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Abstract Conditioning isoften thoughtofasabasic,automatic

learning process that has limited applicability to higher-level

human behavior. In addition, conditioning is seen as sepa-

rable from, and even secondary to,‘‘innate’’processes. These

ideas involve some misconceptions. The aim of this article is

toprovide a clearer,more refinedsense ofhuman sexual condi-

tioning. After providing some background information and

reviewingwhat isknownfromlaboratoryconditioningstudies,

humansexualconditioning is compared tosexualconditioning

in nonhumans, to‘‘innate’’sexual responding, and to other types

of human learning processes. Recommendations for moving

forward in human sexual conditioning research are included.
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Introduction

Conditioning isoften thoughtofasabasic, automatic learning

process that has limited applicability to higher-level human

behavior. In addition, conditioning is seen as separable from,

and even secondary to,‘‘innate’’processes. For example, sex of

partner preference is commonly attributed to genetic or pre-

natal physiological, as opposed to postnatal experiential, fac-

tors (see Bailey et al., 2016). Further, sexual conditioning can

bring to mind the mostly unsuccessful traditional behavior ther-

apyapproaches (e.g., masturbatory conditioningand aversion

therapy) for altering ‘‘deviant’’ sexual arousal patterns (for

review, see Bancroft, 1974; Beckstead, 2012). The aim of this

article is to provide a clearer, more refined sense of human sex-

ual conditioning. After reviewing the human sexual conditioning

literature, I will situate or frame such learning in three ways: rela-

tive to sexual conditioning in nonhumans, relative to‘‘innate’’pro-

cesses, and relative to other types of human learning processes. I

conclude with suggestions for future human sexual condition-

ing research.

Definitions and Concepts

Broadly,conditioning isaprocessbywhichorganisms, including

humans, learn about the relationships between events. Through

conditioning, we can learn to predict events, we can learn signals

forbiologicallysignificantstimuli,wecanlearn thevalueofstim-

uli, andwecanlearn theconsequencesofouractions.Hence, sex-

ual conditioning can prepare us to respond sexually and can con-

tribute to our erotic preferences and to how we behave sexually.

Conditioning procedures—which are used in the labora-

tory but are assumed to have real-world correlates—tend to

be broken down into two types: classical and operant condi-

tioning. Although these processes share properties and they

intimately interact, they involve different procedures, result

in different outcomes, and most likely involve some different

mechanisms (e.g., Lorenzetti, Mozzachiodi, Baxter, & Byrne,

2006).Classical (Pavlovianor respondent)conditioning involves

the association between two stimuli (e.g., a bell and food per

Pavlov), whereas in operant (instrumental or Skinnerian) con-

ditioning the association formed is between a response and a

reinforcer (e.g., lever pressing and food per Skinner). Clas-
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Sex Research, Malmö, Sweden, July 2016.

& Heather Hoffmann

hhoffman@knox.edu

1 Department of Psychology, Knox College, Galesburg,

IL 61401, USA

123

Arch Sex Behav (2017) 46:2213–2229

https://doi.org/10.1007/s10508-017-1030-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s10508-017-1030-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10508-017-1030-5&amp;domain=pdf
https://doi.org/10.1007/s10508-017-1030-5


sical conditioning can impact our physiological and/or emo-

tional responsiveness to (sexual) stimuli, our (erotic) prefer-

ences, and basic approach/avoidance tendencies. Operant con-

ditioning, on the other hand, can more directly influence what

we do sexually, whether that consists of altering physiological

responses,changingovertbehaviororalteringmentalprocesses

(e.g., thoughts or fantasies). An example of appetitive classical

conditioning of sexual arousal in the laboratory would be pair-

ing a neutral stimulus (e.g., the picture of a penny jar or a car-

toon sketch of a male face) with erotic pictures or film, with

the intent of demonstrating conditioned genital and subjective

arousal to the neutral stimulus. Examples of appetitive oper-

ant sexual conditioning in the laboratory would include (1)

rewarding (e.g.,withmoney) increasedpenile tumescence,with

the intent of demonstrating enhanced genital responding and

(2) rewarding the watching of explicit sexual stimuli, with the

intent of demonstrating increased viewing of sexual images.

The main focus of this article will be on classical condition-

ing, as it is my area of expertise, and also because the human

conditioning literature has many more classical—than operant-

based conditioning studies. The cues being associated in such

learning are called the conditioned (or conditional) stimulus

(CS) and unconditioned stimulus (US). The main difference

between these cues is in the strength and duration of response

they elicit. The CS has been referred to as a neutral or innocu-

ous stimulus, at least prior to conditioning, whereas the US is

said to elicit a strong(er) behavior response. The behavioral

response elicited by the US is called the unconditioned response

(UR), and the response elicited by the CS (after training) is the

conditioned response (CR). The CR can be similar to the UR,

but it need not be. Whether the CR approximates the UR depends

on a number of factors, including the nature of the CS and US,

the temporal relationship between the CS and US, contextual

conditionsaswell as the measureused toassess learning (e.g.,

Akins, Domjan, & Gutiérrez, 1994; Burns & Domjan, 2001;

Silva, Timberlake, & Gont, 1998). For example, when pairing a

model of a bird (CS) with access to a sexually receptive female

(US), Akins (2000) found that male quail who were exposed

to a short (1 min) CS–US interval showed conditioned approach

to the model, whereas those trained with a long (20 min) CS–

US interval showed a conditioned increase in activity in the

presence of the model but not conditioned approach. In fact,

Pavlovian training can yield conditioned compensatory respon-

ses, which oppose the UR (Newlin, 1985, 1986; Siegel, Hinson,

Krank, & McCully, 1982). For example, in social drinkers, alco-

hol increases pulse transit time (a measure of the speed of

arterial blood flow) and finger temperature, whereas cues that

predict alcohol are associated with opposing physiological

responses.

Classical conditioning may result it two different outcomes–

signal or expectancy and evaluative or affective learning (De

Houwer, Thomas, & Baeyens, 2001). The former prepares us

for interaction with biologically significant cues or events, and

the latter can alter our preferences/attitudes about stimuli asso-

ciated with such cues or events. Signal learning is the common

interpretation for the outcome of classical conditioning, mean-

ing that the CS comes to predict and hence to prepare us for

encountering the US (Rescorla, 1988). Evaluative condition-

ing is proposed to be a form of classical conditioning that

involves an associative transfer of affective valence from US

toCS asa result of experiencing the pairing of these cues. That

is, conditioning can change how much a stimulus is liked or

disliked. While this signal versus evaluative distinction makes

sense conceptually, it is sometimes difficult to illustrate con-

cretely. However, the phenomenon of sign tracking is helpful

in this respect. Sign tracking is a maladaptive outcome of clas-

sicalconditioning (Brown & Jenkins, 1968; Costa & Broakes,

2007; Williams & Williams, 1969). The effect seems to occur

in certain individuals (e.g., Flagel, Watson, Robinson, & Akhil,

2007) and/or under certain conditions (e.g., Versaggi, King, &

Meyer, 2016) and has been used to model addiction (Flagel,

Akil, & Robinson, 2009; Saunders & Robinson, 2013). One

measure of sign tracking that clearly demonstrates its mal-

adaptive nature is the continued conditioned approach to a CS

that previously predicted an appetitive US, even when such

approach delays or eliminates the presentation of the US. In

male quail, it has been found that some birds would approach,

stay close and, in some instances, sexually interact with a CS

(a wooden block or a terry cloth model) that predicted access

toa female,evenwhen thefemalewaspresent (Burns&Domjan,

1996, 2000; Cetinkaya & Domjan, 2006; Köksal et al., 2004).

These cues did not seem to simply signal the US but rather

they acquired arousing properties. Fetish object learning could

result fromsexualevaluativeconditioning.Onestudyhasdirectly

examinedandfoundevidencefor, sign tracking inhumansexual

behavior (Kimura, Fukui, & Inaki, 1990). In a nonsexual human

conditioning study, signal and evaluative conditioning were

dissociatedwithin thesameparadigm(e.g.,Hermans,Crombez,

Vansteenwegen,Baeyens,&Eelen,2002),suggestingthattheyare

(mechanistically) distinct, although not necessarily independent

outcomes.Thatis,Baeyens,Vansteenwegen,Hermans,and Eelen

(2001) proposed that signal learning is governed by an expectancy

systemthat requires more cognitive resources to process or trans-

late complex information resulting in anticipation of an object or

event.On theotherhand, theysuggest that evaluativeconditioning

is mediated by a more‘‘primitive’’referential system that employs

more rudimentary learning or performance rules resulting in chan-

gesinaffectivevaluethatcaninfluencethedirectionofbehavior(ap-

proach/avoid) and modulate (facilitate/suppress) responses gener-

ated by the expectancy system. Hence, classical conditioning may

incorporate two different functional systems that may employ dis-

tinct algorithms for forming, modifying, and/or expressing

associations. These different processes could also have dif-

ferent, but also concurrent, impacts on behavior.
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What DoWe Know About Human Sexual
Conditioning?

