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Abstract

Actuarial risk assessment scales and their associated recidivism estimates are generally developed on
samples of offenders whose average age is well under 50 years old. Criminal behaviour of all types
declines with age; consequently, actuarial scales tend to overestimate recidivism for older offenders. The
current study aimed to develop a revised scoring system for two risk assessment tools (Static-99 and
Static-2002) that would more accurately describe older offenders’ risk of recidivism. Using data from
8,390 sex offenders derived from 24 separate samples, age was found to add incremental predictive
validity to both Static-99 and Static-2002. After creating new age weights, the resulting instruments
(Static-99R and Static-2002R) had only slightly higher relative predictive accuracy. The absolute
recidivism estimates, however, provided a substantially better fit for older offenders than the recidivism
estimates from the original scales. We encourage evaluators to adopt the revised scales with the new age
weights.
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Assessing the Risk of Older Sex Offenders. Developing the Static-99R and Static-2002R

Risk assessment is a key activity in criminal justice systems, with profound consequences for public
safety and the offender. Actuarial risk assessment scales include explicit rules to combine pre-specified
items into total scores and provide empirically-derived estimates of recidivism probability linked to each
total score (Dawes, Faust, & Meehl, 1989). Actuarial scales are increasingly being used, particularly for
sex offenders (Archer, Buffington-Vollum, Stredny, & Handel, 2006; Jackson & Hess, 2007; McGrath,
Cumming, Burchard, Zeoli, & Ellerby, 2010) and they are more accurate than unstructured risk
assessment methods (Bonta, Law, & Hanson, 1998; Dawes et al., 1989; Grove, Zald, Lebow, Snitz, &
Nelson, 2000; Hanson & Morton-Bourgon, 2009; Mossman, 1994).

Static-99 (Hanson & Thornton, 2000) is the most commonly used actuarial scale for sex offenders. It is
widely used in Canada and the United States for treatment planning (McGrath et al., 2010; Jackson &
Hess, 2007), community supervision (Interstate Commission for Adult Offender Supervision, 2007), and
civil commitment evaluations (Jackson & Hess, 2007). Although the predictive accuracy of Static-99 is
not notably better than other actuarial tools designed for sex offenders (Hanson & Morton-Bourgon,
2009), its popularity is probably due to it being easily scored by diverse professionals using widely
available information (e.g., criminal history, age). The developers of Static-99 also created a new scale,
Static-2002, which was intended to have increased coherence and conceptual clarity (see Hanson &
Thornton, 2003). In a multi-site study across eight diverse samples, Static-2002 had significantly greater
accuracy than Static-99 in predicting sexual, violent, and any recidivism, although the difference for
sexual recidivism was quite small (Hanson, Helmus, & Thornton, 2010).

Though existing actuarial risk scales are superior to unstructured clinical risk assessment, they usually
cannot take into account all potentially relevant risk factors. For example, several studies have found that
including dynamic risk factors adds incremental predictive validity to Static-99 (Allan, Grace, Rutherford,
& Hudson, 2007; Beech, Friendship, Erikson, & Hanson, 2002; Craig, Thornton, Beech, & Browne,
2007; Hanson, Harris, Scott, & Helmus, 2007; Knight & Thornton, 2007; Olver, Wong, Nicholaichuk, &
Gordon, 2007; Thornton, 2002).

Additionally, the items selected for inclusion in an actuarial scale (and the weights assigned to them)
reflect their empirical relationship to recidivism for the majority of offenders within the development
samples, and may not work for minority subsets of offenders (e.g., internet sex offenders, adolescent
offenders released as adults). In particular, studies have found that actuarial risk assessment scales,
particularly Static-99, may not adequately account for the advanced age of some offenders (Barbaree,
Langton, & Blanchard, 2007; Barbaree, Langton, Blanchard, & Cantor, 2009; Hanson, 2006; Thornton,
2006). Consequently, researchers have proposed post-hoc methods for incorporating age information into
actuarial scales, including Bayesian adjustments to recidivism estimates (Wollert, 2006), age-corrected
actuarial scales (Barbaree et al., 2007, 2009), and age-stratified recidivism tables (Wollert, Cramer,
Waggoner, Skelton, & Vess, 2010).

Considering advanced age takes on a vital importance with current demographic trends. The proportion of
seniors has been increasing in the general population (Administration on Aging, 2009; Statistics Canada,
2008; Turcotte & Schellenberg, 2007), as well as in prison populations (Boe, Nafekh, Vuong, Sinclair, &
Cousineau, 2003). As actuarial risk scales are increasingly being used with an aging sex offender
population, it is necessary to further investigate whether the current age item weights in actuarial scales
are optimal.

One of the most strongly supported findings in criminology is that involvement in crime declines with
age. This trend is generally invariant across gender, jurisdiction, offence types, race, and time periods
(Hirschi & Gottfredson, 1983; Sampson & Laub, 2003) and has been observed for sexual recidivism as
well (Barbaree & Blanchard, 2008; Hanson, 2002). Experts debate whether this relationship is caused by
maturation effects or an enduring propensity for crime in early starters, but the pattern is well established.



