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Abstract

Fear and avoidance responses acquired in the presence of one event often generalize to other
symbolically related cues or events, increasing the range of potential threatening stimuli capable
of evoking defensive responses. In this way, symbolic or derived generalization of fear or
avoidance occurs when physically dissimilar, arbitrary stimuli come to occasion conditioned
fear or avoidance responses without further training. Despite being a well-studied domain of
obvious translational and clinical relevance, a systematic review of this literature has not yet
been conducted. We systematically searched Web of Science and PsycINFO databases for
empirical articles on the symbolic generalization of fear and avoidance in humans. Following
screening, 31 articles were identified that described studies conducted with a wide range of
variables and procedures, relatively small samples sizes, and often lacking justification for
participant recruitment and the use of task mastery criteria. We conclude by discussing how
research on the symbolic generalization of fear and avoidance in humans can provide a valid
and reliable contextual behavioral model for studying and treating anxiety related disorders.

Keywords: fear, avoidance, transfer, transformation, derived, generalization,

equivalence, relational frame theory, anxiety, humans
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1. Introduction

Fear of potential sources of threat and the anxious avoidance of real or perceived danger
are generally adaptive, evolutionary defensive responses (LeDoux & Daw, 2018; Ohman,
2008). Fear and avoidance may, however, escalate when a range of stimuli or situations, not
necessarily real dangers, come to occasion these responses. In so doing, an instance of learning
or exposure to this evolutionary process can result in debilitating fear and avoidance, and yield
diagnosis with an anxiety or related disorder (Craske et al., 2011).

Recently, translational research with humans aimed at understanding how this adaptive
process becomes maladaptive and spreads or over-generalizes has received increased empirical
scrutiny (Ball & Gunaydin, 2022; Dymond et al., 2015, 2018). Reasons for the increased
empirical attention likely include the acknowledged validity of behavioural paradigms for
illuminating clinically relevant processes (Krypotos et al., 2015; Vervliet & Raes, 2013), the
reliable translation from empirical findings directly to therapeutic interventions (Cooper et al.,
2022; Waters & Pine, 2016), and input from the respective research contributions of Pavlovian
and operant conditioning paradigms with long traditions of clinically oriented research (Beckers
et al., 2023; Brewer et al., 2024; Dymond, 2019; Pittig et al., 2018). To that end, it may be
helpful to systematically assess the burgeoning literature on clinically relevant fear and
avoidance generalization to inform treatment development and identify gaps in knowledge. The
aim of the present study was therefore to review this literature by focusing on one form of
generalization, symbolic generalization or the spread of symbolic, untrained, emergent, or
derived fear and avoidance responses, in humans.

1.1. Fear and avoidance conditioning and generalization

Fear and avoidance conditioning and generalization have typically been investigated

using Pavlovian and operant conditioning paradigms (Brewer et al., 2024; Crosbie, 1998;

Dymond et al., 2015, 2019; Lonsdorf et al., 2017, 2019; Wong et al., 2022). In Pavlovian



Symbolic or Derived Generalization 4

differential human fear conditioning, an initially neutral stimulus (conditioned stimulus or CS+)
such as a tone or an abstract figure, is paired with an intrinsically aversive stimulus (the
unconditioned stimulus or US) such as an electric shock or a loud noise. Another neutral
stimulus, the CS-, may also be paired with the absence of the US. As a result of this pairing
procedure, presentations of the CS+ alone, but not the CS-, become sufficient to elicit
conditioned fear responses (CR), which are typically assessed using physiological arousal (e.g.,
skin conductance), self-report ratings (e.g., US expectancy), or response tendencies (e.g.,
freezing). In operant avoidance conditioning, responses (e.g., pressing a key on a keyboard) are
allowed during CS+ presentations which prevents the subsequent presentation of the US. As a
result, the probability of avoidance occurrence is increased as the procedure continues.

Both fear and avoidance conditioning are fundamental components in clinically relevant
behavioral models which provide important insights into the causes, maintenance, and
treatments of anxiety disorders (e.g., Beckers et al., 2023; Dymond, 2019). Consider, for
example, a patient who comes to a therapy session and reports feeling extreme fear, dizziness,
and fainting in situations where they are exposed to blood (i.e., hematophobia). To prevent
these responses, this patient has avoided situations signaling blood such as horror movies,
medical procedures, and injured people. During a therapy session the patient reveals previously
experiencing a serious car accident (US) involving blood, wounds, and injuries (CSs), which
could account for the emergence of the patient’s behaviors and symptoms (CRs/avoidance) and
provide targeted pathways for therapeutic intervention.

Stimuli that share perceptual or symbolic similarity with CSs that elicit fear may also
elicit fear and avoidance responses themselves, without further pairing (Dymond & Roche,
2009; Dymond et al., 2015, 2018). The resulting spread or generalization of fear and avoidance
increases both the range of potential threatening stimuli capable of evoking defensive responses

and fosters an overgeneralization of these responses — that is, they are no longer limited to the
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original learning situation. For instance, returning to the example of a patient who has
experienced a car accident, the sight of similar cars or intersections resembling where the
accident occurred, being asked to “go for a drive” or the very thought of driving again are all
capable of eliciting fear and avoidance. Left unconstrained, these generalization processes may
lead the patient to avoid all driving and withdraw from future opportunities aimed at
disconfirming the catastrophic predictions of this overgeneralization tendency.

To date, reviews of this literature on fear and avoidance generalization have tended to
focus on perceptual or stimulus generalization where learning spreads via physical similarity
(e.g., Cooper et al., 2022; Dunsmoor & Paz, 2015; Dymond et al., 2015; Fraunfelter et al., 2022)
and conceptual generalization where learning spreads via pre-existing learned semantic or
conceptual categories (e.g., Dunsmoor & Murphy, 2015). Other forms of generalization have
not yet been subject to systematic review. Previous reviews of this burgeoning literature have
also been narrative in nature, with an emphasis on theoretical developments and clinical
implications (Dymond et al., 2018; Dymond & Roche, 2009). Little is known, therefore, about
the systematic features and methodological strengths and weaknesses of the extant literature on
this unique form of generalization of fear and avoidance. Here, we present the first formal
systematic review of this literature.

1.2. Symbolic generalization and derived stimulus relations

As described above, most of the extant empirical work on fear and avoidance
generalization has focused on perceptual or conceptual generalization (Beckers et al., 2023;
Dunsmoor & LaBar, 2013; Dymond et al., 2015). That is, the range of CSs tested for the spread
of the effects of fear learning have included circles of differing size, facial photographs
morphed into one another along a continuum, or Gabor patches varying in visual intensity for
studies of perceptual generalization and images of animals or tools, amongst others, for tests of

conceptual generalization. Such stimuli often rely on pre-experimentally acquired learning
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about perceptual features and the assumed presence of conceptual knowledge systems to
explain how unfamiliar CSs come to resemble multiple, generalized forms of potential threats.
As such, this literature fails to address more symbolic forms of fear and avoidance
generalization from research that combines de novo conditioning with the learning of “concept-
like” associations between arbitrary (physically dissimilar) stimuli.

One reason for the research interest in symbolic generalization is that it may offer a
functional account of why people diagnosed with anxiety disorders often do not recognize a
traumatic history (or a history of direct conditioning) that led to their symptoms (e.g., Brewer
et al., 2024; Belisle et al., 2024; Dymond & Roche, 2009; Dymond et al., 2015; Friman &
Dymond, 2020). For instance, the client in our previous example of hematophobia could also
report fear and avoidance in the presence of events not involved in the car accident but indirectly
related as equivalent to stimuli that were involved (e.g., blood), including pharmacies, hospitals,
injured people, and even talks or thoughts about accidents. In this way, a direct history of
conditioning is not necessary with all potential stimuli capable of evoking defensive fear and
avoidance responses in humans.

The learning and deriving of arbitrary stimulus relations has been the focus of
behavioural psychologists interested in language and cognition (Dymond & Roche, 2009). This
research has shown that novel, untrained responses, like fear and avoidance, may emerge from
a subset of directly trained fear or avoidance responses. That is, when language-able humans
learn a series of arbitrary interrelated conditional discriminations involving physically
dissimilar stimuli, the stimuli involved often become related to each other in ways not explicitly
trained (Sidman, 1994). For example, when conditional relations A-B and B-C are trained
between the arbitrary stimuli A, B, and C (e.g., abstract figures or nonsense words), new
relations that were not directly trained can emerge according to the properties of reflexivity (A-

A, B-B, and C-C), symmetry (B-A and C-B), transitivity (A-C), and equivalence (C-A).
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Furthermore, once the relations are established, responses conditioned in the presence of one
stimulus will also occur in the presence of other stimuli of the same class, a phenomenon
referred to as “transfer or transformation of function” (e.g., de Rose et al., 1988; Dymond &
Rehfeldt, 2000).

As a means of promoting interaction with fields outside of contextual behavioural
psychology, the term “symbolic generalization” has been proposed to refer to the transfer or
transformation of clinically relevant responses like fear and avoidance (Dymond et al., 2018).
Used in this way, these middle-level terms may foster wider dissemination of behaviour-
analytic concepts and principles and reinvigorate translational work on this important topic. For
these reasons, we will use the terms ‘“symbolic generalization” and “transformation of
functions” interchangeably throughout the present review.

