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Statistical Methods in Criminological Sciences using Systat

Crimnol ogists and crimnal justice researchers depend on
analytic nethods that they inport from other disciplines.
As in several other fields of social research (for exanple,
political science and sociology), the analytic nethods of
crimnology and crimnal justice originated in statistics,
econonetrics, epidem ol ogy, and psychonetrics. Devel opnents
in these areas are occurring at a rapid pace, and a set of
papers that concentrated on prom sing anal ytical techniques
woul d soon be anusingly obsolete. However, the range of
analytic nmethods in crimnology and crimnal justice wll
continue to expand during the 21st century.

Why anal yti cal techni ques becone obsolete is a question to
ponder. More than two decades ago, Hubert Blalock
suggested that the nost inportant challenge to enpirical
research in sociology was not to devel op nore sophisticated
anal ytical nethods. Instead, according to Blalock, the key
el ement in advanci ng knowl edge about society was a better
under st andi ng of data and neasurenent.

This observation is equally true for inquiry in crinme and
justice t oday. Unl i ke statistical t echni ques,
crimnologists and crimnal justice researchers play a
major role in controlling and shaping the data they use.
The form and content of data collection can greatly expand
or limt the range of questions that scholars n ght
addr ess.

However the purpose of the note is not to go into the
intricacies of the above issues. The purpose was only to
convey that data analysis heavily depends on neasurenent
deci si ons.

Crimnologists and crimnal justice researchers use
statistical analysis on different types of data. Syst at
provi des a bouquet of data analytical nmethods such as:
Interpreting Data Distributions - Gaphical Techniques,
Measures of Central Tendency, Measures of D spersion

Expl oratory Data Analysis, Point Estimation and Confidence
Intervals, From Estimation to Hypothesis Testing, Data
Anal ysis Wth Categorical Variables, Bivariate Correlation
and Regr essi on, Mul tiple Regr essi on and Parti al
Correl ation, Nonparametric or Distribution-Free Statistica
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Tests, Regression Analysis with a D chotonmous Dependent
Variable - Logit and Probit Mdel s and many nore.

One of the nost notable characteristics of crine is that it
clusters. Crimnal acts do not extend evenly over space,
and they are not const ant over tine. The first
crimnol ogists noticed these variations, and patterns in
space and tine were a major concern of the discipline from

its begi nni ng. Quet el et and ot her 19t h-century
statisticians closely studied differences in crine across
communities. In 1837, Poisson derived his fanpbus count
di stribution in a ti nme-series st udy of crimna

convi cti ons.

At the beginning of the 21st century, clustering and its
inplications still play a central role in the study of
crinme. Mre generally, however, clustering occurs in both
tenporal and cross-sectional data and in both individual
and aggregate anal yses. The two basic forns of analysis and

t wo basi c dat a structures create four possi bl e
conbi nati ons: i ndi vi dual t enpor al aggregate Cr oss-
sectional, i ndi vi dual cross-sectional, and aggregat e
tenporal. Although each conbi nation poses special problens
of its own, all four generate simlar clustering issues.
Cluster effects wll Ilikely continue to challenge and
fascinate crimnal justice scholars well into the future.

Currently, the best understood clustering issues involve
aggregate tenporal analyses, such as trends in drug use or
the fear of crine. Here, clustering arises because
observations that are close in tinme tend to be nore simlar
to each other than to observations in the distant past or
future. The autocorrelation that this clustering generates
is the subject of a large and ever-growing statistical
literature fromwhich crimnologists often draw.

Systat Tinme Series inplenents a wide variety of tine series
nodel s, including linear and nonlinear filtering, Fourier
anal ysi s, seasonal deconposition, nonseasonal and seasona
exponential snoothing, and the Box-Jenkins approach to
nonseasonal and seasonal ARl MA The general strategy for
time series analysis is to:

Plot the series using T-plot, ACF, PACF, or CCF.

Transform the data to stabilize the variance across
time or to make the series stationary using Transform
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Snpoth the series using noving averages, running
medi ans, or general linear filters wusing LOAESS or
Exponenti al snoot hi ng.

Fit your nodel using ARI VA

Examne the results by plotting the snoothed or
forecasted results.
Before performng a particular tine series, you can specify
how m ssi ng val ues shoul d be handl ed.

Clustering occurs in aggregate cross-sectional studies in
“contextual” or “nultilevel” analyses. Exanples include
studies of the effects of neighborhood conditions on
victim zation risks and sentencing outcones for defendants
in different court systens. Here, researchers exam ne both
i ndividual effects and the aggregate effects of the
clusters. Statistical nodels for this situation were the
subj ect of nuch attention in the 1990s.