Although laboratory studies of human sexual conditioning

began in the late 1960s (for review, see O’Donohue & Plaud,

1994), it was not until the 1990s that the first methodologi-

cally sound studies (Lalumière & Quinsey, 1998; Plaud &

Martini, 1999) were published. The vast majority of early human

sexual conditioning research has employed male participants

and that was also the case for these studies. The first study

showing sexual conditioning in women (Hoffmann, Janssen,

& Turner, 2004) did not appear until five years later. There are

approximately 20 published studies showing convincing evi-

dence of human sexual conditioning. Table 1 lists these studies

since 1997 and compares them on participants, conditioning and

testing procedures, and findings. I discuss aspects of these, and

other, comparisons below.

Most studies have been conducted using a nonclinical popu-

lation, although there are some exceptions (e.g., Banca et al., 2016;

Both,Braun,Weijenborg,&Laan,2017;Kluckenetal.,2016).

Across these studies, a differential conditioning paradigm that

employs a CS? (a cue paired with the US) and a CS- (a cue

presented during training but not paired with the US) is the

most commonly used training procedure. In some instances, a

between-subjects control group (unpaired, random, and/or back-

wards) has been employed. Conditioning tends to be brief (oc-

curring in a single session) and testing occurs soon after training,

althoughtherearesomeexceptions(e.g.,Hoffmann,Peterson,&

Garner, 2012).

It is not clear which stimuli and measures are most effective

for sexual conditioning. Acquisition trials most often involve

a delay conditioning procedure, in which there is an overlap

between the CS and the US, with 100% reinforcement (i.e.,

when theCSisalways presentedwith theUS).Erotic pictures,

short erotic film clips, and brief genital vibrostimulation are

the most commonly used USs. More rarely, active sexual par-

ticipation (e.g., masturbation or partnered sexual interaction)

has been employed (e.g., Hoffmann et al., 2012; Kantorowitz,

1978). Although it would seem that actual sexual interaction

would be a more salient US, we lack direct comparisons of US

effectiveness. Visual cues, which range from simple (e.g., geo-

metric figures) to the complex (e.g., photographs) and from

arbitrary to prepared (i.e., evolutionary pre-tuned or reproduc-

tively relevant), are common CSs. A few studies have used

ambiently and/or discretely presented olfactory cues (Hoff-

mann, 2007; Hoffmann, Goodrich, Wilson, & Janssen, 2014;

Hoffmann & Janssen, 2006; Hoffmann et al., 2012). Prepared

(sexually relevant) CSs would seem to be more effective CSs.

However, only one study provides direct evidence for this,

and the resultswere notuniform, i.e., women showed stronger

CRs to a photograph of a gun relative to a photograph of a naked

male torso, at least when these cues were presented liminally

(Hoffmann et al., 2004).

Conditioning is typically assessed via genital (plethysmo-

graphic) response as well as with measures of subjective arousal

to and affective preference (measured explicitly but sometimes

implicitly) for theCS.ExplicitmeasuresemployLikertorvisual

analogscales, and implicitmeasureshave involvedpriming tasks

or assessment of approach/avoidance tendencies. Less com-

monly,measuresofUSexpectancy/contingencyawareness (e.g.,

asking participants, when presented with the CS, to rate to

what extent they expect the US), skin conductance, and neural

responses have been used. Genital CRs and measures of sub-

jective arousal to and affective preference for the CS, often but

not always, yield evidence of learning, but it is usually not robust.

In a few studies, the strength of genital CRs has been com-

parable to the strength of genital responses to the US (i.e., the

UR; Brom, personal communication, February 24, 2016; Plaud

& Martini, 1999), but it is usually far less robust. US expecta-

tion has yielded some of the strongest CRs but has not been

consistently used.

In addition to demonstrating conditioned acquisition, evi-

dencehasbeenfoundforseveralotherbasicclassicalconditioning

effects.Specifically,extinction(Brom,Laan,Everaerd,Spinhoven,

& Both, 2014, 2015a; Brom et al., 2015c), renewal (Brom et al.,

2014, 2015c), conditioned inhibition (Hoffmann et al., 2012),

andaversivesexualconditioning(Bothetal.,2008a;Brometal.,

2015a) have been documented.

There may be individual differences in conditionability.

Although some have suggested that men/males may more

readily show conditioned sexual arousal (Pfaus, Kippin, &

Centeno,2001),onlyahandfulofstudieshaveattemptedadirect

comparison and they have not yielded a clear answer (Brom,

2016). In fact, women may more readily show some types (e.g.,

aversive) of sexual conditioning (Brom et al., 2015a). Sexu-

ally compulsive men may show stronger conditioning than

nonsexually compulsive men (Banca et al., 2016; Hoffmann

et al., 2014; Klucken et al., 2016), and men high rather than

low in extraversion may show stronger conditioned arousal,

while those higher compared to those lower in introversion may

show stronger conditioned detumescence (Kantorowitz, 1978).

For women, those lowrather than high in sexual inhibition (Hoff-

mann,2011)andthosehighrather thanlowinsexual functioning

(Both et al., 2008a) may show stronger sexual conditioning.

Conditioning is also moderated by situation. One factor that

has been shown to affect conditioning is awareness. There is

controversy regarding defining and measuring awareness in

the laboratory (Lovibond & Shanks, 2002), and the measures

of awareness in sexual conditioning studies have been crude

measures, assessed post-training via self-report. There is

evidence for sexual conditioning without awareness, particularly

with overlap in CS/US presentation, when sexually relevant
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Table 1 Published studies of human sexual conditioning studies 1997–2017

Citation Participants

(nonclinical

unless

denoted*)

Conditioned

stimuli (CSs)

Conditioned

responses

Conditioning

procedure

Test procedure Main conditioning outcome

Unconditioned

stimuli (USs)

Time of test

(extinction

trials unless

denoted*)

Other findings

Appetitive

Letournea &

O’Donohue

(1997)

25 women Short and

intermediate

neutral visual

Genital arousal 10 single CS

trials/day

3 probe

trials*/day

No conditioning

Intermediate erotic

film clips

Subjective sexual

arousal

5 sessions, one per

day

Delay conditioning

70% reinforcement

Explicitly unpaired

control group

Lalumiere &

Quinsey

(1998)

20 men Short sexual visual Genital arousal 11 single CS trials 2 single CS

trials

Conditioned genital arousal

Short erotic film

clips

1 session Immediate

Delay conditioning

100% reinforcement

CS-only control

group

Plaud &

Martini

(1999)

9 men Shortneutral visual Genital arousal 15 single CS trials/

week

5 probe trials*/

week

Conditioned genital arousal

Short erotic

pictures

3 sessions, one per

week

Delay conditioning

67% reinforcement

Random and

backwards control

groups

Hoffmann

et al. (2004)

27 women Subliminal and

short

Genital arousal 11 differential trials 2 differential

trials

Conditioned genital arousal for:

29 men Nonsexual and

sexual visual

Skin conductance 1 session Immediate Subliminal sexual CS

Short erotic film

clips

Trace conditioning Short sexual CS (men only)

100% reinforcement Short nonsexual CS (women

only)Explicitly unpaired

control group

Both et al.

(2008a)

17 women Shortneutral visual Genital arousal 10 differential trials 4 differential

trials

Conditioned genital arousal that

extinguished

Brief genital

vibrostimulation

Affective value 1 session Immediate Weak conditioned affective

value-no extinctionDelay conditioning

100% reinforcement

Both et al.

(2008b)

18 women Subliminal sexual

visual

Genital arousal 24 differential trails 12 differential

trials

Conditioned genital arousal that

extinguished

Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate

Affective value Delay conditioning

Skin conductance 100% reinforcement
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Table 1 continued

Citation Participants

(nonclinical

unless

denoted*)

Conditioned

stimuli (CSs)

Conditioned

responses

Conditioning

procedure

Test procedure Main conditioning outcome

Unconditioned

stimuli (USs)

Time of test

(extinction

trials unless

denoted*)

Other findings

Klucken et al.