Stimuli can also be related in other ways than equivalence (Hayes et al., 2001). Some
examples are opposition (A is opposite to B), comparison (A is bigger than B), difference (A is
different from B), spatiality (A is in front of B), hierarchy (A and B are contained in C), and
causality (if A then B). In these cases, the relations are conceptualized as relational frames and
the defining properties are mutual entailment (if A — B then B — A; e.g., if A is smaller than
B then B is bigger than A), combinatorial entailment (if A — B and B— Cthen A — Cand C
— A; e.g., if A is more than B and B is more than C then A is more than C and C is less than
A), and the transformation of stimulus functions. The former property states that functions
conditioned in the presence of one stimulus of the relational frame will transform (or change)
the functions of the other stimuli according to the type of relation established between them
(Dymond & Rehfeldt, 2000). For example, suppose that the relations A same to B and B
opposite to C are established. Then, it would be expected that responses trained in the presence
of A would also occur in the presence of B which is related as same to A, but not in the presence

of C which is related via combinatorial implication as opposite to A. So, a person with anxiety
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about social interactions may have learned that people are dangerous in some way and by
derivation that isolation is the safest choice, an avoidance response that comes with high costs
because while it “protects” from a supposed danger, it also restricts the person's social life.

The seminal texts on derived stimulus relations were published more than 50 years ago
(Sidman, 1971) and 20 years ago (Hayes et al., 2001), respectively. Since then, many studies
have been conducted on symbolic generalization of fear and avoidance (Dymond & Roche,
2009; Dymond et al., 2015, 2018). The studies manipulated a wide range of parameters (e.g.,
experimental design, CS/antecedent stimuli, US/consequence stimuli, outcome measures, type
of derived relations, and participant characteristics) in a variety of experimental procedures.
The basic procedure for investigating symbolic generalization of fear and avoidance is however
straightforward and involves at least three stages. The first stage is the establishment of a
requisite network of relations between stimuli such as equivalence or other derived relations.
The second stage is the conditioning of fear and/or avoidance responses in the presence of at
least one stimulus from the network. The third stage is a test, in the absence of the aversive
event, that evaluates the symbolic generalization of fear and avoidance responses to remaining
stimuli (i.e., those that did not undergo conditioning procedures but are indirectly related to the
CSs). To date, this research has not yet been systematically mapped and organized.

To address this gap, we report here the first systematic review of fear and avoidance
generalization involving symbolic or derived processes in humans. Previous narrative reviews
have briefly summarized some of this literature (Dymond et al., 2015) or focused solely on the
symbolic/derived associations involved in the spread of fear and avoidance (Dymond et al.,
2018) but none has formally categorized this literature over an extended timeframe following a
systematic search. The present review will address the following question: what are the
characteristics of the procedures that were used for the establishment of derived stimulus

relations, fear and avoidance conditioning, and symbolic generalization tests? Moreover, we
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sought to emphasize the methodological features of the extant literature and to identify gaps in

research knowledge.

2. Method

The present systematic review followed the Preferred Reporting Items Systematic
Reviews and Meta-analyses (PRISMA; Page et al., 2021) guidelines (Figure 1).

First, a search was conducted of Web of Science and PsycINFO databases. The search
terms and combinations used were: (fear OR avoidance) AND (equivalence OR relational OR
relations OR symbolic) AND (transfer OR transformation OR derived OR generalization).
Duplicate records were removed from the results.

Next, articles found were screened for eligibility by reading the title and abstract and
excluding those that were unrelated to derived fear and/or avoidance. The remaining articles
were selected for full-text inspection against the following inclusion criteria: 1) employed a
procedure (e.g., matching to sample) for the establishment (i.e., training and/or testing) of
equivalence or other derived stimulus relations; 2) employed a fear- or avoidance-conditioning
procedure with humans; 3) performed tests involving unreinforced trials to evaluate the derived
spread or transfer of fear and/or avoidance responses. Articles satisfying the inclusion criteria
were included in the review.

Finally, a subject specialist was consulted, and the references sections were checked to
identify additional articles.

The search was conducted in July 2023 and new articles were tracked until May 31,
2024.

***Insert Figure 1 About Here***

3. Results
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The search returned 1118 articles from the Web of Science and 532 from the PsycINFO
database, respectively, yielding a total of 1650 records. Five articles were removed as duplicates
and a further 1607 as their titles and abstracts indicated they were unrelated to derived fear
and/or avoidance. Thirty-eight articles remained for full-text reading and 12 did not meet the
inclusion criteria for the following reasons: four were reviews (Dymond et al., 2005; Dymond
& Roche, 2009; Dymond et al., 2015; Dymond et al., 2018), two were unrelated to fear or
avoidance (Garcia et al., 2016; Perez et al., 2017), and six did not employ either a fear- or
avoidance-conditioning procedure (Eilertsen & Arntzen, 2020; Leech et al., 2018; Leech &
Barnes-Holmes, 2020; O'Toole et al. 2007; Perez et al., 2019; Sandoz et al., 2021). Therefore,
26 articles were included in the review following database search. Finally, five additional
articles were included after reference-checking (Bennett et al., 2015¢; Markham et al., 2002),
subject-expert consultation (Bennett et al., 2020; Glogan et al., 2023) and periodic alerts of new
articles in the databases (Boldrin et al., 2024).

***Insert Figure 2 About Here***

As Figure 2 shows, the first article on derived fear/avoidance was published by Dougher
et al. (1994) and publications have increased since 2006 to a maximum of four per year. Work
on derived fear/avoidance was published most often in either the Journal of the Experimental
Analysis of Behavior (JEAB) or The Psychological Record (PsycholRec), with these two
behavior-analytic journals publishing almost 60% of the included articles. The remaining
articles were distributed among nine other journals.

3.1. General characteristics

Thirteen variables were coded and described in two tables for the present review. Table

1 shows the general characteristics of the studies such as the derived responses investigated

(fear or avoidance or both), participants (sample, number, sex/gender, age), experimental
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design, CS/antecedent stimuli, US/consequence stimuli, outcome measures, and relations
involved.
***Insert Table 1 About Here***

3.1.1. Derived Responses. Nine of 31 studies (29%) included in the review investigated
fear and avoidance responses, seven fear (23%), five avoidance (16%), four fear and avoidance
extinction (13%), three avoidance extinction (10%), and two respectively studied fear
extinction (6%) and approach and avoidance (6%).!

3.1.2. Participants. A total of 1171 participants (Min = 3, Max =90, M = 30.03, SD =
26.71) were included across the 31 studies. The population mostly consisted of 1002 (86%)
adult undergraduate students, 152 (13%) adults without further details provided, and 17 (1%)
typically developing children. Minimum and maximum ages ranged from 18 to 26 (M = 19.50,
SD =2.34) and 24 to 65 (M =33.21, SD = 10.24), respectively, for adults. Montoya-Rodriguez
and Molina-Cobos (2017) was the only study with children and the ages ranged from 10 to 11
years. There were 737 (63%) female, 263 (22%) male, and 171 (15%) participants with no sex
or gender specification. Interestingly, only three (10%) of the 31 studies (Bennett et al., 2015b;
Glogan et al., 2023; Perez et al., 2021) provided full descriptive statistics about the sex or gender
and age of participants (i.e., Range, Mean, SD).

***Insert Figure 3 About Here***

Figure 3 illustrates the distribution of the sample size (i.e., the number of participants)
for all included articles. The wide base and thin top indicate that most studies were conducted
with a relatively small number of participants. Specifically, the highest probability for the
number of participants (wider section in the curve in Figure 3) is below 20 which means that
studies including less than N = 20 participants were most likely. The largest number of

participants included in a single study was 90 (Dymond et al., 2012) and only four studies (13%)

! The sum of the derived responses variable is greater than the number of included studies because Dougher et al.
(1994) investigated both fear and fear extinction.
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contained sample sizes greater than 80 (Bennett et al., 2015b; Donati et al., 2019; Dymond et
al., 2012; Valdivia-Salas et al., 2022), thus indicating that some studies may be under-powered.

3.1.3. Design. The use of one, repeated measures-group (i.e., each participant tested
under all conditions) was the experimental design employed in 15 of 31 studies (48%). Thirteen
of these 15 studies (87%) used a post-test phase only and two studies (13%) used reversal of
contingencies (Valverde et al., 2009, 2021). The two group, between-subjects design (i.e., each
participant tested in only one of two or more conditions) was employed in 17 of 31 studies
(55%).% Thirteen of these 17 studies (76%) compared different experimental conditions, and
four studies (24%) compared experimental and control conditions (Dougher et al., 1994,
Experiment 2; Dougher et al., 2007; Dymond et al., 2007; Perez et al., 2020).

3.1.4. Conditioned Stimulus (CS). Several studies selected abstract figures (16, 52%)
or nonsense words (15, 48%) as relational stimuli or CSs. Colors (background, circles, cards)
were employed in four (13%), shapes (3D animal-like objects, geometric, colored) in three
(10%), letters/vowels in two (6%), and arm movement (joystick, robotic) in two studies (6%).

3.1.5. Unconditioned Stimulus (US). The different types of US used in the studies were
organized into three groups: aversive, appetitive, and neutral.

Aversive USs comprised electric shock (12; 39%), unpleasant images (11; 35%), sounds
(11; 35%), point loss (two; 6%), threatening terms (two; 6%), facial expressions of fear (two;
6%), aversive videos (one; 3%), and frowning emoticons (one; 3%). All 11 studies that used
aversive images selected the stimuli from the IAPS database (Lang et al., 2008) and one study
(9%) also employed images of spiders from a Google™ search (Dymond et al., 2014).
Considering the aversive sounds, the female scream US from [ADS (Bradley & Lang, 2007)

was used in seven of 11 studies (64%). White noise, dissonant notes, metal scraping, and a

2 The sum of the designs is greater than the number of included studies because Dougher et al. (1994) conducted
two experiments, each with different designs: one-group was employed in Experiment 1 and two groups in
Experiment 2.
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range of high-pitched tones (ranging from 80 dB to 100dB, for 5 s duration) were each included
in one study (9%).

