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Statistical ' Models for the Asséssment
of Verbal and Other ESP Responses

W. G."RoLL AND D. S. Burpick!
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ABSTR&CT‘ dn the development of methods for aauesung verbal material
produced b mediums and sensitives, rtant advarices have been made by
Enlﬂunh al,”and Fisher; by Pratt; lmjm Pratt ‘and Bifge. The Pratt-Birge
method is, lsmitf-nd by the fact that it cannot ]Fltll.‘.l a hghlmluf significange in tests
with small groups of sitters or /‘target persons.’ In the search for a more sensitive
method of evaluation a statistical mndel has been found which can yield lower P
vuluu in such tests, which fulfills all fiecessary statistical requirements; and which
simpler to calculaté 'than the Pratt-Birge method. These factors should, make
the new method a useful ‘dddition to the parapsychologist’s statistical fepertoire.
We also present a method which/.can be used: for combining results of ESP
tests mth nrgm having mixed mbahmnm

INTRODUCTION

Parapsychologists are becoming increasingly preoccupied with
gifted subjects, including” so-called mediums and sensitives.
Research with such individuals seems to reveal new aspects of the
ESP process, as in studies.of ‘object association or psychometry,
and it is“one of the main hopes fm an empirical solution of the
«question whether human personality survives death.

The ‘ostensiblé ESP responses produced by meditims and sen-
sitives are usually verbal utterances and, occasionally, drawings or
behavior by which the subject attempts to imitate some target
person (TP) or situation. Tlus type of material is, much moré
difficult to appraisé statistically than, say, ESP card-gueéssing trials.
The latter are planned ‘to pmwdc a constant and mathematically-
defined probability of a hit or a miss on any trial and also to enable
the experimenter to combine a series of suu:h hits and misses and
arrive at an overall probability value. It is obviously.more difficult
to determine how -unlikely it is that such statements.as “Your
grandmnther 8 name is“Joanna” and ‘““You have 4an uncle who is a
sea captain’’’are true by chance coincidence and-to mmhmﬂ ]fuB
and misses of this ty'pe. e

An important step’in the solution of these problems was fmken

b{ H. F. Saltmarsh and 8. G//Soal (6) in the nppramal of a series

statements by the medium; Mrs. Warren Elliott. Saltmarsh and
Soal divided the medium’s statements abnut the TP into categories

‘Wem tnDnTNEGre?ﬂle.]&G wood, and J. G. Pratt
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according to how applicable these statements seemed to be to the
general population. Thus a quite specific response as “You got
young girl in house, when trouble/comes she collapses™ (6, p. 270)

received a probability figure of, /10 ayhilé “used to, read a lot”

(6, ps-271), which seems to be true:of many péople, wis assigned
the Jarger p of 1/2. After this Saltmarsh and Soal €ombined, the
probabilities “associated with all the responses, Using a (method

developed by R.’A. Fisher, to arrive at a probability figure repre-

sentingthe total result.,

The . detérmination of probabilitics by subjective judgments
represents an uncertain and ‘undesirable element in a statistical
analysis. J. G. Pratt/(3) réplaced this by a procedure where the
probability of each stitement swas determined by the group of
target persons participating in'the tests, In these experiments, where
Mrs. Eileen J. Garrett was the subject, there were fifteen TPs. In
a given test, one of these occupied a room adjacent to Mrs. Garrett
while she produced a series of statements supposedly pertaining to
him. After the completion of all sessidns, each TP annotated all
the statements, according to whether or not they applied to his
circumstanges, bug without knowing which statements Fmd actually
been made by Mrs. Garrett when he was in the next room. On the
basis of these annotations; it could be determined which statements
were true for dne, two; three, four, etc., of the TPs and the state-
ments were sssigned probability values accordingly. Using Fisher’s
method for combining’ probabilities; Pratt then arrived at a total
result in the same way as had Saltmarsh and Soal.