Syst at M xed regression estimates nodels containing
conbi nations of fixed and random effects for response data
having a normal distribution. M xed nodels, or multilevel
nodel s, have also been referred to as “hierarchical |inear
nodel s”, “random coefficient nodel s”, and “variance
conponent nodel s”

These nodels require a data structure in which observations
having a comon characteristic can be classified into
identifiable groups, known as level-2 units, resulting in
nesting of the observations wthin the level-2 wunits.
M xed regression wuses random effects to account for
dependencies in the data due to this nesting structure,

allowing sinmultaneous analysis of individuals and the
groups to which the individuals belong. For an i ndividua
| evel -2 unit i, the nodel for m xed regression is:

yi = Wa + Xib + ¢

Where y is the dependent variable, Wis a design matrix for

fixed effects, a is a vector of fixed regression
paraneters, X is design matrix for random effects, b is a
vector of effects specific to unit i, and e is a vector of

residuals. Models w thout random effects parallel standard
regression nodels, but use marginal maxinum |ikelihood to
derive the paranmeter estimates instead of |east-squares
t echni ques.
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Researchers often use m xed regression for the analysis of
both clustered and | ongitudinal data. In clustered data
observations from different subjects are nested within a
| arger group, such as students wthin schools; random
effects represent differences between the clusters. I n
contrast, for longitudinal data, observations are nested
wi thin each subject. In this case, the individual can be
viewed as the “cluster”, so random effects represent
di fferences between subjects.

The spatial concentration of crinme in hot spots |eads
naturally to their representation on crime maps. Mps of

crinme incidents permt rapid identification of t he
geographic location of crime hot spots, but by thenselves
they <contribute little to wunderstanding why crine is

concentrated in certain locations. A crucial aspect of
pattern recognition techni ques such as hot spot analysis is
the determnation of the extent to which patterns on the
map reflect “true” clusters or outliers or whether they are
spurious. As is well known, sinple visual interpretation of
the map is inadequate in this respect because the human
mnd is conditioned to find nmeaning and identify patterns
and clusters, even when the data represented nay be purely
random The use of sound cartographic principles alone does
not ensure that a proper interpretation is obtained. What
is needed is a careful structuring of the visualization
strategy while supplenenting the visual aspects wth
gquantitative information.

Spatial statistics involve a variety of nethods for
analyzing spatially distributed data. Systat Spatia
Statistics covers two principal areas: fixed-point methods
(kriging and Gaussian simulation) and random poi nt nethods
(near est-nei ghbor distances, polygon areal/volunes, quadrat
procedures).

Spatial statistics conpute a variety of statistics on a 2-D
or 3D spatially oriented data set. Variogranms assist in
the identification of spatial nodels. Kriging offers 2D
or 3-D kriging nethods for spatial prediction. Si mul ati on
realizes a spatial nodel wusing Mnte Carlo nethods.

Finally, a variety of point-based statistics are produced,

including areas (volunes) or Voronoi polygons, nearest-
nei ghbor di stances, counts of polygon facets, and quadrat
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counts. Graphs are automatically plotted and summary
statistics are printed for many of these statistics.

Di scrimnant functions are the
basis for the mjority of
pattern recognition techniques.
The mathematical definition of
such a decision boundary is a

dacigion boundarny

° "discrimnating function". It
is a function that maps our
I nput features ont o a

cl assification space-in t he
exanpl e above, by defining a
pl ane that would separate the

t wo clusters. Pattern
classification techniques fall into two broad categories:
nuneric and non-nuneric. Numeric techni ques i ncl ude

determnistic and statistical neasures, which can be
consi dered as neasures nade on the geonetric pattern space.
Non- nurmeric techniques are those that take us into the
domai n of synbolic processing, e.g. nethods such as fuzzy
sets. Systat Discrimnant Analysis perforns |inear and
quadratic discrimnant anal ysi s, providing |inear or
quadratic functions of the variables that “best” separate
cases into two or nore predefined groups.

The above paragraphs just nention a bird s eye view of
met hods available in Systat. But Systat provides a
powerful statistical and graphical analysis system in a
graphi cal environment wusing descriptive nenus and sinple
di al og boxes. Sinmply pointing and clicking the nobuse can
acconplish nost tasks. Systat’s command | anguage provi des
functionality not available in the dialog box interface.
Matrix procedure allows you to use matrix algebra to
specify statistical analyses and perform data managenent
tasks. Systat can open data files saved in various formats

including ArcView (*.SHP). Systat MAP produces maps in
obl i que ghononi ¢, obl i que st er eogr aphi c, Mer cat or
conf ornal , obl i que or t hogr aphi c, Lanbert, Robi nson

sinusoidal, MIller, and Peters projections. Options are
avai lable for filling map polygons with colors, shading, or

patterns to indicate the values of a variable (for exanple,
average crime within each district). It is also possible to
include the value of a variable within a polygon by using
contours or icons.
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