Knowing why age and recidivism are correlated is desirable, but such knowledge is not needed to
conclude that incorporating age can improve risk assessment measures. For the purposes of gauging risk,
the utility of a risk factor hinges simply upon its empirical relationship to the outcome of interest (e.g.,
Meehl, 1956).

Rationale for Current Study

Actuarial scales should be continuously re-evaluated and revised to reflect advances in knowledge
(Dawes et al., 1989). The accumulation of newer and larger samples provides the opportunity to discover
risk factors not adequately captured by current actuarial scales and to revise the scales accordingly.
Assessing whether existing actuarial scales appropriately capture risk due to age is important given the
robust relationship between age and offending, as well as the increased proportion of older offenders in
correctional populations.

The primary purpose of the present study was to examine whether Static-99 and Static-2002 adequately
capture the relationship between age at release and recidivism (primarily sexual recidivism, although
violent recidivism was also examined). Given our finding of incremental predictive validity for age, new
age weights for both risk instruments were developed and tested. This study is part of a larger ongoing
project to re-norm Static-99. Further research on variables moderating absolute recidivism estimates (e.g.,
recidivism definition, type of sample) will be available in forthcoming manuscripts.

In addition to offering a technical update to the age weights of two of the most commonly used risk
assessment scales, a secondary purpose of the study was to contribute to the literature on the age/crime
relationship. We had insufficient data to test possible causal explanations for our findings. The large and
diverse samples of the current study, however, allowed a more detailed examination of recidivism rates
by age cohorts (focusing on offenders over age 40) than has been examined in previous studies. This
paper, therefore, identifies basic relationships between advanced age and recidivism that require
explanation by theories on the age/crime relationship.

The current study evaluated two risk properties of actuarial scales: relative and absolute risk (also referred
to as discrimination and calibration, respectively, by Gail & Pfeiffer, 2005). Relative risk (e.g., risk
categories, percentiles, relative risk ratios) provides information about a particular offender’s risk relative
to other offenders (i.e., comparing recidivists and non-recidivists) and can be examined with statistics
such as AUCs, Cohen’s d, and B, logistic regression coefficients. Relative risk can inform most decisions
involving the allocation of scarce resources (e.g., treatment, supervision) and remains fairly consistent
across diverse samples (Hanson et al., 2010). Absolute risk, however, refers to the expected probability of
recidivism, typically reported as recidivism estimates from survival analysis or logistic regression (By).
Decisions involving thresholds, such as civil commitment evaluations, typically require some estimate or
approximation of absolute risk (e.g., “more likely than not,” “significant probability’).

Method

Measures
Satic-99 (Hanson & Thornton, 2000)

Static-99 is an empirically derived actuarial risk assessment tool designed to predict sexual and violent
recidivism in adult male sex offenders (see also www.static99.org). It has ten items and the total score
(ranging from 0-12) can be used to place offenders in one of four risk categories: low (0-1), moderate-
low (2-3), moderate-high (4-5), and high (6+; A. J. R. Harris, Phenix, Hanson, & Thornton, 2003). Static-
99 includes one item for age at release, which is scored dichotomously: one risk point is given to
offenders less than 25 years old.



Satic-2002 (Hanson & Thornton, 2003)

Similar to Static-99, Static-2002 is an empirically derived actuarial risk assessment tool designed to
predict sexual and violent recidivism in adult male sex offenders (see also www.static99.org). It has 14
items grouped into 5 main subscales: age at release, persistence of sexual offending, sexual deviance,
relationship to victims, and general criminality. The total score (ranging from 0-14) can be used to place
offenders in one of five risk categories: low (0-2), low-moderate (3-4), moderate (5-6), moderate-high (7-
8), and high (9+; Phenix, Doren, Helmus, Hanson, & Thornton, 2009). Static-2002 also has an item for
age at release but it is coded on a four-point scale, with offenders less than 25 receiving three points,
offenders between 25 and 34.9 years old receiving two points, offenders between 35 and 49.9 years old
receiving one point, and offenders age 50+ receiving zero points.

Samples

Raw data (typically in the form of SPSS datasets) were obtained by contacting the authors of all known
Static-99 and Static-2002 replications with adult male offenders. To include a dataset, we required
information on the offender’s age at release and sufficient recidivism information (i.e., fixed follow-up
outcomes) to conduct logistic regression analyses. In total, 24 Static-99 samples were obtained (23 with
sexual recidivism and 19 with violent recidivism data), 7 of which also included Static-2002 scores. There
are fewer samples in the current study compared to the larger project re-norming Static-99 (Helmus,
2009) because age information was required for the current study.

Although it was not possible to evaluate the quality of the Static ratings in the samples, minimal standards
for quality control were applied. Cases were deleted if there were unresolved coding inconsistencies.
Additionally, as per the coding rules (A. J. R. Harris et al., 2003; Phenix et al., 2009), cases were deleted
if more than one Static-2002 item was missing, any Static-99 item was missing other than Ever Lived
with a Lover (Item 2), the offender was less than 18 years old at time of release or less than 16 years old
when they committed the index offence, or if the offender was female. All data analyses were conducted
independently by the first and fourth author to ensure accuracy.

