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Weighing Evidence in Sexual Abuse Evaluations:
An Introduction to Bayes’s Theorem

James M. Wood
University of Texas at El Paso

This article introduces readers to Bayes's theorem, a simple
mathematical formula that can illuminate general issues
and assist evaluators in the field of child sexual abuse. The
thevrem is applied to a case study of sexual abuse allegations
that arose during a custody dispute.

The evaluation of child sexual abuse requires the
assessment of specific facts in the light of general
scientific and professional knowledge. The evidence
of this particular case is placed within the framework
of what is known in general. The task of applying
general knowledge to a specific case can be a difficult
one. For example, an evaluator may know that a
particular child has exhibited sexual behaviors and
that research shows such behaviors to be more com-
mon among abused than nonabused children. How is
the evaluator to apply scientific knowledge to the
present case? Is the evidence sufficient to warrant
further investigation? To “validate” abuse? To turn the
case over to the criminal justce system?

Such decisions are commonly made on the basis of
professional judgment. However, professional judg-
ment and experience can provide a poor basis for
decision making (see review by Dawes, Fause, &
Meehl, 1989). Human beings, including highly
educated professionals, are prone to “slips of the
mind” when they must evaluate situations thatinvolve
substantial uncertainty (Tversky & Kahneman,
1974; Wood & Wright, 1995), as many sexual abuse
cases do.

The uncertainty of individual evaluators is re-

{lected in broader dilemmas that confront the field of
sexual abuse evaluation. How useful are behavioral
indicators ( e.g., nightmares, bed wetting, or sexual
behaviorsy in determinations regarding abuse? What
tredibiiity should be given to allegations that arise in
the context of custody disputes? What are the advan-

tages and drawbacks of different techniques for inter-
viewing chiidren?

The present article provides an introduction to
Bayes’s theorem, a 200-year-old mathematical for-
mula that can assist evahators and clarify important
issues in the field of child sexual abuse. For instruc-
tional purposes, we begin by describing an acmal
custody case that involved sexual abuse allegations. At
the end of this article, we will return to the case and
discuss it in the light of Bayes’s theorem.

CASE STUDY

Patricia B. contacted Child Protective Services to
allege that her ex-husband, Alfonso B., was sexually
abusing their 5-year-old son, Billy, during parenml
visitations. (Names are changed to protect confiden-
tiality.)

Based on Patricia’s allegations, a judge ruled that
Alfonso’s visits with his son should be supervised.
However, Alfonso was allowed to choose his own su-
pervisors. Immediately following one of these visits,
Billywas taken to the hospital by his mother. A physical
examination followed by laboratory tests revealed the
presence of sperm in the hoy’s rectum.

Subsequently, Billy made several statements to po-
lice. He reported that on the day of the visitation, his
father had sent the supervisors away and then digitally
penetrated him. However, Billy also told the police
that his mother had put “ointment” on his “butt”
before taking him to the hospital for the physical
examination,

A courtappointed psychologist, Dr. Alcoa, sub-
sequendy concluded that Patricia had put sperm on
her son’s bottom, apparently to substantdate allega-
tions of sexual abuse against her ex-husbhand. Billy was
taken from his mother and placed into foster care
pending a court decision regarding custody.
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Percentage of abused children who imitate intercourse

— 14%/

1% = % or 14:1. (A)

Percentage of nonabused children who imitate intercourse

Percentage of abused children who are overly aggressive or overly passive

= 35%/10% =% or 3.5:1. (B)

Percentage of nonabused children who are overly aggressive or overly passive

AN INTRODUCTION TO BAYES’S THEOREM
The Strength of Evidence and the Likelihood Ratio

Sexual abuse evaluators routinely assess the
strength of evidence. For example, an evaluator may
offer an opinion that bed wetting

dence of sexualabuse thanis overlyaggressive, overly
passive behavior.

The evidentiary “strength” represented by an LR
can be expressed in common English terms. [n Table
1, adapted from Goodman and Royall (1988), various

LRs are given along with their English

constitutes “weak” evidence of sex-
unal abuse, or that gonorrhea in a
child constitutes “extremely
strong” evidence. Words such as
weak, moderate, Or sirong are com-
monly used to describe the
strength of evidence. The same
purpose may be accomplished by
using a number called the likeli-
hood rato (LR).

The LR expresses the relative
probability of coming across a par-
ticular piece of evidence in one
group rather than in another. As
an cxample, we may consider a
case in which a child has been
observed to imitate sexual inter-
course. According to reports from

It is not enough to
know that evidence
is weak or strong.
Exactly the same
evidence may lead
to quite different
conclusions,
depending on the
rate of abuse in the
group being
evaluated.

“translations.” As can be seen, the LR
of 14:]1 for imitation of intercourse
translates into moderate-to-strong evi-
dence of abuse. By contrast, the LR of
3.5:1 for overly aggressive, overly passive
behavior translates into weak evidence.

Reaching Conclusions: A First Try
Using the Likelihood Ratio

As discussed in the previous sec-
tion, imitation of sexual intercourse
by a child is about 14 times more com-
mon among abused than nonabused
children. The behavior has an LR of
14:1 and constitutes moderate-to-
strong evidence of abuse. Now readers
are asked a tricky question. Suppose
that a particular child is observed to
imitate sexual intercourse. Speaking

parcnts (Friedrich et al., 1992),
this behavior occurs in about 14%
of ubused children and 1% of nonabused children.
The LR for this cvidence may be calculated as shown
in equation A above,

The LR of 14:1 indicates that imitation of intercoursc
is about 't times more commen among abused than
nonabused children.

