it is not a sufficient ground for the
external validity of a treatment model. We concluded that
extinction has sufficient face validity and that even higher face
validity could be achieved by including behavioral avoidance as an
outcome measure and by making use of more complex, multi-
sensory stimuli.

The construct validity of a treatmentmodel depends onwhether
the mechanisms that drive behavioral change in the model corre-
spond to those underlying the clinical treatment. An elaborate
theoretical framework is indispensable for this endeavor. We
acknowledged that Bouton's inhibitory learning theory (1993) does
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provide a data-supported, parsimonious, and simple foundation for
understanding extinction and most recovery effects. However,
there are reasons to believe that it is not sufficient to tell the whole
story when applied to clinical exposure and relapse (McConnell &
Miller, 2014). Several additional mechanisms might account for
the effects of exposure therapy, including US-habituation, US-
devaluation, counterconditioning, and operant learning. Future
research could benefit from taking these additional mechanisms
into account. The research suggestions that we provided demon-
strate that extinction research permits such extension.

The predictive validity of a laboratory model is directly related
to its translational nature and therefore of great pragmatic value. A
first aspect of the predictive validity is to test whether the course
and outcome of the clinical treatment can be predicted by indi-
vidual differences in performance in the model. An important
target for future research in the field of extinction is to carry out
these tests in a systematic way. A second aspect of the predictive
validity is to investigate whether factors and interventions have a
similar effect in the model and the clinical treatment. As said, a
substantial subset of manipulations has not been systematically
examined with regard to whether they have a similar impact on
extinction and exposure therapy.

It is important to note that the three criteria of external validity
are closely related. The procedure to which a clinical treatment is
reduced in the laboratory is developed on the basis of theoretical
assumptions about the core mechanisms at work in treatment.
This concerns the construct validity of the treatment model. This
reduction is an inherent part of the experimental method used in
EP research and enables EP researchers to gain control over con-
founding variables, thereby contributing to internal validity. At the
same time, strong reduction of a clinical treatment might detract
from the face validity of a treatment model, whereas investing in
face validity might indirectly add to construct and predictive val-
idity. Although there is definitely not a one-to-one relation, it can
be assumed that the greater the overlap at face value between the
treatment model and the clinical treatment, the greater the chance
that the model includes factors or processes that are crucial in the
clinical treatment. However, this generally also results in a more
complex laboratory model. The critical test for determining to
what extent a clinical treatment can be simplified in the laboratory
is the predictive validity of the model (Van den Hout et al., in
press). If a highly simplified, basic treatment model has satisfac-
tory predictive value, this basic model has to be preferred above a
more complex model with equal predictive validity (cf. Ockham's
razor). If, however, excessive reduction significantly dilutes the
predictive validity of the treatment model, the more complex
model is recommended.

Predictive validity cannot only be used to determine the optimal
balance between face validity and construct validity, but is also
more directly related to construct validity. In particular, it can be
argued that a model that includes the underlying processes of the
clinical treatment will also have a greater predictive value. This
interaction can again be illustrated with inhibitory learning theory.
If inhibitory learning is a crucial process underlying both extinction
and exposure therapy, it is more likely that strategies and in-
terventions for enhancing inhibitory learning and its retrieval exert
a similar effect on extinction and exposure.

In conclusion, we were inspired by the observation that the
progress of psychological treatment is lagging behind theoretical
advances and promising findings in the laboratory. We hope that
assessment of external validity through the proposed criteria can
stimulate the further optimization of treatment models and help to
bridge the gap between laboratory-based treatment research and
clinical practice.
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