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Abstract: This paper investigates the feasibil i ty of developing bootstrapping models of criminal
sentencing decisions to predict sentence length and the outcome of sentencing appeals. New Zealand
Court of Appeal sexual offence sentencing decisions are modelled as a function of variables describing
the character of the offender and the circumstances of the offence. The model outperforms both an
equal weights approach and a naive mean projection in predicting sentence lengths in a holdout sample.
As applications and further validations of the model, the disparity between actual and predicted
sentence is used to forecast the success of an appeal and to predict change in sentence, given a
successful appeal. The results confirm that bootstrapping models have the potential to contribute to a
field traditionally believed to favour solely judgemental approaches.
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1. Introduction

In a recent review of the performance of
judgemental and statistical forecasting methods,
Bunn and 'Wright (1991) conclude that con-
temporary studies have demonstrated that statis-
tical models of judgement may have less predic-
tive accuracy than the judges upon whom the
models are based. They go on to state that the
superiority of these so-called 'bootstrapping'

models is most at risk when there is a need to
consider peripheral information, and where the
forecasting process is less stable and routine.
This conclusion contrasts with the findings in an
earlier review by Armstrong (1985), where it is
claimed that a bootstrapping modei is always at
least as accurate as the judge.

This paper seeks to contribute to this discus-
sion, by investigating the feasibil i ty of develop-
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ing a bootstrapping model of criminal sentencing
decisions. Accurate forecasts of criminal sentenc-
ing decisions should, in principle, be of consider-
able value to attorneys, judges and policy-
makers. Attorneys must themselves intuit ively
forecast sentencing decisions in order to advise
their clients properly on the wisdom of plea
bargaining options, guilty pleas and appeals
against sentence. A formal forecasting model
therefore has the potential to improve the advice
that attorneys can offer their clients, while also
providing an objective measure of disparity for
use in appeal submissions.

However, the Courts have expressed a reluct-
ance to encourage the development of such mod-
els, arguing that the complexity and variety of
factors to be considered preclude such an ap-
proach:

U]t is clearly to be recognised that sentencing is an
individual, subjective exercise and must be tailored to all
the circumstances of each individual case. Anv exercise
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oased on mathemat ics re lated to some tar i f f  that  does nol

exist  and f rom u'h ich a percentage is  deducted must be

unrel iable and certa in lv does not  have any approbat ion

from the Court. R. t '. Vli l l iants.

Successful development of a predictive model of
judicial sentencing behaviour would offer further
evidence of  the potent ia l  contr ibut ion of  boot-
strapping approaches. even in f ie lds t radi t ional ly
bel ieved to favour solely judgemental  forecast ing
approaches.

Previous applications of quantitative analysis
techniques to cr iminal  sentencing data have been
descriptive in nature, investigating disparit ies in
sentence type and magnitude which are attribut-
able to race, sex or other demographic and
socioeconomic factors [see Turk (1969), Hil ls
(L97t), Phil l ipson (I971), Chiricos, Jackson and
Waldo (1972), Quinney (1973), Thornberry
(1973), Hall and Simkus (1975), Talarico (L979),
Croyle (1983),  Spohn, Welch and Gruhl  (1985),
Zatz (1985),  and general ly Blumstein et  a l .
(1983)1. The studies have been crit icised for
fail ing to adequately control for selection and
measurement biases and for omitting potentially
relevant data available to the sentencing judge

[Kleck (1981),  Blumstein et  a l .  (1983)] .  More-
over, they tend to concentrate on a small num-
ber of potential sources of discrimination rather
than characterising and replicating the sentenc-
ing decision. The investigation of predictive abil-
ity has received very l itt le attention.

