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JURIMETRICS -~ SCIENCE AND PREDICTION IN THE FIELD OF L&W

Science and law have been linked in men's speech esnd thinking for
centuries. Indeed, 1t wes guite cowmon for writers of an earlier era
to refer to what they cslled the ":aacieﬁfce of lew". However, it mey be
‘sa:’(‘e:i:r agsumed today that mnyone who uses such & phrese seriously does
not understeand science, whatever he moy know of law. (onsideration of
‘the presen‘t; relationship between low and sclence must begln with the
recognition that modern sclence and contemporary law are separabte disci-
plines, which, so far, have had relatiwvely little influence on one ancther.
Science, in one sense gt least, is a8 old as the self-conscious humen -
mind. Whenever men heg been engaged in the investigat_ion of phenomens
by observebion, measurement and experimentetion, there has been scientific
activity. However, science as a sepsrste gnd gelf-comsclous discipline
is & relatively recent development in men's history. James Conant heg
observg& that: "“As one skims the histories of the nstural sciences, it
seems clea;: thet in the embryonic stages of each of the modera disciplines,
violent polemics rather then reasoned opinlon often flowed most easlly
from the pen. . . « But if I read the history of science in the Seventeenth
end Eighteenth centuries rightly, it was only greduslly thet there evolwved
the ides that a sclenfific lvvestigator mugl impose on himself a rigorous

self-discipline the moment he enters his lsboratory". 1/

y Jsmes B. Conant, On Understanding Science (1947}, pp. 6»-'5’,



By the end of the Nineteenth Century, the inbtellectuel movement
which begen slowly in the Sixteenth and Seventeenth centuries with
Corpernicus, Vesalius and G__aliled had developed into a self-conscicus
and integrated discipline calling itself science. It Had produced a
substential body of les,ming; end leid the foundations for most of the
gdvsances in this field thet have occurred since then. The power zand
achisvements of science had by then become so impressive that they seemed
1o promise & wmethod of solving all problems, soclal snd legal, as well ag |
those arising out of the physical environment.

The great scientist Kerl Pesrson, writing in 18092, expresged the
spirit of his age when he gaid: "The clegsificabtion of facts and the for-
mablon of sbeolute judgments upon the basgis of thies clasgification -- judg-
ments independent of the idiosyncraciesg of the Individuel mind -- esseatially
sum up the sim and method of modern science. The gelentific map has shove
all things to strive at self-elimination in his judgments, to provide an
ergument which is as true for each lndividual mind as for his own. The
clapsification of facts, the recogmition of their sequence and relative
siginificence is the function of science, end the hebit of forming a
Judgment upon these facts unbilased by personal feeling is characteristic
of what wmey be termed the scientific freme of uwind. The seientific method
of examing facts is not peculisr to one class of phenonmena and to one clasge
of workers; it is mpplicable to social, as well as to physical, problems,
and we must carefully guard ourselves ggainst supposing thet the sclentific

freme of wind is & peculiarity of the professiomsl scientist®. 2/

2/ ¥arl Pearson, The Grammar of Science (First Bdition 1892), Chapter 1,
fection 2.



The same views were expressed by the gre:&:t lesyer snd haxdaet, Oliver
Wendell Holmes, speaking in 1895 when he said: | “an ideal gystem of law
shouwld draw its postulabes and legislsilve justifications from science.

A3 it is now, we rely upon tredition, or vegue senbiment, or the fact

thet we never thought of any other way of doling things, as our only warrant
for rules vhich we enforce with ag much confidence ag if they embodied
revealed wisdon". 3/

Holmes reitersbed this theme wore then once; and he spoks for a
school and a generstion of legal ‘realiste when he declared: eox the
regtional study of the law the black-lebtter man wasy be the man of the present,
but the wan of the future is the wan of statistice and the master of
economics™. 4/ |

¥ ® %
"The growbth of education is an increase in the knowledge of measure. To
use words Familiar to logic and to selence, It 1s s substitution of quanti-
tative for quallitetive Jjudgments, . . « In the law we only occaglonally
oen reach &p sbsolubely finsl end q;ussrﬁit&ﬁ:iw, c’i&termin&ﬁim, hecause
the worth of the competing msocial ends which respectively solicit a judge-
ment for the plaintiff or the defendant cannot be reducsd o nuwber and
sccuaretely fixed. The worth, 'bhét i8, the intensity of the competing
desires, varies with the verying ideal of the time, and, if the desires

were consbant, we could not get beyond & relative decision thet one wes

3._/ pliver Wendell Holmes, Leerning and Science, in Collected legal Papers,
p. 139.

4/ oliver Wendell Holmes, The Path of the lLaw,in Collected legal Papers,
ps 197.



grester and one was less. But 1t iz of <the essence of improvement thet

we should be as accurasbs 28 we can. ¥® ¥ % I have tried o show by exsmple
gomething of the imterest of science as epplied to the law, and to point
out some possible improvement in our way of approaching practlcsl quesiions
in the same gyhere. To the latter sttempt, no doubt, meny will herdly be
ready to yleld me thelr assent. Pubt in thet event, as in the other, I
heve hed in mind an ultinmete dependence upon science because 1% is finally
for science to determine, so far as it can, the relative worthk of our
different scclal ends, and, as I ha:;e tried to hdnt, 1t is our estimate of
the pi‘oport.imn between these, now often blind snd unconsclous, .tha't leads
us té insist upon and to enlarge the sphere of one principle and to allow
enother greduslly t§ dwindle into atrophy. Very likely it mey be that with
all the help tl*.xaﬁ statisbtics and every modern spplismce cen bring us, there
never will be a commonweelth in which science is everyvwhere supreme. But
it is an ideal, and without ideals what is life worth ?" 5/

The Twentileth Century has seen thel most spectacular edvances in the
achievements of science snd ibs products, as well as in the proliferation
of legal rules aund pracedents. I then the foresight of those who spoke
for the Nineteenth Century wes sound, it would be reasonsble to expect
that sclence should by now have made abt lesgt some sﬁbst&ntial ccmhﬁ?utions
to the sclution of bassic legal problems. However, realism t:ompéls the con-
clusion that scilence hag conbributed little, if anything, to the solution

of soclal problems. Indeed, it mey well heve exscerbated latent problems

5/ Oliver Wendell Holmes, Law in Science -~ Science in lew,in Collected
legal Papers &t pp. 231 and 2bh2.



op even cresbed new ones.

