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Abstract The sexual preference for prepubertal children

(pedophilia) is generally assumed to be a lifelong condition.

Müller et al. (2014) challenged the notion that pedophilia was

stable. Using data from phallometric testing, they found that

almosthalfof40adultpedophilicmendidnotshowacorresponding

arousal pattern at retest. Critics pointed out that regression to the

mean and measurement error might account for these results.

Müller et al. contested these explanations. The present study

shows that regression to the mean in combination with low

reliability does indeed provide an exhaustive explanation for

the results. Using a statistical model and an estimate of the

retest correlation derived from the data, the relative frequency

of cases with an allegedly non-pedophilic arousal pattern was

shown to be consistent with chance expectation. A bootstrap

simulation showed that this outcome was to be expected under

a wide range of retest correlations. A re-analysis of the original

data from the study by Müller et al. corroborated the assumption

of considerable measurement error. Therefore, the original data

do not challenge the view that pedophilic sexual preference is

stable.
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Introduction

In his book‘‘Thinking, fast and slow,’’Kahneman (2012) elu-

cidated the phenomenon of regression to the mean with the

performance of flight cadets: The ones who showed blunders

during one training session will likely perform better (i.e., be

closer to the average) on subsequent trials, whereas those who

engaged in an excellent training session will probably perform

worse (i.e., closer to the average) during the next round. Other-

wise, average would not be average. Regression to the mean may

thus lead to the erroneous impression that the data indicate a

causal change. One example would be the mistaken belief that

some sort of intervention (like critique of the bad and praise of

the good pilots) has led to this back-to-normal default.

Mülleretal. (2014)publishedanempirical study thatcauseda

stiramongresearchersandcliniciansdealingwithpedophiliaand

sexual abusers of children. Müller et al. presented data on the

long-termstabilityofpenilearousal in response tosexual stimuli

involving children in adult men diagnosed with pedophilia.

According to Müller et al., there were almost as many individ-

uals whose sexual arousal preference for child stimuli had

apparently waned as there were men who still showed a stronger

sexual arousal response toward child than toward adult stimuli.

The retest was applied at least 6 months but up to 21.6 years

(M=4.2 years) after the first assessment. The assessments were

conducted using circumferential penile plethysmography with

auditory stimuli (i.e., spoken scenario descriptions). The respon-

ses of the participants were analyzed in an ipsative way by

calculating z scores based on the standard deviation of each

individual’s responses.

In thestudybyMülleretal. (2014),aparticipantwas included

only if he showed an interpretable erectile response during the

firstphallometric testing(i.e., theso-calledresponders).Second,

at the initial assessment, his strongest erectile response toward

child stimulihad to beat least 1/4th of that individual’s standard
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deviation (SD) unit larger than his maximum response toward

any stimuli solely involving adults (e.g., z= 0.4 for any child-

related stimulus and z= .15 for any adult-related stimulus). This

difference score is known as the Pedophilia Index (PI) (Harris,

Rice, Quinsey, Chaplin, & Earls, 1992). A third selection cri-

terionpertained tothePIfromthesubsequent testingsession:A

case was considered foranalysisonly if there was still a positive

PI of at least 0.25 (as during the initial assessment) or alterna-

tively a negative PIB-0.25 (i.e., the maximum response

toward any adult stimulus at least 0.25 SD units larger than the

maximum response toward any child stimulus). This proce-

dure led to the inclusion of 40 men in total out of an unspecified

larger pool of men assessed (Fedoroff et al., 2015); 22 fulfilled

the PIC 0.25 criterion on both occasions (labeled as‘‘interest

‘nonchangers,’’’ NC, by Müller et al., 2014), whereas 18 ful-

filledthePIB-0.25criterion(termedas‘‘interestchanger’’group,

IC, by Müller et al., 2014).