Quantitative forecasting techniques have been
used to forecast the results of US Supreme Court
hearings in a range of alternative legal contexts,
including: the right to counsel [Kort (1957,
1963),  Lawlor (1962),  Ulmer (L967, 1969) l ;
workers '  compensat ion [Kort  (1963)] ;  involun-
tary confessions [Kort  (1963),  Ulmer (7967,
1969) l ;  c iv i l  l ibert ies [Nagel  (1965),  Ulmer
(1969)l; race discrimination in jury selection

[Ulmer (1963)] ;  and search and seizure cases

[Ulmer (1963),  Segal  (198a)] .  In jur isdict ions
beneath the Supreme Court level, the outcomes
of union regulation [Grunbaum and Newhouse
(1965)1,  labour relat ions [Spaeth (1963)] ,  ef f i -
ployment discrimination IField and Holley
(1982)] ,  and cert iorar i  decis ions [Ulmer (1984)]
have also been quantitatively analysed with a
view to forecasting future decisions. Although a
range of analysis techniques are employed in
these studies. all of the studies use a dichotom-
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ous dependent var iable represent ing a decis ion
in favour of  e i ther the plaint i f f  or  the defcndant,
In contrast .  the pr imary model developed and
validated in this paper seeks to forecast sentence
length: a bounded continuous dependent vari-
able.

The paper proceeds, in Section2, with discus-
sion of an appropriate model specification and
identif ication of independent variables describing
the character of the offender and the circum-
stances of the offence. Section 3 presents the
results of calibrating the model using a sample of
67 recent appellate sentencing decisions. In Sec-
tion 4 the forecasting ability of the resultant
model is tested and compared, using a holdout
sample, with that of an equal weights model and
a naive constant forecast. As applications and
further validations of the model, the disparity
between actual and predicted sentence is used to
forecast success on appeal in Section 5; and to
predict the change in sentence, given a successful
appeal, in Section 6. Section 7 summarises the
findings and conclusions.

2. Model specification and variable selection

The approach of the New Zealand Court of
Appeal to sexual offence sentencing was de-
scribed in R. v. Clark (1987). A single base
sentencing level for the relevant offence is iden-
tified, and the appropriate sentence determined
by adjusting this level according to the mitigating
and aggravating factors present:

. . . for a rape committed by an adult without any ag-
gravating or mitigating features, a figure of five years
should be taken as a starting point in a contested case.
Aggravating features can include additional violence or
indignities, acting in concert with other offenders, the
youth or age of the victim, intrusion into a home . . . .
R. v. Clark at 383

The present model uses single-stage linear re-
gression to derive weights for each of the
mitigating and aggravating features. The struc-
ture of the model is consistent with the approach
described in R. v. Clark; it begins with a base
sentencing level (the intercept) and adds or sub-
tracts from that level according to the aggravat-
ing or mitigating nature of the prevail ing sen-
tencing factors.
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The data for the model were drawn from New

Zealand Court of Appeal sexual offence sentenc-

ing decisions. The Court of Appeal was chosen

since it is in practice New Zealand's highest

appellate criminal court. Our analysis does not

consider cases heard by lower level courts and

thus no conclusions can be drawn regarding the

abil ity of the model to predict sentencing deci-

sions outside the Court of Appeal. However,

lower level courts are expected to closely follow

rhe sentencing guidelines of the Court of Appe-

al. Departures from those guidelines can be ex-

pected to result in a decision subsequently being

reviewed by the Court of APPeal.

Sexual offence sentencing decisions were used

because sentences in these cases are generally

terms of imprisonment. This avoids the compli-

cations inherent in weighting the severity of al-

ternative sentence types if a variety of sentence

types are imposed [see Blumstein et  a l .  (1983)] .

Moreover, the sentencing decision for sexual

offenders is not inhibited by the presence of any
mandatory sentence requirements, while the
wide range in potential seriousness of sexual
offences ensures that there is considerable var-
iance in the sentences received.

The maximum penalty serves as an indicator
to the courts of the seriousness of an offence.
For different sexual offences it varies between 7,
10 and 14 years. The influence of each of the
explanatory variables on the sentence imposed is
expected to vary with the size of the maximum
penalty; for example, any credit given for a plea
of guilty is expected to increase as the maximum
penalty increases. Rather than including an in-
teraction term with each explanatory variable,
when defining the dependent variable the actual
sentence imposed was treated as a proportion of
the maximum penalty available.

Twenty-three features describing the circum-
stances of an offence and the character of an
offender were identified from an examination of
sentencing l iterature and decisions, and from
responses to a series of questionnaires distribut-
ed among a sample of criminal barristers, the
police and the public. The variables derived were
then refined, following inspection of a pairwise
correlation matrix, to reduce the level of col-
l inearity in the data. Thirteen of the variables
can be classified as describing the circumstances
of the offence. five describe the character of the

offender, and five either fit into neither category
or are relevant to both. A more complete de-
scription of the specification and measurement of
the variables is available upon request from the
authors.