This inmedistely poses a challenge to gesk the resson for this
failure. Hes scisnce felled %o fLﬁ.%'gI?EO its promige? Haveé we Pfalled %o
recognize or utllize the ansyers provided by science? Or was the ineight
of eariier thinkers in error, and is sclence necesssrlly concerned only
with physical phercmens, and inappliceble to soclal Pields?

It seems to me that we camnot yet give an unguallfied answer ‘o any
.oi’ thege questions. However, part of the éifficizlty guite obvipuﬁly gtens
from the fact that we have asked sclence the wrong questlons, spnd set it
the wrong tesks. We have expected science to distill soclal polilcies Trom
a best tube or a retort, much as Aladdin summoped & gerdle by rubbing e maglc

jemp., We have ima.giﬁeﬁ that social sclentists could produce tables that
would permit us to read thé muerdcal walne of couwpetlng interegis and de-
gires much ag the mnathemsticlans have produced for us tables of logerithms,
sines end cosines. With the recent advent of electroniec computers, some
now have the impression that we may be able to produce or construct &
%nachirze tha't: will give the answers to legel questions, or at least glve usm
reagongbly sccurate predlcetions as to the juddeisl decision of legal issﬁes‘
All of these expectalions seem unfounded and equally doomed to frustration.

It must be réccgnized thet the bterm "sclence" i ditself ambiguous
and no more easily defined then is the term "lew". 6/ “"science" may refer,
variously, to accuwnulsted bodies of knowledge on specific subjects, to the

material products of these bodies of knowledge, to the bodies of professionals

6/ lee loevinger, Jurimetrics, 33 Minn. L.R. 455 (1949)



wio are engaged in reesearch in specific fields, to specific technigues
of research employed by such pmfessiﬁnal gelentists; or to certain
common charscteristics of methodology and conceptualization which are
thought to typify ’&:hé activitiés of gcientiste. It is not iwportent that
we should seek or find gome particular definitive meening for “science®.
What iz important is that we should be shle 4o examine fields in which
hunan knowledge snd power hove been successfully incresased end to borrow
from such fields s0 much as mey be sdaptsble to our legal and social
problems.

When we exsmine the fields of science from this viewpoint; it be-
comes apparent that there are at lesst two great categories of work and
achievement. In the current jargon, these are known as the fields of
"hardware” and "software’. "Hardware" mesns simply the mechanical devices,
the physical machines that sclence hasg produced. "Softwere" means the
intellectual systems of designs and concepts that have been produced.
Science offers us bofh mechanical and intellectual tools. But we must
recognize that it offers us no more than tools. Selence hes produced
many marvels for recording, reproducing and transmitting langraage; We
have dictating and transeribing machines, electric typewriters, tele-
typevwriters and radio telephones. However, science hssg not produced and
does not promise to produce s mecheanical secretary, much less an author.

It is often sgald that science has transformed our lives. It is
necessary only to mention the machines that have been developed in order

to realize how fundsmentelly our living has béen changed. Think of the



printing press, the railroad, the subtomobile, the ailrplsne, electric
genersbors, the telegreph, the telephone, radlo, televislon end, perheps,
moat momemtous of all, the atomic bowb.

However, i% ig not really the fact that these things have chsnged
our wey of living. This is merely & figure of speech. In trubh what has
happened is that we have changed cur own llves in adapbsbtlon o these
nmeckines, and their opportunities, their promises, and thelr threats. It
is neither reasonable nor realistle to expect the invention of & maechine
that will do for us, only more rapldly and with less human efforﬁ, the same
thing that we have been doing inefficiently for ourselves. FRether; whet
science offers us is ftools that m‘lllpemit the same "ahing_s- to be done
in & nevw way or things ﬁo be done &z&t coxld not have been stbempted pre-
viocusly. However, the utillizetion of both the mechanlcal and the intellec-
tual tools of scilence requires the adaptive effort of those who have tasks
to be performed. The applications of sclence to human affalrs are not
self-execubing. They require the activity snd the effort of those who
would secure the benefits -- or detriments -- of the resulis. Instruments
of communication sre mute until men gives them words. zsiems. of transporte-
tion are sbatlonsry until mean guides them to thelr destination. Instru-
ments of observation are useless until man employs the telescope to search
the outer reaches of the cosmos, or the microescope Ho exanine the luner

cravices of the microcosmos.

Before we can eumploy any of the tools of science, we must first

understand them, Therefore, I suggest that the most promising avenue of



legal progresgs in the contemporary world is the path of jurimetrics.
This ig the study of lay and legal problems by scientific methods and
concepts, the employment of sclence in law to the extent that it is use-
fully applicable. |

The most useful and significant of the tools that science now offers
to lew ere the intellectual, rather than the mechanical, tools. Theee
gre mumeroud, complex and subtle and T certainly wske no pretension to
g personal understanding of all of them; much lessg an ability to amé.lyze
or explain them. However, there are certain basic concepts of sclence
which are of sufficient generality and significance to be both comprehen=
sible and importent to all those who are concerned with the intellectual
foundations of eny contemporary discipline. The f£irst end perhaps the
most importent of the basic concepis of sclence is that of having realistic
criteris of meaning. As Hans Reichenbach pubs 1t: "Statements sbout
reality have sense only if they can be tré.nslated into statements gboub
real things ; the reference of the e«._rents in the world to ideal entities of
ghostly character, like an gbsolute time moving along of itself, or an
absolute space, is avoided on pﬁnciple.."_'_}'-/