(2009)

20 women Shortneutral visual Neural response

(fMRI)

21 differential trials 11 differential

trials

Conditioned fMRI (reward

structures and occipital cortex;

CA only)

20 men Brief erotic

pictures

Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal (CA only)

Non-US Affective value Trace conditioning Conditioned affective value (CA

only)

Subjective

arousal

100% reinforcement Conditioned subjective arousal

(CA only)

Subjective

disgust

Men[women

Skin conductance

Contingency

awareness

Both et al.

(2011)

32 women Shortneutral visual Genital arousal 8 differential trials 6 differential

trials

Conditioned genital arousal-no

extinction

Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal that extinguished

Affective value Delay conditioning Weak conditioned affective

value-no extinctionSkin conductance 100% reinforcement

Hoffmann

et al. (2012)

14 men Long neutral

olfactory

Genital arousal 3 differential trials 3 differential

trials

Conditioned genital arousal-no

extinction

Partnered sexual

interaction

Affective value 1 two-week session 3- to 11-day

retention

interval

Conditioned affective value;

conditioned inhibition

Non-US Contingency

awareness

Delay conditioning

100% reinforcement

Explicitly unpaired

control group

Klucken et al.

(2013)

86 men Shortneutral visual Neural response

(fMRI)

21 differential trials fMRI and SC

during

acquisition*

Conditioned fMRI (reward

structures)

Brief erotic

pictures

Subjective

arousal

1 session Other

measures-1

differential

trial

Conditioned subjective arousal

Affective value Trace conditioning Immediate Conditioned affective value

Skin conductance 100% reinforcement Conditioned skin conductance

US expectancy Conditioned US expectancy

Genetics (5-HTTLPR) affect

conditioning
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Table 1 continued

Citation Participants

(nonclinical

unless

denoted*)

Conditioned

stimuli (CSs)

Conditioned

responses

Conditioning

procedure

Test procedure Main conditioning outcome

Unconditioned

stimuli (USs)

Time of test

(extinction

trials unless

denoted*)

Other findings

Brom et al.

(2014)

62 women Shortneutral visual Genital arousal 10 differential trials 10 differential

trials

Conditioned genital arousal-no

extinction (women only)

40 men Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal (extinguished in

women only)

Affective value Delay conditioning Immediate

renewal

assessment

Conditioned affective value that

extinguished (women only)

Approach

behavior

100% reinforcement Conditioned US expectancy that

extinguished

US expectancy Renewal-US expectancy

Renewal-subjective sexual

arousal and affective value

(women only)

Hoffmann

et al. (2014)

56 men Short neutral

olfactory

Genital arousal 18 differential trials 3 differential

trials

Conditioned genital arousal

Short erotic film

clips

Affective value 1 session Immediate Conditioned affective value

Risk taking

behavior

Delay conditioning Increased risk taking in the

presence of CS

Contingency

awareness

100% reinforcement High sexual compulsivity[low

sexual compulsivityExplicitly unpaired

control group

Brom et al.

(2015b)

53 women Short sexual visual Genital arousal 10 differential trials 4 differential

trials

Conditioned genital arousal that

extinguished (men only)

40 men Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal-no extinction

Affective value Delay conditioning Conditioned affective value-no

extinction

Approach

behavior

100% reinforcement Conditioned approach behavior

(women only)

US expectancy Conditioned US expectancy-no

extinction

Down regulation enhances

extinction for:

Subjective sexual arousal (men

only)

Affective value (men only)

Approach behavior (women

only)

Brom et al.

(2015c)

62 women Short sexual visual Genital arousal 10 differential trials 10 differential

trials

Conditioned genital arousal that

extinguished

Brief genital

vibrostimulation

Subjective sexual

arousal

2 sessions 2 sessions

(Day 1)

Conditioned subjective sexual

arousal that extinguished

Affective value Delay conditioning Renewal

assessment

(Day 2)

Conditioned affective value that

extinguished

US expectancy 80% reinforcement Conditioned US expectancy that

extinguished

Renewal-genital and subjective

sexual arousal and affective

value

D-Cycloserine prevents renewal
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Table 1 continued

Citation Participants

(nonclinical

unless

denoted*)

Conditioned

stimuli (CSs)

Conditioned

responses

Conditioning

procedure

Test procedure Main conditioning outcome

Unconditioned

stimuli (USs)

Time of test

(extinction

trials unless

denoted*)

Other findings

Banca et al.

(2016)

62 men Brief neutral visual Affective value/

approach

30 differential trials 20 differential

trials

Conditioned preference (CSB

only)

Study 1 22 with CSB* Brief erotic

pictures

1 session Paired

associates

learning

task*

Trace conditioning Immediate

100% reinforcement

Study 2 40 men Brief neutral visual Neural response

(fMRI)

20 differential trials 15 differential

trials

Conditioned neural response

(occipital cortex)

20 with CSB* Brief erotic

pictures

1 session Immediate Decreased ventral striatal

activity in extinctionDelay conditioning

100% reinforcement

Brom et al.

(2016a)

53 women Short sexual visual Genital arousal 10 differential trials 4 differential

trials

Conditioned genital arousal that

extinguished (women only)

40 men Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal-no extinction

Affective value Delay conditioning Conditioned affective value-no

extinction

Approach

behavior

100% reinforcement Conditioned US expectancy-no

extinction

US expectancy Conditioned approach (women

only)

Up regulation enhances:

Resistance to extinction for

genital response (women only)

conditioning of affective value

(men only)

Brom et al.

(2016b)

58 women Shortneutral visual Genital arousal 8 differential trials 6 differential

trials

Weak conditioned genital

arousal-no extinction

Brief genital

vibrostimulation

Subjective sexual

arousal

1 session Immediate Weak conditioned subjective

sexual arousal-no extinction

Affective value Delay conditioning No effect of dopamine

antagonism on conditioning100% reinforcement

Klucken et al.

(2016)

40 men Shortneutral visual Neural response

(fMRI)

21 differential trials fMRI and SC

during

acquisition*

Conditioned fMRI (reward

structures and occipital cortex)

20 with CSB* Brief erotic

pictures

Subjective sexual

arousal

1 session Other

measures-1

differential

trial

Conditioned subjective sexual

arousal

Affective value Trace conditioning Immediate Conditioned affective value

Subjective

arousal

100% reinforcement Conditioned subjective arousal

Skin conductance Conditioned skin conductance

US expectancy Conditioned US expectancy

CSB[non-CSB fMRI

(amygdala)

Aversive
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cues have been used as CSs and when genital response has been

used as a CR, yet awareness seems to enhance conditioning

(Both et al., 2008b; Hoffmann, 2010; Hoffmann et al., 2004;

Klucken et al., 2009). This is consistent with what has been

found in other human conditioning experiments, particularly

conditioned fear (Lovibond & Shanks, 2002). Relatedly, regu-

lation strategies, including top-down regulation of physical

arousal and pharmacological manipulations, have been shown

to affect the acquisition and extinction of sexual CRs in both

men and women, although effects differ by sex and by mea-

sure (Brom et al., 2015a, 5b, 2016a). Finally, some evidence

shows that anxiety may promote sexual conditioning. That is,

in Hoffmann et al. (2004), women more readily showed condi-

tioned sexual arousal to a gun compared to a male abdomen CS.

The gun–arousal associations may have been facilitated by

excitation transfer, considering that women showed a greater

skin conductance response to the gun versus the abdomen.

Althoughit isstillunclearhowtodifferentiallymeasuresignal

versusaffectiveconditioning, ithasbeensuggestedthatmeasures

of affective preference for the CS and approach/avoidance ten-

dencies (better) map onto evaluative conditioning. As noted

in Brom (2016), these measures are slower to extinguish than

genital and subjective arousal measures, an effect consistent with

other evaluative conditioning literature outside the sexual realm

(De Houwer et al., 2001).

Several laboratories have begun to investigate the neural

correlatesofhumansexualconditioning.Fromthisearlyresearch,

it appears that there is some overlap with animal findings

(Pfaus, Ismail, & Coria-Avila, 2010). For example, it has been

shown that glutamatergic (Brom et al., 2015c) and dopamin-

ergic (Brom et al., 2016b) signalings are involved, and Klucken

et al. (2013) provided indirect evidence that serotonergic sig-

naling is implicated. In addition, imaging studies show involve-

ment of a range of neural structures, particularly those involved

Table 1 continued

Citation Participants

(nonclinical

unless

denoted*)

Conditioned

stimuli (CSs)

Conditioned

responses

Conditioning

procedure

Test procedure Main conditioning outcome

Unconditioned

stimuli (USs)

Time of test

(extinction

trials unless

denoted*)

Other findings

Both et al.