In the interpretation of their results, Müller et al. (2014)

conceded that the temporary suppression of pedophilic sexual

arousalmayhave led to the negativePIvalues of theparticipants

within the IC group rather than any actual change in sexual age

preference. Nevertheless, Müller et al. concluded that the results

of their study would pose‘‘a significant challenge to the hypoth-

esis that sexual interest in men with pedophilia is unchange-

able’’(p.1221).(Note:Itwouldseemmoreappropriatetoconsider

the notion of unchangeable pedophilic sexual interest the null

hypothesis, see below.) More to the point, Müller et al. wrote

that their study‘‘supports the view that pedophilic interests are

changeableandthereforedifferentfromsexualorientationwhich

isnotonlymoredifficult tochangebutalsonot inneedofchange’’

(p. 1228).

The idea that pedophilia is changeable is provocative. Ped-

ophilia is generally considered a stable, immutable sexual pref-

erence much akin to sexual orientation (e.g., Cantor, 2012; Seto,

2012). According to Briken, Fedoroff, and Bradford (2014), the

diagnostic criteria of pedophilia within the Diagnostic and Sta-

tistical Manual of Mental Disorders (DSM-5, American Psy-

chiatric Association, 2013) do not include the possibility of

remission.

Consequently, the results of Müller et al. (2014) and their

interpretation were challenged (Bailey, 2015; Cantor, 2015;

Lalumière, 2015). Both Cantor and Lalumière questioned the

validity of the phallometric assessment and of the ipsative

scoring method as used by Müller et al. (2014). Both Bailey

and Lalumièremade the point that regression to the mean may

account for the outcome of the study by Müller et al. Bailey

and Lalumière also considered measurement error as a plausi-

ble explanation for the results.

In their responses to these criticisms, they were rejected

(Fedoroff et al.,2015). More specifically,Fedoroffet al. wrote:

‘‘Given that Bailey has been unable to prove that the measure

was ‘rife’ with error, we maintain that our study does raise ques-

tions about the immutability of pedophilic interest’’ (p. 261).

Rather than Bailey proving that the measure was‘‘rife’’with error

the onus would have been on the original authors to show that

their measure was sufficiently reliable. In their response to the

critics,Fedoroffetal.alsorejected thesuggestionthat regression

to the mean might explain the results.

Thepresentarticle reportsonananalysisof thenullhypothesis

that a combination of measurement error with the regression to

themeanaccountsfor theresults reportedbyMülleretal. (2014).

Putting differently, the null hypothesis is that the relative fre-

quency of the so-called IC cases does not differ from what can

be expected by chance alone, given the research design (in-

volving extreme groups) and the suboptimal retest correlation.

Method

Using the raw data from the Müller et al. (2014) study, Bailey

(2015) gave the retest correlation as .24 (J. M. Bailey, personal

communication, June 24, 2015). Assume that the data observed

by Müller et al. (2014) were drawn from a bivariate normal

distributionwithr= .24.Thefirstvariable refers to thePIscores

from the initial testing and the second variable refers to the PI

scoresfromthesubsequentassessment.Foreaseofpresentation,

a bivariate standard normal distribution is used. The assorted

probability density function, a related bootstrap test, and most

othercalculationswere implementedinMAPLE(Version14.01)

(2010). In addition, SPSS (Version 20.0) was used.

Results

Based on a statistical model of the bivariate standard normal

probability density function with r= .24, we obtain two cumu-

lative probability densities: The joint probability for a PI scoreC

0.25 on both variables (i.e., the NC group) and the joint proba-

bility foraPIscoreC0.25onthefirstvariablecoupledwithaPI

scoreB-0.25on the secondvariable (i.e., the IC group). Using

double integrals, the corresponding cumulative probabilities

are .20 and .13, respectively.

Thefirstof thesevalues indicateshowlikelyapersonshould

havePI scoresat least .25 ofa standarddeviation unit above the

mean at both assessments (.20; NC group). The second value

expresses the probability of a person with at least .25 of a stan-

dard deviation unit above the mean at the first assessment and at

least .25 of a standard deviation unit below the mean at the

second assessment (.13; NC group). By analogy in terms of

intelligence levels (IQ): The definition for the NC group would

refer to individuals with IQ scores of 104 or more at both

assessments,whereasthedefinitionfortheICgroupwouldrefer

to individuals with IQ scoresC104 at the first andB96 at the

second assessment.