This method was an’amprovement /over the Saltmarsh-Soal
approach because it substituted ancobjéctive for a subjective
determination of the probabilities, of ‘the individual responses.
However; a difficulty remained. This was“due t6:the ‘possible
interdependence between the subject's responses. For instance, the
subject might say after or prior to the statemefnt about the uncle
being 4 sea captain that "I hear the sound of enginesand “someone
is looking av a chart.” It is obvious that these responses/‘would be
likely tor applyto the captain of a ship and that they would bé
checked as *‘eprrect” by a TP to whom the statement about ‘the
sea captain applied. ¢

Again |. G, Pratt, this time in collaboration with W. R. Birge (4),
responded to the problem. The Pratt-Birge méthod allows for any
degree of interdependence between the subject’s responses to any
target person. In an experiment to be ‘assessed by this method,
cach member of a group of TPs attends anCexperimental’session
with the subject under conditions where the lattér has 'fio sensory
comtact ‘with the TP and where the TP, in turn, Kas no way of
knowing what/the subject says about him. At the completian of the
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sessions, the experimenter divides the subject’s responses to all
TPs into separate items for annotation and sends copies of the full
iptto the TPs. Each TP then annotates the material, and
m*ﬁ,mﬂ responses cach TP recognizes as ap&lg;idg
ves

isown’ circumstances or those of his living or dead relay
%@% is‘entered; in a table and evaluated by analysis of
variafice. (an earlier paper in this Journal (S) gives additional detail
about E&wprﬁmdm}. Table | shows the results of an imaginary
‘ Table |

Prarr-Brtoe Assessyost or Frnen Resronses
(Tancer Penson Psyration Moost)

Ch
) ] 50. A B C D E F Total
1 or A 3 2 2 ! ] 2 1
Vey, 24 R 0 3 0 0 2 1 6
‘o Hy 03’ 2 3 4 1 3 2 14
A T 2 1 2 2 2 2 n
SIS 0 3 1 0 3 2 9
@afg 2 1 1 [ 1 2 8
Total: a ‘9 13 10 5 1 11 59

. Hits (entries on diagonal) = 17
@ S, Expected Hits: % x 59 = 9.83 2
0, cDeviation: 17 — 9.83 = 7.17

ack e, owmfg, 3481 + (36 x 131) — (6 % 617) (6 X' 619)* . 781
B S, 36 % (6 — 1) 180,
A <y g
€ 4 7 /=434
/7@/-/. f@/()f o ‘.
‘8D =0/ Va = 2.08 2
oR% Devi, T3, s
v ED 208 S
® In this formult, 6, repfésen ber of TPs: 36 is the square of this
value; 3481 s ‘htffﬂ%‘.’f of Eﬁuﬂmﬂﬂ .ﬂ';;‘;; %:}%u ]{Is'srl}-. 1'% mnm?:":um of the
squares of th £ 0 o eV W o is t £ sguarcs
( uﬂummnl:f;‘ + l!;'l‘ + ---+-Il’]-?ind ﬁl?iz:m:::nn:fﬂw squares of the
2/ row totals (11* 4 &' + -~ + BY),
’/'