The ident i ty of  the sentencing judge was not
included as a potential explanatory variable be-
cause 38 different judges were involved in the
calibration and holdout decisions. Moreover,
while the Court of Appeal presents only a single
decision, the Court consists of a minimum of
three judges. The vagarit ies of an individual
judge can be expected to be stabil ised by the
influence of opposing opinions.

A coding form was designed and, after init ial
pretesting and minor modifications, used to assist
data collection. The reliabil i ty of the data collec-
tion process was checked by replicating the mea-
surement process using another researcher. For
the variables with absolute meaning (year of
decision, offender's age, maximum penalty) no
discrepancies were observed. Similarly, for dich-
otomous variables, discrimination between the
alternatives using the facts reported in the judge- ,
ments was relatively simple. However, diff icul-
t ies were encountered with the variables which
required a subjective assessment of the degree of
severity (Emotional Injury, Offence was Pre-
mediated, Indencies, and Offender Psychiatrically
ill). Although the inconsistencies were minor,
using more explicit coding instructions may help
to improve measurement reliabil i ty in future re-
search.

3. Results

The variable measurements were standardised
so that they ranged from 1 to 0 and a preliminary
calibration was undertaken using all 23 indepen-
dent variables and a sample of. 67 cases. From
this preliminary investigation five variables were
omitted from the model since their coefficients
did not have the expected sign (negative for
mitigating factors and positive for aggravating
factors), and thus lacked face validity. None of
the coefficients for these five variables was sig-
nificantly different from zero, even at the 80Vo
confidence level.

Data for the remaining eighteen variables

were then recalibrated. The final weights for
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Exhibit 1
Estimates of variable weights and the base sentencins level.

Weight t

value

Effect on a

14-vear sentence

Circumstances of the offence
Young Victim
Elderly Victim
Physical Injury
Threatened Violence
Emot ional  In jury
Victim was Offender's Wife
Victim was Offender's De Facto
Victim & Offender Acquainted
Male Victim
Indecencies
Number of Offenders
Offence was Premeditated

Character of the offender
Young Offender
Previous Conviction
Remorse Shown
Nature of Probation Reoort

Other
Year of Decision
Appeal by Offender

Intercept

Omitted variables
Length of Maximum Penalty
Offender Pleaded Guilty
Offender Breached a Position of Trust
Offender was Intoxicated
Offender Psychiatrically Ill

Adj R'?
F-value

n

u .  l ) l

0.236
0 . 1 5 1
0.16'7
0.085

-0 262
-0.209
-0.078
-0.255

0.093
0 .159
0.r21

-0.096

0.014
-0.076
-0.070

0.080
-0.032

0.306

1 .g "
2 .0b
o t b
L . . a

2 .5b
1 . 4

-3.6'
a  t b-  L . +

- 1 . 9 '
- 4 . L ^

23b
"J..7"

2 .5b

-  1 . 9 '
0 .3
r  r b-  
L . l

a 1 a

1 . .4b
-2.1.

9 . 1 "

2 . 1 2
3.30
2 . I I
z . J +

1 . 1 9
-3.67
-2.92
-  1 .09
-3 .57

r .3r
2.22
1 .69

-1.34

0 .19
-L.07
-0.98

0.s6
-0.45

4.28

0.673
8.541"

67

" Significant at the 99Vo confidence level.
b 

Significant at the 95Vo confidence level.
'Significant 

at the gAVo confidence level.

these variables are presented in Exhibit 1 along
with the corresponding impacts on a potential
l|-year sentence (the maximum possible sen-
tence for any sexual offence). These impacts
differ from the estimated coefficients since the
dependent variable used in the regression was
actual sentence imposed as a proportion of the
maximum penalty available.