Appetitive USs comprised pleasant images (six; 19%), sounds (one; 3%), earning of
points (four; 13%), safety-related terms (two; 6%), facial expressions of happiness (one; 3%),
videos (one; 3%), and smiling emoticons (one; 3%). Nonaversive images were all selected from
the IAPS (six). Consonant notes were used as nonaversive sounds in one study (Perez et al.,
2021).

Neutral USs comprised neutral images (one; 3%), videos (one; 3%), and messages
(eight; 26%). Neutral images were selected from the IAPS (e.g., pictures of light bulb or
umbrella) and neutral videos from the participant’s assessment (Montoya-Rodriguez & Molina-
Cobos, 2017). Messages referred to the cancelation of consequences (seven of eight studies;
88%) and correct/incorrect feedback (one of eight studies; 13%), respectively.

3.1.6. Outcome Measures. Pavlovian and operant outcome response measures included
skin conductance responses (eight; 26%), key pressing (18; 58%), mouse clicking (five; 16%),
and self-report ratings (14; 45%). Other less frequently employed outcome measures were heart
rate (Valverde et al., 2021), response latency (Bennett et al., 2015b; Gannon et al., 2011;
Valdivia-Salas et al., 2022), video selection (Montoya-Rodriguez & Molina-Cobos, 2017), and
robotic arm movements (Glogan et al., 2023).

Ratings-based measures included US likelihood or expectancy (nine; 64%), pain-US
expectancy (two; 14%), valence (three; 21%), fear of pain (two; 14%), and unpleasantness
(three; 21%). Fear, threat, arousal, intensity, discomfort, disgust, preference, control, semantic
differential (Osgood et al., 1957), and BIS/BAS scales (Behavioral Inhibition
System/Behavioral Activation System; Carver & White, 1994) were also rated in one study

(7%).
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3.1.7. Relations. Twenty-five of the 31 included studies (81%) investigated derived fear
or avoidance via equivalence relations. The class/relational sizes comprised two, 3-member
(nine; 36%); two, 4-member (nine; 36%); two, 5S-member (three; 12%); two, 6-member (two;
8%); three, 3-member (two; 8%); and three, 4-member (two; 8%).? Six other studies employed
same and opposite (Bennett et al., 2015a; Dymond et al., 2007; Dymond et al., 2008; Roche et
al., 2008), more than/less than (Dougher et al., 2007), and symmetry (Glogan et al., 2023)
relations, respectively.

3.2. Procedures

Table 2 shows the experimental procedures for fear conditioning, avoidance
conditioning, approach-avoidance conditioning, extinction, interventions, and tests employed
across the 31 articles included in the review. Parameters such as the number of stimuli
presentations, % CS-US contingency, response requirements, and learning/mastery criteria
were also described in Table 2 for each procedure.

***Insert Table 2 About Here***

3.2.1. Fear Conditioning. Fear conditioning was undertaken in 24 of 31 studies (77%;
see Table 2). Moreover, the differential CS-US procedure such that CS+ was followed by the
US (CS+ — US®) and the CS- was followed by either a blank screen or ITI (CS- — no US?)
were applied in 20 of these 24 studies (83%). One study employed a single-cue conditioning
procedure (i.e., only CS+ — US?' contingencies) when evaluating the transformation of fear
responses via more than and less than relations (Dougher et al., 2007). Differential context
conditioning with contextual cues and appetitive USs (e.g., CTX + CS+ — US* and CTX +
CS- — US*P) were also employed in three studies (Bennett et al., 2020; Luciano et al., 2013,

2014).

3 Two studies conducted with equivalence classes used two different class sizes (Perez et al., 2021; Valverde et
al., 2009).
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The number of CS+ and CS- trials ranged from one to 72 (M = 7.25, SD = 13.35) across
the 24 fear conditioning procedures. The CS+ was followed by the US on 100% of conditioning
trials in 17 studies (71%), 80% of the trials in four studies (17%), 75% of the trials in four
studies (17%), and 50% of the trials in one study (4%), respectively.* Seventeen of 24 studies
(71%) did not specify any criteria to demonstrate the establishment of conditioned fear
responses. For those studies that did specify criteria, these included larger measures (e.g., SCRs,
SCLs, HRs, ratings) to CS+ than to CS- stimuli (Dougher et al., 1994; Markham et al., 2002;
Valdivia-Salas et al., 2022). Several studies used additional conditions such as criteria applied
only in the last trial (Valverde et al., 2021), or criteria applied in more than half of the
conditioning trials with a difference of at least 0.05 uS between average measures to CS+ and
CS- (Luciano et al., 2013, 2014; Valverde et al., 2009). Dougher et al. (1994), Markham et al.
(2002), and Valverde et al. (2009) opted for the participant-yield approach through visual
inspection and counting the number of participants meeting criteria. Luciano et al. (2013, 2014),
Valdivia-Salas et al. (2022), and Valverde et al. (2021) on the other hand employed large
samples and statistically inferred the establishment of conditioned fear responses (Lonsdorf et
al., 2017, 2019).

3.2.2. Avoidance Conditioning. Avoidance conditioning was found in 16 of 31 or 52%
of the studies (see Table 2). Six of 16 (38%) of these studies (Boldrin & Debert, 2020; Boldrin
et al., 2024; Gandarela et al., 2020; Garcia-Guerrero et al., 2014; Glogan et al., 2023; Valverde
et al., 2021) employed the US-avoidance procedure such that responses in the presence of the
CS+ canceled all upcoming US presentations (CS+ — R — US?' canceled) and responses in the
presence of the CS- did not produce any programmed differential consequences (CS- — R —
no US?). Ten studies (63%) also included CS-escape, (Augustson & Dougher, 1997; Bennett

et al., 2015a; Dymond et al., 2012), feedbacks indicating the cancelation of the US (Perez et al.,

4 Dougher et al. (1994) and Valdivia-Salas et al. (2022) defined two different percentages of the CS-US
contingency.
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2020), or both CS-escape and feedbacks (Donati et al., 2019; Dymond et al., 2007, 2008, 2011,
2014; Roche et al., 2008) as consequences in the avoidance contingencies (CS+ — R — CS
removed + US? canceled; CS+ — R — feedback + US?" canceled; or CS+ — R — CS removed
+ message + US?' canceled).

Four different percentages of the CS-US contingency (i.e., the percentage of trials in
which failure to respond was followed by the US) were defined between the studies: 100% CS-
US contingency (11; 69%), 80% CS-US contingency (one; 6%), 75% CS-US contingency (five;
31%), and 40% CS-US contingency (one; 6%).°> Fifteen of 16 (94%) studies trained the
avoidance response until criteria were met (i.e., there was not a fixed number of trials). The
only exception was Augustson and Dougher (1997) who defined six presentations of both CS+
and CS- stimuli in the avoidance training. Most studies (10 of 16; 63%) employed a fixed ratio
schedule (FR) in which only one response was sufficient to cancel the US in each trial. Other
values for the FR schedule were five (one; 6%), eight (four; 25%), and 20 (one; 6%) responses,
respectively.

The criteria to demonstrate the establishment of the avoidance response was based on a
minimum number of trials with responses in the presence of CS+ (N1) and a maximum number
of trials with responses in the presence of CS- (N2), relative to the total of trials in which each
stimulus was presented (NT1 and NT2). The proportion N1/NT1 for trials with the CS+ ranged
from 0.7 (e.g., responses in at least seven of 10 trials) to 1 (e.g., responses in 10 of 10 trials).
The proportion N2/NT2 for trials with the CS- ranged from 0 (e.g., responses in 0 of 10 trials)
to 0.2 (e.g., responses in at most two of 10 trials). Two studies (Augustson & Dougher, 1997;
Glogan et al., 2023) did not specify any criteria.

3.2.3. Approach-Avoidance Conditioning. Approach-avoidance conditioning was

found in five of 31 or 16% of the studies (Bennett et al., 2020; Gannon et al., 2011; Luciano et

5 Glogan et al. (2023) defined three different percentages of the CS-US contingency: 40%, 80%, and 100%.
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al., 2013, 2014; Perez et al., 2021). One of the five studies (Gannon et al., 2011) employed only
the US-approach-avoidance procedure such that a response R1 in the presence of CS+ canceled
upcoming aversive US (CS+—R1 — US* canceled) and a different response R2 in the presence
of CS- produced appetitive stimuli (CS- — R2 — US?P). Four studies (Bennett et al., 2020;
Luciano et al., 2013, 2014; Perez et al., 2021) also applied contextual cues in the US-approach-
avoidance procedure (e.g., CTX + CS+ — R1 — US* canceled and CTX + CS- — R2 — US#?),

All five studies employed 100% CS-US contingency, fixed ratio one schedule (FR 1),
and trained the approach-avoidance responses until criteria were met (i.e., a fixed number of
trials was not defined).

The criteria to demonstrate the establishment of the approach-avoidance responses was
based on a minimum number of trials with avoidance responses in the presence of CS+ (N1)
and a minimum number of trials with approach responses in the presence of CS- (N2), relative
to the total of trials in which each stimulus was presented (NT1 e NT2). The proportions
N1/NTI for trials with the CS+ and N2/NT2 for trials with the CS- ranged from 0.95 (e.g.,
responses in at least 19 of 20 trials) to 1 (e.g., responses in 20 of 20 trials). Some studies also
applied additional criteria such as no approach in the presence of CS+ and no avoidance in the
presence of CS- (Luciano et al., 2013, 2014), or more avoidance in trials with the CS+ compared
to the CS- as well more approach in trials with the CS- compared to the CS+ (Bennett et al.,
2020).