Asasecond example, consider a child who is overly
aggressive or overly passive. According to parent re-
ports (Friedrich ct al., 1992), about 35% of abused
children, but only 10% of nonabused children, are
overly aggressive or overly passive. The LR for the
evidence may be caleulated as before in equation B
above.

As these examples show, LRs are nsually written so
that one side of the ratio is | and the other side is
greater than 1. When written in this way, two LRs may
be easily compared. A glance shows that the LR for
imitation of intercourse (14:1) is about four times
larger than the LR for overly aggressive, overly passive
behavior (3.5:1). The comparison indicates that imi-
tation of intercourse is substantiafly stronger evi-

in round numbers, what is the proba-
bility that the child has been sexually abused?

After aking a moment, perhaps readers have cal-
culated that the child is 14 times more likely to have
beenabused than notabused, and that the probability
of abuse is therefore 14 out of 15, or about 03%.
Unfortunately this answer, which is commonly given,
isincorrect. We confess, with apologies, that the ques-
tion was even trickier than itappeared. In fact. it could
not be answered because insufficient information was
provided.

In order to answer a question of this type. two
things must be known beforehand: (a) the swength
of the evidence that the child has been sexuallv
abused, and (b) the rate of sexual abuse among chil-
dren in the group being evaluated. Readers were
provided with information about the saength of the
evidence, but not about the rate of abuse. Without
information about the rate, no conclusion could be
drawn from the evidence.

To see how the rate of abuse can influence the
evaluation of evidence, let us consider rwo hypotheti-
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TABLE 1: Likelihood Ratios and Suggested Interpretations

Likelthood Ratio English Translation
1:1 No evidence
31 Weak evidence
51 ‘Weak-to-moderate evidence
7:1 Moderate evidence
14:1 Moderate-to-strong evidence
20:1 Strong evidence
55:1 Very strong evidence

NOTE: Based on Goodman & Royall, 1988,

cal school districts, each with 10,000 children. In the
first, which we shall call the Dismal School District,
about 20% of the children have been sexually abused.
In the second, the Protective School District, the
prevalence of sexnal abuse has been reduced to about
5%. In both schools, the behavior of imitating sexual
intercourse is 14 times more common among abused
than nonabused children.

Now suppose that two children are seen for evalu-
ation because they have been observed to imitate
sexual intercourse. One child is from the Dismal
School District, the other from the Protective School
District. What is the probability that these children
have been sexually abused?

Again, we hope readers have taken a moment to
answer the question. This time there reallyisa correct
answer. In fact, asa sort of compensation for the tricky
question carlier, there are two correct answers. The
probability of abuse for the child from the Dismal
School District is 78%. The probability of abuse for
the child from the Protective School District is 42%.

Some readers may have difficulty believing that the
child from the Dismal School District is almost twice
as likely to have been abused as the child from the
Protective School District. After all, in both cases
the evidence is the same: the child has been observed
to 1mitate sexual intercourse. Therefore, common
Sense seems to argue that both children are equally
likely to have been abused.

However, as can be seen in Table 2, this is one of
those cases where unmtored common sense leads to
the wrong conclusion. [n the Dismal School District,
about 360 children imimte sexual intercourse. Of
these 360, 280 (78%) have been abused and the rest
have not. By contrast, in the Protective School District
far fewer children, 165 in all, imitate intercourse. And
of these 165 children, 70 (42%) have been abused and
the rest have not.

Acdlosclookat the figures for the Protective School
District provides insight into the situation. The num-
ber of abused children (and therefore the number of
abused children who imitate intercourse) is lower in
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the Protective School District than in the Dismal
School District. At the same time, the number of
nonabused children (and therefore the number of
nonabused children who imitte intercourse) is
higher. The “mix” of abused versus nonabused chil-
dren is different in the two schools and in the sub-
groups of children who imitate sexual intercourse.

As this example shows, itis not enough to know that
evidence is weak or strong. Exactly the same evidence
may lead to quite different conclusions, depending on
the rate of abuse in the group being evaluated. There-
fore, a thoughtful evaluator will take account of both
the evidence and the rate of sexual abuse. The task of
combining these two kinds of information is made
easier by the mathematical formula known as Bayes’s
theorem. But before discussing the theorem, we must
first introduce some useful concepts.

Base Rates, Prior Odds, and Posterior Odds

The terms base rateand prevalenceare closely related
and may be considered equivalent for the purposes of
the present discussion. The base rate of something is
simply the relative frequency with which that thing
occurs in a particular group. For instance, research
indicates that about 20% of females in the United
States have been seriously sexually abused at least
once (see review by Salter, 1988). The base rate (or
the prevalence) of sexual abuse for this group is
therefore about .20. By extension, the base rate for
nonabuse is about .80.

Base rates may vary depending on the particular
group being considered. For example, according to
some estimates, 70% of sexual abuse allegations made
to Child Protectve Services are reliable (Jones &
McGraw, 1987). Therefore, the base rate of abuse
among such cases is .70. By extension, the base rate of
*not abused” is around .30.

For purposes of decision making, base rates are
often converted into priorodds. Prior oddsare the ratio
between two different base rates for the same group.
For example, if the base rate of abuse among cases
involving allegations to Child Protective Services is
around .70, then the base rate of “no abuse” in the same
group is about .30. We can therefore calculate the prior
odds of abuse versus no abuse in such cases as follows:

B e bisse
ase raie of a ="%s0="50r 7:3. (C)
Base rate of no abuse

The prior odds ofabuse versus no abuse are about 7:3.
This means that if we were to select such cases at
random, there would be seven reliable reports for
every three that are unreliable or false.