Figure 1 shows the bivariate standard normal probability

densityplot for r= .24.Theblackarea in thebottom-left corner
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would represent the IC group, whereas the black area in the

bottom-right corner would stand for the NC group. If the entire

probabilitydensityplotwas acake, thepieceon the bottom-left

cornerwould equal13 % of thatcake’smass, whereas the piece

on the bottom-right corner would equal 20 % of its mass. Fol-

lowingtheselectioncriteriaappliedbyMülleretal. (2014),each

case must belong to one of the two marked areas highlighted in

Fig. 1. The conditional probability for an NC case out of the

combined group of NC and IC cases is .20/(.20? .13)= .61.

With two measurements correlated at r= .24 and the selec-

tion criteria used, one would thus expect 61 % to belong to the

variant labeled as NC by Müller et al. (2014). Müller et al. (as

correctedbyFedoroffetal.,2015)found22outof40cases tobe

of the NC variant (55 %). Applying a binomial test, the cumu-

lativeprobabilityforupto22hitsoutof40trialsunderanexpected

probability of .61 is p= .26. Thus, the null hypothesis cannot be

rejected. In other words, the outcome observed by Müller et al.

does not deviate from what would be expected by chance.

For 22 hits out of 40 trials to be significant in a binomial test

at a type I error rate of .05, the chance expectation for hits to

occur would have to be .69 or above. Conversely, an expected

probability of at least .69 would imply a correlationC .40 in

the sample as a whole. A bootstrap test was conducted (see

Appendix for details) that shows that it is virtually impossible

to tell fromMülleretal.’s reportwhether theirdatawereselected

fromasamplewithqttC .40.Giventhesamplesizeandthechoice

of extreme groups, a wide range of actual retest correlations in

the whole sample (i.e., .00BqttB .60) would be in agreement

with the value observed in the selected sample (rtt= .24)

according to the CI boundaries.1

After the analyses described above had been completed, the

authorsof theoriginal studykindlyprovidedaccess to the larger

sample (Curry, 2015; N= 203) from which the cases in ques-

tion used in the original Müller et al. (2014) study had been

taken. Within this source dataset, 150 cases had shown at least a

minimal response during the phallometric assessment and were

thus included (i.e., responders). The PI was calculated for both

instances of assessment (initial and subsequent) according to

the specifications above. The correlation between the initial

and subsequent PI scores in the unselected sample of respon-

ders wasqtt= .15 (95 % bootstrapCI: [-.002, .30]), indicating

aweakretestcorrelation.Thisresultdidnotchangemarkedlyif

one only used the cases that had been assessed a second time

within 12 months of the first phallometric testing—a situation

more appropriate for estimating retest reliability (n= 27,qtt=

.18, 95 % bootstrap CI: [-.18, .52]). Therefore, the measure

used—phallometric difference scores between child and adult

stimuli (i.e., the PI)—was indeed rife with measurement error.

Discussion

Despite their claim, the data presented by Müller et al. (2014;

cf. Fedoroff et al., 2015) do not support rejection of the null

hypothesis. The research design involved extreme groups and

thus increased the risk for regression to the mean. In combi-

nation with the limited retest correlation, this accounts for the

outcome (i.e., the ratio of NC to IC cases) without invoking

the malleability of pedophilic sexual preference. By the same

token, oneshould retain the view that pedophilia is not subject

to change. The only exception to this seems to be the notion of

symptomatic pedophilia which may be caused by brain tumors

(e.g., Burns & Swerdlow, 2003; Lesniak, Szymusik, & Chrza-

nowski, 1972), neurodegenerative diseases (e.g., Mendez &

Shapira,2011),or traumaticbrain injury (e.g.,Miller,Cummings,

McIntyre,Ebers, &Grode,1986). If theunderlyingdisease can

becured, thesymptomaticpedophiliamayremit (seeChoi,2002,

for a case description). It should be acknowledged, however, that

such conditions most likely disinhibit previously existing pedo-

philia rather than causing it to emerge.