(2008a)

17 women Short sexual

picture

Genital arousal 10 differential trails 4 differential

trials

Conditioned decreased genital

arousal-no extinction

Brief wrist shock Subjective sexual

arousal

1 session Immediate Conditioned affective value-no

extinction

Affective value Delay conditioning

Skin conductance 100% reinforcement

Brom et al.

(2015a)

34 women Short sexual

picture

Genital arousal 10 differential trials 24 differential

trials

Conditioned decreased genital

arousal-no extinction (women

only)

38 men Brief wrist shock Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal-no extinction (women

only)

Affective value Delay conditioning Conditioned affective value-no

extinctionAvoidance

behavior

100% reinforcement

Both et al.

(2017)

71 women Short sexual

picture

Genital arousal 10 differential trials 4 differential

trials

No conditioned genital

responding

36 with

dyspareunia*

Brief wrist shock Subjective sexual

arousal

1 session Immediate Conditioned subjective sexual

arousal

Affective value Delay conditioning Conditioned affective value

US expectancy 100% reinforcement Conditioned US expectancy

Skin conductance Nondyspareunia[dyspareunia;

more generalization to CS in

dyspareunia

CSB=Compulsive sexual behavior; brief= 50–4000 ms; short= 8–40 s; Intermediate= 120–130 s; long= over 5 min; fMRI—functional magnetic

resonance imaging; single CS= only a CS?was used; differential=CS? and CS-were used; CS?= stimulus paired with the US; CS-= stimulus

presented during conditioning but not paired with the US; Non-US= stimulus paired with CS-; delay conditioning=CS overlaps with US; trace

conditioning=CS does not overlap with US; Immediate= no delay between conditioning and testing; SC= skin conductance; CA= contingency

aware; 5HTTLPR= serotonin transporter-linked polymorphic region; renewal= recovery of conditioned responding after context change;[show

stronger learning than
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in reward learning—the nucleus accumbens, the amygdala,

the orbitofrontal cortex, and the anterior cingulate cortex

(Banca et al., 2016; Klucken et al., 2009, 2013).

In summary, some progress has been made in understand-

ing the role of conditioning in human sexual behavior using

laboratory studies: Sexual conditioning has been demonstrated

in men and women, such conditioning has been replicated in

different laboratories, and such learning appears to follow

Pavlovian rules. However, the nonhuman sexual conditioning

literature is considerably richer (for review, see Akins, 2004;

Pfaus et al., 2012).

Comparison to Nonhuman Sexual Conditioning

While there is disagreement over how applicable animal con-

ditioning studies are to human behavior (e.g., Brewer, 1974;

Shanks, 2010), integration is possible and desirable as it pro-

vides a useful bridge for the applicability of nonhuman (con-

ditioning) work to human laboratory and real-world experi-

ence(Kirsh,Lynn,Vigorito,&Miller,2004;Schactman&Reilly,

2011). Conditioning processes can function in similar ways in

humans and otheranimals.However, itmay be thathumansdif-

fer in the diversity and sophistication of sources of information

that are involved in or that can impact the acquisition and/or

expression ofconditioning.Forexample,verbaldescriptionscan

serve as stimuli for humans and extra-situational factors (i.e.,

thingsoutside trainingcontext)maymore readily impacthuman

learning (see Brewer, 1974; Phelps et al., 2001).

A key difference between human and animal studies is the

relative strength of sexual CRs or, more broadly, the seeming

relative impact of conditioning on sexual behavior. Nonhumans

consistently show learning (i.e., almost all subjects exposed to

training show a response), they readily learn (i.e., in just a few

trials), and their CRs are robust; this is not the case for human

sexual conditioning. A number of factors may explain this dis-

crepancy. It could result from differences in dependent mea-

sure.Mostanimalstudiesemploymeasuresofappetitivebehaviors

(e.g., conditioned approach, conditioned place preference, con-

ditioning partner preference), which are not commonly used

in human research. Approach, compared to consummatory,

responses may be more readily impacted by conditioning (Craig,

1912, 1918). Further, most of the animal work has been done

with sexually naı̈ve subjects (but see Snowdon, Tannenbaum,

Shultz-Darken, Zielger, & Ferris, 2011 who found no differ-

ence in sexual conditioning between sexually naı̈ve and expe-

rienced marmosets). Studies using humans, however, have been

conducted using adults with masturbatory and/or partnered sex-

ualexperience.Also, inadditiontotheseUSpre-exposureeffects,

latent inhibition (or CS pre-exposure) may be more difficult to

avoid in humans. Importantly, most animal research involves

direct sexual interaction. Not only is such a US more salient but

the multidimensionality and participatory nature of this type of

stimulation may provide more opportunities for forming associ-

ations. Further, the contrived nature of the laboratory environ-

ment, which is probably more evident to humans, may be less

evocative and/or may only precipitate shallow versus deeper

typesofprocessingorlearning(Öhman&Mineka,2001).Finally,

humans are probably better able to regulate the expression of

conditioning.

Although a direct comparison is complicated, human fear

learning as well as appetitive conditioning involving drug cues

in the laboratoryalsopales (is weakerand less reliable) incom-

parison with such learning in nonhumans (Mayo, 2015; Mayo

& de Wit, 2015; Öhman & Mineka, 2001). Yet many believe

conditioning processes play a significant role in human fears

and substance use and abuse (e.g., Berridge & Robinson, 2003;

Robinson & Berridge, 1993, 2000, 2003; Mineka & Öhman,

2002;Mineka&Zinbarg,2006).Andalthoughbehavior therapy

has had mixed effects in treating anxiety disorders and sub-

stance abuse, a more nuanced understanding of conditioning

processes in humans has yielded more effective conditioned-

based interventions for these conditions (Bouton, Mineka, &

Barlow, 2001; Cox, Hogan, Kristian, & Race, 2002; Haver-

mans, Mulkens, Nederkoorn, & Jansen, 2007; Mineka &

Zinbarg, 2006; Wiers et al., 2006). Perhaps our expectations

for the strength of sexual conditioning are too high, particu-

larly considering the procedures we have used. Nonetheless,

the importance of and specific role for classical conditioning

in human sexual behavior remains an open question.

Comparison to Innate or Evolutionary Processes

Historically, conditioning processes were subsumed under behav-

iorism, which is a framework associated with Locke’s idea of

a tabula rasa and which was focused on proximal rather than

distal or evolutionary explanations for behavior. However,

that was not how Pavlov (1927) conceptualized the role of

classical conditioning. He proposed that it was a process that

worked within, and enhanced the efficiency of, physiological

systems. Signaling biological events (USs) allows organisms to

adopt adaptive responses to those events. Smelling the odor

of food that you have previously consumed prepares you to

digest that food. Similarly, perhaps smelling the body odor of

a previous sex partner prepares you to sexually interact with

them. Conditioning not only leads to anticipatory CRs, but it

also increases the efficiency of the UR. The modern concep-

tualization of this functional perspective on classical condi-

tioningisbehaviorsystemstheory(Timberlake,1994).Abehavior

systemisasetofperceptual, centralnervoussystem,and motor

mechanisms organized around an important biological func-

tion, in this case procurement of a mate and reproduction. Studies

in nonhumans have demonstrated the functional role of clas-

sicalconditioning insexualbehavior (e.g.,Domjan,2005;Dom-

jan&Akins,2011;Domja,Mahometa,&Matthews,2012;Hol-
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lis, 1997). A common training paradigm consists of pairing

some predictive cue with access to a mate. Testing involves

comparing the effect of introducing the CS in a mating situ-

ationbetweenconditionedandcontrolsubjects.Effectsof(prior)

conditioning include decreased latency to contact and interact

with mates, decreased latency to ejaculate, and increases in

thenumberof fertilizedeggs (i.e., conditionedfertility). Effects

are strongest when both partners have been conditioned but

are also evident when only one partner has been conditioned.

Behavior systems theory is not a framework that has been

explicitly used in human sexual conditioning research, but it

could be instructive for the development of hypotheses and

study design (Domjan & Akins, 2011). Further, a key assump-

tion of the theory is that the CS and US have a preexisting

relationship. This is similar to the idea of preparedness, yet it

takes it a step further. The idea is that the CS and the US are

proposed to be part of the same object. A CS is conceptualized

as a feature of the US that does not initially elicit the UR. Hence,

another way to frame what sexual classical conditioning might

afford is that experiencing sexual interaction allows us to asso-

ciate the many features of our mates—their smell, their voice,

aspects of their physical appearance, with the sexual reward

we obtain from them. The object of our mate is assembled and

integrated in pairing features that are initially nonsexual with

those that are sexually arousing, and these associations pre-

pare us to engage with them sexually in the future.