Prior odds are different from probabilities but
closely related to them. If the prior odds of abuse are



28  Wood/EVIDENCE AND BAYES'S THEOREM

TABLE 2: The Probability That a Child Who Imitates Sexual Intercourse Has Been Sexually Abused: Example Using Two Hypothethical

School Districts

Assumptions:
1. Prevalence of abuse in Dismal School District is 209,
Prevalence of abuse in Protective School Distriet is 5%.

2. About 14% of abused children imitate sexual intercourse; 1% of nonabused children imitate sexual intercourse.

Dismal School District Protective School District
2,000 abused children 8,000 nonabused children 500 abused children 9,500 nonabused children
2.80. abused children 80 nonabused children 70 abused children 95 nonabused children
imitate intercourse imitate intercourse imitate inter course imitate intercourse

360 children in all imitate intercourse

78% (280/360) of all children who imitate
intercourse have been abused

/

165 children in all imitate intercourse

439% (70/165)} of all children who imitate
intercourse have been abused

9:1, then the “prior probability” of abuse is .90. This
probability is calculated simply by adding the two sides
ofthe LR (9 + 1 = 10), and then dividing the left side
of the LR by the resulting sum (9 + 10 = .90).

By themselves prior odds can be very informative.
In a sense, they summarize the way things usually are.
In our daily lives, we use them all the time to assess
events that we encounter. For example, if a littie boy
tells us that he saw a dog in the front yard, we are
inclined to believe him without difficulty. But if he
tells us that he saw an elephant, we are unlikely to
accept his statement without question, The prior odds
of an elephant are so low that we are likely to be
dubious.

In sexual abuse cases, prior odds can be similarly
informative. As an example, consider a mother who
has made allegations of sexual abuse to a physician,
who in turn has contacted Child Protective Services.
As we have already noted, the prior odds of a reliable
versus an unreliable allegation are probably about 7:3.
These odds are known, or at least could be, before a
single shred of evidence is gathered. Even before
investigation, therefore, itis known that the allegation
is about twice as likely to be reliable as unreliable.

But although prior odds are informative, the uig-
mate concern in sexual abuse cases is with posterior
odds—the odds of abuse ¢fler evidence has been col-
lected and evaluated. The difference between prior
odds and posterior odds can be easily illustrated.
Suppose a worker at Child Protective Services is about
to investigate a sexual abuse allegation. The worker
believes that about 70% of such allegations are prob-
ably true (Jones & McGraw, 1987) and that the prior

odds ofa true versus an unreliable or false allegation
are therefore 7:3.

Suppose that the worker then interviews the child
witness, who gives a logical, coherent, and detailed
description of sexual abuse. After the interview, the
worker concludes that the odds of a true versus a false
allegation are 99:1. These odds, which are arrived at
after the evidence has been evaluated, are called the
posterior odds of abuse.

The distinction between prior odds and posterior
odds hinges on whether the evidence has been evalu-
ated yet. The prior odds are the odds of abuse before
the evidence has been evaluated. The posterior odds-
represent the odds of abuse after the evidence has
been tken into account.

A posterior probability can be calculated from the
posterior odds in the same way that the prior proba-
bility was earlier calculated from the prior odds. In the
example just given, the posterior probability of abuse
s 99% (99 + 100). In sexual abuse evaluations, the
determination of posterior odds is of the utmost im-
portance. That is, after reviewing the evidence in a
case, the evaluator is expected to decide whether
abuse is likely to have occurred. The evalnator may
estimate the posterior odds of abuse using clinical
judgment. An alternative approach is to calculate the
odds using the mathematical formula known as
Bayes’s theorem.

Reaching Conclusions:
A Second Try Using Bayes’s Theorem

As discussed earlier, in order to draw conclusions
from evidence, a sexual abuse evaluator must know
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two things: the strength of the evidence and the rate
of abuse in the group to which the child belongs. The
strength of evidence is represented numerically by the
likelihood ratio (LR). The rate of sexual abuse is
represented by the prior odds of abuse versus no
abuse,

More than 200 years ago, Thomas Bayes, an English
clergyman and mathematician, proposed a theorem

that allows conclusions to be drawn from the LR and -

prior odds (Bayes, 1763; see also Fisher, 1959). This
theorem may be expressed as follows;

Prior Odds x Likelihood Ratio = Posterior Odds

The formula for Bayes’s theorem shows that the pos-
terior odds of abuse can be calculated in a straightfor-
ward manner by multiplying together the prior odds
and the LR for the evidence. For example, let us
consider a child from the Dismal School District who
has been observed imitating sexual intercourse. The
posterior probability that this child has been abused
may be calculated by applying Bayes's theorem in
three steps.

Step 1, the prior odds of abuse are calculated. As stated
above, 20% of the children in the Dismal School
District have been molested. The base rate of abuse
in the district is therefore .20, the base rate of no
abuse is .80, and the prior odds of abuse are .20:.30
or 1:4.

Step 2, the LR of the evidence is calenlated. As already
discussed, imitation of intercourse is about 14 times
more common among abused than nonabused chil-
dren. The LR is therefore 14:1,

Step 3, the posterior odds are calculated by multiplying
together the prior odds and the likelihood ratio,

Prior odds x Likelihood ratio = Posterior odds
(D)
a3 " = "4 (78% probability of abuse).