It is a limitation to the first analysis presented above that the

estimateof theretest reliabilityof thePI(.24accordingtoBailey,

2015) was derived from the selected cases as well, not from the

unselectedsample that theso-calledNCandICcaseswere taken

Fig. 1 Bivariate standard normal probability density plot (r= .24). The

marked area on the bottom-left corner denotes the so-called interest

changer (IC) group (i.e., Pedophilia Index, PIC 0.25 at the initial assess-

mentandB-0.25at thesubsequentassessment).Themarkedareaonthe

bottom-right corner denotes the so-called interest non-changer (NC)

group (i.e., PIC 0.25 at the initial assessment andC0.25 at the subsequent

assessment)

1 Usually, Greek letters are used to denote populationparameters. Within

thismanuscript, theGreek letterqdenotes thecorrelation inanon-truncated

sample,whereas thecustomary letter rdenotes thecorrelation ina truncated

sub-sample.
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from. Correlations in homogeneous sub-groups are smaller than

those obtained from non-truncated data (Sackett, Lievens,

Berry, & Landers, 2007). Based on the study by Müller et al.

(2014), the observed ratio of 22 NC to 18 IC cases could only

have been considered statistically significant (at p\.05) if the

retest reliability (qtt) of the PI had been at least .40 in the total

sample that the cases were taken from. According to the boot-

strap analysis, truncated data correlated at .24 are concomitant

with a wide range of whole-sampleqtt values, most of which are

below the .40 margin.

As there are only few data on the retest reliability of phal-

lometric assessment of pedophilic sexual arousal reported in

the literature (Marshall & Fernandez, 2003), it is hard to tell

whetherqttC .40 isarealisticassumption.Oneof thefewstudies

available (Wormith, 1986) estimated the retest reliability of

phallometric assessments in a mixed sample of 12 rapists, 12

pedophilic sexual offenders against children, and 12 non-sexual

offenders. The time lag between the first assessment and the

retest was 1 week. Unlike in the Müller et al. (2014) study,

Wormith used visual stimuli (slides). The retest reliability for

the child stimuli, collapsed across boy and girl categories, was

estimated at .54; the corresponding estimate for adult stimuli

(men and women combined) was .23.

As the PI is a difference score, however, one would need to

report theqtt for thedifferencebetween responses toward child

and adult stimuli, not for the stimulus categories as such. The

reliability of difference scores becomes lower, though, the

stronger the two measures in question are correlated (see Lord

& Novick, 1968, p. 76, Eq. 3.10.18). Taking the values reported

byWormith(1986)atfacevalue(despitethecomparativelysmall

sample, N=36), the penile responses toward child and toward

adultstimuliwouldhavetobecompletelyuncorrelatedfromeach

other (r= .00) in order to afford a reliability coefficient of the PI

approaching.40—thelowerboundestimatethatwouldrenderthe

NC/IC ratio observed by Müller et al. (2014) is statistically

significant.

As theanalysisof the full sample (Curry, 2015) fromwhich

the data in Müller et al. (2014) were taken indicates, the retest

reliabilitywasclearlybelowthe.40boundary(i.e., .18if limited

tothe27casesre-assessedwithin12 months). It isa limitationof

the current study, however, that the retest reliability could only

be estimated for a timeframe of 12 months. If change was indeed

possible, it would seem advisable to estimate retest reliability for

smaller intervals of, say, 6 or 8 weeks.