0f course, scientific reality .is not confined to tangible things.
sciénce dealeg also with abstract concepbs. However, these too must wmeet
the crifterion of realiém. P. W. Bridgman, in & now classic statement, has
put it that: "In genersl, we mean by any concept nothing more then a |

set of operations; the concept is synonymous with the corresponding set of

7/ Hens Reichenbach, Atom end Cosmos, p. 5k



operations. If the concept ilg physical, ss of lensth, the operations

gre actusl physicel coperstions, namely, those by which length is measured;
or if the concept is wmental, a% of mathematlcal continuity, the opersiions
gre wental coperstions, nmmely ﬁhose by which we determine whether a given
sgpregate of magnitudegis contimous. # # *Eégconsquence of the operational
character & our concepts, . . » ip that it is quite possible, snsy even dis-
quietingly easy, to invent expressions or to ssk guestiona that are meaning-
lesg. It constitubes a great advance in ocur criticald attibude toward
nature ﬁo realize thet a grest many of the questions that we uncritically
aslk are without meaning. If s gpeclific guesbion hes & meandng, it wust

be possible to find operations by which an snsver may be given to it., * % %
This matter of meaningless questions is a veyy subtle thing which may poison
much more of our thought than that dealing with purely physicel phenomens.

I belleve that many of the questions asked about social and philcsophical
subjects will be found to be mesningless when exsmived from the polnt of
view of operations. It would doubtless conduce greatly to clarity of
thought if the opgraxianal mode of thinking were adopted in all fields of
inguiry as well as in the physical. Just as in the physical domain, éo

in other domsine, one is meking a significant statement about his subject

in steting thet a certain question iz meaningless'. 8/ Thus, in any
scientific view, a maaningfu; statement must be oue the truth end falsity
of which entail different consequences that are subject to investigation

objectively, at leasst in principle.

8/ Pe W. Bridgmen, The Ioglc of Mpdern Paysiecs (1927), pp. 5-6, 28-30.



A second basic concept of the scientifie view is thet qf quantifi-
cation, and the limits set to it by the pervasive fact of indeterminacy.
I% is, of course, generslly recognized that sclence deals lorgely with
numerical degcriptions of phenomens. However, 1t is not go genersally
understood that numbers may heve different meanings depending upon the
warmer in which they arve used. Ordinserily, numbers are used to indicatbe
measurement on an intervel scale. Thus, in the most cbvious example,
ve measure space by inches, metersg or some other simllar convenient unit.
Although not so simply messured, such things as time, weight, volume, speed
a&d temperature are slso measured on inbterval scales. The differences
between pointes on such scales separated by the same number of unlts is
the seme regardless of *Eh.e position of ﬁxesa points on the scale. Thus,
the digtance betws=en the one inch and the two-inch mark on & foobt rule is
just the same ss the distance from the il-inch to the 12-inch merk.

I conbrast, we may also use scales that ere pimllsxly marked off in
numbers but on which the numbers indicate only thé order of cccurrence and
heve no other guentitetive significance. Perhaps the most elegsut example
of this iz & besuty contest in which & number of superlstively attractive
femsles may be rated as Number 1, Humber 2, Humber 3, and so forth, without
'emy insinuebtion thet the differences in their pulchritudinous merits are
measurable other than hy such s rank order srrangement. This is an ordinal
gcale., Such scales are used for meesurements of skill, performance and
intangible ¢ualities such as vintelligence. A very eimple ordinal scsle is

used conventionally iu the lew for measuring the guantum of evidence. Thus,

10



in every lawsult tried on factual issues, the Court must reach a deter-
mination that one side has or has ot pregented & greater quaﬁtum of evidence
then its sdversary, although no other quaﬁtitative mesgurs of the evidence
is attempted. |

A third type of scale; used for some special types of messurement,
is a ratié peale.  The most common exsmple of this is the ordinary slide
rule. An example of & practical aspplication of the retio scale may be found
in the logarithmic pspers thet are sometimes used for computing investment
profits. To glve a simple illustretion: if & securily costing $2.00 increases
2 pointe in price, going up teo $4.00, the investor has doubled his invest-
ment. On the other hand, if a security costing $100 goes up 2 points in
price to $102, the inves%or has made oaly 2% profit on his investment; and
his security will have to increase 100 points to give him double his original
investment.

The most important practical distinction to be noted here for lew 1s
that bebtween cardinal and ordinal mmeretion. When a mumber is used to
indicate the resulis of measurement on an interval scale, sa.whén height,
welght, time or speed are indicated, it hes an altogether different signifi-
cance than when it is used to indicate position on an ordinal scale.

Another fact which frequently escapes notice in view of the fantastic
precision of which sclence 1s becoming capsble in meny fields is that all
megsurements and quantitative determinetions are ouly approximate. Many
measurensnts can be mede with a degree of precision thet far exceeds any

practical need or spplication. Nevertheless, 1t remsins true thet there
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is an egcapable degree of indeterminacy in all of our gueniitetive
measurements. Furthermore, P. W: Bridgmen adds, "All experience seems
to be of this chesracter: we never have perfectly clean-cut knowledge of
anything, bubt all our er;eefiezxce is surrcunded by a twilight zone, a
penumbrs of t_mcerta.in't;y, into which we have not yet penetrsted. # ¥ ¥
It is a general conseguence of the spproximete character of all measure-
menbs that no empirical science can ever meke exsct statements. This
was feirly obvicus in the czse of wmechendes, but It reguired s Gauss to
convince us that the geometry in which we &re interested as physicists is
an empirical subject, and that one cennot say that actual space is Buclidean,
but only that actusl space epproaches to ldeal Euclidean spece within a
certain degree of s;pproximation". 9/

Thus, while the data of secience are commonly expressed in msthemsticeal,
freguently oumerical, teruws, they also commonly carry thelr own indicis
of indetermiunscy. In order teo undersband this languaege of science, it is
necessary to have at least sowe knowledge of the elements of mathemetics.
The range of this subject is far too great, and its nalure too complex and
profound, for cursory discussion. It may, however, be pertinent to note
that mathematics is & langusge of extraordinary subtlety and expressiveness
for the statement of exceedingly genersl sbstract conceptis. As & language,

it hag its own rules of grammar, syntax and internal operation. It is

9/ P. W. Bridgman, The Logic of Modern Physics (1927), pp. 33-3h4.



not in itself an empirical discipline; but it hag become the indispenseble
means by which we are able to test the consistency of hypotheses wit
bodies of empiricel date snd with systems of concepts, and to apin out

the implicetions end cc%mehuenceé‘z' of hypotheses.

| The brench of mathemastics that appears to be of the most immediste
practical ubility in the Tields of law and the behavioral sciences is
stetistics. There is much in statistics that is of present practical
gpplication in day-to-Gay legal pmblems and 1t bhas good cleim te be in-

cluded in every law school curriculum.