As can be seen, the posterior odds of abuse are 14/4
or 14:4. The posterior probability of 78% indicates
that about three fourths of the children from the
Dismal School District who are observed imitating
sexual intercourse have in fact been molested. Note
that 78% is the figure given earlier in Table 2.
Bayes’s theorem can also be used to calculate the
probability of abuse for a child from the Protective
Scheool District who has been observed to imitate
intercourse. The same three steps are followed as
before. Step 1, the base rate of abuse for that district
is .05, the base rate of no abuse is .95, and the prior
odds of abuse versus no abuse are therefore .05:.95,
or 1:19. Step 2, the LR for imitation of intercourse, as
before, is 14:1. Step 3, the prior odds and LR are
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TABLE 3: Posterior Odds as Related to Probabilities and Com-

mon English Terms

Fosterior Odds of Probability That Conclusion

Abusevs. No Abuse  Abuse Has Occurred  (in common English)

1:19 or less 5% or less Very unlikely

1:19 w0 1:4 5% to 20% Unlikely

14 to 2:3 20% 1o 40% Somewhat unfikely

2:3 10 3:2 40% to 60% Undetermined

5:2 to 4:1 60% to 80% Somewhat more likely
than not

4:1 t0 19:1 80% to 95% Likely

1%:1 or more 95% or greater Very likely

combined using Bayes’s theorem to calculate the pos-
terior odds of abuse:

19 % %1 = "9 (42% probability of abuse).  (E)

As can be seen, the posterior odds of abuse are 14/19
or 14:19, and the posterior probability of abuse is
therefore 42%, which is the same number given in
Table 2.

A posterior probability, like an LR, can be trans-
lated into common English. Table 3 provides “trans-
lations” of posterior odds and posterior probabilities
into ordinary language. These translations corre-
spond with common English usage. However, they
should be regarded as guidelines rather than rules.

According to Table 3, for example, the 78% poste-
rior probability of abuse for the child from the Dismal
School District can be translated as “somewhat more
likely than not” that abuse has occurred. However,
78% is so close to 80% that an evaluator might reason-
ably conclude that abuse is “likely.” Either translation
of the probability would be appropriate. Similarly, as
shown in Table 3, the 42% posterior probability of
abuse for the child from the Protective School District
can be translated to mean that the case is of “undeter-
mined” validity. The finding of undetermined indi-
cates that the odds of abuse are so close to 50-50 that
the evaluator really cannot say with certainty whether
or not abuse has occurred. It should be noted thatan
undetermined finding is not the same as a finding of
“unlikely.” In fact, about 50% of the children who fall
into this category have in fact been abused.

Evidence That Tends to
Decrease the Posterior Odds of Abuse

So far, the discussion has focused on evidence that
increases the belief that abuse has occurred. For exam-
ple, the presence of gonorrhea in a child, or a report
thata child has imitated sexual intercourse, increases
the belief that abuse has occurred and the posterior
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Sexual behavior if child has been abused

Sexual behavior if child has not been abused

Sexual behavi_or ABSENT if child hae been abused

Sexual behavior ABSENT if child hae not been abused

probability of abuse. However, some types of evidence
have the opposite effect. For example, evidence that
the accused perpetrator was in another city at the ime
of the alleged offense greatly decreases the posterior
probability of abuse.

Bayes’s theorem works equally well with either type
of evidence. The only difference is in the form of the
LR. For example, consider a case in which sexual
abuse has been alleged in the context of a custody
dispute. As explained later in this article, the LR of
“custody dispute” can be estimated as about 1:2. No-
tice that in this LR, unlike those that have appeared
earlier, the I appears on the left side of the ratio
instead of the right. Thus, when this LR is multiplied
times the prior odds, the posterior odds will be
smaller, not larger, than the prior odds.

If this particuiar case of alleged sexual abuse comes
from the Dismal School District, where the prior odds
of abuse are 1:4 (prior probability = 20%), then the
posterior odds of abuse can be estimated as follows:

Yax 2 = 5 (11% probability of abuse). (F)

As can be seen, the posterior probability of abuse
(11%) is close to the prior probability (20%). The
difference is small because evidence with an LR of 1:2
is weak, having precisely the same strength as an LR
of 2:1 but in the opposite direction. Similarly, evi-
dence with an LR of 1:7 is moderate, as is evidence
with an LR of 7:1. An LR and its mirror image have
equal but opposite strengths. Thus, Table 1 can be
consulted to determine the strength of any LR.

The Absence of Evidence

In some sexual abuse cases, the evaluator must
consider the absence of evidence rather than its pres-
ence. For example, a physician may have examined
the child and reported no physical evidence consis-
tent with abuse. How is the evaluator to weigh this
absence of evidence? Some individuals, particularly
defense lawyers, have suggested that the presenceand
absence of evidence should be given equal but oppo-
site weights. For instance, if the presence of physical
evidence indicates that abuse has occurred, some
have argued, then the absence of physical evidence
must indicate that abuse has not occurred.

Such reasoning is definitely incorrect. There are
two ways to demonstrate the error. The first is to use

35% 7
== = -=—= or 7:1 (G)
5% 1
65% 1

= “~= = -=== or 1:1.46 (H)
95% 1.46

a simple example. Imagine that a detective invesdgat-
ing a sexual abuse case happens to open a drawer and
find an erotic note from the alleged perpetrator to the
victim. Most people would agree that the presence of
the note would constitute strong evidence against the
alleged perpetrator. But suppose that the detective
had opened the drawer and found it empty. Would
the absence of a note constitute strong evidence that
the alleged perpetrator was innocent? Clearly the
answer is no. Such notes are seldom found in genuine
abuse cases. There is no symmetry in this respect. The
presence ofa particular piece of evidence may he verv
weighty indeed, whereas the absence of that same
evidence may have almost no significance one way or
the other.

The same point may be illustrated using Baves's
theorem. Research indicates that about 35% of sexu-
ally abused preschool children show some form of
inappropriate sexual behavior (Kendall-Tackert,
Williams, & Finkelhor, 1993). Comparable figures for
unabused children are unavailable, but 5% is prob-
ably a reasonable estimate. The LR for the presence
of sexual behavior in a child can be calculated as
shown in equation G above.