Tables 1 and 2 provide basic descriptive information for the studies included. For more information on
the samples, readers are encouraged to obtain a more detailed report of this project (Helmus, 2009;
available from www.static99.org) or to refer to the original studies. The total sample included 8,390 sex
offenders with Static-99 scores and 2,609 with Static-2002 scores. Eleven samples were from Canada, six
were from the United States, two were from the United Kingdom, and there was one each from Denmark,
Austria, Sweden, Germany, and New Zealand. Of the fourteen studies that could be classified in terms of
their treatment status, seven samples were mostly treated (defined as more than 75% of the offenders),
whereas five were mixed in their treatment exposure, and only one sample was mostly untreated (less
than 25%). One additional sample (G. T. Harris et al., 2003) consisted of two subsamples, one of which
was mostly treated and another that was mixed in terms of treatment exposure. The average age at release
was 40 years old (SD = 12), ranging between 18 and 84, with only six offenders in their 80s. Offenders
were released between 1957 and 2007, although 81% were released in 1990 or later.

All samples used official criminal records to measure recidivism, but thirteen samples used charges as the
recidivism criteria and eleven used convictions. Although experts disagree on which definition is
preferable for recidivism research, previous analyses did not find consistent differences in recidivism
rates based on whether these samples used charges or convictions (Helmus, 2009). Note that either
definition underestimates the true rate of recidivism.

Additionally, a methodological artefact common to sexual recidivism research is that offenders can be
charged with violent offences that were actually sexual in motivation (e.g., as the result of a plea bargain).
To our knowledge, only six samples attempted to determine sexual motivation (Craissati, Bierer, &
South, 2008; Hanson et al., 2007; Hill, Haberman, Klusmann, Berner, & Briken, 2008; Knight &
Thornton, 2007; Nicholaichuk, 2001; Wilson, Cortoni, & Vermani, 2007; Wilson, Picheca, & Prinzo,
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2007), and the success of these attempts is difficult to discern. For example, Wilson and colleagues
(2007a, 2007b) knew the circumstances of some of the recidivism incidents but did not routinely have
access to this information (R. Wilson, personal communication, June 16, 2010). Hanson and colleagues
(2007), however, conducted a more systematic search by contacting the relevant police departments for
violent recidivism incidents to assess possible sexual motivation. Of the remaining 18 studies, 3 specified
that reoffence circumstances were not known and 15 made no mention of determining sexual motivation
(presumably it was not assessed).

Table 2 presents average Static-99/2002 scores per sample (for Static-99, M = 3.0, SD = 2.2; for Static-
2002, M = 4.8, SD = 2.6). Offenders were followed up for an average of 8.2 years (SD = 5.0). Table 2 also
includes sexual recidivism rates overall (not controlling for follow-up time) and rates from fixed 5 and 10
year follow-up periods. Note that these data do not control for Static scores. The observed sexual
recidivism rate for all cases was 12.4%, with a 5 year rate of 11.1% and 10 year rate of 16.6%. The
observed violent recidivism rate for all cases was 23.9%, with a 5 year rate of 20.7% and 10 year rate of
32.5%. From the original 24 samples (N = 8,390), approximately 70% of cases had at least a five year
follow-up (n = 5,937), and only 30% had 10 year follow-up data (n = 2,479). More fluctuation across
samples is, therefore, observed at 10 years due to smaller sample sizes. In some cases, the smaller subset
of offenders with 10 year data had lower 10 year recidivism rates than the 5 year rates from the larger
group of offenders.

Offender type information was available in 16 samples. Non-contact offenders (e.g., exhibitionists,
voyeurs) and mixed offenders (those with both adult and child victims) were identified inconsistently and
in small numbers and were excluded from offender type analyses. The current literature provides no clear
consensus on how to classify offenders as rapists or child molesters and most samples did not specify the
definition that was applied. When sufficient victim information was available, however, the following
definition was used: offenders with victims less than 14 were considered child molesters, and offenders
with adult victims (age 18+) were classified as rapists. For offenders with victims between the ages of 14-
17 inclusive, they were classified as child molesters if their victims were related and as rapists if the
victims were unrelated. Offenders with both adult and child victims were classified based on their
predominant victim choice (if possible).

Coding Age at Release

Although the weights vary across the age items in Static-99 and Static-2002, the coding rules remain the
same (A. J. R. Harris et al., 2003; Phenix et al., 2009). The items are coded based on the offender’s age on
the day he was released from the most recent offence that forms a part of the index sex offence. It is
possible in some cases that the index sex offence identified for scoring purposes is not the same as the
offender’s current offence (e.g., an offender serving a sentence for a non-sexual offence being assessed as
a sex offender due to a prior sexual offence). In these cases, the offenders may be substantially older at
assessment than when they were released from their index sex offence.

