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Technical Notes

A Note on the Nonparametric Analysis of the
Stollmack-Harris Recidivism Data

BRUCE W. TURNBULL
Cornell University, Ithaca, New Y ork

(Received original June 1976; final, November 1976)

We show how quantitative methodology from the field of medical
trials can be applied to the analysis of recidivism data from correc-
tional release programs. The methods used are nonparametric and so
do not depend on any assumptions concerning an underlying model.
The data of Stollmack and Harris are used for illustration.

N AN INTERESTING and stimulating paper, Stollmack and Harris

[9] use failure-rate analysis to compare the results of two types of release
programs in the District of Columbia. One of their stated aims is to show
how methods in reliability theory can be applied to recidivism data. Using
some results of Barlow and Proschan [1] and others, they develop an F-sta-
tistic for testing the null hypothesis Hy of no difference between the ex-
periences of the two programs. The statistical test is based on the assump-
tion that time to rearrest (failure) is exponentially distributed (constant
hazard rate). The authors recommend that a preliminary goodness-of-fit
test for exponentiality should be performed, and they describe such a test,
which also leads to an F-statistic. For uncensored data, this goodness-of-fit
test has been developed further by Harris (3], and, in fact, has wider ap-
plicability. For example, Thiagarajan and Harris [10] have shown how to
adapt the test for Weibulls. However, as Stollmack and Harris (p. 1197)
point out, their goodness-of-fit test can have poor power properties against
certain alternatives. Also, the F-test in general is not very robust (see [8],
Section 10.2). Stollmack and Harris (p. 1204) leave open the question of
how to handle the problem when the constant hazard rate assumption
does not obtain. Another problem in applying their goodness-of-fit test is
that a substantial number of success times are greater than the largest
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failure time. An alternative goodness-of-fit test based on a likelihood ratio
statistic with an asymptotic x* distribution is described in Turnbull and
Weiss [11].

There are two methods that have been used in medical contexts that
seem to be applicable to recidivism data. The methods are nonparametric
and so, in particular, do not depend on the assumption of a constant
failure rate. The first approach is due to Gehan [2] (see also Mantel [5]).
Let m, =185 be the number of cases in the first group and mp=211 be the
number in the second group. Consider the pooled sample of m4+mp=396
cases. For the ith case define the score U; to be the number of remaining
395 observations that are definitely greater than it minus the number that
are definitely less than it. Gehan’s statistic is W= 24 U, where the sum-
mation is taken over just the scores of the 185 cases in group A. Under the
null hypothesis H, of homogeneity, W has mean zero and variance V=
Mamg ) A4 TmE Ui2/(mA+mB)(mA+mB—1). An exact test can be per-
formed, but asymptotically W/+/V has a standard normal distribution
under H,. For the data in Tables I and II of [9], the observed value of
W//V is 1.624, which yields a one-tailed P-value (significance level) of
0.052.

The second approach is due to Mantel [4] and Haenszel. We now order
the pooled n,=61 observed failure times in the first sample and the np
= 49 failure times in the second and denote them ti, - -+, tup. Denote the
total number of observations definitely greater than or equal to ¢ by s,
and the number of failures at ¢, by d, (generally one, except for ties). Let
3, be the number of cases in group A with failure or success times greater
than or equal to ¢, and d,’ be the number of failures in group A at ¢,. Then,
conditional on the statistics ¢, 8, d, and 8,, the distribution of d,” under
H, is hypergeometric with E (d.)y=s (d./s.) and

Var (d,') = 8,/(5,— &) d-(8,—~d,) /8, (8,—1).

A significance test for H, can be based on Ziiol d,, which is asymp-
totically normally distributed. Thus we can compute the standardized
normal deviate z= ) [d,'—E (d))/ (2 Var (d.'))""® where the summa-
tions are over 1<r<110. Carrying out the arithmetic we find the expected
number of failures in program A, > E (d,/)~50.9, under H,, which is to
be compared with the observed number of 2 d. =61. The standard devi-
ation of ) d,’ was calculated to be 5.22 and hence 2=1.91 for a P value
of 0.028. It is pleasing that this significance level agrees closely with the
value P~0.024 that Stollmack and Harris find using the F-test under the
exponential assumption.

Of course, there are some disadvantages in taking a nonparametric
rather than a parametric approach. First, a parametric model may allow
one to gain more insight into the structure of the underlying phenomena.
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Second, it is easier to incorporate a parametric model into some larger
model of the general correctional system. Last, if the failures are indeed
exponentially distributed, there is loss of power for small sample sizes.
However, for large sample sizes one is not losing much power by using
the Mantel-Haenszel test since Peto and Peto [7] have shown it to be
asymptotically efficient for the general class of Lehmann alternatives.

Finally, as an alternative to the graphical analysis in the appendix of
[9], the cumulative hazard plots of Nelson [6] may be easier to construct
and to interpret. They are also more generally applicable to other para-
metric assumptions, e.g., lognormal and Weibull, as well as exponential.
These plots could give some more insight into the important question of
whether the tendency to return to criminal behavior decreases with time
after release from prison.
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