There are other studies available on the reliability of penile

plethysmography (Abel, Huffman, Warberg, & Holland, 1998;

Becker, Hunter, Goodwin, Kaplan, & Martinez, 1992; Fren-

zel & Lang, 1989; Laws, Hanson, Osborn, & Greenbaum,2000;

Letourneau, 2002). These reports do not contain estimates for

the reliability of child/adult difference scores (i.e., the PI), how-

ever,butoncategory-specificresponses.Recently,usingatestfor

pedophilic sexual interest based on reaction time, Dombert et al.

(in press) found split-half reliability coefficients for difference

scores of .70 and .53 for two different stimulus sets in a mixed

sample of men comprising sexual offenders against children,

other sexual offenders, non-sexual offenders, and community

controls (N= 233). Caruso (2004) gives an overview of dif-

ferent ways of calculating difference scores, some of which

(e.g., residualized difference scores) compensate for the gen-

erally lower reliability of simple difference scores.

Apartfromraisingacontroversial researchquestion, thestudy

byMülleretal. (2014) thushighlights thenecessity tocollectdata

on the retest reliability of PI scores from phallometric assess-

ment. In contrast to the riposte by Fedoroff et al. (2015, p. 261),

their results do not‘‘show [that] change of sexual interest is pos-

sible,’’at least not with regard to pedophilic sexual preference.

Appendix

A bootstrap test was performed in order to estimate the retest

correlationinthewholesample(qtt)basedonwhichasub-sample

correlation of rtt= .24 could beexpected. For this purpose,200

bootstrap samples of sizeN= 124 were drawn from a bivariate

Table 1 Bootstrap results: 200 draws from a bivariate standard normal

probability density function at different levels of test–retest reliability

qtt: means and 95 % CIs of sub-group test–retest reliability rtt

Whole-sample

qtt (N= 124)

Sub-sample

mean rtt

95 % CI for

sub-sample rtt

.00 .00 [-.31, .31]

.05 .03 [-.29, .35]

.10 .08 [-.25, .38]

.15 .12 [-.20, .41]

.20 .17 [-.15, .46]

.25 .20 [-.12, .47]

.30 .23 [-.08, .50]

.35 .26 [-.05, .51]

.40 .30 [-.01, .55]

.45 .36 [.07, .59]

.50 .37 [.09, .61]

.55 .42 [.15, .64]

.60 .45 [.20, .65]

.65 .50 [.27, .68]

.70 .54 [.32, .71]

.75 .59 [.41, .74]

.80 .66 [.50, .78]

.85 .73 [.60, .83]

.90 .80 [.69, .88]

.95 .89 [.84, .94]

1.00 na [1.00, 1.00]

The sub-samples were defined according to the Müller et al. (2014)

criteria: A score on the first variableC0.25 and a score on the second

variableB-0.25 orC0.25. Estimates of the test–retest correlation

within the sub-samples (rtt) were calculated as the correlation between

the valid cases from non-redundant pairings of bootstrap draws
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standard normal deviation with correlation qtt. Values of qtt

were set to vary in increments of .05 ranging from .00 to 1.00.

Thesizeofthebootstrapsampleswasestimatedfromthebivariate

standardnormalmodelabove:If the40casesselectedbyMüller

et al. (2014; cf. Fedoroff et al., 2015) correspond to 32 % of the

cumulative probability density, then about 124 cases will make

up the entire sample.

The correlation coefficients between the bootstrap draws

were calculated mutually (i.e., for the 19,900 non-redundant

pairs for each value of qtt). This was done following the restric-

tionsappliedbyMüller etal. (2014; i.e., scoreon thefirstvariable

C0.25, score on the second variableB-0.25 orC0.25). Table 1

contains the bootstrap results.

Atqtt= .30, for instance, the mean rtt of the bootstrap samples

was .23, with a 95 % bootstrap CI of [-.08, .50]. As Table 1

shows, however, all values of qtt from .00 to .60 were in agree-

ment with an rtt value of .24 in the selected sub-sample. Only for

qtt values of .65 and above, the concomitant 95 % bootstrap CIs

would not contain the value of .24 anymore.
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