3.2.4. Extinction and Intervention Procedures. Extinction procedures was found in
seven of 31 studies (23%) exclusively for the extinction of fear and avoidance responses
(Boldrin & Debert, 2020; Boldrin et al., 2024; Dougher et al., 1994; Luciano et al., 2013; Roche
et al., 2008; Vervoort et al., 2014) or just as a habituation phase for the participants (Dymond
et al., 2012). Respondent (or Pavlovian) extinction with repeated CS+ and CS- presentations in

the absence of the US (CS+ or CS- — no US*) was applied in five of the seven studies
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(Dougher et al., 1994; Dymond et al., 2012; Luciano et al., 2013; Roche et al., 2008; Vervoort
et al., 2014). Operant extinction with avoidance or nonavoidance both followed by the ITI (CS+
or CS- — R — no US®) was applied in two of the seven studies (Boldrin & Debert, 2020;
Boldrin et al., 2024) and with avoidance or nonavoidance both followed by the US (CS+ or CS-
— R — US®) in one of the seven studies (Boldrin et al., 2024). Therefore, the US-withheld
extinction procedure was employed in all seven studies and the US-noneliminable extinction
procedure in one study (Boldrin et al., 2024, Experiment 1) to extinguish fear or avoidance
responses. Luciano et al. (2013) also applied contextual cues and appetitive stimuli in the US-
withheld extinction procedure (e.g., CTX + CS+ or CTX + CS- — no US®).

The number of CS+ and CS- trials ranged from three to 15 (M = 7.60, SD = 4.51). Only
three of seven studies (43%) specified the extinction criteria. The average difference in SCR
between CS+ and CS- stimuli during the last three trials should be less than 0.05 uS in Luciano
et al. (2013). Avoidance responses should not occur in four consecutive trials with both CS+
and CS- (or GSs related with CS+ and CS-) in Boldrin and Debert (2020) and Boldrin et al.
(2024).

Procedures other than extinction were also employed to reduce the frequency of fear
and avoidance responses. Therapy protocols (e.g., motivational, acceptance/defusion, and
reappraisal exercises) were found in Luciano et al. (2014) and Donati et al. (2019). Montoya-
Rodriguez and Molina-Cobos (2017) evaluated the alteration of aversive function by training a
new relation in the equivalence class with earn of points, establishing coordination relations
between stimuli from aversive and pleasant classes, and applying a value-focused exercise.

3.2.5. Test Procedures. Generalization tests were conducted with conditioned stimuli
(CS+ and CS-) that underwent conditioning procedures and generalized stimuli (GSs) related
to CSs via equivalence or other derived relations. The majority of studies (23 of 31; 74%)

conducted the tests in extinction (US-withheld) on Pavlovian (e.g., CS1,..., CSn — no
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US#/US?*P) or operant contingencies (e.g., CS1,..., CSn — R — no US*/US*?). However, there
was also a group of studies (12 of 31; 39%) that maintained the conditioning contingencies for
the CS+ and CS- (steady-state generalization testing) as a way to minimize the effects of
extinction (e.g., CS+ — US®; CS+, CS- — R — US*/US*P canceled).® Studies also used
matching and self-report arousal tasks (Smyth et al., 2006), prompts to confirm expectations of
the aversive US (Garcia-Guerrero et al., 2014) and instructions indicating that avoidance is
possible (Bennett et al., 2015c) when conducting the tests.

The number of CSs/GSs trials ranged from one to 36 (M = 5.00, SD = 6.84). The
percentage of CS/GS-US contingency considering the 12 studies holding US presentations
during the tests was 50% (two; 17%), 75% (two; 17%), and 100% (eight; 67%).

The criteria to demonstrate symbolic generalization resembled that applied in
conditioning phases. Larger measures (e.g., SCRs, SCLs, HRs, and ratings) to GSs related to
the CS+ than to GSs related to the CS- were used as criteria in studies involving Pavlovian
contingencies. Criteria for operant contingencies required minimum and maximum numbers
(N1 and N2) of trials with responses in the presence of stimuli related to the CS+ or CS- (Class
1 or Class 2), relative to the total of trials in which each stimulus was presented (NT1 e NT2).
The proportion N1/NT1 ranged from 0.33 to 1 and the proportion N2/NT2 ranged from 0 to 1.

Twenty-two studies (71%) did not specify any criteria in at least one or more test phases.

4. Discussion
The present work systematically reviewed, for the first time, the literature on the
symbolic or derived generalization of fear and avoidance. Thirty-one studies since 1994 were
evaluated according to general characteristics (derived responses, participants, design, CS type,

US type, outcome measures, and relations) and procedures (fear conditioning, avoidance

® Four studies (Dougher et al., 1994; Garcia-Guerrero et al., 2014; Luciano et al., 2013; Valdivia-Salas et al., 2022)
conducted tests with both US-withheld and steady-state generalization testing procedures.



Symbolic or Derived Generalization 20

conditioning, approach-avoidance conditioning, extinction or interventions, and tests). Overall,
while derived fear and avoidance are experimentally well-established phenomena, there was a
great deal of methodological heterogeneity across the included studies.

The analysis of the number of participants (i.e., sample size) and experimental designs
showed a tendency in the field to use small samples and one- or two-group designs, which might
be a source of concern since some markers of the quality of the study such as statistical power
and internal validity are reduced. Of course, the repeatability of measures inherent in one-group
(within participant) designs is a source of experimental control and was by far the most
employed research design of the included studies. Such repeated acquisition designs may make
it difficult to generalize from samples to the population but are useful in identifying stimulus
control and other factors influencing training performance, mastery criteria, etc. Such designs
are characterized by testing each participant under all experimental conditions. Two conditions
are most applied in studies on derived fear and avoidance, one supposedly related to the US
(e.g., Condition 1) and the other unrelated to the US (e.g., Condition 2). For example, a
conditioning procedure is first conducted by pairing one stimulus in Condition 1 with the US
or establishing an avoidance response with this stimulus, whereas one stimulus in Condition 2
is only followed by the ITI or a blank screen. Assuming an experimental effect is observed in
subsequent test phases such as Pavlovian elicitation or avoidance responses in the presence of
stimuli in Condition 1 but not in Condition 2, then it provides supportive evidence of the transfer
or transformations of stimulus function. However, applying a within-subjects design with two
conditions like this but with few participants can compromise further inferential statistical
analyses such that the internal validity is reduced, and conclusions weakened. Between-group
designs, while useful when comparing outcomes of participants randomly assigned to differing
training or testing conditions, can be limited if there is an absence of random assignment and

adequate power (i.e., actual versus estimated sample size) capable of detecting statistically
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significant effects. This notwithstanding, the use of small samples of participants is common
practice in behavior analysis, which has a focus on experiments with single-case experimental
designs, and from where most of the derived fear and avoidance studies were found. It is
important to note, however, that many included studies did not employ a particular type of
single-case experimental design, such as reversal or multiple baseline designs, and thus did not
conduct a reversal of conditions or apply further techniques to demonstrate experimental
control (Kazdin, 1982). Of course, some research questions on derived fear and avoidance may
not be readily amenable to investigation with single-case experimental designs but it was
striking that no studies employed the gold standard design synonymous with behavior analysis.
In the future, additional forms of experimental control such as reversal of contingencies
(Valverde et al., 2009, 2021) and control groups (Dougher et al., 1994, Experiment 2; Dougher
et al., 2007; Dymond et al., 2007; Perez et al., 2020) should be considered.

Abstract figures and nonsense words were predominantly employed as CSs, which was
perhaps to be expected given that symbolic generalization implies arbitrary relations between
stimuli. It was notable that animal-like objects (Bennett et al., 2015¢c) and joystick (Bennett et
al., 2015b) and robotic arm movements (Glogan et al., 2023) were also employed in more recent
work. The involvement of multi-sensory stimuli such as haptic stimuli may afford opportunities
to further the understanding of the role of derived fear and avoidance in clinical disorders and
movement-related conditions such as coping with chronic pain (Belanich & Fields, 1999;
Tierney et al., 1995). Going forward, it may be helpful for future studies of derived fear and
avoidance to incorporate auditory, visual, haptic, and gustatory stimulus relations during the
derived relations training stage and to examine symbolic generalization across multi-sensory
stimulus dimensions.

We found that electric shock and aversive images were most employed as USs in studies

on derived fear and avoidance. While electric shock and aversive images are quite effective in
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the transfer (or transformation) of fear and avoidance at the basic research level, some
restrictions make it difficult to replicate the procedures with clinical populations. For example,
shocks can exacerbate symptoms for some individuals such as people with anxiety disorders or
PTSD. Aversive images, although less physically invasive, can still trigger negative
psychological reactions and must be carefully chosen to avoid harm. For this reason, many
institutional review boards (IRBs) or ethics committees impose strict guidelines on the use of
electric shocks, making their approval more difficult compared to other types of USs.
Furthermore, electric shock seems rather artificial compared to situations usually feared by
people in the real world. Aversive images, on the other hand, can better simulate real-life
stressors (e.g. images of spiders for arachnophobia or social events for social phobia) and are
more suitable for translational and applied research, of course, considering the necessary ethical
precautions. Alternative USs could also be employed with clinical populations. For example,
physical stimulation such as loud noises or mildly uncomfortable tactile sensations may be
considered more ethically acceptable than electric shocks (Crosbie, 1998). Another innovative
approach is virtual reality which allows the presentation of immersive but controlled aversive
experiences (Botella et al., 2017; Freitas et al., 2021).