In the datasets used for the current study, only one sample specified if the offender’s current offence was
different from the index sex offence (Bonta & Yessine, 2005). In this sample, cases were deleted if the
index sex offence was more than two years prior to the current offence (n = 22) because Static-99 and
Static-2002 were developed on, and intended for, sexual offenders with a current (or recent) sexual
offence. The remaining studies did not identify cases where the index sex offence was not the same as the
current offence; it is presumed that the number of such cases would be small. For all cases, the offender’s
date of birth and release date were used to check that the age at release item was correctly coded.

Overview of Analyses

Actuarial risk prediction tools provide numeric estimates of both relative and absolute risk (referred to as
discrimination and calibration, respectively, by Gail & Pfeiffer 2005). To evaluate differences between



recidivists and non-recidivists (discrimination, or relative risk), we used areas under the receiver
operating characteristic curves (ROC AUC), slope coefficients from logistic regression, and hazard rates
from Cox regression. Each of these statistics has its own strengths and weaknesses. The AUC is useful for
comparing results across samples because it is not influenced by the outcome variable (i.e., recidivism
base rates; Humphreys & Swets, 1991; Rice & Harris, 2005). It is, however, influenced by the variance in
the scores used to predict recidivism (Hanson, 2008; Humphreys & Swets, 1991). In other words, even
when the observed recidivism rates per score are identical across studies, AUCs may change depending
on the distribution of risk assessment scores. All else being equal, AUCs will be smaller in samples pre-
selected on risk (all high risk or all low risk) than when the AUCs are computed using the complete
sample (a mixture of high risk and low risk offenders). We used the Hanley and McNeil (1983) test of
correlated AUC areas to test for differences in relative predictive accuracy. This method has been used in
other studies comparing the predictive accuracy of the RRASOR, Static-99(R), and Static-2002(R)
(Babchishin, Hanson, & Helmus, 2010; Hanson et al., 2010; Hanson & Thornton, 2000).

Logistic regression and Cox regression were also used because they tend to provide more stable estimates
of relative predictive accuracy (i.e., are less influenced by restriction of range; Hanson, 2008). Cox
regression estimates relative risk ratios (hazard rates) associated with one or more predictor variables
from survival data with unequal follow-up times (Allison, 1984). One disadvantage of Cox regression is
that it assumes the rates of recidivism over time (i.e., the shape of the survival curve) are approximately
the same across all samples and all risk levels. This assumption is unsupported based on our findings of
considerable variability in recidivism rates across samples, even after controlling for risk (Helmus, 2009).
In our Cox regression analyses, we used sample as a strata variable, which relaxes the assumption,
thereby controlling for sample differences in base rates. This method would also control for other
differences across samples, such as recidivism definition (e.g., charges versus convictions). Note that Cox
regression does not provide estimates of absolute risk.

Logistic regression (Hosmer & Lemeshow, 2000) can be used to examine both relative and absolute risk.
Logistic regression is a form of regression in which the dichotomous dependent variable (recidivism) is
transformed into log odds. With one predictor variable (Static-99 or Static-2002), logistic regression
estimates two regression coefficients (Bg and B;). B; is an estimate of predictive accuracy, or the average
change in recidivism rates for each one-unit increase in risk scores (expressed as a log odds ratio); and By
is an estimate of the recidivism base rate for offenders with as score of “zero”. In order to link the logistic
regression recidivism estimates to any specific time period, fixed follow-up periods are required (e.g., for
a fixed S-year recidivism outcome, only offenders with at least 5 years of follow-up were included, with
recidivism occurring after 5 years excluded; this creates an equal length of follow-up for each offender).
Consequently, the sample size available for logistic regression is smaller than for statistics that allow for
varying follow-up (e.g., Cox regression).

To control for base rate differences across samples in the logistic regression analyses, we used a
dichotomous covariate that identified samples as either “routine” or other, which explained the most
variability across samples in recidivism rates (Helmus, 2009)'. Logistic regression also assumes that the
relationship between the predictors and the outcome follows a logistic distribution. Preliminary analyses
suggested this assumption was generally met.

For examining absolute recidivism estimates, life table survival analysis (Soothill & Gibbens, 1978) was
used. This is the same method used to produce the original Static-99 recidivism estimates (Hanson &
Thornton, 2000). Survival analysis corrects for unequal follow-up times by examining recidivism patterns
over time and estimating the expected recidivism rate of the sample for any specified time period. In other

! Routine correctional samples were defined as relatively random (i.e., unselected) samples from a correctional system, not just
from one security level, institution, or treatment program. For example, routine samples could consist of federal offenders,
community offenders, offenders serving jail sentences, but not offenders from a specific institution. For more information
(including examples) on this variable, see Helmus (2009).



words, for a specific follow-up period, it estimates what the recidivism rate for the sample would be if
everyone had been followed up to that point. Estimates from survival analysis are generally reliable
provided that there are a sufficient number of cases with follow-up data for the time period for which you
are estimating. Because the estimates are generated independently for each combination of score and
follow-up period, estimates tend to be unstable in some cells with small sample sizes (e.g., high risk
offenders over the age of 60). For the purposes of the current study, however, survival analysis provides a
simple and useful way to display recidivism rates, although we do not recommend these rates be used in
applied reports. For applied reports, we believe that recidivism estimates generated from logistic
regression analyses are the most reliable (Hanson et al., 2010). For the static scales, estimates generated
from meta-analysis of logistic regression coefficients are available for different sample types (see
www.static99.org).