¢/ experiment assessed by the Pratt-Birge method. The capital letters
stand for the names of six TPs and the figurés in the six-by-six
matrix for the‘check marks entered by each of these TPs against
the statements made by the subject in his own session and in each
of the ﬁ@thﬁiwumt Thus A found three correct items in the'
i ::ggjn@cd,m him, twasin the session for B, two for C, etc.
hits ‘ire, representedoin thédescending left-to-right diagonal
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,q% lﬁﬁm;hﬂﬂblt Inth:uuth:dnfmgmmhh?l?mdthe T-ﬁﬁz Uy,
’/.. CRto34 oF Frex RESPONSES FOR Tuﬁrmm
A ‘9, _ A CR of 3.4 normally corresponds to' s Pﬂablhllll'f of .00034, Mrmu Mooe witi INpEFENDENT ITEMS ©J9
e . ¥y Sﬁpwmr Pratt and Birge warn us agdinst usin obtained — =="00 p
‘ng 4 by their method when the number'of TPsis mall, The warning ,..';_e Respinse A B CDEF Na a(N- nj/;roélj. .
’QC[ @f@S[ iveri (because their method utilizés an lppmnﬂmmn Ef,ﬂ:m T T @ - 301 7% a a,
¢ he cp h t becomes reliably close to the trnn;gl.fnﬂf ﬂl]l]' fqu OOA 7y Yo, &y, Sav—srg 0 S
Dl "“‘“"F“ of TPsu/ RO £t eies K, "o s N s SR
This cexample il 3ﬁtmeu a statistic which is éﬁl:ulated I-';um/ ‘g 9 T TN ST M % o SP
the‘ﬂiuu%;tm sed from a statistical model which aflows us < 7 A AN o ¢ opivce
take mHPfu;thz?Jmp and say how unlikely it is that the res &O%C/ & S, A on. Y ?t— 8 e 4
given by the statistic couldiarise coincidence. In s T o J Voo B, 8 75,
next section we shall eﬁﬁp,lm the statistics and underlying models e s . =TS, A SRR
of the Pratt-Birge mc&uldﬁandmther methods. A new model will be | 5. 6 v S,y %, Yoy § ,
introduced which is less” hmx,t:ﬂ ?;Ihe Pratt-Birge method :E = TRV LCTR B SO
its capacity to produce signifi /values in experiments wi —
small numt{m-&'l‘l*u. N %S@efc “hay /o, 8 v v -t;,'p_/ &%,
/) Q) OQ/ 9 Vv 5 ¥ !er U /C/
CA -c-c, o7,
Tlm ﬁm,xnnﬂ BETWEEN A STATISTIC Mm X MopEL : - = - 0 vV N— L, h
A “stati ﬁ be;defined as a quantity computed from a set /| <9 Tl O . f/C/
of d.ntn I.Ij ti su:hc hit totals, standard deviations, and, 3 W . ' T Qom z e
critical 1 ,sunmgu may also speak of “criterion” or- Yoyl . Bl Wi oo M1 Dyl S g4
“test statistic” ugoh whmh a,qarﬁqllr statistical inference is to bé . S ) 13 & qr v Vi T4 iy
O based. When wﬁ’?a pir to ask saquﬁgpun of the data such as y _ Ll 5 e O
e % “Does ESP appear to r&g‘;} it is ﬁmﬂu& practice to base Op, S 14 B iaiia Jo iy ; C/
8. ) the answer on the uhaemﬁd value of some test statistic such as the (T V vV ¥ N 8 58, Ve
e ¥ & number of hits. For all the m in this section, g e "e,,/. T v;r 1 los g
4 /5 Sc, the’criterion statistic is the total nimber of hits.s ‘% s, D, A s, v A A .5
'y Ay, @d—lnweu;, in order to make statistical inferences from data, it is o% (R p ﬂP@S{ v kR S e " o, Ca
"0, oot enoughjust to compute the value of aceriterion, statistic. One | Boe, /7 o = T 0y, X5, Rag
SJ/ muuj; %ﬂd:r whether the value which i wnhaewsd “nauld 70 | i, Y " a‘,, 739 , - , @S@, '
/ngmmb;}r arisen by chance.” Implicit in the phrase¢ *‘co o . BN 1Y .05 ag- 0 W 5 5 ‘o7, 9 3, Ve
ﬁjﬁh‘“mwmﬂ“mm of a mfth:mntlﬂl U, | ﬁ'sy & ST, 4 8 " 7o, Pg,
umpuun involving probability which ‘we s 3 | C/)';C o AV
I.I:Ienn for'the process which generated our data. In o 00,/7 | 21 R 9 Yoy,
> mathematical model the test statistic, or any statistic we might ., 9/ = I T I RT
\7959 obtain from the data, will be represented by a random variable, & '%5,7 2 -
W 4/,@ 1.e., a variable whose value depends on 50 © 23 ' iz
_ Ory 0 For our study of models, we need a’ information BN %53 v v v v VY 0 o L
o N, 8 the experimental data than Tablé 1 provi Table 2, W - 295