While a review of shock calibration procedures or the validation of aversive images
used as USs was beyond the remit of the present paper (Beckers et al., 2023; Lonsdorf et al.,
2017), it is worth noting that there is no direct comparison evaluating possible differences
between these stimuli in the transfer (or transformation) of function. For example, are there
more effective USs compared to others in producing transfer (or transformation) of fear and
avoidance functions? Are there USs that can produce stronger responses, more like those
derived by individuals in the real-world? The first question is especially interesting for studies
in which transfer (or transformation) of function is a pre-requisite to evaluate other phenomena

such as the transfer of extinction (e.g., Boldrin & Debert, 2020; Boldrin et al., 2024; Dougher
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et al., 1994; Roche et al., 2008; Vervoort et al., 2014) or the effectiveness of intervention
protocols (e.g., Donati et al., 2019; Luciano et al., 2014). The second question could inform
studies with more translational or applied purposes.

Studies should also focus on simultaneous physiological, motor, and verbal measures,
even knowing the procedural challenges of this kind of strategy. A question still to be answered
is to what extent physiological (e.g., skin conductance), motor (e.g., pressing a key), and verbal
(e.g., US expectancy) measures agree with each other in the transfer or transformation of fear
and avoidance functions (Dymond et al., 2011; Luciano et al., 2013, 2014). Until now, there
are a significant amount of studies with simultaneous motor and verbal measures (Bennett et
al.,2015a,2015b, 2015¢c; Dymond et al., 2011, 2012, 2014; Donati et al., 2019; Garcia-Guerrero
etal.,2014; Glogan et al., 2023; Perez et al., 2020), but few experiments with both physiological
and motors (Luciano et al., 2013, 2014; Valverde et al., 2021) or physiological and verbal
(Vervoort et al., 2014), and none involving all three types of modalities (i.e., physiological,
motor and verbal). Studies aiming to evaluate the neurological substrates of derived fear and
avoidance were also not found. Neurological measures (e.g., fMRI studies) are common in
related areas such as perceptual generalization (Dymond et al., 2015) and could also reveal
more about symbolic generalization. There are different components in derived fear and
avoidance such that knowing more about the interaction between measures and neurological
substrates could improve our comprehension of this complex phenomenon as well as facilitate
the dialog between different theories (Dymond & Roche, 2009; Higgins & Morris, 1984;
Krypotos et al., 2015; LeDoux et al., 2016).

Derived fear and avoidance should also be further investigated with other types of
derived relations, because 81% of the investigations were carried out with equivalence relations.
In this direction, Dymond et al. (2007, 2008) were the first to demonstrate the transformation

of avoidance in same and opposite relation, Bennett et al. (2015a) incorporated verbal measures
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(valence, US expectancy) in the procedure, and Roche et al. (2008) evaluated the transformation
of avoidance extinction. The transformation of fear and extinction of fear responses, the role of
different types of CS and US stimuli, and even the participation of clinical populations in the
experiments (e.g., comparison between phobic and non-phobic participants) are questions still
to be investigated with same and opposite relations. The same can be recommended for more
than - less than relations, which was only evaluated in one study (Dougher et al., 2007) to date.
Future studies should also focus on other types of relations and complex forms of relational
responding including relating relations and relating relational networks (Barnes-Holmes et al.,
2017; Hayes et al., 2001).

The search also revealed procedures for investigating the approach-avoidance conflict.
Gannon et al., (2011) evaluated the transfer of approach-avoidance responses in equivalence
classes with one group design and yield-based analysis. Bennett et al. (2020) added contextual
stimuli in the approach-avoidance contingencies, employed a two-group design, and performed
statistical analysis. According to Gannon et al. and Bennett et al., future studies should evaluate
the transfer of approach-avoidance as a function of the US strength, as well as perform
physiological and self-reported measures (e.g., skin conductance and US expectancy). Future
research could also examine different types of psychopathology, similar to previous studies
involving approach-avoidance tasks for the investigation of social anxiety (e.g., Asnaani et al.,
2014; Schlund, 2021), bulimia nervosa (e.g., Brockmeyer et al., 2019), obsessive-compulsive
disorder (e.g., Weil et al., 2017), and alcohol dependence (e.g., Eberl et al., 2013). The
approach-avoidance conflict is like ambivalent situations encountered in the real-world in
which both a reward and some source of suffering, usually experienced as anxiety or distress,
are present. For example, a person diagnosed with social phobia wants to make friends but

avoids social interaction situations or wants to graduate from college but misses oral
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presentations. Therefore, procedures investigating the approach-avoidance conflict can help us
to better understand the different aspects of anxiety or distress as they occur in the real world.

Studies also investigated the transfer or transformation of extinction. The transfer of
extinction was evaluated in equivalence classes with fear responses (Dougher et al., 1994;
Vervoort et al., 2014), avoidance responses (Boldrin & Debert, 2020; Boldrin et al., 2024), and
both fear and avoidance responses (Donati et al., 2019; Garcia-Guerrero et al., 2014; Luciano
et al., 2013, 2014). Transformation of extinction via same and opposite relations was also
evaluated but only with avoidance responses (Roche et al., 2008). It is worth mentioning that
studies have shown difficulties in establishing extinction before the analysis of the transfer (or
transformation) of extinction, and do not agree on the effectiveness of direct extinction (i.e.,
extinction procedure with a CS that underwent respondent or operant conditioning procedure)
and derived extinction (i.e., extinction procedure with a derived CS that did not undergo
conditioning procedures). Therefore, more studies are needed to clarify these open questions.
The transfer of extinction can be considered an analog treatment in which the patient is exposed
to conditioned stimuli directly or indirectly related to the traumatic or feared event. For
example, successive approximation between the patient diagnosed with social phobia and social
situations (direct extinction), imagining, or talking in therapy about the fear of social
interactions (derived extinction). Therefore, research on the transfer (or transformation) of
extinction can help to understand the basic processes involved in treating anxiety disorders and
how to improve the results.

Generative effects of extinction is another research avenue with potential clinical
implications, especially, the reinstatement and renewal phenomena. Both phenomena refer to
conditioned responses that were extinguished and reoccurred, in the first case due to one or
more exposures to the US after extinction and in the second case due to changes in the

contextual cues present during extinction (Lattal et al., 2013; Vansteenwegen et al., 2006). Both
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reinstatement and renewal have significant implications for understanding relapse in anxiety
and trauma-related disorders. They may explain the persistence and recurrence of anxious
symptoms even after successful treatment, whether due to changes in context (e.g., an
individual with OCD has their fear of contamination reduced during exposure therapy
conducted in the therapist's office, but the fear returns when entering a public restroom in a
crowded shopping mall) or re-exposure to a stressful event (e.g., an individual recovering from
alcohol abuse has been sober for months after following the treatment, but returns to drinking
after an emotionally overwhelming event such as a fight with a family member or the death of
a loved one). Combined with derived stimulus relations, reinstatement could be investigated by
programming occasional presentations of the US in the final crucial test that evaluates the
transfer or transformation of extinction. Renewal, in turn, could be investigated by presenting
contextual cues (e.g., background colors or colored circles) that highlight the differences
between the training, extinction, and testing phases for the participants (Luciano et al., 2013,
2014). Can reinstatement or renewal occur not only with directly conditioned stimuli but also
with stimuli that are part of a derived relation network? Questions like these could move
research on derived fear and avoidance closer to the translational and applied levels and even
encourage innovative collaborations on relapse with researchers outside the current subdomain
of behavior analysis.

Many studies did not specify mastery criteria, especially in fear conditioning (71% of
the studies did not specify any criteria) and tests (71% of the studies did not specify any criteria
in one or more test phases) procedures. In fear conditioning, specifically, stimuli are paired but
without measuring the corresponding responses, which makes it impossible to apply some
criteria and results must be assumed in many studies. There is also great variation in the mastery
criteria applied across studies, including different proportions of responses and additional

conditions, but no empirical knowledge on how different criteria applied in conditioning
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procedures can affect the occurrence and maintenance of derived fear and avoidance in
subsequent tests phases. Moreover, there is a lack of consensus in the field on the mastery
criteria that should define derived fear and avoidance. In the tests for the transfer of avoidance,
for example, studies have employed 70% in six trials (e.g., Dymond et al., 2007, 2008; Roche
et al., 2008), 75% in four trials (e.g., Boldrin & Debert, 2020; Gandarela et al., 2020), 100% in
six trials (e.g., Donati et al., 2019), and one might ask which is the most appropriate? Therefore,
future studies should specify mastery criteria more clearly and evaluate mastery criteria as an
independent variable. Otherwise, mastery criteria will function merely as assumptions and the
area will lose important knowledge.

Parameters and procedures have also been changed abruptly, as can be seen by
comparing studies in Table 1 (parameters) and Table 2 (procedures). Often, a whole set of
variables is changed in addition to the manipulation of the independent variable from one study
to the next, so that, experimental continuity between studies is reduced over time. The set of
variables may include CS and US stimuli, outcome measures, relations, contingencies, number
of trials, percentages CS-US, response requirements, and mastery criteria. Studies should be
more cautious about changing parameters, as well as specifically investigating how gradual
changes in parameters can affect the results which could be achieved, for example, by directly
comparing different types of USs, number of trials, percentages CS-US, response requirements,
and mastery criteria. This practice could help to know more precisely the effects of each
additional manipulation of parameters on the dependent variable, provide a basis for parameter
choices, and facilitate comparison between the results of different studies over time.

At a translational level, Dymond et al. (2014), the only study that worked with clinical
populations, evaluated the transfer of avoidance and threat-beliefs through equivalence
relations with spider-phobic and nonphobic participants. Luciano et al. (2014) and Donati et al.