The LR for the absence of sexual behavior in a
child can also be calculated. However, some other
probabilities must be computed first. Using the fig-
ures already cited, we can determine that sexual be-
havior is absent in 65% (100% - 35%) of sexually
abused preschool children, and in 05% (100% —5%)
of preschool children who have not been abused. The
LR can therefore be calculated as shown in equation
H above.

As can be seen, the two LRs are not equal and
opposite at all. The presence of sexual behavior con-
stitutes moderate evidence (LR = 7:1) that the child
has been abused, whereas the absence of sexual be-
havior constitutes very weak evidence (LR = 1:1.40)
that the child has not been abused.

APPLICATION OF BAYES'S THEOREM TO
GENERAL ISSUES IN THE FIELD OF SEXUAL ABUSE

The preceding discussion has introduced the basic
terminology and logic of Bayes’s theorem. However,
the theoretical nature of the discussion should not
obscure the practical nature of the theorem. In the
following section, Bayes’s theorem will be used to

CHILD MALTREATMENT / FEBRUARY 1996



clarify important general issues in the field of sexual
abuse evaluation.
Personal Experience and the Interpretation of Evidence

Imagine two child protection workers, Worker A
and Worker B. Worker A investigates all reports from
the Protective School District that involve sexual be-

haviors in children. The prior odds of abuse in that

diserict are 1:19, the LR of sexual behaviors is about
7:1, and the posterior odds of abuse are 7:19. There-
fore about 27% of the Teports inves-

Wood / EVIDENCE AND BAYES'S THEOREM 31

abuse. In fact nightmares probably constitute very
weak evidence of abuse, with an LR of perhaps 2.3:1
(Wells, McCann, Adams, Voris, & Ensign, 1995). How-
ever, even such weak evidence as nightnares can raise the
posterior probability of abuse to 84%, if the prior prob-

ability is 70% (7/3 x 2.3/1 = 16/3 = 84% probability).
Consider the problems that can arise, however, if
the agency then alerts the community: “Nightmares
can be a sign of sexual abuse. In our experience, over
80% of children with nightmares have been sexually
abused.” The agency may be flooded

tigated by Worker A are valid, and
the rest are not. Worker A may con-
clude on the basis of professional
experience that sexual behaviors
are a very unreliable indicator of
sexual abuse.

Worker B deals with the same

The use of
indicators in sexual
abuse evaluations
is still in a

with reports from parents, teachers,
and therapists regarding children
with nightmares. Most of these new
reports will be invalid. Furthermore,
the LR of nightnares will change
among the children seen by the
agency. Because the agency is now

kind of reports as Worker A but in ; secing a large number of nonabused
the Dismal School District. The rUdlmenta,y Stag e children with nightmares, the LR of
prior odds of abuse in the Dismal of deVGIOpment. nightmares may change from 2.3:1 to

School Districtare 1:4, the LR of the
evidence isagain 7:1, and the poste-
rior odds of abuse are 7:4. There-
fore about 64% of the reports
investigated by Worker B are valid.
Worker B may conclude that sexual
behaviorsare a rather strong indica-
tor of sexual abuse.

If Worker A and Worker B ever
work together, they may find them-
selves vehemently disagreeing
about whether or not to validate
particular reports that involve sex-
ttal behaviors. Their personal expe-
riences will have led them to quite

Badly needed are
empirical validation,
explicit estimates of
indicators’ strength,

and assessment
procedures that
take the prior odds
of abuse into
account,

I:1, or even to 1:2.3. In other words,
nightunare reports may actually be-
come evidence that abuse has not
occurred.

We suspect thatmany CPS workers
will see a connection between the
foregoing example and their own ex-
perience (see Faller, 1985). Bayes’s
theorem helps explain what can go
wrong when uninformed personal
experience guides the interpretation
of evidence,

Indicators of Abuse

Controversy currently surrounds

different viewpoints about the
proper interpretation of the evi-
dence.

Like Workers A and B, most of us do not realize
how dramatically base rates and prior odds can influ-
ence the interpretation of evidence. This lack of un-
derstanding can lead to confusion, frustration, and
errors. As another example, constder a child protec-
tion agency that deals with high-risk children for
whom the prior probability of sexual abuse is 70%.
The workers in the agency may observe thata substan-
tial number of these children have nightmares, and
that over 80% of the children with nightmares have
in fact been abused.

If the workers do not understand the importance
of base rates and prior odds, they may mistakenly
conclude that nighmmares are strong evidence of

CHILD MALTREATMENT / FEBRUARY 1996

the use of indicators to evaluate sex-
ual abuse. Professionals have identi-
fied certain child behaviors (e.g., nightmares, bed
wetting, sexual behaviors) and case characteristics
(e.g., delayed disclosure, concurrent custody dispute)
as indicators that a sexunal abuse allegation is true or
false (e.g. Faller, 1988; Gardner, 1987: Schetky, 1988;
Sgroi, Porter, & Blick, 1985). However, other profes-
sionals have questioned the use of such indicators
(Berliner & Conte, 1993; Finkelhor, 1993; see also
Conte, 1992). For example, Berliner and Conte
(1993) argue that some proposed indicatorslack dem-
onstrated validity (e.g., Gardner, 1987), are common
among nonabused children, and should not be con-
sidered “determinative” of abuse.

This problem can be analyzed within a framework
based on Bayes's theorem. According to this frame-
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work, four criteria must be met before an indicator
should be used in a sexual abuse evaluation:

1. The indicator must be valid, with an LR greater than
1 {i.e., the indicator behavior must be significandy
more frequent among abused than nonabused
children).