(e, “ nfﬁt@umgmlry test is describedy kueﬁ?lﬁ /F i Of/rﬂ%f,'cf v, 4 %w 94
00,7[(? 7z refefring to six TPs Among other things; @hm“ishéu :1&: b = oz~ ; SR % e %f/.c
o twenty-five responses prodimed jﬁ’ subj e T 50 Ve . V) , o 7o ‘
4 ﬁm um; I?i%jgmnimu with these TPs, [ "o Total n(N-n) 0/, g & @;”@j 1? JI%f ;; :% 141 14) %25 g //L@VV |
D, ; Tep, oy "cgy , . % S, K T, op, e
ap Og, Cs A d-. ‘a f/7@ / SJ’C/ Wyl
77 (/C : Q Se : Or A4 ry )
So 7 p SR G 8 Cq 0p 7 / Ca Ae
“eop, 9y e, A 78 . o L R
- ‘y PR 2y Le /s, Oc, o, Qa
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D, Y960 tion for a dnmtn:férudy ﬁpﬂmhle models for our |
f, E Cq Eancord Bt 6 X 59 = 9.837 Y e E‘ .1 : i iment, we introduce some mﬁmgumunn As before,
ey, B Al U ’JrA, (/% ‘f"*:"" total number of hits by H. The possible values for
S N Yo, -’@,J/ Va. ——N—,En(N ﬂl x’iﬂét ) R Ak umtﬂgcrs between 0 and 25. In the ﬂn?tp}g Y60 )
¢ S & Q Sl 48 17. Let ]{, denote the number o
ks ,/:@6\1 O@ev;nuu% 17 =983 =717 » /’7" 7% ) ﬁfaﬁm totaloof 25 items. The possible \rnluu/]ung,ghof & /7/:
e Cl af o S "Or e example as shown in Table 2, X, = 1;X, = S
e, @‘)_ '55': ' nﬂ_vfl‘“ o 193 & | ) 'OSJ/% aggb%i— u:'nxn’_ 1 The relation between mii&f@ i WJ’Of/rO
“an “s ,De#?s 'H? AL 7 . . ,, Xas, 0/7’& e
S,m ER=—§5 =598 — 3.6; P = .00016 A 9/),<S Mathem m:a]l smhngpthl: K;a afe random variables as is "¢/ St
G, Do T % , %c/ mm H. If we affaa the pru |11&5’/dmmhuttnns of the lhe @
Corrected ﬂ'ﬂ:‘rj/ é&? ITE q%ﬁ /==ﬁ 67; 0 7 o !l (or, more properly, int, dlsﬁlbuﬂéﬁi}, we should in 4,7@f
Adiusted CR = 515.?92 EIS?Of' ' e r "..;.' §1a P]E be able to derive the ‘éﬂﬂ dfltﬂh“ﬁiﬂ'& fﬂl’ H and |
j = 708 gy;‘c ” o, to answer the question: “Pr(H =>° 7 é:o Eugwtﬁ wﬂgﬁﬁhu
usted P = 00038 &/ ,. 'S, ‘approach, rather than a direct apm on of the ility
% : ; ’903 Horre __:f:u ion of H, because assumptions about the’ dmgl}oﬂmn of
Let us denote the total number of. hits in our twenty-five item Xy's to be easier to assess for realism than ﬂme;: MHHPGW
example experiment by H. Then H will be a mndnm variable in abow %7@5“"3““““ of H. be'® S
our math mﬁ@]b mudnl With our model the question “Could _ There are several models which might conceivably h“d,‘;
seventeen hits Jl/uire nably occurred by chance 7" can be given ©J9 fa :tlus mﬂm We begin with one which is mal.hcmmc;lljr )
the nﬂtf‘ren:mtl furmulnunn “What is the prnhablhty S, %9 4&.;.; which s familiar to most Pﬂﬂpﬂﬁhﬂlﬂﬂ'ﬁ“ In this g )
that Howou &’be acvm;em greater 2" The answer to this question- /5, - mo Hﬂh X, has the same prnhnhﬂlty‘ﬂ being one (scoring a hit) e
is ﬁ[l:d value fof ¢ observation H = 17. In order to be /o, 4 -ﬂ“ X are stochastically indepen / ide mt, . eq,;fthe occurrence of a
- capable nfnn ng’?hg qﬁqtmn ‘with a P value, our model must U r 1 for any X, has no effect on the pﬂﬂ?l .of any other X,
Ve, include either a direct spé@,ﬁ ti6n of the igmhlhﬂlty distribution © o "?'“" 0 or 1. Under these conditions the mndgfn ‘-.’-ﬂnabll: H will
‘9 4 of H or else enough mfﬁgmnﬁbq to pq.r;m tbm distribution to be 0 L vbmnmul distribution and tlk*,cl’ vilue l/'an H —; 1 gmjr be
. deduced. Mputed 0/7 s ' >
(% “SyThere are usually manj/ﬁ}iﬂ' nf thﬁﬁﬂl:lﬂr ecifications sy “or
F (s%l.’tcﬁ called assumptions) which rii?glgl be‘used ;ﬁﬂ -, partic- .' A I{ = %17} +Pr(H = 18) + - + Pr{,H ﬁw;’ A, |
g ) ular experiment. Different mathematical mpdﬂ# w:ll ﬁmrmﬂ Jead Q) fb' I R o R ‘cg,
ifferent: distributions for the criterion H and thetefore 16 o, P“Ii Cay Ty, X, Ry
dlﬁt‘-l‘#ﬂl values. The basic difference between the Pratt-Birge I ““of ol Sse, c