13



The conditions for the use of statistical matier are that we be
dealing with numerical dste and that we be dealing with a universe of
which we hamve either a auﬁplete censug or a representative sampls. 4
valid semple of a universe requireg that there be either a completely
random selection or that there be s purposively structured selection.
In either case, the mumber in the sample must be sufficlently large to
insure that the sample is representative of the universe in view of
its mode of selection., There are statistical techniques for dster-
nining the validity of selection of a sample from a given universe.

The character of a universe can be determined from & valid semple
by statistical measures of central tendency and disgpersion. The most
comnonly used and ﬁnderstoad measure of cenitral tendency is the
average or the srithmetic mean. However; this is frequently a very
pizleading index., Thers are many situetions in which it is more wvalid
to use some other measure such as the medisn, or the midpoint of the
renge, or the mode, which is the most frequently oceurring measure in
the distribution. There sre other measures of ceniral tendency, but
these are of greater technical complexity and more speclalized use.

The range of distribution is the simplest and most commonly used
measure of dispersion, However, like the arithmetic mean, this is
sometimes s misleading index. More sipnificant measures may be stand-
ard deviztion, which is the range that encompssses two thirds of all
the cases or the mesn deviation, which is the average of deviations of
the items in s distribution from their erithmetic mean. There sre also
several other messures of digpersion which asre of verying complexity

and adapted to usge in a variety of situations.
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One of the most important uses of statistics is the determinstion
and expréssion of degrees of correlation. Correlstion is a mossuve of
the relationship between two sets of values; ss, for example, between
height end weight. It ig commonly expressed on & unitary numerical
scale, on which mero indicates that the two values occur independently
of sach other, lacking eny correlation, and 1 indlcetes that there is
perfect correlation, so that & value in either get will indicate the
magniﬁuda of a corresponding value in the other set. |

Correlation is cleosely relsted in logical snalysis to the con-
cepts of ceusation and probability., Without becoming mired in the
philosophical and legal quagmire of caussbion, it mey be noted that
there is some grcun& for supposing that the most sstisfactory visw-af
causation is to regard it ass a limiting case of correlstion, In any
evenf, whether regarded as analytically sepsrste or related concepts,
from s scilentific viewpoint, both correlation end casusstion are in-
geparably based upon some notion of probability.

One of the most fundamental, ubiquitous and useful.eanceptual
tools of modern science is the concept of probability. Indeed it is
doubtful if one may pursue eny contemporary inquify beyond a relatively
superficial level without encountering or employing some use of proba-
bility. On the other hand despite the earnest inguiry and often profound
thought that has been given to the issue for more than a century there
is not yet any single meaning that is universslly regarded as definitive
of this concept. There are however, a number of wiews of the proba-
bility concept, which msy indicate that it is used with some variety of

meanings.
15



The most widely accepted scientific view of probebility is a
vefinement of the classical formulation of Laplace, who defined proba=
bility as the guotient obtained by dividing the mmber of favorable
cases by the nuitber of equally possible cases, The frequency definition
of probability avoide tﬁe reflexive character of the classicsl defi-
pition inherent in the uge of the term equal possibility. The
frequency definition of probability, sometimes called the von Mises-
Relchenbach definition, states thst probability is the frequency with
which an event of a specified kind belonging to a category of events
oécurs within 2 seguence of events of that category., For example, the
probability of s coin coming up heads or tails is defined as the |
relative number of times that the coin comesz up heads or tails in a
series of events in which the coin is tossed so that it may come up
either heads or tails, By thie view, probability stetements are objective,
but they esre mseningful only if we can give a frequency interpretation
of them, which requires that all events as to which such s statement
is made must be instances of a class of similar events..

The obvious limitations of the frequency concept have lead to
sttempts to formulate slternative theories of probability. In sharpsst
contrast to the objective definition isa iha subjectivé definition, which
states probability to be merely an expression of the degree of confidence
or doubt with which an sssertion is made. The difficulty of attsching
any numerical value to e subjective feeling, as well as the other obvious
objections to it asla.term in public discourse, have prevented this

theory from securing much adherence emong logicians or scientlsts.

16



Nevertheless, we must recognize that this is the populsr sense in which
the term is most frequently used, snd as such has considersble currency
regardless of loglcel justification,

The most sophlisticated alternative to the objective theory of
. probability is the logical proximity theory suggested by J. M. Keynes 10/
and developed most recently by Rudolph Carnsp. 11/ By this view, proba-
bility is a special kind of logiéal relation between two statements.
The extreme cases sre those of derivability and comtrediction. Between
these lié;it.ing extremes, probability repfssents the degree of confire
mation of the conclusion on the basie of the evidence whic;h we take as
the premise. Carnep declares that this concept is the foundstion of all
inductive r‘easening;, and has undertaken to formulaste what he claims to
be a guantitive system of inductive logle, or a msans for specifying the
degree of probability of the conelusion from non-quantitive evidence.
I confess to some difficulty with these efforts to quantify inference
on the basis of non-guantitetive slgebra, and find the proposal some-
vhat more pretentious than productive, Nevertheleas ; there is at least
a promise of plaugability in this theory, and it may be of significence
to those who work in an area in which the freguency theory inavitability

encounters great difficulty.