A good, but nonsexual, illustration of this type of object

conditioning comes from Zitovitch (Pavlov, 1927). He found

that the smell and the sight of meat did not initially produce

salivation in infant dogs. They needed experience consuming

meat before this response developed. This is a process that

Pavlovcalled signalization.Pavlov believed that the response to

the sight and the smell of food were not innate but rather was

acquiredduring thecourseof theorganism’sexperiences.Hence,

even though Pavlov used the term unconditioned stimulus, he

believed that US properties were acquired and that the moti-

vational aspects were linked with sensory features during

experience (Balleine, 2011).

On one level, signalization can explain why we might have

trouble distinguishing between what constitutes a US versus a

CS. On another level, it suggests that it is difficult to differ-

entiate inborn from learned processes. More recent studies

have shown that conditioning plays an important role in seem-

ingly unlearned aspects of eating and drinking. Hall, Arnold,

and Myers (2000) found that young rats needed to learn that

drinking water alleviates dehydration. Recent research also

documentsasimilareffect inhumans.Childrenwhohadfeeding

tubes early in life did not show an interest in eating, and even

once the tube was removed, they were uninterested in eating

andstruggledtoenjoyfood(Wilken,Cremer,Berry,&Bartmann,

2013).

Seemingly inborn aspects of sexual behavior may be learned

as well. For example, we tend to think of species and sex of

partner preference as inherent. However, some impressive

experimental workusingnonhumans illustrates the important

role of conditioning in these preferences. Kendrick, Haupt,

Hinton, Broad, and Skinner (2001) showed that cross-fos-

tered male and female sheep and goats preferred a mate from

their foster versus their biological species. Further, condi-

tioned cross-strain and same-sex partner preferences have been

demonstrated in male and female rats, and male quail and

drosophilainthelaboratory(Cibrian-Llanderaletal.,2012,2014;

Coria-Avila, 2012; Coria-Avila et al., 2006; Griffith & Ejima,

2009;Nash &Domjan,1991; Nash, Domjan,& Askins,1989;

Triana-Del Rio et al., 2011, 2015). These studies do not nec-

essarilychallenge the idea ofa predisposition for partner pref-

erence, and in fact, some also show evidence of a predispo-

sition. However, the main point is that these studies show that

these behaviors are not fixed action patterns; even seemingly

hard-wired aspects of behavior can be influenced by experi-

ence. Moreover, epigenetic research has further muddied the

inborn versus acquired distinction. Dias and Ressler (2014)

have shown transgenerational inheritance of learned sensitivi-

ties to environmental cues. That is, olfactory fear condition-

ing in parents made their offspring more responsive to the con-

ditioned odors, despite a lack of direct experience or learning

onthepartof theoffspring.Further, themechanismbehindtheseepi-

genetic effects may involve processes similar to those that under-

liethesynapticplasticityinvolvedinlearningand memory(Sweatt,

2016). Hence, in modeling the development of sexual prefer-

ences and behaviors, we need theories (e.g., behavior systems

theoryordynamicalsystemstheory;Diamond,2007;Fausto-Ster-

ling, 2012), which have moved beyond simplistic nature/nur-

ture distinctions.

Comparison to Other Types of Human Learning

Classical conditioning is not a mechanism; it is a procedure or

an effect (Rescorla, 1988). To say that someone or some

organism has been classically conditioned can mean that they

have been exposed to a particular paradigm in which a CS and

a US have been paired. It can also refer to the outcome of that

procedure, that a CR has developed. These definitions are dis-

tinct from how this behavioral change occurs, that is, how the

CS and US become associated. Further, mechanismitself can be

addressed from different levels of analysis (e.g., Marr, 1982). It

is not yet clear how classical conditioning occurs. One way that

competing mechanistic explanations for human conditioning

have been organized is into implicit and explicit models.

Implicitmodelsviewconditioningasanautomaticprocesses

and posit mechanisms that use basic associative principles. For

example, simple contiguity or co-occurrence leads to link for-

mation or pathway strengthening, potentially via Hebbian

rules. Implicit processes are assumed to be rigid, effortless,

to pertain to procedural memory, and also assumed to employ
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lower level (sub-cortical) neural circuits. Associated com-

putational models include traditional animal learning theory

and connectionist models.

Traditional animal learning theory explanations (Mack-

intosh, 1975;Pearce &Hall, 1980;Rescorla &Wagner,1972)

offer simple mathematical models that quantify the strength

of learning (see Fig. 1). While such models clearly have their

limitations when it comes to explaining (human) behavior

(e.g., Miller, 2006), a strength is that their predictions map

onto midbrain dopamine signaling that occurs during learn-

ing (Montague, Dayan, & Sejnowski, 1996; Schultz, Dayan,

& Montague, 1997). Connectionist models derive from machine

learning theory and many derive from neural nets, which are

simulated systems for how interactions among a cluster of neu-

rons might change based on experience. In other words, con-

nectionist models simulate long-term potentiation and/or

long-term depression processes. At the basic level, these models

describe learning as strengthening or weakening of connections

between nodes which can represent CSs and USs and their

interconnections. Combining the computational formulas derived

from animal learning experiments with connectionist models

increases the complexity of learning to which animal learning

theory can be applied (Schmajuk, 2010). For example, the

Rescorla–Wagner model can provide the algorithm to deter-

mine the weight or the strength of the connection between nodes

(see Fig.2). Increasing the connective architecture of the model,

for example, by increasing the number of input nodes, hid-

den layers, and connections allows for increased sophistica-

tion in the type of learning that can be predicted.

Explicit models, on the other hand, view conditioning as a

controlled, conscious, or cognitively mediated process in which

propositional- or inference-based reasoning leads to changes

inexpectancies.Suchprocessesareassumedtobeslow,flexible,

effortful, topertain todeclarativememory,andarealsoassumed

toemployupper-level(e.g.,cortico-hippocampal)neuralcircuits.

Associated computational models include Bayesian models,

which are more computationally sophisticated than animal

learning theory models. One difference is that they allow for

uncertaintyor noise inprediction.Hence, for such models, the

anticipated outcome is probabilistic. Instead of representing

associative strength as a single, punctate weight, the Bayesian

representationis in the formofafrequencydistribution thathasa

mean of a particular weight. What this distribution represents

is a series of beliefs about the likelihood that CS predicts the

US, with the mean of the (normal) distribution as the most

likely belief about the strength of the relationship. Learning is

seen as a shift in beliefs. Subsequent CS–US pairing makes

higher values more believable and the distribution narrows,

reflecting an increase in certainty about the relationship

between the CS and US (Kruschke, 2008).

Some human learning researchers espouse a dual process

theory of classical conditioning, meaning that they believe

both explicit and implicit processes are involved, potentially

under different conditions. Perhaps these different mechanisms

mapontosignalversusaffectivelearning, respectively(Baeyens

etal.,2001),but thisideaisfarfromestablished.However, a dom-

inant view in the human conditioning literature proposes a sin-

gle (explicit) process model (Mitchell, De Houwer, & Lovi-

bond, 2009). While this position has support, it has also been

challenged (see open peer commentary, which immediately

follows the article). A more basic problem with such a propo-

sition is the confounded nature of the implicit versus explicit

distinction (Gawronski & Bodenhauen, 2009). For example,

these models contrast on a number of different variables, and

these variables seem to be dissociable. More precisely, a number

of different confounds illustrate this point. One is a species by

mechanism confound. Most animal learning theorists agree

that conditioning is a cognitive process that yields changes

in expectancies. Even simple organisms can learn when the

CS and US do not overlap and when CS–US contingency is

far from perfect. Contiguity is not what contributes to learn-

ing, at least in some instances, even in nonhumans (Rescorla,

1988). Although there is limited cross talk between animal

and human learning researchers, principles used to explain

basic animal conditioning can explain sophisticated learning

in humans. Rescorla–Wagner-like and connectionist models

have been used to account for aspects of linguistic process-

ing, episodic memory, causal judgments, categorical learn-

ing, even complex probabilistic category learning in which there

is no clear-cut rule for membership such as distinguishing

wines, diagnosing diseases, and predicting the weather (e.g.,

Baeyens, Milin,Ðurd̄ević, Hendrix, & Marelli, 2011; Gluck,

2008; Kruschke & Johansen, 1999). Similarly, there is a sophis-

tication of learning task with sophistication of mechanism con-

found. Inhumansandotheranimals, real-lifeconditioningsitua-

tions are multifaceted and multidimensional; CSs and USs are

oftenquitecomplexobjectsorevents.ExtensionsoftheRescorla–

Wagner model, for example Wagner’s affective extension of

sometimes opponent process (AESOP; Wagner & Brandon,

1989) and componential sometimes opponent process (C-SOP;

Wagner & Brandon, 2001) models, capture the multicompo-

nential nature of CSs and US, and these models can be used to

explain aspects of human contingency learning, for example

multicue probability learning and multiattribute judgments

(Enkvist, Newell, Juslin, & Olsson, 2006; Juslin, Olsson, &

Olsson, 2003).