(2019) assessed the effectiveness of laboratory-based analogs of cognitive treatments in
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reducing fear and avoidance in equivalence classes. An acceptance/defusion protocol (Assaz et
al., 2018, 2023) composed of motivational exercises and components of acceptance and
commitment therapy was used by Luciano et al. (2014). Donati examined a defusion (i.e., vocal
repetition exercises; Masuda et al., 2004) and a reappraisal (i.e., a cognitive restructuring
strategy; Gross, 1998) protocol, often used in the therapeutic setting to treat nonadaptive fear
and avoidance behaviors. Still at a translational level, Montoya-Rodriguez and Molina-Cobos
(2017) evaluated the alteration of aversive fear and avoidance functions in equivalence classes
in children. The experiment, which used various videos as USs (e.g., cockroaches, earthquakes,
scenes from horror films, cartoons), created an analog of symbolically generalized childhood
fears and examined forms of treatment such that direct reinforcement of the aversive class,
coordination between the reinforcing and aversive classes, and the inclusion of a value factor
used in choosing the aversive class. Bennett et al. (2015b) and Glogan et al. (2023), in turn,
evaluated the symbolic generalization of pain-related fear in equivalence classes and symmetry
relations, respectively. For this purpose, joystick (Bennett et al., 2015b) and robotic arm
(Glogan et al., 2023) movements were used as CS stimuli.

Overall, there is a considerable range of questions under investigation by translational
research in the derived fear and avoidance field, but these investigations are still at an initial
stage compared to those examining the basic processes. More studies with clinical populations,
therapeutic protocols, and real-world analogs are required to support derived fear and avoidance
as an ecologically valid model for studying anxiety disorders, particularly nonadaptive fear and
avoidance of situations and events in which no direct aversive experiences can be identified. In
this sense, research should also develop and evaluate new experimental paradigms for
investigating symbolic generalization in complex situations that are more like the real world
(Krypotos, 2018). One candidate is virtual reality (VR) technologies to simulate real-world

scenarios, not only abstract stimuli, discrete trials, and key pressing experiments but also



Symbolic or Derived Generalization 29

continuous measures and strong responses such as those experienced by anxious patients in the
real-world (Botella et al., 2017, Freitas et al., 2021).

There are some limitations to this review and suggestion for future reviews. First, we
considered tools to assess the risk of bias (e.g., ROBINS-1: Sterne et al., 2016; RoB 2: Sterne
et al., 2019; WWC: WWC, 2020) but results were inaccurate because many questions were not
applicable to the studies included in this review. So, the risk of bias analysis was discarded.
Future reviews could test different tools for analyzing the risk of bias to find one that works
better for studies on derived fear and avoidance. Including additional databases (e.g. Pubmed,
Elsevier Scopus, and SciELO) and Google Scholar searching could also improve the procedures
adopted in the present review. Another possibility for a future review is to expand the scope of
the search by including studies with stimuli with pre-experimental meaning such that
conditioning procedures will not necessarily be a requirement in these cases (Eilertsen &
Arntzen, 2020; Leech et al., 2018; Leech & Barnes-Holmes, 2020; O'Toole et al. 2007; Perez

etal., 2019, 2023; Sandoz et al., 2021).

5. Conclusion

Fear and avoidance are key components of anxiety and related disorders (American
Psychiatric Association, 2013). One way fear and avoidance can spread and dramatically
increase the range of potential threatening stimuli capable of evoking defensive responses is
through symbolic generalization or derived processes in humans. Here, for the first time, we
systematically reviewed the literature on symbolic generalization of fear and avoidance in
humans and provided an overview of the gaps and suggestions for future research. Thirty-one
articles have been published since 1994, a rate of one article per year, showing the symbolic
generalization of fear and avoidance with a wide range of variables (derived responses,

participants, design, CS type, US type, outcome measures, and relations) and procedures (fear
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conditioning, avoidance conditioning, approach-avoidance conditioning, extinction or
interventions, and tests), such that symbolic generalization of fear and avoidance are
experimentally well-established phenomena in the literature. Nevertheless, future studies
should be more cautious about using small samples of participants in one- or two-group designs,
procedures with no additional forms of control (e.g., control groups, reversal of contingencies,
and pre-tests checking for pre-experimental effects), and the lack of information about
participants and mastery criteria. Methodological heterogeneity across studies made it difficult
to compare the results of different investigations; methodological guidelines and consistency
of reporting should be prioritized in the field of derived fear and avoidance.

The field would also benefit from research involving other types of derived relations in
addition to equivalence, populations different from undergraduate students (e.g., those with
clinical disorders, children, elderly, etc.), CS stimuli other than abstract figures or nonsense
words (e.g., multi-sensory stimulus), US stimuli other than electric shock or aversive pictures
(e.g., USs more similar to those in the real world), and measures besides skin conductance or
key pressing (e.g., simultaneous and neurological measures). There is also a need for more
studies with therapeutic protocols and clinical analogs (e.g., the approach-avoidance conflict
and the transfer or transformation of extinction), as well as evaluations of new experimental
paradigms such as virtual reality technology to bridge the gaps between derived fear and
avoidance research and the translational and applied levels. The approximation to the real-world
is essential to support symbolic generalization of fear and avoidance as an ecologically valid

behavioral model for studying anxiety disorders.
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Figure 1

PRISMA Diagram of the Search and Screening Process

Screening Identification

Included

Records identified from:

- Web of Science (n = 1118) Duplicates records removed

- PsycINFO (n = 532) (n=9
Number of articles screened Records excluded
(n = 1645) (n=1607)

l Records excluded:
Articles assessed for eligibility * Review articles (n = 4)
(n=38) * Not about fear or avoidance (n = 2)
l * No fear or avoidance conditioning (n = 6)
Records included via other methods:
Articles included in the review » Reference checking (n = 2)

(n=31) » Suggested by an expert (n = 2)
« Alerts of new articles (n = 1)
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Figure 2
Number of Publications by Year (4) and Journal (B)
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Note. JEAB: Journal of the Experimental Analysis of Behavior; PsycholRec: The Psychological
Record; QIEP: Quarterly Journal of Experimental Psychology; JBTEP: Journal of Behavior
Therapy and Experimental Psychiatry; FrontPsychol: Frontiers in Psychology; PLoS One:
PLoS One; BRT: Behaviour Research and Therapy; CognEmot: Cognition and Emotion; JCBS:
Journal of Contextual Behavioral Science; Pain: Pain; PSE: Psychology Society and Education.
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Figure 3

Violin Plot of the Sample Size in the Studies Included in the Review
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Table 1

General Characteristics of the Studies Included in the Present Review
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. Participants, . .
Study Fear/Avoidance Gender & Age Design CS US Measures Relations
Exp. | 8 undergraduates: ~ One-group posttest Two 4-
Dougheret  Fear and fear 8F only member
al. (1994) extinction 8 undergraduates: Between-subjects Abstract figures Electric shock Skin conductance equivalence
Exp. 2 4F. 4M " (experimental and classes
’ control)
Augustson Two 4-
and . 8 undergraduates: ~ One-group posttest . . member
Dougher Avoidance IF, 7™ only Abstract figures Electric shock Key pressing equivalence
(1997) classes
Three 3-
Markham et 5 undergraduates: ~ One-group posttest . . member
al. (2002) Fear 3F. 2M only Abstract figures Electric shock Skin conductance equivalence
classes
Between-subjects Two 3-
Smyth et al. Fear 16 undergraduates: (spider-fearful and ~ Nonsense words Spider-attack videos Ratings (fear., dngl.lSt’ me mber
(2006) I5F, IM . control, and intensity) equivalence
non-spider-fearful)
classes
Doucher et 21 undergraduates:  Between-subjects thﬁ?lrf:ss
& Fear 12F, 9M (experimental and  Abstract figures Electric shock Skin conductance
al. (2007) than
Aged 19-27 control) .
relations
Aversive and nonaversive
. Between-subjects images (IAPS), aversive Same and
Dymond et . 12 undergraduates: . . .
Avoidance (experimental and ~ Nonsense words sounds (female scream Key pressing Opposite
al. (2007) Aged 21-38 .
control) from IADS), message relations
"Picture canceled"
Dymond et Avoidance Exp. | 13 undergraduates: ~ One-group posttest Nonsense words Aversive and nonaversive Key pressing

al. (2008)

Aged 22-44

only

images (IAPS), aversive



Roche et al.
(2008)

Valverde et
al. (2009)

Dymond et
al. (2011)

Gannon et
al. (2011)

Dymond et
al. (2012)

Luciano et
al. (2013)

Avoidance
extinction

Fear

Fear and
avoidance

Approach and
avoidance

Fear and
avoidance

Fear and
avoidance
extinction

Exp. 2

Exp. 1

Exp. 2

Exp. 1

Exp. 2

Exp. 1

3 undergraduates:
Aged 21-38

20 undergraduates:
10F, 10M

17 undergraduates:
10F, 7M
Aged 18-25

30 undergraduates:
14F, 16M
Aged 18-29

21 undergraduates

10 not specified:
10M
Aged 20-29, M=26

8 not specified:
&M
Aged 20-24, M=22

90 undergraduates:
68F, 22M
M=25.06

(SD=10.05)

18 undergraduates:
13F, 5M
Aged 19-25

Between-subjects
(direct and derived
extinction)

One-group reversal

One-group posttest
only

One-group posttest
only

Between-subjects
(conditioned,
derived, and

instructed)

One-group posttest
only

Nonsense words

Abstract figures

Nonsense words

Nonsense words

Nonsense words,
colored circles

Abstract figures,
nonsense words
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sounds (female scream
from IADS), message
"Picture canceled"

Aversive and nonaversive
images (IAPS), message
"Picture canceled"

Electric shock

Aversive and nonaversive
images (IAPS), aversive
sounds (female scream
from IADS), message
"Picture canceled"