10/ J. M. Keynes, A Treatise on Probsbility (1921)

11/ Rudolph Carnsp, Logical Foundationa of Probebility (1950)



4 Tourth major slternative view of probability seeks to combine
the elepments of the frequency snd the logical proximity definitions. '
This is the truth-freguency theory, which is the suggestion of C. 5. Peirce.
The truth-frequency theory states that probability is the frequency with
which & proposition of & specified cless is true if there is ag much |
evidence Tor 1t es there is for other propositions of thaet class. For
exanple, suppose we take as the class those judgmesnts thet have been
established by proof ¥beyond a reasonably doubt® (whatewer thet may msan),
Let us further suppose that we have esbsblished by past investigetions
that out of one hundred cases in which such a quantum of evidence
has supported the judgment, the judgment has been found to be trie in
99 cases. It then follows thet the probability of a judgment being true,
if it belongs to the clasgs of judgmenis supported by evldence beyond a
reasonsble doubt, is .99, Conversely, of course, this also means that
out of every one hundred such judgmenis, owe will be false. The
difficulty with this definition .obviously is thet it, too, may be
reflexive, in that most of the propositions for which we geek to glve
such a probability velue have nothing in common except the probabllity
value sssigned. But this difficulty iz not theoretically inescapabls

and thig ig at least a potentially useful view of probesbility.

12/ C. S. Peirce, Chance, Love and Logic (1923)
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Although it hes generally escaped the notice of non-sgeientists,
all scientific concludions are ?robability stetements. Science reaches
no judgments or conclusions, and makes no predictions, except in terms
of probability. As Kexl Popper hes pointed out, since the dimension
of all probability statements is infinite, no experimental results,
however numerous or favorgble, can firmly establish g relative frequency.
In principle, therefore, probabllity statements are neither strictly
falsifiable nor verifisble and do not rule out snything observable.
However, as & practical matter, probability statements may be utilized
methodologically as if they were empirically falsifiable and verifiable,
and they are subject to varying degrees &f corroﬁoration° The signifiecance
of this differentistion between proof and corroboration is that empirical
statements.never become fixed or absolute beyond further challenge or
investigation. Thus, sclence remains an open systemlcn both the theo~
retical and the prectical level.

It is this characeteristic which has accounted for most of the
scientific progress of the Twentieth Century. The new theories of physical
science bave neither falsified nor supp}anted classical principles.
Rather, they have shown that the classical principles are not universsl
but valid only within limited spheres. The principles of relativity
and quantum physics are applicable in areas beyond those to which New-
tonian mechanlics can be applied; and it seems likely that if men continues
his guest for understanding, we mey develop theories and principles that

go beyond any of those now known.
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In science, as in law, the most practical applicationgof princi-
ples are those which enable us to make predictiOHS:. In this eonnection,
it is indispensable to note.that the techaiques of prediction are thes
same as the teehniques of analysis, which have been summerily reviewed
in the foregoing discussion. Analysis is nothing more than the process
of prediction applied to past evenis, Or what ope mey call postdiction.
Prediction, on the other hamd, involves interpolation or extrapolation
from an analysis. There is no objective way of wvalidating an apalysis
except by extending it tc an unknawﬁ cage by predictlon or postdiection
and then determining the degree to which observation corrcborstes it.
Thus, regardless of its character, any valid snalysis cen be utilized
for purposes of pfediction; and there can be no such thing as prediction
except as it is based . upon an analysis cf the phenomsna involved. Further-
more, every prediction with any pretension to scientific val;dity or foundas
tion, is simply a probability atatement.

This raises the problem that has caussd slmost as much difficulty
as the definition of probability itself, which is the mesning of prob-
ability as applied to the insteuce of a single case, It is the pgeneral
view that the freguency theory of probability is simply inapplicable ta
the insténce of the single cassz. This is not, as somstires assumed; be-
cause the single case is unique or because it is not capable of replicatiocn.
Unigqueness is simply a matter of degree and is not & categorical distinc=-
ticn of any éase with which we deal. Every case ishunique in some aspect;

but no case that wes are capable of considering or discussing is wholly



unigue, or we should have no means of either conceiving or discussing
it. HNeither is the impossibility of replication the objection to ap-
plication of frequency probability to the single case. A freqﬁsncy
probability judgment is as inapplicable to the single toss of a coin
as it is to the prediction of a single lawsuit. Obviously, the toss

of a coin can be rveplicated; and, indeed, coin tossing as a class of
events is the classic example of frequency probability. The difficulty
has been that it is impossible to give a rigorously legicsl meaning to
a freguency probability prediction about a single event, such as the
toss of a coin or an individusl lawsuit.

It seems to me that this logical dilemms suggests that the term’
probability may be used in different sensges in different situations.
From the operational viewpoint, probability obviously means the opera-
tions by which we derive s particular probability value. Ordinarily,
these will be the observation and counting of past cases. However,
wvhen we are seeking to predict the results of a single Tuture case,
-what we are apparently attempting to invoke is & degree of confidence -
as a basis for action. In any event, we can and do rely ﬁpon prob~
ability Jjudgments in predicting the outcome of single cases, and such
reliance is Justified by the criterion of suceess. It may well be that
we can convert a probability statement derived from the frequency of
cccurrence of past events to a probability statemsnt applicable to
future events with a truth-frequency significance. This would avoid
the theoretical difficulty of applying a probability judegment to a

unique case by synthesizing a category for every case. Each case,



regardless of ite other charscteristics, would then belong to the
category of other cssed having an equel probability value,

When we seek to apply these principleg to the problems of legal
prediction, a few more observations must be made. To begin with,
we muét reaégnize that legsl prediction is the activity in which
lawyers, and for that matter citizens in all occupations, are commonly
engaged. The effort is obviously not uniformly successful and there
are inconsistencies and failures both for lauwyers and for citizeng
in every variety of situation; Nevertheless, there are also notsble
successes and, as Karl Llewellyn has recently pointed out, the common
lew tradition supplies a good many elements of stability to the frame-
work within which'legal prediction is ordinarily made. 13/ The question,
therefore, becomes whether the data and methods of science can add
anything substantial to the art of legal prediction as presently known
and practiced by those leerned in the law.