The coefficient of determination, 0.762, indi-
cates that over 76% of. the deviations from an
average sentence in the cases studied are ex-
plained by the weighted inffuence of the mitigat-
ittg and aggravating factors. This finding con-

trasts with those in previous empirical studies
examining the effect of offence and offender
characteristics which typically have accounted for
less than a third of the sentencing variance [Sut-
ton (1978),  Blumstein et  a l .  (1983);  see also
Vining and Dean (1980) and Lovegrove (1989)].
An examination of the variance inflation factors,
and the eigenvalues of the X'X matrix, indicates
a low overall level of multicoll inearity in the
data.

All but three of the parameters were found to
be significantly different from zero at the 90%
confidence level. Eleven of the variables had

A--
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coefficients which were significant at the 95Vo

level, while three variables and the intercept

were significant at the 99% level. The F-test

sratistic of the joint distribution of the indepen-

dent variables, 8.54, is significant at the 997o

level .
The average absolute effect, on a potential

14-vear sentence, of the variables reflecting cir-

cumstances of the offence was found to be 2.29

years. By contrast, the corresponding average

weight given to the variables describing the

character of the offender was only 0.90 years. It

is clear that the Judiciary intuit ively ascribe more

importance to the circumstances of the offence

than to the character of the offender when de-

termining appropriate sentence lengths for sexu-

al offenders.
The base sentencing level for an offence hav-

ing a 74-year maximum penalty was found to be

4.28 years in 1983. The weight calculated for the
Year of Decision variable indicates that this base

level has increased by an average of 0.11 years

each year. These results are consistent with dicta
in R. v. Clark (1987) suggesting that the base
sentencing level for rape (an offence with a
maximum sentence of 14 years) was 5 years in
1987. Similarly, research by the Justice Depart-
ment found that, on average, rape sentences
increased from 3.9 years in 1979 to 4.87 years in
1986, an average annual increase of 0.12 years

[Spier and Luketina (1988)]. An increase of 0.82
years was observed in 1987.

The positive coefficients for the Young Victim,
Elderly Victim, Physical Injury, Threatened Vio-
lence, Offence was Premeditated, Indecencies,
and Number of Offenders variables are con-
sistent with the Court of Appeal's recognition of
these variables as aggravating factors. Similarly,
the negative coefficients for the Remorse Shown,
Itlature of Probation Report and Young Offender
variables support the mitigating nature of these
variables.

Although not conceptually a mitigating or ag-
gravating factor, the identity of the appellant
party (Crown or offender) was expected to indi-
cate whether the sentencing level in a case is at
the lower or upper end oithe sentencing spec-
tl!t. The weight estimated for the Appeal by
Offender variible is consisrent with this
reasoning.

Surprisingly, an offender's previous convic-

t ions appear to have had onlv an incidental
aggravating impact on sentencing levels. It ap-
peared from preliminary analysis that the in-
fluence of this variable is instead upon the type
of sentence required: in particular, whether a
finite custodial or an indefinite preventative de-
tention sentence is appropriate. The aggravatins
influence of the Emotional Injury variable was
also less than expected. This may be explained in
part by the paucity of information available to
the courts concerning the emotional harm suf-
fered by the victims of sexual offences. Although
the lack of such information prompted a change
in legislation in 7987, this amendment was too
recent to have been reflected in the model.

All the male complainants in the calibration
sample cases were the victims of incestuous off-
ences perpetrated by a relative of the complain-
ant. Therefore, together with the Wife and De
Facto variables, the Male Victim variable iden-
tifies incidences of intra-family offending. These
intra-family variables account for three of the
four largest coefficients (in absolute magnitude),
suggesting that intra-family offending is treated
as a separate, lesser category of offences. Alter-
natively, the prominence of the Male Victim
variable as a mitigating factor may indicate that
the courts treat the violation of a male as less
serious than that of a female - which is in direct
contrast to dicta of the Court of Appeal in R. v.
Ngawhika (1987).

The omission of the Length of Maximum Pen-
alty variable indicates that sentencing levels vary
uniformly as proportions of maximum penalties.
This implies that individual sentences are strong-
ly dependent upon legislative guidelines as to the
seriousness of an offence (as embodied in the
level of the maximum penalty) and that the
Court applies similar sentencing practices across
the gamut of different sexual offences.