Fig. 1 Rescorla–Wagner model. V= associative strength, A= the con-

ditioned stimulusA, a and b= constants which represent the salience of

the CS and the US, respectively. k= the maximal or asymptotic learning

and n= trial number

Arch Sex Behav (2017) 46:2213–2229 2223

123



In addition, awareness seems confounded with mechanism.

Awareness does not perfectly align with complexity or flex-

ibility. Humans can distinguish between and can engage in

unconscious cross-modal matching of the sound and sight of

letters (Faivre etal., 2014),we can lip-read withoutawareness

(Plass, Guzman-Martinez, Ortega, Grabowecky, & Suzuki,

2014), we actively maintain and integrate perceptual infor-

mation over time without awareness (Atas, Faivre, Timmer-

mans, Cleeremans, & Kouider, 2014), and we can learn long-

lasting preference without conscious awareness (Pine, Mendel-

sohn, & Dudai, 2014). Humans engage in unconscious goal

pursuit (Aarts & Custers, 2012), and this and other research

(Farooqi & Manly, 2015) have shown that nonconscious pro-

cessing can be highly flexible. More specific to conditioning,

Gawronski and Bodenhausen’s (2006) associative-proposi-

tional evaluation (APE) model proposes that attitude formation

andchangecanoccurviaevaluativeconditioning.Further,Hahn,

Judd, Hirsh, and Blair (2013) found that people have insight

into their implicit attitudes, even when they differ from explicit

ones and even when their feelings may reflect badly on them.

Neural circuit is also confounded with mechanism. There

are integrativemodelsofhumanlearningandmemorythatcom-

bine incremental associative learning models and rapid for-

mation of declarative memory models that seem helpful for

integrating across the implicit–explicit divide. Although these

models were proposed in the late 1980s through the 1990s (Ashby,

Alfonso-Reese,Turken,&Waldron,1998; Gluck &Bowers, 1988;

McClelland, McNaughton, & O’Reilly, 1995), they remain viable

(Gluck, 2008; Gluck, Myers, & Meeter, 2005; O’Reilly, Bhat-

tacharyya, Howard, & Ketz, 2014). Finally, there is a computa-

tional model by mechanism interaction. With the advent of deep

learningnetworkswhichcanaccommodateanincreasednumberof

hidden layers, connectionist models can account for evenmore

sophisticated human learning (Mnih et al., 2015; Yamins &

DiCarlo, 2016). On the other hand, Bayesian models are not only

applicable to complex human learning, they have been integrated

with animal learning theory (e.g., Courville, Daw, & Touretzky,

2006; Kruschke, 2008) to explain basic associative learning

and they have been used to explain functioning at the level of

theneuron(O’Reilly, Jbabdi,&Behrens,2012). In fact,Baluška

and Levin (2016) showed that similar mechanisms mediating

sensoryand memoryprocesses can function in nonneural cells

as well as at the organismal level. That is, similar mechanisms

canexplain‘‘cognition’’insingle-celledorganisms,inplantsand

in tissues of animal bodies, include the mammalian brain.

We need to think more precisely but also more comprehen-

sivelyaboutmechanisminhumansexualconditioning.Multiple

mechanisms most likely contribute and convergence and diver-

gence among these mechanisms and other types of human

learning also exist. Processes behind conditioning can be just

as complicated or as simple as other types of learning in which

we engage. Classical conditioning can be impactful in human

Fig. 2 Simple computational

model in which two CSs predict a

US. The Rescorla–Wagner

model has been used as the

algorithm to determine weights.

CSA is a better predictor than CSB

perhaps because it is more salient

and/or because it has been more

consistently paired with the US
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sexual behavior, yet it is unclear at what level conditioning

functions and precisely how it works.

Conclusion

Ataminimum,humansexualconditioningstudiesare important

intranslationalresearch.Suchworkholdsthepotentialforhelping

to understand human learning processes more broadly, for

explainingaspectsofhuman sexual behavior, and for improv-

ing sexual functioning. For example, recent research has shown

conditioning processes might play a role in the establishment

of compulsive sexual behavior (Banca et al., 2016; Hoffmann

et al., 2014;Klucken et al., 2016) and dyspareunia (Both et al.,

2017), as well as in the treatment of these disorders.

Although sexual conditioning has been demonstrated in men

and women in the laboratory, conditioned responses are often

not robust. Creating laboratoryprocedures foryieldingstronger,

more consistent CRs would help with investigation of the con-

tributions and limitations of conditioning processes in explain-

ing how cues come to signal sexual arousal or opportunity as

well as how they might acquire erotic competence. Work with

prepared CSs (e.g., body odors), more immersive USs (e.g.,

actual sexual behavior and potentially occurring outside the

laboratory; Hoffmann et al., 2012), and other CRs (e.g., con-

ditioned place preference and alpha asymmetry to assess

approach; Prause, Staley, & Roberts, 2014) would seem in

order. Complimentary nonexperimental research seeking more

information about the relationship between early or peak sexual

experiencesandsexualpreferencesshouldalsobeperformed. In

addition, we should expand but also refine our theoretical approa-

ches, and we should acknowledge that learning can affect the

most fundamental aspects of sexual behavior.
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Baluška, F., & Levin, M. (2016). On having no head: Cognition through-

out biological systems.Frontiers inPsychology, 7,902. doi:10.3389/

fpsyg.2016.00902.

Banca, P., Morris, L. S., Mitchell, S., Harrison, N. A., Potenza, M. N., &

Voon,V.(2016).Novelty,conditioningandattentionalbias tosexual

rewards. Journal of Psychiatric Research, 72, 91–101. doi:10.1016/

j/jpsychires.2015.10.017.

Bancroft, J. A. (1974). Deviant sexual behavior: Modification and assess-

ment. Oxford: Clarendon.

Beckstead, A. L. (2012). Can we change sexual orientation?Archives of

Sexual Behavior, 41, 121–134. doi:10.1007/s10508-012-9922-x.
Berridge, K. C., & Robinson, T. E. (2003). Parsing reward. Trends in

Neurosciences, 26, 507–513.

Both, S., Brauer, M., & Laan, E. (2011). Classical conditioning of sexual

response inwomen:Areplicationstudy.JournalofSexualMedicine,

8, 3116–3131. doi:10.1111/j.1743-6109.2011.02453.x.

Both, S., Brauer, M., Weijenborg, P., & Laan, E. (2017). Effects of aver-

sive classical conditioning on sexual response in women with dys-

pareuniaandsexuallyfunctionalcontrols.JournalofSexualMedicine,

14, 687–701. doi:10.1016/j.jsxm.2017.03.244.

Both, S., Laan, E., Spiering, M., Nilsson, T., Oomens, S., & Everaerd, W.

(2008a). Appetitive and aversive classical conditioning of female

sexual response. Journal of SexualMedicine, 5, 1386–1401. doi:10.

1111/j.1743-6109.2008.00815.x.

Both, S., Spiering, M., Laan, E., Belcome, S., Van den Heuvel, B., &

Everaerd, W. (2008b). Unconscious classical conditioning of sexual

arousal: Evidence for the conditioning of female genital arousal to

subliminally presented sexual stimuli. Journal of Sexual Medicine,

5, 100–109. doi:10.1111/j.1743-6109.2007.00643.x.

Bouton, M. E., Mineka, S., & Barlow, D. H. (2001). A modern learning

theory perspective on the etiology of panic disorder.Psychological

Review, 108, 4–32.

Brewer, W. F. (1974). There is no convincing evidence for operant or

classicalconditioninginadulthumans.InW.B.Weimer,D.S.Palermo,

W. B. Weimer, & D. S. Palermo (Eds.),Cognition and the symbolic

processes (pp. 1–42). Oxford: Lawrence Erlbaum.