Thg ﬁechniques thet mey be applicable to legal prediction depend
to a large degree upon the stage of legal proceé&ing at which the -
attenpt is made, The circumstances that call for attempts to predict
law may be roughly classified into four categories, First, it is
gometimes desired to determine the law in relation to prospective

future action before any sction has been taken, The facts in such a

13/ Karl N, Llewellyn, The Common Law Tredition: Deciding Appeals (1960)

22



situstion are wholly hypothetical end still subject to control,

Second, it is eometimes desired to determine the law with relation

to s situatioﬁ in wﬁieh gome action hag been tsken, so that c%rtain
facts have been estublished, but prospective action is gtill possible

50 that some of the facts are yet hypothetical. Third, it is

frequeﬂ'ﬂy necessary to make a prediction sz to probable sdjudication
wi‘th respect to fectusl situations in existence when litigstion is
contemplated; but not initiated. Fourth, it is also freguently necessary
to predict the ultimate outcome of pending litigaticzi either st the
trisl court or at the appellate court level.

It ghould be noted that in each of these situations the function
of legal prediction .takes the facts of thé case as premises which are
given, and congiders only the problem of determining law in such a
sontext, OF course, this is & great o%rsimplification of the actual
problem, The determinstion of facts in e case is ordinarily the con-
trolling function. It is frequently true that a relatively small
difference in finding or viewing the facts will be the determinative
point in the epplication of differing legal principles. Much, and
perhaps most, of the uncertainty in legal prediction arises from the
-inability to forecast what the facts will be, or what the courts will
infer them to be from the evidence, or even what the evidence will be
upon trial.

4 must be kept in mind that the courts never know the facts of
any casge, and lawyers éeldom do., Courts snd lswyers alike are

ordiparily limited to a knowledge of the evidence which is, st best,
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a pertisl and rot éltegaihef asourste indication of what the fects
are. 14/ |

The isgues of fact determinstion asre still empirical problsms which
are essentiglly the sams as those with which sclence deasls in other
figlds. In the area of fact'determinatian, the law has alresdy adopted
many of the techniques and date of science, Modern erime detection
services, such ss the FBI, utilize highly-developed scientific
isborstories in which 211 of the physical and bioclogical scieﬁces aye
employed in the detection of crime and the identification of criminels,
Medical science 1s, of course, employed extensively and hsbituelly by
the law in metters invelving personal injury emd similar factuel issues.
The physical sciences ere also employed in the testing apnd identification
of questioned documents. The physlcal sciences asre utiliged, both
practically and thecoretically, in determining such metters as the speed
of vehicles, braking distances and the force end direction of impact
in collisions. Science has heen less successful in developing techniques
for testing the truthfulness and reliability of-testimpny, and the law
has been much more skeptical of the technigues that have bsen developed.
Nevertheless, a significsnt amount of work has been done in the field
of the detection of testimonial deception, and the egtablishment of
legally scceptable techniques in this field:eppears to be only s matter

of time, Considersbly less has been done in the field of developing

14/ Lee Loevinger, Facts, Evidence and Legal Proof, 9 Western Res. L. R.
154, reprinted in Henson, Lendmarks of Law {1960) p. 422
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methods of testing testimonial relisbility. This sppsars to be a
problem which should challenge both the legal scholear and the
psychologist, and it may be hoped that their joint effort will
produce some useful resulis within the next few years. In sddition
to the reliance upon numerous sclentific technigues, the law hae made
great strides in its own procedurs for fact determination, principally
in the mumerous devices for pretrial discovery of evidence, A1l of

these together have,; Yo some extent; mede determination of the evidence in

& case much more predicteble,
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But, despite the adoption of -all these devices, 1t still remains
true that the determination of facts is the greatest single element of
uncertainty in the overwhelming wajority of cases. In those situations
in which prediction is attempted while the facts are still wholly or
partially prospective the difficulty is that the facts which actually
develop may not correspond altogether with those that were postulated;
and, even if they do, the evidence finally addﬁced in court may not in-
dicate this to the judge or jury. Where the facts are already matters
of history, there are most commonly great differences iﬁ the views taken
of them by different parties, and evidence is notoricusly unpredictable.

There is one further point that might be worth noting in this con-
nection. Legal prédiction is commonly thought of in terms of the pre-
diction of appellate decisions upon a settled record. Academic and
scientific study of the problems of judicial predicition has been con-
fined almost wholly to this situation. But this concentratiqn of atten~
tion unquestionably over-emphasizes the practical importance of predic-
tionbat this stage. It is of far more impoftance~to most people, including
Jawyers and businessmgp, to be able to make legal predictions prior to

itigation than after the conclusion of a trial in court. The situations
in which pre—trial predictions are required arise far more often and the
range of choice is vastly wider, and therefore more significant, than
the situations requiring prediction after litigation has been started.
Although statistics on this matter are very difficult to come by and not
at all reliable, as nearly as I can defermine, on the whole, less than
one-fourth of the potential law suits coming into lawyers' offices ever

result in the filing of a case. Out of the cases that are actually filed
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in court about 20 percent are brought to trial. Of the cases that go
to trial less than 10 percent are taken to judgment and appealed., Thus
the total number of situations in which legal prediction is of signif-
icance with respect to an appellate decision after trial constitute less
than one-half of 1 percent of the situationé in which lawyers deal with
potential law suits. Considering the large number of situvations in
which the lawyer's predictive ability is called upon for purely advisory
services, it is aﬁparent that appellate decision prediction is directly
involved in a very small proportion of legal prediction problems, While
it may be said with some justification that legal prediction generally
is made upon the basis of what somwe hypothetical appellate court would
decide, genuinely useful techniques of legal‘prediction must be such as
can be utilized whenever a legal problem arises, regardless of its stage
of procedural development.,

The cne fact that is inescapable is that some ﬁethod of legal pre-
diction is indispensable. Legal predictions are constantly being made : -
and must be acted upon. There is no man in business today who does not
depend largely upon either explicit or implicitllegal predictions in
much of what he does. In this day of increasingly complex laws and reg-
ulations, the ability of even the ordinary citizen without a business of
his own to live a happy and secure life and to stay out of jail depends
upoﬁ his ability to make at least some legal predictions, Therefore, we
must do the best we can with this problem and it is incumbent upon the
légal profession to develop and utilize the best methods possible for
the making of the most rational legal predictions,

To this end jurimetrics, or the employmeﬁt of science in law, now

offers great help. While the study itself has not yet been fairly
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initiated, from what we know already of science some conclusions can
be ventured.