In order to evaluate the correspondence between the predicted and the observed recidivism rates (i.e.,
calibration, or absolute risk) we used the E/O index (Gail & Pfeiffer, 2005; Rockhill, Byrne, Rosner,
Louie, & Colditz, 2003). In this study, the E/O index was defined as the ratio of the predicted number of
recidivists (E) divided by the observed number of recidivists (O; Method M, from Viallon, Ragusa,
Chavel-Chapelon, & Bénichou, 2009). Although more complicated estimators of the E/O index are
available, this simple E/O estimator is unbiased when complete follow-up information is available
(recidivism was examined for 5 year fixed follow-up periods, with predicted recidivism rates calculated
using logistic regression). Following Rockhill et al. (2003), the 95% confidence intervals for the E/O
index were calculated using the Poisson variance for the logarithm of the observed number of cases (O):

95% CI(E/O) = (E/O)expl+1.9641/0)

As an overall significance test for sets of predicted values, we used the traditional chi-square goodness of
fit statistic (Ferguson, 1976; Equation 13.1):

, O-E)>
X =Z—( E) ,

which is tested against a chi-square distribution with degrees of freedom equal to one less than the
number of expected values compared. The E/O index can be considered a measure of effect size for the fit
within a group, whereas the chi-square is a test of significance and can be calculated for the overall fit
between observed and expected values across multiple groups. Perfect fit is indicated by an E/O index of
1.0, and confidence intervals that do not include 1.0 indicate significant differences between the observed
and predicted recidivism rates.

For the E/O statistics, the observed number of recidivists at 5 years was compared to the predicted
number of recidivists from logistic regression analyses at 5 years. In logistic regression, expected
probabilities are calculated in the same way as for traditional regression analyses, where the predicted
value for a given score on the independent variable (Static-99) is obtained by adding the intercept (the
predicted value for a score of 0; the Bp) to the product of the slope and the independent variable. The only
difference is that the predicted values are in the unit of logits (which is the natural logarithm of the data
that is used in logistic regression). Logits were then transformed back into probabilities, where

LOGIT

Probability =

1+ eLOGIT



Results

Age was negatively correlated with Static-99 (r = -.222, p < .001) and Static-2002 scores (r = -.405, p <
.001). When the age item was removed from the scales, the correlation decreased in magnitude but
remained negative and significant (for Static-99, r = -.157, p < .001; for Static-2002, r = -.087, p <.001).
Negative correlation coefficients indicate that although older offenders have had more time to accumulate
a criminal history, their static risk is actually lower than younger offenders.

Are Age Adjustments Needed?

Tables 3 and 4 present the estimated sexual and violent recidivism rates (generated from survival
analysis) by age group (<30, 30-39.9, 40-49.9, 50-59.9, 60-60.9, and 70+) and Static risk category. For
Static-99 (Table 3), sexual and violent recidivism rates predictably increased with each Static-99 risk
category. The only exception to this pattern is among the 70+ group, where the overall sexual recidivism
rate was generally low (3.2%) and there was substantial fluctuation across risk categories due to small
sample sizes. Generally, within each risk category, sexual and violent recidivism rates decreased for each
age group, with minor fluctuations observed. For Static-2002 (Table 4), the 70+ group was combined
with the 60-69.9 group due to small sample sizes. Similar patterns emerged, with minor fluctuations in
some cells with small sample sizes. The results from both Static-99 and Static-2002 demonstrate a clear
decline in recidivism among older sexual offenders, even within the same risk category (although the age
declines were less marked for Static-2002).

Cox regression was used to test the incremental predictive validity of age at release above Static-99 and
Static-2002. For Static-99, analyses of sexual recidivism included 8,025 cases from 22 samples (Cortoni
& Nunes, 2007, was excluded because using sample as strata requires at least one recidivist per sample).
After controlling for Static-99, age at release had a significant negative relationship with sexual
recidivism (x* change = 31.2, df = 1, p < .001). The rate ratio was 0.98 (95% CI of 0.98 to 0.99), meaning
that each one-year increase in age was associated with 98% of the recidivism rate from the previous
(younger) age. In other words, the expected recidivism rate of thirty-two year old offenders is 98% of the
recidivism rate of thirty-one year old offenders, which is 98% of the recidivism rate of thirty year old
offenders, and so on. Non-linearity was tested by entering a squared (one curve) age at release variable in
addition to the original (linear) age variable (and Static-99 score). The results were significant, (x* change
=10.5, df =1, p=.001), indicating a non-linear relationship between age and recidivism. Adding a cubed
(two curve) age at release variable was nonsignificant (y* change = 2.7, df = 1, p=.098).