2. The swength of the indicator (the IR) must be
known, at least approximately, If numerical esti-
mates of the LR are unavailable, then common lan-
guage equivalents (e.g., weak, very swong) may be
used, although with some loss of predision.

3. The prior odds of abuse must be known, at least
approximately. If precise figures are unavailable
(National Resource Center on Child Sexual Abuse,
1993), then reasonable estimates or a range of est-
mates may be used, -

4. The prior odds must be taken into account when
conclusions are drawn from the evidence.

According to these criteria, many proposed indicators
of sexual abuse are clearly inadequate as a basis for
rational decision making, at least at the present time.

First, as pointed out by Berliner and Conte (1993),
many indicators are based on clinical impressions
only and have not been scientifically validated (eg.
Gardner, 1987; Schetky, 1988; Sgroi et al., 1985).

Second, information regarding the strength of indi-
cators is often lacking (e.g. Faller, 1988; Schetky, 1988;
Sgroi et al,, 1985). Published lists of indicators often
indiscriminately lump together evidence that is likely
to be strong (e.g., imitation of intercourse), moderate
(e.g., sexual play with dolls) and weak (e.g., night-
mares, bed wetting).

Third, when such lists are published, there is sel-
dom any acknowledgment that the indicators by them-
selves are insufficient to make determinations of
abuse. The subject of prior odds and its relevance to
decision making are typically ignored in discussions
of indicators.

Thus, the present analysis leads to conclusions
similar to those of Berliner and Conte {1993) and
Finkelhor (1993). The use of indicators in sexual
abuse evaluations is still in a rudimentary stage of
development. Badly needed are (a) empirical valida-
tion, (b} explicit estimates of indicators’ strength, and
(c) assessment procedures that take the prior odds of
abuse into account.

Despite these problems, there remains some room
for optimism. Most important, some proposed indica-
tors of abuse do have demonstrated validity. For ex-
ample, research has confirmed that some sexual
behaviors are much more common among abused
than nonabused children, particularly at preschool
ages (see reviews by Friedrich, 1993; Kendall-Tackett
etal,, 1993). Such indicators are potentially useful in
evaluations.

It should be added that terms such as confirming,
disconfirming, and determinative are probably best
avoided in discussions regarding indicators (Berliner
& Conte, 1993; Finkelhor, 1993). The difficuity with
such terms is their ambiguity. For example, imagine
that a student from the Dismal School District has
displayed sexual behaviors. The prior odds of abuse
in the district are 1:4, and the LR for sexual behavior
is 7:1. The posterior odds of abuse are therefore 7:4,
and the posterior probability is 64%.

By the standards of many Child Protective Services,
which require only a preponderance of the evidence
(probability greater than 50%), the presence of the
indicator is sufficient to substantiate abuse and is
therefore determinative. However, by the standards of
the criminal Jjustice system, which require evidence
beyond a reasonable doubt (probability greater than
95%), the evidence is insufficient to prove abuse and
thus is not determinadve,

Furthermore, if the same evidence (sexual behav-
ior) were presentin a case from the Protective School
District, where the rate of abuse is 5%, then the
posterior probability of abuse would be 27%, which is
not determinative, even by the standard of prepon-
derance of the evidence. In fact, a posterior proba-
bility of 27% tends to disconfirm abuse.

Because terms such as determinative and confirm-
ing are ambiguous, their use will inevitably lead to
confusion and misunderstandings. Therefore, we sug-
gest that evidence be described with the terms from
Table I (i.e., weak, moderate, strong, very strong) and
that conclusions be described using the terms from
Table 3 (e.g., somewhat more likely than not, very
likely).

Techniques of Child Interviewing

Controversy currently surrounds the use of cermain
techniques in child abuse interviews, particularly with
young children (Lamb, 1994; White & Quinn, 1988;
see also review by Ceci & Bruck, 1993). Some of these
techniques include (a) suggestive or leading ques-
tions, (b) repeatedly posing a question that the child
hasalready answered once, (c) flatly contradicting the
child, (d) rewarding the child for statements, (e)
telling the child that “other people” have already told
the interviewer that the child was molested, or (f)
making conjectural statemnents as if they were cerain.

The use of such problematic techniques may be
defended on two grounds. First, it may be argued that
such techniques seldom cause children to make
false statements. However, this argument is notwell-
supported by scientific evidence. On the contrary,
research shows that at least some of these techniques
do appreciably increase the risk of a false smtement,
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particularly among preschool children {Ceci & Bruck,
1993).

A second argument is that the techniques may be
necessary to elicit statements from some children,
particularly children who are very young or have been
pressured not to talk. For example, research indicates
that children are less willing to report sexual abuse if
their parents are unsupportive (Lawson & Chaffin,
1992). Perhaps problematic interviewing techniques
arec necessary to overcome reticence and avoid “false
negatives” in sexual abuse evaluations.

What happens if the problematic techniques in-
crease the probability of both true and false state-
ments? Bayes's theorem helps to clarify the situation.
Consider the following examples: '

Example 1: Interviewer X meticulously avoids the prob-
lematic techniques mentioned above and relies en-
tirely on open-ended questioning of the child. With
this nonaggressive approach, Interviewer X obtains
descriptions of sexual abuse from only 20% of the
children who have in fact been abused. On the other
hand, the number of false statements is very low: only
1% of nonabused children give false descriptions of
abuse.

Example 2: Eager to avoid false negatives, Interviewer Y
vigorously employs the problematic techniques. They
work very well: 100% of the abused children give
descriptions of having been abused. Unfortunately,
so do 20% of the nonabused children.