Aversive and nonaversive
images (IAPS)

Electric shock

Electric shock, earning of
points

Key pressing

Skin conductance

Key pressing, ratings
(US expectancy)

Key pressing

Key pressing,
response latency

Key pressing, ratings
(US expectancy)

Key pressing, skin
conductance

Same and
Opposite
relations

Same and
Opposite
relations

Two 4-
member
equivalence
classes
Two 5-
member
equivalence
classes

Two 3-
member
equivalence
classes

Two 4-
member
equivalence
classes

Two 3-
member
equivalence
classes

Two 6-
member



Luciano et
al. (2014)

Vervoort et
al. (2014)

Garcia-
Guerrero et
al. (2014)

Dymond et
al. (2014)

Bennett et
al. (2015a)

Bennett et
al. (2015b)

Bennett et
al. (2015c¢)

Fear and
avoidance
extinction

Fear extinction

Fear and
avoidance
extinction

Fear and
avoidance

Fear and
avoidance

Fear

Fear and
avoidance

Exp. 2

25 undergraduates:
13F, 12M
Aged 18-26

23 undergraduates:
17F, 6M
Aged 18-27

35 undergraduates:
27F, 8M

15 not specified:
Aged 26-47, M=31
(SD=5.16)

64 undergraduates:
50F, 14M
Aged 18-30

72 undergraduates:
S8F, 14M
M=18.4 (SD=1.1)

80 not specified:
52F, 28M
Aged 1849,
M=23.04 (SD=6.8)

30 undergraduates:
23F, ™™
M=21 (SD=1.41)

Between-subjects
(motivational,
defusion, and

control)

Between-subjects
(CS and GS
extinction)

Between-subjects (A
and B)

Between-subjects
(high-spider-fearful
and Low-spider-
fearful)

One-group posttest
only

Between-subjects
(pain-US and
instructed-US)

One-group posttest
only

Abstract figures,
nonsense words

Abstract figures

Cyrillic and
Arabic letters

Nonsense words

Nonsense words

Nonsense words,
abstract figures,
joystick arm
movements

Nonsense words,
3D animal-like
objects
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Electric shock, earning of
points

Electric shock

Aversive sound (91 dB,
12000 Hz, 5-second)

Spider images (IAPS and
Google), message "Picture
canceled"

Aversive images (IAPS),
aversive sounds (female
scream from IADS)

Electric shock, threatening,
and safety terms

Aversive images (IAPS),
aversive sounds (80 dB and
90dB, 5-second; female
scream and white noise
from IADS), threatening
and safety terms

Key pressing, skin
conductance

Skin conductance,
ratings (US
expectancy)

Key pressing, ratings
(US expectancy)

Key pressing, ratings
(US expectancy)

Key pressing, ratings
(US expectancy,
unpleasantness)

Response latency,
ratings (Pain-US
expectancy, fear of
pain, unpleasantness)

Key pressing, ratings
(US expectancy,
valence,
unpleasantness)

equivalence
classes

Two 6-
member
equivalence
classes
Two 4-
member
equivalence
classes
Three 4-
member
equivalence
classes
Two 3-
member
equivalence
classes

Same and
Opposite
relations

Two 3-
member
equivalence
classes

Two 3-
member
equivalence
classes



Montoya-
Rodriguez
and Molina-
Cobos
(2017)

Donati et al.
(2019)

Boldrin and
Debert
(2020)

Perez et al.
(2020)

Gandarela
et al. (2020)

Bennett et
al. (2020)

Valverde et
al. (2021)

Fear and
avoidance

Fear and
avoidance
extinction

Avoidance
extinction

Fear and
avoidance

Avoidance

Approach and
avoidance

Fear and
avoidance

Exp. 2

17 typically
children:
12F, 5SM

Aged 10-11

88 undergraduates:

80F, 8M
Aged 18-25

43 undergraduates:

Aged 18-26

32 not specified:
Aged 18-45

11 undergraduates:

8F, 3M
Aged 18-24

35 undergraduates:

30F, SM
M=21.54
(SD=4.88)

79 undergraduates:

66F, 13M
M=20.17
(SD=4.94)

24 undergraduates:

17F, 7™M
Aged 18-30

One-group posttest
only

Between-subjects
(defusion,
reappraisal, and
control)

Between-subjects
(direct and derived
extinction)

Between-subjects
(experimental and
control)

One-group posttest
only

Between-subjects
(extended and
limited training)

Between-subjects

(extended, limited,
and no training)

One-group reversal

Vowels, colored
cards, geometric
shapes

Nonsense words

Abstract figures

Abstract figures

Abstract figures

Abstract figures,
background
colors

Abstract figures
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Ratings (discomfort,
preference), selection
of a video to watch

Evaluated videos (aversive,
nonaversive, and neutral),
earning of points

Aversive and nonaversive
images (IAPS), aversive
sounds (female scream
from IADS), message
"Consequence canceled"

Mouse clicking,
ratings (BIS and BAS
scales)

Aversive sound (90 dB,

8400 Hz, 5-second) Mouse clicking

Facial expressions of fear
and happiness, aversive and Key pressing, ratings
neutral images (IAPS), (US expectancy,
aversive sound (metal semantic differential,
scraping), message valence)
"Image/Sound canceled"

Point loss Mouse clicking

Aversive images (IAPS),
aversive sounds (female
scream from [ADS),
smiling or frowning
emoticons, earning of
points, message "Correct”
or "Incorrect”

Key pressing

Key pressing, skin
conductance, heart
rate

Electric shock

Three 3-
member
equivalence
classes

Two 3-
member
equivalence
classes

Two 4-
member
equivalence
classes

Two 4-
member
equivalence
classes

Two 4-
member
equivalence
classes

Two 3-
member
equivalence
classes

Two 5-
member
equivalence
classes



Perez et al.

(2021)

Valdivia-

Salas et al.

(2022)

Glogan et
al. (2023)

Boldrin et
al. (2024)

Avoidance

Fear

Fear and
avoidance

Avoidance
extinction

Exp. 1

Exp. 2

Ex

Ex

p. 1

p.2

4 not specified:
1F, 3M
Aged 24-32
M=26.75
(SD=7.39)

3 not specified:
2F, IM
Aged 24-28, M=26
(SD=2)

Abstract figures,
background
colors

One-group posttest
only

86 undergraduates:
75F, 11M
M=19.03 (SD=3.4)

One-group posttest Nonsense words,
only colored shapes

65 undergraduates: Between-subjects

48F, 17"M .
Aged 18-65 (response-congruent Robotic arm
M=25.82 ’ gnd response- movements
( SD:8:12) incongruent)
16 undergraduates:
Aged 18-29
Between-subjects
(direct and derived ~ Abstract figures

extinction)

16 undergraduates:
Aged 18-35
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Aversive and nonaversive
sounds (dissonant and

consonant notes)

Aversive sound (100 dB,

150 ms)

Electric shock

Point loss

Key pressing, mouse
clicking

Attentional bias,
ratings (US
expectancy, arousal,
threat and valence)

Robotic arm
movements, ratings
(pain-US expectancy,
fear of pain)

Mouse clicking

Two 5-
member
equivalence
classes

Three 4-
member
equivalence
classes
Two 3-
member
equivalence
classes

Symmetry
relations

Two 4-
member
equivalence
classes




Symbolic or Derived Generalization 47

Table 2

Experimental Procedures and Parameters (Number of Stimuli Presentations, % CS-US Contingency, Response Requirements, and

Learning/Mastery Criteria) Employed by the Studies Included in the Present Review

e . Avoidance and Approach-Avoidance Extinction and
Study Fear conditioning conditioning Interventions Tests
Differential conditioning Steady-state generalization testing
Exo. 1 6 CS+ (100%) and 6 CS- _ _ 2 CS+ (50%) and 1 CS-/GSs
p: Larger SCRs/SCLs to CS+ than to Larger SCRs/SCLs to GSs related to
CS- CS+ than to GSs related to CS-
Dougher et Differentia(l) conditioning I’;Sévglst/}glgld
al. (1994) Lar 1(51(5;1;(/75 C/(Il) atndgs(isﬂ_lan ¢ Smaller SCLs/SCRs to GSs in the test
£e S CS? © © US-withheld than in the fear conditioning
Exp. 2 - 6 CS+ and 6 CS-
Differentia reconditoning Notspecifid - Steady-state genralzation eting
0 i
6 CS+I\%tOS /g():i?_?;f €S Larger SCRs/SCLs to GSs related to
P CS+ than to GSs related to CS-
Augustson Differential conditioning %Sggflgaél (;:; ;aii_gségr_)e US-withheld
and Dougher 6 CS+ (100%) and 6 CS- FR020 - 4 CSs/GSs
(1997) Not specified Not specified Not specified
Differential conditioning US-withheld
Markham et 8 CS+ (75%) and 8 CS- _ _ 2 GSs
al. (2002) Larger SCRs to CS+ than to CS- Larger SCRs to GSs related to CS+ than

to GSs related to CS-



Smyth et al.
(20006)

Dougher et
al. (2007)

Dymond et
al. (2007)

Dymond et
al. (2008)

Roche et al.
(2008)

Exp. 1

Exp. 2

Differential conditioning
2 CS+(100%) and 2 CS-
Not specified

Single-cue conditioning
6 CS+ (100%)
Not specified

US-avoidance + CS-escape + feedback
CS+ (75%) and CS- (75%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + CS-escape + feedback
CS+ (75%) and CS- (75%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + CS-escape + feedback
CS+ (75%) and CS- (75%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + CS-escape + feedback
CS+ (75%) and CS- (75%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-withheld
8 CSs or GSs
Not specified
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US-withheld + ratings
1 CSs/GSs
Not specified