Similar results were found for violent recidivism, although the effect of age was stronger. After
controlling for Static-99, the rate ratio for age was 0.97 (95% CI of 0.96 to 0.97), indicating that the
recidivism rate of each age group was 97% of the rate of offenders one year younger (x> change = 217.7,
df = 1, p < .001). The relationship was nonlinear, with a significant incremental quadratic (x* change =
11.0, df = 1, p = .001) and cubic effect (}* change = 4.1, df = 1, p = .043). This indicated that the
curvilinear relationship between age and violent recidivism was best described with two curves.

After controlling for Static-2002 scores (k= 7, N = 2,606), the linear effect of age for the prediction of
sexual recidivism was nonsignificant, (x> change = 2.0, df = 1, p = .162) but there was a significant
quadratic effect (y* change = 6.7, df = 1, p = .010). The cubic effect was non-significant (x> change =
0.01,df = 1,p = .926). For violent recidivism, age had a stronger effect after controlling for Static-2002
scores (rate ratio of .98, 95% CI of 0.97 to 0.98; x* change = 42.9, df = 1, p < .001), with a significant
quadratic effect (x> change = 4.9, df = 1, p = .027) and non-significant cubic effect (y* change = 0.6, df =
1, p=.431). For both recidivism outcomes, the relationship between age and recidivism (after controlling
for Static-2002) was best represented by a line with one curve.
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Table 4. Estimated 5-Year Sexual Recidivism Rates (Qurvival Analysis) by Static-2002 Risk Category and Age Band.

18-30 30-39.9 40 -49.9 50-599 60 +
Static-2002 Initial Recid Initial Recid Initial Recid Initial Recid Initial Recid
Risk category n (%) n (%) n (%) n (%) n (%)
Sexual Recidivism
Low 10 0.0 118 4.8 59 4.7 136 2.3 108 1.9
Low-Moderate 130 8.2 245 6.9 204 5.7 74 4.6 40 2.7
Moderate 267 14.9 232 13.2 142 11.9 51 12.2 22 4.6
Moderate-High 157 23.6 150 27.3 91 27.1 29 23.1 17 13.1
High 96 31.7 78 374 40 25.4 6 16.7 7 14.3
Total 660 18.1 823 15.0 636 114 296 7.2 194 4.0
Violent Recidivism
Low 10 0.0 114 7.4 156 7.0 134 6.6 105 2.8
Low-Moderate 125 15.2 233 15.6 194 154 71 9.0 40 5.2
Moderate 244 37.7 205 28.7 129 22.4 45 18.6 21 49
Moderate-High 139 40.1 123 439 81 32.0 27 27.2 16 14.1
High 90 49.2 68 435 36 31.0 6 16.7 7 14.3
Total 608 35.2 743 25.3 596 17.9 283 11.5 189 5.0

Note. These recidivism estimates were obtained from survival analysis and are presented for illustrative purposes
only. For applied risk assessment reports, readers are encouraged to obtain the most recent recidivism estimates
generated from logistic regression analyses (available from www.static99.org).

The incremental effects of age indicate that neither Static-99 nor Static-2002 sufficiently accounted for
age at release for sexual or violent recidivism. Adjustment of the scales was, therefore, necessary. The
observed nonlinear effects, however, may be misleading given that age items were already included in the
scales. Re-running the Cox regression analyses for sexual recidivism while controlling for Static-99 and
Static-2002 scores computed without the age item, the linear effect of age was still significant (for Static-
99, y* change = 52.5, df = 1, p < .001; for Static-2002, y° change = 26.3, df = 1, p < .001), but the
quadratic effect was not (for Static-99, x* change = 2.4, df = 1, p = .124; for Static-2002, x> change = 3.0,
df = 1, p=.082). For violent recidivism, similar results were found, with a linear effect of age (for Static-
99, * change = 278.8, df = 1, p < .001; for Static-2002, ¥* change = 117.9, df = 1, p < .001), but not a
quadratic effect (for Static-99, X2 change = 2.0, df = 1, p=.157; for Static-2002, X2 change=1.8,df=1,p
=.178).

Interactions between age and Static scores were also tested to determine whether the effect of age differed
across risk levels (e.g., it may be possible that high risk offenders persist in offending regardless of age).
For sexual recidivism, controlling for age at release and Static scores (computed without the age items),
the interactions were non-significant (for Static-99, x> change = 1.3, df = 1, p = .248; for Static-2002, y*
change = 1.9, df = 1, p=.169). These findings provided no empirical basis for supposing the relationship
between age and sexual recidivism is reduced for persistent high-risk offenders. For violent recidivism,
however, the interactions reached significance for Static-99 (¥’ change = 6.2, df = 1, p = .013) and
approached significance for Static-2002 (y* change = 3.0, df = 1, p=.085). Inspection of the data revealed
age declines in recidivism for all risk categories, but there was a slightly larger age effect for lower risk
offenders. Given that the static scales were designed specifically to predict sexual recidivism, the
revisions were based on the patterns observed for sexual recidivism (i.e., no interaction between age and
risk). The analyses suggested that age adjustments could proceed on the assumptions that the relationship
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between age and recidivism was linear, and there was no notable interaction between age and risk that
needed to be accounted for.

