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NEWTON:
PINBALL WIZARD?

Larry H. Ludlow’

Kathleen A. Haley
Boston College

n 1981 the first author worked as Geoff Master’s MESA

Psychometric Laboratory assistant. His task was to write

code for the partial credit Rasch model. While testing

the program a computational problem was encountered

that did not make sense, regardless of how, or how of

ten, Geoff or Ben tried to explain it. The problem was
that some of the calculations were shrinking to zero and the
program was crashing. Geoff and Ben explained this phenom-
enon as a failure to converge on the part of the Newton-Raphson
technique. That explanation did not mean much to him then
nor does it mean much now to many of our beginning psycho-
metrics students.

In these days of specialization, it is amazing and hum-
bling to reflect on the great number of areas in which Newton
not only had interest, but great influence. Optics, astronomy,
chemistry, physics, and mathematics are notable examples. An
Alexander Pope couplet is often quoted to demonstrate
Newton's influence in his lifetime:

Nature, and Nature’s Laws lay hid in Night.

God said, Let Newton be! and All was Light.

Newton's beginnings, however, were not auspicious.
He was born dangerously prematurely and was lucky to sur-
vive. His father died before he was born, and his mother was
absent for much of his early childhood, having left him with his
grandmother when she remarried (Christianson, 1984).

Although his work changed science in ways we rarely
think about, one of his greatest contributions to our field was
in pure mathematics. His work in the invention of differential
calculus allows us to find minima and maxima of curves, with-
out which we would be missing many standard statistical tech-
niques. In addition, while trying to solve Kepler's equation for
the position of a planet at any given time he developed a nu-
merical procedure for solving higher-order polynomials that
could not be solved using calculus (Pepper, 1988).

The rationale behind the technique is relatively simple.
That is, if we don't know how to obtain a direct estimate of a
parameter, then use a rough initial estimate that we can itera-
tively adjust. Different numerical analysis strategies exist for
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obtaining initial estimates, their subsequent adjustments, and
the final estimates. Newton’s contribution was that he devel-
oped the first practical technique for solving such a problem.

The technical detail is standard material in numerical analysis
texts and is included in the appendix.

The way the original programming problem came to
be understood, however, was by printing out all the intermedi-
ate values of the calculations and then plotting them.

Figurel
Newvion-Raphson Divergance
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Figure 1 illustrates the situation that prompted the study of
the Newton-Raphson technique. In this situation we see diver-
gence, or a failure to converge. The initial, intermediate, and
final calculations (see Table 1) in the iterative process to ar-
rive at the logit ability estimate for an extremely high raw score
are plotted. The estimates (3) become more extreme as the
part of the equation that reflects the precision of the estimates
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