The insignificance of the Offender Pleaded
Guilty variable was surprising, since the courts
have previously suggested that such pleas will be
rewarded with a one year reduction in rape
sentences [Hall (1987)]. However, its absence
may be explicable. First, the cases considered
are all appeals to the Court of Appeal by which
point the relevance of a guilty plea in reducing
pressure on the criminal justice system is some-
what lessened. Second, a guilty plea is a less
emotive feature of cases, and may therefore
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attract a lesser subjective
presence of remorse (which
a guilty plea) is accounted
model.

weight. Third, the
may be evidenced by
for separately in the

4. Forecasting accuracy

The ability of the model to forecast sentence
lengths (as a proportion of the maximum penal-
ty) in a holdout sample of. 22 additional cases
was compared with that of an equal weights
approach and a naive constant forecast.

The equal weights regression model was calib-
rated by first summing the standardised measures
for each variable. The dependent variable (pro-
portion of maximum penalty awarded) was then
regressed against this score (and an intercept) in
the calibration sample of.67 cases and the result-
ing model used to predict the sentence in the
remaining sample of.22 cases. The naive constant
forecast represents a projection of the mean
sentence imposed in the calibration sample.

As a partial rationale for using unit weights,
it has been suggested [Einhorn and Hogarth
(1975)] that the precision of individual coeffic-
ients may be of less predictive importance than
identification of the relevant variables and the
signs of their respective coefficients. There have
been a number of studies in which equal weight
models have been found to have greater fore-
casting accuracy than standard regression models

[Lawshe and Shucker (1959), Wesman and Ben-
nett  (1959),  Trat tner (1963),  Lehmann (1971),
Fischer (1972), Beckwith and Lehmann (1973)
and Parsons and Hulin (1982)]. Parker and
Srinivasan (1976) report contradictory findings.
Monte Carlo procedures have also been used to
investigate when an equal weights model can be
expected to perform better ihan a standard re-
gression model [Schmidt (1971), Einhorn and
Hogarth (1975), Dorans and Drasgow (1978)].
Overall the Monte Carlo results point to the
efficiency of equal weights when sample sizes are
small, the number of parameters is large and
multicoll inearity is high. In contrast, Keren and
Newman (1978) note that equal weights models
will not perform well when suppressor variables
are present. Suppressor variables are defined as
explanatory variables which are not correlated
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with the response, but which improve the predic-
tion of the response.

The current circumstances suggest that the
predictive performance of the regression model
wil l be similar to that of an equal weights model.
The sample size is small relative to the number
of parameters to be estimated. However, there
was little evidence of multicollinearity in the
data. Furthermore, while almost all of the co-
efficients reported in Exhibit L are significant,
few of the variables had significant pairwise cor-
relations with the response, suggesting the pres-
ence of a number of suppressor variables.

The accuracy of the sentence predictions for
the 22 holdout cases is reported in Exhibit 2. The
percentage mean absolute error was calculated
by dividing the mean absolute error by the actual
mean sentence. The mean absolute error is re-
ported assuming a 1.4-year maximum sentence.

The mean absolute prediction error for the
regression model corresponds to 1.59 years for a
potential l4-year sentence. This represents a per-
centage mean absolute error of just under 25Vo
and a significant (o :0.05) improvement over
the naive forecasts. Only a very slight improve-
ment is observed over the equal weights model.
Investigation of the nature of the forecast error
indicates that unsystematic residual noise ac-
counted for almost all of the regression model's
prediction error, with just 3Vo of. the error aris-
ing systematically [Maddala (1977)1.

The decrease in retrospective and predictive
efficiency between calibration and validation
samples is commonly called 'shrinkage' 

[Farring-
ton and Tarling (1985)1. It arises because the
product moment correlations in a sample may
differ from those in the population as a whole.
Modell ing techniques which exploit these corre-
lations can be expected to better f it observations
in the calibration sample than observations ran-
domly drawn from the population as a rvhole.
The level of shrinkage across calibration and
validation samples is an indication of the extent
to which results estimated on the calibration
sample can be generalised to a wider population.

Shrinkage between the calibration and valida-
tion samples is investigated by regressing
forecasted (or f itted) sentences against actual
sentences in the calibration and validation sam-
ples. The results are presented in Exhibit 2.
Perfect predictions would result in a constant of

L
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Exhibit  2

Sentence
Regression
model

Equal  weights

model

Naive mean
forecast

Mean absolute

error

Percentage mean

absolute error

1.59 year

24.8%

1 .60  year

25.0%

2.21year

35.jVc

Regression of  actuai  on Predicted

Coefficient S . E .