Developing and Testing a New Age Item

We believed that revising the age weights for both scales was the simplest way to incorporate the age
effect, rather than developing post-hoc age adjustments. We used Static-99 data to create the new age
weights for both scales because the sample size was larger and we assumed the weights would apply
equally to Static-99 and Static-2002. The overall Static-99 sample with sexual recidivism data (k= 23, N
= 8,106) was divided into two subsamples. Offenders with follow-up periods of less than 10 years (k= 23,
n = 5,714) were used as the development sample, and offenders with follow-up periods greater than 10
years were retained for validation (K = 15, n = 2,392). This method allowed the new age weights
(developed using 5-year recidivism information) to be validated with another sample at 5 years, and also
permitted testing of its generalization to 10 year recidivism rates. Although validating the weights on data
with at least a 10 year follow-up would disproportionately select offenders released earlier, this is unlikely
to affect the results because previous analyses did not find consistent cohort effects (Helmus, 2009).

The development dataset was analyzed independently by the second and third authors, who conferred
before producing a final recommendation. Neither analyst had access to the validation sample until after a
consensus recommendation had been announced to the other team members.

The principles guiding the selection of the new age weights were as follows: a) the units should be
integers (whole numbers); b) each unit should approximate the Static-99 units found in other analyses
(odds ratio, risk ratio =~ 1.33); ¢) offenders with the median age (39 years old) should receive a score of 0
for the age item; d) the overall trend should be a relatively gradual decline in risk (i.e., abrupt changes
between adjacent categories were interpreted as random error); e) the revised Static-99 and Static-2002
measures should have higher overall predictive accuracy than the original (specifically, absolute accuracy
should be higher; relative accuracy may not change substantially but should not be worsened); and f) age
should no longer contribute significantly once the new age items of Static-99 and Static-2002 are
included. Although stronger age effects were found for violent recidivism, the new age weights were
developed based on the sexual recidivism data (our principle outcome of interest).

Several different analytic techniques informed the new age weights. The simplest approach involved
examining the 5 year sexual recidivism rates (fixed follow-up) after grouping the offenders into 5 year
age bands (with the exception of a 7 year age band for those 18 to 24.9 years old, and a single category
for offenders 75 years old or older). The observed recidivism rate for each age band was then compared to
the observed 5 year sexual recidivism for the 35 to 39.9 age band (10.3%). The difference was expressed
in Static-99 relative risk units (i.e., 1 unit = 1.33 change in relative risk). For example, a recidivism rate of
13.7% would equal a one unit increase (10.3% x 1.33), and a recidivism rate of 5.82% would equal a two
unit decrease (10.3% x 1.33%). The weights suggested by the univariate relationship with age were larger
(more extreme) than those finally recommended because they ignored the negative correlation between
age and risk scores.

Logistic regression and Cox regression were also used to estimate odds ratios and risk ratios, respectively,
after controlling for the total Static-99 score (without the age item). The relative risk indicators (e*) were
then translated into the closest integer value of Static-99 relative risk units. For example, an age band
associated with a hazard (rate) ratio of 1.13 was given a weight of zero (relative risk rounding to 1),
whereas an age band associated with a rate ratio of 1.24 was given a weight of 1 (relative risk rounding to
1.33).

Each of the different statistical approaches to estimating age weights suggested similar, although not
identical, results. Not surprisingly, the age weights suggested by the independent authors were similar,
but not identical. Specifically, the weights suggested were as follows: a) 18-34.9 =2, 35 to 59.9 = 0, 60+
= -3; versus b) 18-34.9 = 1; 35 t0 39.9 = 0; 40 to 59.9 = -1, 60+ = -3. Of these two proposals, the latter
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was better on 6 of 7 statistical indicators examining Static-99 (with the new age weight) predicting sexual
recidivism in the development sample. All differences, however, were trivial (e.g., Cox regression risk
ratios of 1.342 versus 1.326).

Based on the above analyses, the consensus recommendation was to use the latter coding: specifically,
offenders less than 35 would receive 1 point, offenders age 35 to 39.9 would receive 0 points, offenders
age 40 to 59.9 would have 1 point subtracted, and offenders age 60 and older would have 3 points
subtracted. Although Static-2002 was not used in the development of the new age weights, we applied the
same age weights to both Static-99 and Static-2002 as there was no justification that the weights should
be different. For Static-2002, however, a constant of 1 point was added to maintain consistency with the
previously established risk categories. The revised Static scales with these new age weights were called
Static-99R and Static-2002R. For Static-99R, the total scores range from -3 to 12 (instead of 0-12 in the
original scale; Static-99R M = 2.7, D = 2.6), and for Static-2002R, the scores range from -2 to 13
(instead of 0-14 in the original scale; Static-2002R M = 4.3, SD = 2.7). Table 5 summarizes the age
weights in the original and revised scales.