To begin with we must be clear that science offers us neither
ultimate nor certain answers to legal problems. The dream that science
might some day tell us which of several competing interests was the more
important is & vain one. Science essays no such answers in anmy field.
Science does not assign social or ethical values. Science may, indeed,
provide data from which social or ethical judgments may be made; but the
Judgments will remain with man. Further, even as to the data and the
principles which science may offer us as information, there will be no
certainty. The data of science are stated in statistical terms and pro-
babilities, and absolutes or certainties are, if nothing else, unscientific,.

However, the indeterminacy and uncertainty of scientific data and
principles are not to be taken as an impeachment of their validity or worth.
On the contrary, these are intrinsic guaranties that fhe data and their
validity are precisely as répresented and are not overstated. Thege gerve
also to remind us that all human knowledge and experience is similarly
uncertain, and indeterminate to a degree. We do not escape from the in-
determinacy and uncertainty of science by postulating categorical absolutes,
We merely deceive ourselves into supposing that we are wiser than we are,
and court the possibility of error by overlooking the limitations of
our knowledge and the extent of our ignorance.

The most promising immediate contribution that science proposes to
make to the law is in the field of data retrieval, Within the last few

years, there has been an almost explosive development in the scientific
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methads of data retrieval. Ve nov have available techniques of storing
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ata on punch cards, on peek-a-boo cards, on capaciﬁor
punched sheets, on microfilm, on micro-cards, on magnetic tape, magnetic
discs or magnetic cards, on thermoplastic tape recorded by electron beams,
as well as techniques for providing the continuous radio transmission of
a body of data, and techniques of paging or identification systems for
ordinary books or cards. Beyond the systems already in use or under
development, experimentation in solid state electronics and utilization
of radio-active isotopes, promises new and even more revolutionary devel-
opments.

While most of the systems that have been developed or designed so
far involve substantial expense and rather elaborate machinery for utiliza-
tion; even that obstacle to widespread use has.already been virtually elim-
inated by other technical developments, It is now commonplace to transmit
data directly from one electronic computing machine to another by telephone
cable., When (and I do not say if) adequate facilities for electronic
data storage and retrieval are developed for legal use, it is foreseeable
that there need be only a few such féciiitieé in relatively large areas.
Private law cffices may well be equipped with coding and decoding machines
that are little larger or more complex than'an electric typewriter, and
which can be connected directly to a telephone line. In order to utilize
the data stored in an electronic computer at some central location it
will then be necessary only for the law office to call the central research
facility, much as the library might be called by telephone today, and to
have the office coding machine attached directly to the central computer

by way of the telephone cable. In this wanner a lawyer in any part of the
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country might undertake a direct research project in any law center
equipped with the appropriate electronic equipment. While this may
require more numerous or complex telephone lines than are now in service,
the increase will be by no means proportionate to the additional utiliza-
tion of the central research facilities. Automatic electronic searching,
reporting and recording of data is so incredibly much faster than any
other means known to us of handling similar data that only seconds will
be required to'complete what now would take hours of time by telephone
conversation.

Actually, the hardware, or the mechanical devices, for permitting
Just such handling of legal data is already in existence. What is lack-
ing is an adequate means of coding, indexing and fetrieving the data
that is to be handled. The software, or the design of systems for utiliz-
ing the hardware, is what is now required. This involves an understanding
of the intellectual instruments of science that have been referred to,
plus an ability to employ these tools and improvise applications.

Considerable experimentation is-now going on in a number of places
with respect to the problems of coding and retrieving legal data by
electronic means. One thing is already apparent. That is that present
methods of digesting and classifying legal data are inadequate. There
are a number of reasons for this. Perhaps the principal one is that the
hierarchical method of classification upon which our present digesting
and indexing system is built is escentially a closed end system which
becomes too cumbersome when the material with which it deals expands as
rapidly in quantity and variety as precedents, laws and regwlations have

in recent decades. Other defects are that the hierarchical system of
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classification is relatively inflexible and, therefore, adapts poorly
to new subjects and new concepts. The digest itself necessarily depends
upon the ability and insight of the person doing the abstracting as
well as the one doing the searching. Therefore, any lawyer is subject to
frustration in his legal research if the abstractor lacks skill, insight
or imagination. In any event the task of abstracting and classifying is
an immensely detailed and difficult one which may be gquite unnecessary.
An alternative to the hierarchical claésificatory system of index-
ing and digesting is a coordinate syétem,in which data is identified
either by concepts or by key terms, and is located and retrieved by the
‘coincidence of concepts or key terms used as coordinates. It is at least
theoretically possible that the data in suéh a system might be stored in
random order, except for classification by jurigdiction and the chrono-
logical sequence that will result from recording material as it is receiv-
ed. It is also possible that data so recorded and indexed need not be
digested. It is quite possible that the coding may be done automatically
by electronic optical scanning of the text and identification of words
or phrases, either on the basis of frequency of occurence, or of a pre-
determined list of significant words, or of both. It is further entirely
possible that all of the recorded data, perhaps comprising even as much
as all recorded American decisions to date, might be scanned completely
in a few seconds of time, and all those containing specified words or
phrases be transmitted over a telephone line and printed in form for use
so quickly as to be instantaneous by present temporal standards of legal
research.