Brom, M. (2016).Theroleof incentive learningandcognitive regulation

insexualarousal (Doctoral dissertation). Retrieved from http://hdl.

handle.net/1887/38523

Arch Sex Behav (2017) 46:2213–2229 2225

123

http://dx.doi.org/10.1093/oxfordhb/9780195399820.013.0014
http://dx.doi.org/10.1006/lmot.2000.1050
http://dx.doi.org/10.1177/0956797613499591
http://dx.doi.org/10.1037/a0023851
http://dx.doi.org/10.1177/1529100616637616
http://dx.doi.org/10.1177/1529100616637616
http://dx.doi.org/10.3389/fpsyg.2016.00902
http://dx.doi.org/10.3389/fpsyg.2016.00902
http://dx.doi.org/10.1016/j/jpsychires.2015.10.017
http://dx.doi.org/10.1016/j/jpsychires.2015.10.017
http://dx.doi.org/10.1007/s10508-012-9922-x
http://dx.doi.org/10.1111/j.1743-6109.2011.02453.x
http://dx.doi.org/10.1016/j.jsxm.2017.03.244
http://dx.doi.org/10.1111/j.1743-6109.2008.00815.x
http://dx.doi.org/10.1111/j.1743-6109.2008.00815.x
http://dx.doi.org/10.1111/j.1743-6109.2007.00643.x
http://hdl.handle.net/1887/38523
http://hdl.handle.net/1887/38523


Brom, M., Laan, E., Everaerd, W., Spinhoven, P., & Both, S. (2014).

Extinction and renewal of conditioned sexual responses. PLoS

ONE, 9, e105955. doi:10.1371/journal.pone.0105955.

Brom, M., Laan, E., Everaerd, W., Spinhoven, P., & Both, S. (2015a).

Extinctionofaversiveclassicallyconditionedhumansexual response.

Journal of Sexual Medicine, 12, 916–935. doi:10.1111/jsm.12800.

Brom, M., Laan, E., Everaerd, W., Spinhoven, P., Cousijn, J., & Both, S.

(2015b). The influence of emotion down-regulation on the expec-

tation of sexual reward. Behavior Therapy, 46, 379–394. doi:10.

1016/j.beth.2015.01.005.

Brom, M., Laan, E., Everaerd, W., Spinhoven, P., Trimbos, B., & Both,

S. (2015c). D-Cycloserine reduces context specificity of sexual

extinction learning. Neurobiology of Learning and Memory, 125,

202–210. doi:10.1016/j.nlm.2015.09.010.

Brom, M., Laan, E., Everaerd, W., Spinhoven, P., Trimbos, B., & Both,

S. (2016a). The influence of emotion upregulation on the expec-

tation of sexual reward. Journal of Sexual Medicine, 13, 105–109.

doi:10.1016/j.jsxm.2015.11.003.

Brom, M., Laan, E., Everaerd, W., Spinhoven, P., Trimbos, B., & Both,

S. (2016b). The effect of a dopamine antagonist on conditioning of

sexual arousal in women. Psychopharmacology, 233, 1179–1189.

doi:10.1007/s00213-015-4201-x.

Brown, P. L., & Jenkins, H. M. (1968). Auto-shaping the pigeon’s key

peck. Journal of the Experimental Analysis of Behavior, 11, 1–8.

Burns, M., & Domjan, M. (1996). Sign tracking versus goal tracking in

the sexual conditioning of male Japanese quail (Coturnix japonica).

Journal of Experimental Psychology: Animal Behavior Processes,

22, 297–306.

Burns, M., & Domjan, M. (2000). Sign tracking in domesticated quail

withone trialaday:GeneralityacrossCSandUSparameters.Animal

Learning & Behavior, 28, 109–119.

Burns, M., & Domjan, M. (2001). Topography of spatially directed con

ditioned responding: Effects of context and trial duration. Journal

ofExperimentalPsychology:AnimalBehaviorProcesses, 27,269–

278.

Cetinkaya,H.,&Domjan,M.(2006).Sexualfetishisminaquail (Coturnix

japonica) model system: Test of reproductive success. Journal of

Comparative Psychology, 120, 427–432. doi:10.1037/0735-7036.

120.4.427.

Cibrian-Llanderal, T., Rosas-Aguilar, V., Triana-Del Rio, R., Perez-

Estudillo,C.A.,Manzo,J.,Garcia,L.I.,&Coria-Avila,G.A.(2012).

Enhanced D2-type receptor activity facilitates the development of

conditioned same-sex partner preference in male rats. Pharmacol-

ogy,BiochemistryandBehavior, 102,177–183. doi:10.1016/j.pbb.

2012.04.007.

Cibrian-Llanderal, T., Triana-Del Rio, R., Tecamachaltzi-Silvaran, M.,

Pfaus, J. G., Manzo, J., Garcia, L. I., & Coria-Avila, G. A. (2014).

Cohabitation between male rats after ejaculation: Effects on con-

ditioned partner preference. Physiology &Behavior, 128, 303–308.

doi:10.1016/j.physbeh.2014.02.016.

Coria-Avila, G. A. (2012). The role of conditioning on heterosexual and

homosexual partner preference in rats. Socioaffective Neuroscience

and Psychology. doi:10.3402/snp.v2i0.17340.

Coria-Avila, G. A., Jones, S. L., Solomon, C. E., Gavrila, A. M., Jordan,

G.J.,& Pfaus, J.G. (2006).Conditionedpartnerpreference in female

rats for strain of male.Physiology&Behavior, 88, 529–537. doi:10.

1016/j.physbeh.2006.05.001.

Costa, D. S. J., & Broakes, R. A. (2007). Maintenance of responding

when reinforcement becomes delayed.Learning andBehavior, 35,

95–105.

Courville, A. C., Daw, N. D., & Touretzky, D. S. (2006). Bayesian the-

ories of conditioning in a changing world. Trends in Cognitive Neu-

roscience, 10, 294–300.

Cox, W. M., Hogan, L. M., Kristian, M. R., & Race, J. H. (2002). Alcohol

attentionalbias as a predictor ofalcohol abusers’ treatment outcome.

Drug and Alcohol Dependence, 68, 237–243.

Craig, W. (1912). Observations on doves learning to drink. Journal of

Animal Behavior, 2, 273–279.

Craig, W. (1918). Appetites and aversions as constituents of instincts.

Biological Bulletin, 34, 91–107.

De Houwer, J., Thomas, S., & Baeyens, F. (2001). Associative learning

of likes and dislikes: A review of 25 years of research on human

evaluative conditioning. Psychological Bulletin, 127, 853–869.

Diamond, L. M. (2007). A dynamical systems approach to the devel-

opment and expression of female same-sex sexuality.Perspectives

in Psychological Science, 2, 142–161. doi:10.1111/j.1745-6916.

2007.00034.x.

Dias, B. G., & Ressler, K. J. (2014). Parental olfactory experience influ-

ences behavior and neural structure in subsequent generations.Nature

Neuroscience, 17, 89–96. doi:10.1038/nn.3594.

Domjan, M. (2005). Pavlovian conditioning: A functional perspective.

Annual Review of Psychology, 56, 179–206. doi:10.1146/annurev.

psych.55.090902.141409.

Domjan, M., & Akins, C. K. (2011). Applications of Pavlovian condi-

tioning to sexual behavior and reproduction. In T. R. Schachtman

& S. Reilly (Eds.), Associative learning and conditioning theory:

Human and non-human applications (pp. 507–531). New York:

Oxford University Press.

Domjan, M., Mahometa, M. J., & Matthews, R. N. (2012). Learning in

intimate connections: Conditioned fertility and its role in sexual

competition. Socioaffective Neuroscience and Psychology, 2, 17333.

doi:10.3402/snp.v2i0.17333.

Enkvist, T., Newell, B., Juslin, P., & Olsson, H. (2006). On the role of

causal intervention in multiple-cue judgment: Positive and nega-

tiveeffectson learning.JournalofExperimentalPsychology.Learning,

Memory, and Cognition, 32, 163–179.

Faivre, N., Mudrik, L., Schwartz, N., & Koch, C. (2014). Multisensory

integration in complete unawareness: Evidence from audiovisual

congruencypriming.PsychologicalScience,25,2006–2016.doi:10.

1177/0956797614547916.

Farooqui, A. A., & Manly, T. (2015). Anticipatory control through asso-

ciative learning of subliminal relations: invisible may be better than

visible. Psychological Science, 26, 325–334. doi:10.1177/095679

7614564191.

Fausto-Sterling, A. (2012). The dynamic development of gender vari-

ability. Journal of Homosexuality, 59, 398–421. doi:10.1080/0091

8369.2012.653310.

Flagel, S. B., Akil, H., & Robinson, T. E. (2009). Individual difference in

the attribution of incentive salience to reward-related cues: Impli-

cations for addiction. Neuropharmacology, 56, 139–148. doi:10.