Calibratiotr sarnPle

Constant
Fi t ted sentence

Vo variance exPlained

n

Validation samPle

Constant
Predicted sentence

Vo variance exPlained

n

0.0000
1.0001

0.0299
0.0693

76Vo
67

0.0879
0.t702

56Vo
22

0.0359
0.8577

zero, a coefficient of one, and all of the variance

in the dependent variable being explained' These

criteria ir. better satisfied on the calibration

sample. However, the constant and coefficient

estimated on the validation sample are not sig-

nificantly different from zero and one, respec-

tively, and the forecasts do explain over 50Vo of

the variance in the validation sample sentences'

5. An application to forecasting success on

appeal

It is anticipated that a forecasting model of

sentencing might be used by attorneys to im-

prove the advice they give to clients regarding

the likelihood of a successful sentencing appeal'

The usefulness of the present model in this re-

gard is investigated by evaluating its ability to

predict the success of the appeals in the decisions
used to calibrate and validate the model.

As New Zealand's highest appellate criminal
court, the Court of Appeal is responsible for

smoothing out disparit ies and ensuring the

evenhanded administration of justice. As a con-
sequence, the Court has a discretion to grant
appeals against sentence when the original sen-
tence represents an unjustif ied departure from

previous sentencing practice. In determining

what is 'unjustif ied', the court has stated a'wil-

l ingness to employ different definit ions depend-

ing upon whether the appeal is brought by the

Crown or the offender. When the Crown is

appealing, the departure from previous practice

must be greater than when the appeal is brought

by the offender; considerations justifying an in-

crease must 'speak more powerfully than those

which ordinarily might justify a reduction' [R' v'

Wihapi 1976, at 424 per McCarthy P., noted in

Hal l  (1987);  see also R. v '  Beaman 1982; and R'

v. Lepper and McDonald 19851. This distinction

necessitates incorporation of the identity of the

appellant into the forecasting model, or alter-

nit ively, estimation of separate models using

Crown and offender appellant subsamples' Both

approaches are considered:

o Ful l  sample model:
Success : G + BrDisparity + BrAppellant'

o Offender and Crown subsample models:

Success : d. L BrDisParitY,
where:

Original : original sentence length/maximum

Pcna l tY ;
Predicted : se ntence length

mum PenaltY;

prediction/maxi-



Appellant:0, if the appeal was by the offender,
and 7, if the appeal was by the
Crown;

Success :1, if the appeal was successful, and
0, if the appeal was unsuccessful;

Disparity : Original - Predicted, if, Appellant:
0, and Predicted - Original, if
Appel lant :  l .

In some instances negative levels of disparity
occurred. These measures were not truncated to
zero as appeals brought before the Court of
Appeal are not l imited to those with genuine
merit. Some appellants may realise that there is
litt le hope of a successful appeal, but believe that
they have litt le to lose from making an attempt.
This is particularly true for those defendants who
have their legal costs paid by the state.

Owing to the dichotomous nature of the de-
pendent variable, the models are estimated using
PROBIT. The coefficients represent the change
in the cumulative normal probabil ity function
that results from a unit change in the respective
independent variables. The original sentence

Exhibit 3
Appeal success model.
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length was not reported in six of the cases, and
the size of the dataset is thus reduced to 83
observations. The results of the full sample and
offender/Crown appellant subsamples are re-
ported in Exhibit 3.

Overall the models show a high degree of
statistical significance and discriminatory abil ity.
The log l ikelihood ratio statistics and all but one
of the variable coefficients are statistically signifi-
cant (a :0.05).  The dependent var iable means
indicate that the sentencing appeals were suc-
cessful in 42Vo,24Vo and 76Vo of the full sample,
and offender appellant and Crown appellant sub-
sample observations (respectively). With no fur-
ther information, appeal success could therefore
be categorised successfully in 58Vo of the full
sample cases and 76Vo of both the Crown and
offender appellant subsample cases. By adding
the independent variables, discriminatory per-
formance increased to 83Va accuracy across all
three samples.