The advantages of such a system are so obvious as hardly to need
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detailing. To begin with; 1t is apparent that any such system could
handle vastiy more date in a fashion usefu. Lo lawyers than any present-
ly existing system. One of the reascns that the volume of data usefully
recorded would be much larger is not merely tﬁat it can be recorded 1in
less bulky fashion, but also that it can be yetrieveQAmorm nlakly and
identified more specifically and certalnly by narrower, more NUISTOUS
and more specific coding signels. Furthermore, the hod of indexing,
coding end retrieving need not be firmly'established at the time the
data are recorded. If the system is adequately designed initially, it
will be quite possible to utiiize ccﬁbinations of terms, or coordinates,
for thé retrieval of data that were not conceived or utilized at the timé
the data were orignially stored.

In this fashion the prdmise of modern scientific method is that

may free legal thinking from its bondage to established hierarchical
Bystems of classification, while still permitting utilization of ‘the
common daw method of decision by precedent. It is nob too much to hope
that electfonic retrieval of date may give the common law & vitality
and flexibility gquite beyond the conception of lawyers of an earlier

era. further, it 1s not merely ithe common law case precedents that may
be made readily available to the lawyers cof the future. The system of
electronic data retrieval should be equally applicsble to ststutes, ad-
m1n13tra tive regulations and @ecisions, and, eyentually; ©o relevant data
from other fields including the behavioral and the physical sciences.
Thus, the limitations -that are now put upon decision making by the sheer
physical problem of sedrnh*nb out all of the potentially relevsnt data

from legal and scientific sources mey be largely elimivated.
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A5 this frees declsion-maging from the

L

limitations of present f lJ
ities and methods, so will it also make legsl prediction more relisble and
secure. Atb Uh& sane time, the applicaticn of mathemetbtical teckniques of

analysis and synthesis both to legal date and to specif

¢ actusl sitvations,

I

shouvld permit the development ol a ,uicalhu of liepal prediction that will

be of congiderable asgistance in establishing probabllity statements for ‘
|

the determuinstion of specific legal issues.

It is impossible to say with any degree of assurance precisely
e S 5 e % |
how the art of legal prediction will be practised with such develope-

ments. Bub at least the pessibilities are evident. In the imminent future

R

vhen Jurimetrics has become a practised discipline, legal data are cncoded,
stored ard retrieved elec tromcall v, and lawyers have learned to cope with

the mechanical and intellectuzl tools of science, the situation giving
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rise to legal guestions wil
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1, as now, be amlyzed by a lawyer. Then,
however, the . crucial factual aspects may be reducible tc a number of ele-
ments or factors. .These, in turn, may be quantified on an ordinsl scale
that has veen constructed from statistical analyses of corresponding
factors in previous cases. A mathematical description,'or profile, of
the case nay then be constructed. On the basis of this, the most closely
.analagous precedents will be retricved from the electronic library in
which reports are stored. These may then be anslyzed electronically

by computer techniques to establish the degree of coherence (i.e. central
tendency) snd inconsistency (i.e. dis pers10n) among the precedents, the
correspondence (i.e. correlation) between the instant case and fhe sets

f precedents, and the grobabll*uy that the result of litigation will be
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'tha'b sought, The produet tg_ill be & scientific predictien, stated in
probability terms, and resf’ing upon the validity of the analytical and
statistical techniques spplied to the underlying data. The proper
interpretation and applicétion of such a prediction will require an under=
S'bénding by the lawyer of the écientific techniques and coneepts involved,
just as diagnosis and prediction in fields now served by science requires
a similar understanding,

There is no prospect of any process that will preclude consider-
ation of social desirabili’;y or wisdom, The opportunity will always be
available to argué that precedent should not be followed, and that con-
siderations of policy, or expediency, require a different rule or a _speciél
result. Such arguments will be neither precluded nor determined by tﬁe
more complete analysis and retrieval of data that science will afford.
These advantages may not eveﬁ stimulate the exercise of more thought or
greater wisdom, Bub they will at least }Sermit these, if we are inclined
to make the effort entailed. The devices of seience are more than new
gadgets., They are entirely novel methods of manipulating recorded infor-
mation, that are as great an advance beyend present library techniques
. as printed books were beyond manuscripts., The in'bellectual instruments
of scientific conceptualization are, within their sphere, similarly
powerful new tools to extend the reach of the human mind, The effect
of these mechanical and intellectual instruments depends entirely upon
the use to which they are put,

It is important to keep in mind what it is that science promises
and what it does not offer, Science does not and will not offer us any
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| law machines that glve automatic snswers to specifie guestions put %o
| them, whether as to pa:ticular cases or as to ultimate legal issues such
as the relative imporﬁance of interests that may be in counflict. By the
same token, science will provide us with no formulae or calculus that will
f:éiVe us certainty either of prediction, analysis or answers to ultimate
gquestions such as which interest is to be preferred or which desire has
greater social value. As with the printing press, the automobile, the
electric light and the telephone, electronic data retrie?al promises
nothing mofe than certain new tools which we ﬁay use well or poorly as
we are willing to make the effort.

On the other hand it is important to recognize that science does
now, with the new wonders of electronics and data manipulation, offer us
new fools that are potentially at least as powerful as the printing press,
the automobile, the electric light and the telephone. Tt will requive
considerable effort on the part of the legal profession, first, to develop
an effective vocabulary, taxonomy and logic fully to utilize these new
instruments,‘and then to insure that the new developments are taught
to the profession so that they may be generally euployed. However, the
legal profession probably has no choice. If it is to retain its position
of intellectual leadership it must meet and master this great new
intellectual challenge. If it does , it may find itself freed to lead
society in advances that none of us now can envision. However, as we
struggle to adapt the traditions and institutions of man's oldest dis-
cipline to the emerging and evolving miracles of man's intellectual

achievements, we must keep in mind that it is not the machines that have
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changed meng' lives but the adaptions that men themselves have adopted
in response to the machines. It is not the invention of tools, however
subtle, complex or powerful, that constitutes man's greatest achievement,

but the skill in using the tools that man has developed in himself.
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