The numbers in these examples are not based on real
data and are introduced only to illustrate a counter-
intuitive insight: Vigorous attempts to elicit state-
ments can sometimes inadvertenty degrade the
quality of evidence.

At first glance, Interviewer Y seems to have done
much better than Interviewer X. Interviewer Y has
obtained 80% more true descriptions of abuse than
Interviewer X (100% —20%}), but only 19% more false
descriptions (20% — 1%). To the uninstructed eye,
Interviewer Y appears to have reaped considerable
benefit at very little cost.

However, the LRs tell a different story. A child’s
statement obtained by Interviewer X hasan LR of 20:1
and constitutes strong evidence of abuse. In contrast,
a statement obtained by Interviewer Y has an LR of
100:20, or 5:1, and constitutes only weak-to-moderate
evidence of abuse. A statement obtained by Inter-
viewer X is probably strong enough to serve as a basis
for swift legal action (depending on the prior odds).
By contrast, a statement obtained by Interviewer Y
is probably too weak to establish that abuse has
occurred.

If we assume that the use of problematic tech-
niques increases true reporting, but at the price of
increasing false reporting as well, what is a child inter-
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viewer to do? One very helpful solution is provided in
the Memorandum of Good Practiceregarding child inter-
views published by the British government (Home
Office, 1992; see also American Professional Society
on the Abuse of Children, 1990; Jones & McQuiston,
1988). The Memorandum (Home Office, 1992) sug-
gests that the interviewer begin by using open-ended
questions with the child. If open-ended questions do
notresultina statement, the interviewer may proceed
to closed questions. If closed questions do not resuit
in a statement, the interviewer may proceed to ques-
tions that involve a mild level of suggestiveness.

The approach suggested by the Memorandum is
consistent with the insights provided by Bayes’s theo-
rem. First, an attempt is made to obtain the strongest
kind of evidence (a spontaneous statement in re-
sponse to open-ended questions). If no statement is
obmined from the child, then an attempt is made to
obtain a somewhat weaker kind of evidence (a state-
ment in response to closed or suggestive questions).

Such a stepwise approach (Yuille, Hunter, Joffe, &
Zaparniuk, 1993) guarantees that the strongest state-
ment possible will be obtained from the child. In
addition, the approach allows the interviewer to avoid
false negatives when the chiid is withdrawn or reluc-
tant to talk at the beginning of the interview.

Sexual Abuse Allegations in the
Context of Custody Disputes

Some professionals have argued that custody dis-
putes encourage false allegations of sexual abuse
(e.g., Gardner, 1987). Others have responded that
allegations arising in the context of custody disputes
are frequently true and should be taken sertously by
evaluators (Thoennes & Tjaden, 1990; see also Faller,
Corwin, & Olafson, 1993). Bayes’s theorem can shed
light on this problem.

Research suggests that “in general,” about 70% of
sexual abuse allegations are reliable (Jones &
MeGraw, 1987). When allegations arise in the context
of custody disputes, the number appears to be closer
to 50% (Thoennes & Tjaden, 1990). Within the
framework provided by the theorem, therefore, the
prior odds ofan allegation being retiable are generally
about 7:3 (70% vs. 30%) . Similarly, the posterior odds
(after the evidence of custody dispute has been evalu-
ated) are about 1:1 (50% vs. 50%). By inserting these
odds into Bayes’s theorem, an approximate LR can
be calculated for the evidentiary strength of custody
dispute.

Pror odds x Likelihood ratio = Posterior odds

7o o1 1 D
X Ass="A.
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As can be seen, the LR for custody dispute is appar- °

entlyabout 1:2.3 or 1:2, the figure that was mentioned
earlier in this article. An LR this small indicates evi-
dence that is weak to very weak.

Thoennes and Tjaden (1990} have concluded that
sexual abuse allegations arising in the context of
custody disputes are as likely to be true as sexual abuse
allegations in general. Although the present analysis
differs somewhat from that of Thoennes and Tjaden
(1990), it leads to virtually the same practical conclu-
sion: It is a serious error to dismiss sexual abuse
allegadons because they arise in the context of a
custody dispute. The evidence of custody dispute is
very weak indeed and should have little or no influence
on professional decisions regarding the allegations.

BAYES’S THEOREM AS AN AID
FOR SEXUAL ABUSE EVALUATORS

The preceding discussion has applied Bayes’s theo-
rem to general issues regarding sexual abuse. Al-
though evaluators can also apply the theorem to
individual cases of alleged abuse, a cautious approach
is advisable. In any evaluation, complications and
uncertainties arise that have not been fully treated in
the present article. First, the LRs of evidence are
seldom known with any precision. For instance, for
instructional purposes the present article has repeat-
edly referred to the findings of Friedrich et al, (1992)
regarding children's sexual behaviors. However, LRs
based on those findings may change in the light of
future research or may not apply to all children,
regardless of age, gender, or ethnic group.

Base rates provide a second source of uncertainty.
For example, the present article has several times
referred to the finding of Jones and McGraw (1987)
that 70% of sexual abuse allegations in a particular
child protective agency were reliable. However, that
finding came from one agency almost a decade ago
and was based on subjective judgments. Thus, the
figure of 70% cannot be considered definitive or
universal.

Third, base rates and LRs can shift dramatically
between groups or, over time, within the same group.
As discussed above, for example, if all cases of night-
mares are referred routinely to a CPS for evaluation,
then the base rate of valid cases will decrease, as will
the LR of nightmares. The same problem applies to
other kinds of evidence.