Contrary to the Court of Appeal's stated re-
luctance to increase sentences upon appeal, the
parameter estimates indicate that to successfully

Full
sample

Offender
appellant

subsample

Cro*'n
appellant
subsample

Coefficients
Intercept

Disparity

Appellant

Critical disparity values
Offender appellant
Crown appellant

R '
2 log( l ikel ihood)
Dep. var iable mean
Correct classifications
n

- ! . 07 "

( -4 .6 )
5.76^

(4 .2 )
1.L9 '

( 3 .3  )

(14 year maximum penalty)
2 .60 yr

-0 .30 yr

0 .51
'67.9"

0.42
83Vo
83

-0 .98

( -4 .3 )
4.46'
( 3 .2 )

-0 .95

( -  r  . r /
19 .32b
(2.?)

3.09 yr

0.29
46.9"
0.21

83Vc
54

0.73 yr

0 .52
1 5 . 1 "
0. i6

83Vo
29

'S ign i f i can t  
a t  a  :0 .01 .

o 
Signi f icanr at  a :0.0-5.

Nole:  Figures in parentheses are t - r 'a lues.

A



D.l. Simester. R.J. Brodie I Forecasting criminal sentencing decisions 57

appeal a sentence, an offender must show a

tgnifi.untly greater disparity between the origi-

nal sentence and previous sentencing practice

than is required of the Crown. For an offence

carrying a maximum penalty of 14 years impris-

onment, the probabil ity of a successful appeal by

the offender wil l onll '  exceed 507o when the

original sentence is approximately three years

sreater than the predicted sentence. In contrast,

in upp.ul by the Crown is l ikely to be successful

when the predicted sentence exceeds the actual

sentence bY just  n ine months.

To investigate forecasting accuracy, the full

sample was split into two subsamples and models

calibrated using the data in each subsample.

These models were then used to forecast the

success of the appeals in the other subsample-

The distribution of the cases into each of the

subsamples was performed using a stratif ied ran-

dom selection procedure, in order to ensure

similarity between the subsamples. The parame-

ters estimated using the two subsamples were not

significantly different from those estimated using

the full sample. Results are presented in Exhibit

4 .
The dependent variable means indicate that a

constant forecast of failure would have been

accurate in 57Vo of the subsample 1 observations
and 59Vo of the subsample 2 observations. The

forecasting models performed with SIVo and
88Vo accuracy, respectively. Little shrinkage was
observed between the calibration and validation
sample performances; indeed, the best forecasts
of appeal success in the second subsample were
obtained from the model calibrated on the first
subsample. These performances represent
dramatic improvements on a constant forecast,
and confirm that the model is capable of accu-
rately forecasting the outcome of sentencing ap-
peals.

Exhibit 4
Appeal success model forecast results.

Calibration Validation

Subsample 1
Dependent variable mean
Correct classifi cations

Subsample 2
Dependent variable mean
Correct classifi cations

6. Forecasting change in sentence in a
successful appeal

As a further investigation of the predictive
power of the model, the disparity between actual
and predicted sentences is used to predict the
amount sentences changed in those cases in
which the Court found that a change was jus-
tif ied. The relevance of the appellant's identity is
again investigated both by inclusion of an Appel-
Iant variable and by estimation of separate mod-
els using Crown and otfender subsamples.

The coefficient estimated for the Appellant
variable was not significant and no significant
difference was found in the parameters estimated
using the Crown and offender subsamples. The
results of regressing absolute change in sentence
against Disparity (as defined in Section 5) in a
calibration sample of. 20 cases are presented in
Exhibit 5. Forecast accuracy in a holdout sample
of 15 cases is also reported, both for the disparity
model and for a naive constant forecast. The

Exhibit 5
Sentence chanse model.

Calibration results Coefficient t  value

Disparity
Intercept
Adj R'
^F-value
n

0.437
0.097
0.572

26.40^
20

5 . 1 "
5 .4^

Forecast results Disparity
model

Naive mean

forecast

Mean absolute error
Percentage mean
Absolute error

0.73 year
2l.6Va

t.2L year
45.77o

Regression of actual on predicted

Coefficient Std error

0.43
83Vo

0 .41
85o/o

0.43
SIVo

0 .41
88Vo

Calibration sample
Constant
Fitted sentence
Eo variance explained
n

Validation sample
Constant
Predicted sentence
Ea variance explained
n

0.0000
1.0000

0.0355
0.1947

59Va
20

0.0375
0.2067

73Va
15

-0.0178

r.2394

" Significant at the 997o confidence level.
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naive constant forecast represented the mean
sentence change in the 20 calibration sample
cases.