1016/j.neuropharm.2008.06.027.

Flagel, S. B., Watson, S. J., Robinson, T. E., & Akil, H. (2007). Individual

differences in the propensity to approach signals vs goals promote

different adaptations in the dopamine system of rats. Psychophar-

macology (Berl), 191, 599–607.

Gawronski, B., & Bodenhausen, G. V. (2006). Associative and propo-

sitional processes in evaluation: An integrative review of implicit

and explicit attitude change.PsychologicalBulletin, 132,692–731.

Gawronski, B., & Bodenhausen, G. V. (2009). Operating principles

versus operating conditions in the distinction between associative

and propositional processes. Behavioral and Brain Sciences, 32,

207–208.

Gluck, M. A. (2008). Behavioral and neural correlates of error correction

in classical conditioning and human category learning. In M. A. Gluck,

J.R.Anderson,&S.M.Kosslyn(Eds.),Memoryandmind:Afestschrift

for Gordon H. Bower (pp. 281–305). Oxford: Lawrence Erlbaum.

Gluck, M. A., & Bowers, G. H. (1988). From conditioning to category

learning: An adaptive network model. Journal of Experimental

Psychology: General, 117, 227–247.

Gluck, M. A., Myers, C., & Meeter, M. (2005). Cortico-hippocampal

interactionandadaptivestimulusrepresentation:Aneurocomputational

2226 Arch Sex Behav (2017) 46:2213–2229

123

http://dx.doi.org/10.1371/journal.pone.0105955
http://dx.doi.org/10.1111/jsm.12800
http://dx.doi.org/10.1016/j.beth.2015.01.005
http://dx.doi.org/10.1016/j.beth.2015.01.005
http://dx.doi.org/10.1016/j.nlm.2015.09.010
http://dx.doi.org/10.1016/j.jsxm.2015.11.003
http://dx.doi.org/10.1007/s00213-015-4201-x
http://dx.doi.org/10.1037/0735-7036.120.4.427
http://dx.doi.org/10.1037/0735-7036.120.4.427
http://dx.doi.org/10.1016/j.pbb.2012.04.007
http://dx.doi.org/10.1016/j.pbb.2012.04.007
http://dx.doi.org/10.1016/j.physbeh.2014.02.016
http://dx.doi.org/10.3402/snp.v2i0.17340
http://dx.doi.org/10.1016/j.physbeh.2006.05.001
http://dx.doi.org/10.1016/j.physbeh.2006.05.001
http://dx.doi.org/10.1111/j.1745-6916.2007.00034.x
http://dx.doi.org/10.1111/j.1745-6916.2007.00034.x
http://dx.doi.org/10.1038/nn.3594
http://dx.doi.org/10.1146/annurev.psych.55.090902.141409
http://dx.doi.org/10.1146/annurev.psych.55.090902.141409
http://dx.doi.org/10.3402/snp.v2i0.17333
http://dx.doi.org/10.1177/0956797614547916
http://dx.doi.org/10.1177/0956797614547916
http://dx.doi.org/10.1177/0956797614564191
http://dx.doi.org/10.1177/0956797614564191
http://dx.doi.org/10.1080/00918369.2012.653310
http://dx.doi.org/10.1080/00918369.2012.653310
http://dx.doi.org/10.1016/j.neuropharm.2008.06.027
http://dx.doi.org/10.1016/j.neuropharm.2008.06.027


theory of associative learning and memory.Neural Networks, 18,

1265–1279.

Griffith, L. C., & Ejima, A. (2009). Courtship learning in Drosophila

melanogaster: Diverse plasticity of a reproductive behavior.Learn-

ing & Memory, 19, 743–750. doi:10.1101/lm.956309.

Hahn, A., Judd, C. M., Hirsh, H. K., & Blair, I. V. (2013). Awareness of

implicit attitudes. Journal of Experimental Psychology: General,

143, 1369–1392. doi:10.1037/a0035028.

Hall, W. G., Arnold, H. M., & Myers, K. P. (2000). The acquisition of an

appetite. Psychological Science, 11, 101–105.

Havermans, R. C., Mulkens, S., NederKoorn, C., & Jansen, A. (2007).

Theefficacy ofcue exposurewith responseprevention inextinguish-

ing drug and alcohol cue reactivity. Behavioral Interventions, 22,

121–135.

Hermans, D., Crombez, G., Vansteenwegen, D.,Baeyens, F.,& Eelen, P.

(2002). Expectancy-learning and evaluative learning in human clas-

sical conditioning: Differential effects of extinction. In S. P. Shohov

(Ed.),Advances in psychology research (Vol. 12, pp. 17–40). Haup-

pauge, NY: Nova Science Publishers.

Hoffmann, H. (2007, August).Classical conditioningof sexual arousal in

men andwomenwith an olfactory CSand vibrotactileUS: Evidence

for signal and affective learning. Poster presented at the meeting of

the International Academy of Sex Research, Vancouver.

Hoffmann, H. (2010, July). Sexual conditioning and awareness. In N.

Prause(Chair),The influenceof fastattentionorawarenessonsexual

response. Symposium conducted at the meeting of the International

Academy of Sex Research, Prague.

Hoffmann, H. (2011). Hot and bothered: Classical conditioning of sexual

incentives in humans. In T. R. Schachtman & S. Reilly (Eds.),Asso-

ciative learning and conditioning theory: Human and non-human

applications (pp. 532–550). New York: Oxford University Press.

Hoffmann, H., Goodrich, D., Wilson, M., & Janssen, E. (2014). The role

of classical conditioning in sexual compulsivity: A pilot study.Sexual

Addiction & Compulsivity, 21, 75–91. doi:10.1037/t04027-000.

Hoffmann,H.,&Janssen,E. (2006,July).Classicalconditioningofsexual

arousal to anolfactory cue inwomenandmen:Who learns andwhat

is learned?Paperpresentedat themeetingof the InternationalAcademy

of Sex Research, Amsterdam.

Hoffmann, H., Janssen, E., & Turner, S. (2004). Classical conditioning

of sexual arousal in women and men: Effects of varying awareness

and biological relevance of the CS. Archives of Sexual Behavior,

33, 43–53.

Hoffmann, H., Peterson, K., & Garner, H. (2012). Field conditioning of

sexual arousal in humans. Socioaffective Neuroscience and Psychol-

ogy. doi:10.3402/snp.v2i0.17336.

Hollis, K. L. (1997). Contemporary research on Pavlovian conditioning:

A‘‘new’’functional analysis.AmericanPsychologist, 52,956–965.

Juslin, P., Olsson, H., & Olsson, A. C. (2003). Exemplar effects in cate-

gorization and multiple-cue judgment. Journal of Experimental

Psychology: General, 132, 133–156.

Kantorowitz, D. A. (1978). Personality and conditioning of tumescence

and detumescence.Behaviour Research and Therapy, 16, 117–123.

Kendrick, K.M., Haupt,M.A., Hinton,M.R., Broad,K.D., &Skinner, J.

D. (2001). Sex differences in the influence of mothers on the socio-

sexual preferences of their offspring. Hormones and Behavior, 40,

322–338.

Kimura, H., Fukui, I., & Inaki, K. (1990). Autoshaping of a button-push

response and eye movement in human subjects. Japanese Journal

of Psychology, 61, 351–355.

Kirsch, I., Lynn, S., Vigorito, M., & Miller, R. R. (2004). The role of

cognition in classical and operant conditioning. Journal ofClinical

Psychology, 60, 369–392. doi:10.1002/jclp.10251.

Klucken, T., Tabbert, K., Schweckendiek, J., Merz, C., Kagerer, S.,

Vaitl, D., & Stark, R. (2009). Contingency learning in human fear

conditioning involves the ventral striatum.HumanBrainMapping,

30, 3636–3644. doi:10.1002/hbm.20791.

Klucken, T., Wehrum, S., Schweckenddiek, J., Kruse, O., & Stark, R.

(2016). Altered appetitive conditioning and neural connectivity in

subjects with compulsive sexual behavior. Journal of Sexual

Medicine, 13, 627–636. doi:10.1016/j.jsxm.2016.01.013.

Klucken, T., Wehrum, S., Schweckenddiek, J., Merz, C. J., Hennig, J.,

Vaitl, D., & Stark, R. (2013). The 5-HTTLPR polymorphism is

associated with altered hemodynamic responses during appetitive

conditioning.HumanBrainMapping, 34, 2549–2560. doi:10.1002/

hbm.22085.
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