Fourth, complications arise when a case involves
more than one piece of evidence. For example, the
evaluator may have to consider (a) physical evidence,
(b) the child’s statement, (¢} statements by witnesses,
(d) the alleged perpetrator’s history, and (e) the
context in which allegations arose. Although Bayes's

theorem can be applied when there are multiple
pieces of evidence, the procedure is too complicated
for treatment in this article.

Given the uncertainties just described, Bayes’s
theorem cannot provide a scientifically sure method
for sexual abuse evaluations. In most real cases, the
relevant LRs and base rates can be estimated only
roughly. An evaluator must usually improvise confi-
dence limits, such as “Among cases referred to me for
evaluation, I think the base rate of abuse is probably
somewhere between 40% and 60%,” or “According to
the research literature, bed wetting is probably weak
evidence of abuse, with an LR between 1:1 and 3:1.”

The disappointing truth is that the application of
Bayes’s theorem to a particular sexunal abuse case
usually yields inexact results. Both the input and out-
putofthe theorem lack precision. On the other hand.
if used cautiously as a self-check or aid, the theorem
can frequently clarify issues in a particular case. In our
experience, unexpected insights arise once an evalu-
ator starts routinely asking questions such as how
strong is this piece of evidence or what is the prior
probability of abuse for this child.

The factnal case study presented at the beginning
of this article illustrates the potential helpfulness of
the theorem. As will be recalled, sperm was found in
the rectum of 5-year-old Billy B. following visitation
with his father, Alfonso. A court-appointed evaluator,
Dr. Alcoa, concluded that Billy's mother had placed
the sperm in his bottom in order to substantate
allegations of sexual abuse against her ex-husband.

How might Dr. Alcoa have gone about evaluating
this case in the light of Bayes's theorem? We may begin
by reviewing the relevant facts. First, according to Dr..
Alcoa’s testimony, she believed that only two persons
couid have placed the sperm on Billy’s bottom: his
father or his mother. Second, Dr. Alcoa stated that
there was only one piece of evidence that the mother
had planted the sperm: Billy’s statement to Detective
Morales of the police department. Dr. Alcoa described
the statement as follows:

Billy reported te Detective Morales that his mother
putointmentin his bottom prior to taking him to the
hospital. He related to Detective Morales that his
mother made him take off his pants, then she took
off his underwear, and she put some ointment in his
bottom. Billy gave conflicting information with re-
gard to whether this occurred prior to his visit with
his father or afterward. However, he did clearly state
that his mother put the ointment in his bottom on
the same day she took him to be examined for alleged
sexual assault at the hospital.

Aside from this statement, Dr. Alcoa knew of no evi-
dence that implicated the mother. Dr. Alcoa also
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Voo x 34 = 349 = about 36% probability mother was perpetrator. )

agreed that Detective Morales had obtained the state-
ment from Billy by using leading questions.

Dr. Alcoa faced a question that was eminently ame-
nable to analysis using Bayes’s theorem: Who was
more likely to have placed the sperm on Billy’s bot-
tom, his mother or his father? To answer such a
question, the prior odds must first be calculated. In
general, when sperm is found in a child’s body, what
is the probability that the perpetrator is female rather
than male? No precise statistics are available, but 1%
is probably an upper-end estimate. The prior odds of
a female versus a male perpetrator are certainly no
greater than 1:99,

Second, the LR must be calculated for Billy’s state-
mentregarding the ointment. One way to estimate an
LR would be to analyze the statement for qualities
such as consistency, detail, and so on. Such an analysis
(undertaken later by a second psychologist) found
that although Billy was intellectually and verbally ca-
pable of giving detailed descriptions of his experi-
ence, his statement regarding the ointment lacked
deail, was logicallyincoherent, contained several ma-
jor internal contradictions besides those regarding
the time of day, and was made in response to leading
and coercive questions.

Based on the second psychologist’s analysis, the
evidence against the mother would probably have to
be considered weak (LR =3:1) or moderate (LR = 7:1)
at most. Few evaluators would regard the statement as
strong (LR =20:1) or even very strong (LR =55:1).In
a sense, however, the exact strength of the evidence is
not very important in this instance. No matter which
of these various LRs is selected, Bayes's theorem leads
to the same conclusion: The sperm in Billy’s rectum
was probably deposited there by his father, not his
mother.

This conclusion is almost unavoidable because the
prior odds in the mother’s favor were extreme (1:99).
When the prior odds are extreme in one direction,
even very strong evidence in the opposite direction
may count for little (see Meehl & Rosen, 1955). For
example, let us assume, very liberally, that Billy’s state-
ment regarding the ointment constituted very strong
evidence against the mother (LR = 55:1). Using
Bayes’s theorem, the posterior odds that the mother
was the perpetrator can be calculated in equation |
above.

This example has deliberately stacked the deck
against the mother by assuming that the prior odds in
her favor were only 1:99 (which is doubtful) and that
the evidence against her was very swong (which is
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even more doubtful). Even with these assumptions,
the probability that she was the perpetrator was only
about 36%, compared with a 64% probability for the
father.

SUMMARY AND CONCLUSIONS

In this article, Bayes's theorem has been intro-
duced to professionals who work in the field of child
sexual abuse. The theorem illuminates general issues
and can aid evaluators who assess individual cases.
Decisions regarding sexual abuse can have the gravest
impact on children’s lives. It is important, therefore,
that evaluations be based on reliable information and
careful reasoning. An irrational, careless, or ill-
founded decision by an evaluator can lead to tragic
results. It is worth noting that the opinions offered by
Dr. Alcoa in the case study presented above were
accepted without disagreement by the local Child
Protection Services and a judge. Based on Dr. Alcoa’s
evaluation of the case, Billy was eventually removed
from his mother and placed into the permanent cus-
tody of his father.
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