The coefficient estimated for the disparity
variable indicates that, having decided an appeal
is justif ied, the Court wil l adjust a sentence by
approximately 0.44 of a year for every year of
disparity observed betrveen the original and the
predicted sentences. This result is consistent with
statements of the Court indicating that it wil l
vary sentences by the minimum extent necessary
to redress discrepancies (see R. v. Urlich; R. v.
Sirnm; and R. v. Steer).

Mean absolute prediction error corresponds
to 0.73 years for offences with a l4-year maxi-
mum penalty, while the percentage mean abso-
lute error equals 27.6Vo. Predictions from the
regression model were significantly (c :0.05)

more precise than the naive projection. There
was some evidence of shrinkage between the
calibration and validation samples. Although the
model explained less sentence change variance in
the calibration sample than in the validation
sample, the calibration sample predictions show
no systemat ic bias.  In the val idat ion there was a
tendency to underpredict at the lower end of the
spectrum and to overpredict large sentence
changes. However, this tendency was not signifi-
cant; when the actual sentence was regressed on
the predicted sentence neither the constant nor
the estimated coefficient were significantly differ-
ent from their respective ideals.

7. Summary and conclusions

In this paper we have investigated the
feasibil i ty of developing a bootstrapping model
of criminal sentencing decisions. New Zealand
Court of Appeal sexual offence sentencing deci-
sions are modelled as a function of factors de-
scribing the character of the offender and the
circumstances of the offence. The structure of
the model assumes that the Judiciary's intuit ive
approach to the sentencing decision is to start
with a base sentencing level (as a proportion of
the maximum penal ty)  and to add or subtract
from that level according to the aggravating or
mitigating nature of the prevail ing factors. The
results are encouraging. The weights estimated
for the various sentencing factors are generally

Forecasting criminal sentencing decisions

consistent with prior expectations. Although in-
consistencies do arise, explanations are generally
available, either suggesting modifications to cur-
rent theory or offering justifications for the lack
of corroboration.

This model significantly outperforms a naive
mean projection in forecasting sentence lengths
in a holdout sample of 22 additional decisions. In
contrast, its forecasting performance is almost
identical to that of an equal weights model,
indicating that predictive performance is not
terribly sensitive to the relative magnitudes of
the estimated coefficients. This result is con-
sistent with previous research investigating the
relative predictive performance of regression and
equal weights models.

Almost all of the prediction error resulted
from unsystematic residual variance. This var-
iance may be explained by inconsistencies in the
sentencing behaviour of the judges, and from
imprecision in the model. Inconsistencies in the
sentencing behaviour of the Judiciary would cor-
respond with observations by the judges them-
selves that the features of different cases are too
complex to be reliably compared using intuit ion
alone, Model imprecision may be due to the
omission of relevant mitigating or aggravating
factors; alternatively, the precision with which
the model is able to predict sentence lengths
should be viewed in the context of the generality
of the model. The cases include a range of
different offences, each of which may be associ-
ated with varied weights for the sentencing
factors.

Sentence predictions generated by the model
are used to forecast the l ikelihood of success on
appeal, and to predict the change in sentence
given a successful appeal. The results confirm
that bootstrapping models have the potential to
assist attorneys and improve the advice they can
offer c l ients regarding thc wisdom of pursuing an
appeal. Moreover, by identifying the intuit ive
weights attached by the Judiciary to the various
sentencing factors and clarifying existing prac-
tice, such models can facil i tate discussion of
sentencing objectives and identify the need for
potent ia l  reform.

These findings contradict claims by the
Judiciary that the complexity of criminal sentenc-
ing precludes development of a useful bootstrap-
ping model of  sentencing decis ions. In doing so,

*"-
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the findinss demonstrate the potential contribu-

tion of bootstrapping models to a field tradition-

al l l '  bel ieved to favour solely judgemental  fore-

cast ing approaches.
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