US-withheld + matching task
1 CSs/GSs
Not specified

Steady-state generalization testing
1 CS+ (100%) and 1 CS-
Not specified

Steady-state generalization testing
6 GSs (75%)
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
6 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
6 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
6 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-



Valverde et
al. (2009)

Dymond et
al. (2011)

Gannon et al.
(2011D)

Dymond et
al. (2012)

Differential conditioning
6 CS+ (100%) and 6 CS-
Larger SCRs to CS+ than to CS- in
more than half of the trials plus
difference between average
measures

Exp. 1

Differential conditioning
3 CS+ (100%) and 3 CS-
Larger SCRs to CS+ than to CS- in
more than half of the trials plus
difference between average
measures

Exp. 2

Differential conditioning
5 CS+ (100%) and 4 CS- (100%)
Not specified

Differential conditioning
6 CS+ (100%) and 6 CS-
Not specified

US-avoidance + CS-escape + feedback
CS+ (75%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-approach-avoidance
CS+ (100%) and CS- (100%)
FR1
Minimum number of trials with
avoidance/approach responses to
CS+/CS-

US-avoidance + CS-escape
CS+ (100%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-withheld
3 CS+and 3 CS-
Not specified
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Steady-state generalization testing
1 CS+ (100%) and 1 CSs/GSs
Larger SCRs to GSs related to CS+ than
to GSs related to CS-

Steady-state generalization testing
3 GSs (100%)
Larger SCRs to GSs related to CS+ than
to GSs related to CS-

Steady-state generalization testing
2 CS+ (100%) and 5 GSs
Not specified

US-withheld
4 GSs after conditioning and 5 GSs after
conditioning reversal
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
6 CSs and 6 GSs
Not specified
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Steady-state generalization testing

Differential context conditioning + US- 2 GSs (100%)
Differential context conditioning approach-avoidance US-withheld Larger SCRs to GSs related to CS+ than
2 CS+ (100%) and 2 CS- (100%) CS+ (100%) and CS- (100%) 6 CS+ and 6 CS- to GSs related to CS-; Minimum and
Luciano et al. Larger SCRs to CS+ than to CS- in FR 1 Difference between maximum number of trials with
(2013) more than half of the trials plus Minimum number of trials with responses to GSs related to CS+ or CS-
difference between average avoidance/approach responses to avercagi me;sg;es to
measures CS+/CS- plus absence of avoidance to an ) US-withheld
CS+ and approach to CS- 2 CSs and 1 GSs
Not specified

Steady-state generalization testing

Differential context conditioning + US- 2 GSs (100%)
Differential context conditioning approach-avoidance Larger SCRs to GSs related to CS+ than
2 CS+ (100%) and 2 CS- (100%) CS+ (100%) and CS- (100%) Motivational. Defusion to GSs related to CS-; Minimum and
Luciano et al. Larger SCRs to CS+ than to CS- in FR 1 ’ maximum number of trials with
(2014) more than half of the trials plus Minimum number of trials with or (Iilontrol protocol responses to GSs related to CS+ or CS-
. . ot specified
difference between average avoidance/approach responses to
measures CS+/CS- plus absence of avoidance to Steady-state generalization testing
CS+ and approach to CS- 2 CS+ (100%) and 1 CS-/GSs
Not specified
Vervoort et Differential conditioning US-withheld US-withheld
al. (2014) 10 CS+ (80%) and 10 CS- - 15 CSs or GSs 1 CSs/GSs
’ Not specified Not specified Not specified



Garcia-
Guerrero et
al. (2014)

Dymond et
al. (2014)

Bennett et al.

(20152)

Bennett et al.

(2015b)

Bennett et al.

(2015c¢)

Montoya-
Rodriguez
and Molina-

Cobos (2017)

Differential conditioning
4 CS+ (100%) and 4 CS-
Not specified

Differential conditioning
3 CS+ (100%) and 3 CS-
Not specified

Differential conditioning
5 CS+ (80%) and 5 CS-
Not specified

Differential conditioning
5 CS+ (80%) and 5 CS-
Not specified

Differential conditioning

5 CS+ (100%) and 5 CS-
Not specified

Differential conditioning

1 CS+ (100%) and 1 CS- (100%)

Not specified

US-avoidance
CS+ (100%)
FR 8
Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + CS-escape + feedback
CS+ (100%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + CS-escape
CS+ (100%)
FR 1
Minimum and maximum number of
trials with responses to CS+ and CS-
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Steady-state generalization testing
2 CS+(100%) and 2 CS-/GSs
Not specified

US-withheld + UScheck
2 CSs/GSs
Not specified

US-withheld
- 6 GSs
Not specified

US-withheld
- 4 CSs/GSs
Not specified

US-withheld
- 4 GSs
Not specified

US-withheld + instructions
- 4 GSs
Not specified

Alteration of function
by establishing new
relations and exercises
focused on values

US-withheld
1 CSs/GSs
Not specified



Donati et al.
(2019)

Boldrin and
Debert (2020)

Perez et al.
(2020)

Gandarela et
al. (2020)

Differential conditioning
CS+ (75%)
Not specified

Differential conditioning
4 CS+ (100%) and 4 CS-
Not specified

Differential conditioning
4 CS+ (75%) and 4 CS-
Not specified

Differential conditioning
4 CS+ (100%) and 4 CS-
Not specified

US-avoidance + CS-escape + feedback
CS+ (100%) and CS- (100%)

FR 1

Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance
CS+ (100%)
FR 8

Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance + feedback

CS+ (75%)
FR 1

Minimum and maximum number of
trials with responses to CS+ and CS-

US-avoidance
CS+ (100%)
FR 8

Minimum and maximum number of
trials with responses to CS+ and CS-
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Control, Defusion or
Appraisal exercise
Not specified

US-withheld
CS+ and CS- or GSs
Absence of avoidance
to CS+ and CS- or to
GSs

Steady-state generalization testing
1 CS+/CS- (100%) and 3 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

Steady-state generalization testing
1 CS+/CS (100%) and 3 GSs
Not specified

US-withheld (before extinction)
4 CSs/GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld (after extinction)
4 CSs/GSs
Not specified

Steady-state generalization testing
16 CS+ (75%), 16 CS- and 5 GSs
Not specified

US-withheld
4 CSs/GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-



Bennett et al.
(2020)

Valverde et
al. (2021)

Perez et al.
(2021)

Differential context conditioning + US-
approach-avoidance
CS+ (100%) and CS- (100%)
FR 1
Minimum number of trials with
avoidance/approach responses to
CS+/CS- plus more avoidance to CS+
and approach to CS-

Differential context conditioning
6 CS+ (80%) and 6 CS- (80%)
Not specified

US-avoidance
CS (100%)
FR 5
Minimum and maximum number of
trials with responses to CS+ and CS-

Differential conditioning
4 CS+ (100%) and 4 CS-
Larger SCRs/HR to CS+ than to CS-
in the last trial

Differential context conditioning + US-
approach-avoidance
CS+ (100%) and CS- (100%)
Exp. 1 - FR 1
Minimum number of trials with
avoidance/approach responses to
CS+/CS-
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US-withheld
4 GSs
Not specified

Steady-state generalization testing
GSs (100%)

Larger SCRs/HR to GSs related to CS+
than to GSs related to CS-; Minimum
and maximum number of trials with
responses to GSs related to CS+ or CS-

US-withheld
4 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
4 GSs
Not specified



Valdivia-
Salas et al.
(2022)

Glogan et al.
(2023)

Boldrin et al.
(2024)

Exp. 2

Exp. 1

Differential conditioning
CS+ (100%)
Larger US expectancy and ICI to
CS+ than to CS-

Differential conditioning
72 CS+ (50%) and 72 CS-
Larger US expectancy and ICI to
CS+ than to CS-

Differential context conditioning + US-
approach-avoidance
CS+ (100%) and CS- (100%)
FR 1
Minimum number of trials with
avoidance/approach responses to
CS+/CS-

US-avoidance
CS+ (80%, 40%, 100%)
FR 1
Not specified

US-avoidance
CS+ (100%)
FR 8
Minimum and maximum number of
trials with responses to CS+ and CS-
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US-noneliminable
CS+ and CS- or GSs
Absence of avoidance
to CS+ and CS- or to
GSs

US-withheld
6 GSs
Minimum and maximum number of
trials with responses to GSs related to
CS+ or CS-

US-withheld
6 GSs
Not specified

US-withheld
36 GSs
Not specified

Steady-state generalization testing
6 CS+ (50%), 6 CS- and 36 GSs
Larger US expectancy and ICI to GSs
related to CS+ than to GSs related to CS-

US-withheld
24 GSs
Not specified

US-withheld (before extinction)
4 CSs/GSs
Minimum and maximum number of

trials with responses to GSs related to
CS+ or CS-

US-withheld (after extinction)
4 CSs/GSs
Not specified
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US-withheld (before extinction)

4 CSs/GSs
US-avoidance US-withheld Minimum and maximum number of
CS+ (100%) CS+ and CS- or GSs trials with responses to GSs related to
Exp. 2 - FR 8 Absence of avoidance CS+ or CS-
Minimum and maximum number of to CS+ and CS- or to
trials with responses to CS+ and CS- GSs US-withheld (after extinction)
4 CSs/GSs
Not specified

Note. CS: Conditioned/Antecedent Stimulus; US: Unconditioned/Consequence Stimulus; GS: Generalized Stimulus; SCR: Skin Conductance
Response; SCL: Skin Conductance Level; HR: Heart Rate; FR: Fixed Ratio Schedule; Dash symbol (-): Procedure not applied.