Relative Risk

Due to the small proportion of offenders over 50 and because the new age weights reduce variability in
scores for older offenders (they score lower on the revised scales), we expected the revisions to have a
smaller effect on relative predictive accuracy (differentiation) compared to absolute predictive accuracy
(calibration). In other words, only small changes in the overall AUCs were expected; we did expect,
however, that the absolute recidivism rates from the revised scales would be a significantly better fit for
older offenders than the predicted values of the original scales.

Comparing Static-99R to Static-99 in the validation sample, there was a slight increase in relative
predictive accuracy for Static-99R, as measured by the AUC values using fixed follow-up periods (at 5
years, AUC for Static-99R was .720, compared to .713 for Static-99; at 10 years, AUC for Static-99R was
710, compared to .706 for Static-99). The differences between the original and revised scales were not
statistically significant. For violent recidivism, greater increases in relative predictive accuracy were
observed, with Static-99R demonstrating significantly greater predictive accuracy than Static-99 (at 5
years, AUC for Static-99R was .715, compared to .695 for Static-99, difference = .020, 95% CI of .002 to
.038; at 10 years, AUC for Static-99R was .713, compared to .692 for Static-99, difference = .021, 95%
CI of .005 to .037). Additionally, no statistical shrinkage (whereby effect sizes tend to decrease in
independent replications) was observed with Static-99R. The AUC for 5 year sexual recidivism was .720
in the validation sample compared to .708 in the construction sample.

Table 5. Age Weights in Satic-99, Static-99R, Satic-2002, and Static-2002R.

Measure
Age Band
Static-99 Static-99R Static-2002 Static-2002R
18-24.9 1 1 3 2
25-349 0 1 2 2
35-399 0 0 1 1
40-49.9 0 -1 1 0
50-59.9 0 -1 0 0
60+ 0 -3 0 -2
Full Range 0,+1 -3 to +1 0to+3 -2 to +2
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Table 6 displays the results of logistic regression (at 5 and 10 years) and Cox regression analyses in the
validation sample. In all three analyses, age at release did not add significant predictive accuracy after
controlling for Static-99R, whereas it did add incrementally to the original Static-99. For violent
recidivism, however, age continued to add incrementally in all analyses of both Static-99 and Static-99R,
although the effect of age was reduced in the revised scale compared to the original scale (see Table 6). In
these analyses, none of the quadratic effects for age were statistically significant.

Static-2002R and Static-2002 were compared in the seven samples with Static-2002 information. All data
were examined together (as opposed to the validation sample) because of the smaller sample size and the
absence of shrinkage observed for the new age weights with Static-99R. There was a slight increase in the
AUC:s for Static-2002R for sexual recidivism (at 5 years, AUC for Static-2002R was .713, compared to
709 for Static-2002; at 10 years, AUC for Static-2002R was .690, compared to .689 for Static-2002). For
violent recidivism, there was virtually no difference between the original and revised scales (at 5 years,
AUC for Static-2002R was .702, compared to .700 for Static-2002; at 10 years, AUC for Static-2002R
was .699, compared to .700 for Static-2002). None of the differences in predictive accuracy between
scales were statistically significant.

In the logistic and Cox regression analyses (Table 7), both linear and curvilinear age effects were
examined because the preliminary analyses found a curvilinear effect only (not a linear effect). In all
analyses, age at release did not add significant predictive accuracy for sexual recidivism after controlling
for Static-2002R, whereas the curvilinear effect of age did add incrementally to the original Static-2002
when examining the 10 year logistic regression analysis and the Cox regression analysis. For violent
recidivism, however, linear age continued to add incrementally in all analyses of both Static-2002 and
Static-2002R, although the effect of age was reduced in the revised scale compared to the original (see
Table 7).

The new age weights were also tested to ensure they were appropriate for both rapists and child molesters.
In both Cox and logistic regression analyses of sexual and violent recidivism, the interaction between age
and offender type was not statistically significant (i.e., predictive accuracy does not differ by offender
type; table available upon request). There was insufficient data to meaningfully examine the age weights
by offender type with Static-2002R.

Absolute Risk

Tables 8 and 9 present estimated sexual recidivism rates (from survival analysis) separated by age band
and by Static-99R and Static-2002R risk category. (For both Static-99R and Static-2002R, the same cut-
off scores for the nominal risk categories were retained. The proportion of offenders in each risk category
and the associated recidivism rates, for both the original and revised scales are presented in Appendix A.)

For Static-99R, sexual recidivism rates per risk category were fairly similar for offenders in their 20s, 30s,
40s and 50s, with minor fluctuations. Approximately 85% of offenders in their 60s and 70s were in the
low risk category, with too few cases in the other categories for meaningful observations (although
moderate-low and moderate-high risk offenders in their 60s appeared to have higher recidivism rates than
similar-aged low risk offenders). Low-risk offenders in their 60s and 70s appeared to have slightly lower
recidivism rates than their younger counterparts. This difference, however, is likely due to variation in
average Static-99R scores even within the low risk category, (M = -1.6 for the 70s group, -1.5 for the 60s
group, 0.0 in the 50s group, and 0.2 for offenders less than 50). Table 8 also presents separate recidivism
estimates for two subgroups within the low risk category (scores less than zero compared to scores of
zero and one).
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