tdthhe httcr.”h refers to an arbitrary l’h’lir'@[. e 1
n:nndumvmihlgl—l" It is natural mcnllthumudcl the "V, U
ﬁﬁlnmnlmndu! hmus’m,t results in ‘@wbinomial distribution for H. o o0
~ The binomial model may be L‘rit:gzcd on several points, but it Vo 4
il serve well to illustrate thr.ﬁ;ug-: af’ eritical ratios, There is an 4
| t mathematical tllum:lrw:rrl:u.‘?/th)%3 ﬂ%ntral Limit Theorem,

states that under certain rather broad conditions the distri-
ﬁuhﬂn of riﬁﬁum variable (in our case, whcﬁ/is the sum of a
hrge l/l‘%ser r random variables (in our case, the X,'s) © 29

I:}‘ “by the normal distribution with the s:me’i@pk 69

M%ﬂ vﬁumr:c ttﬁﬁat ing into a lengthy discussion of the , e,
tiohs uﬂc‘ﬁfr;g'higﬁ‘,tﬁﬂ Central Limit Theorem holds /-, o £ (i

I| me dmﬁmm can be Tound ﬁ;y{;], Chapter VI), we can éa}? ef@ %M/;

mc;thoéi and the method suggested in this paper is a diﬁerﬂtce n
the uﬁd; ﬁﬁgmudﬂl As mentioned above, thléecntennn statistic’H
is the aamcfur both methods.

The constriction of a mathematical model or the choice betweern

194 alternative models will depend most strongly on how well the ¢/
W, 4 assumptions correspond to reality. In othér words, the extent to
Yo, y & w]:u::h the ;mtcrl:lu:nmland rllcllluhw ich d: a rﬁuh:mnnml mnﬂﬂ:
o, aa;rr nd to the real wor enomena nt ¢d’by the mode
Y o @Vk is b§3 r the most 1mpnrtnn¥ criterion f;:l?ﬁlﬁtm 4 mudcl
o /7; :ﬂ‘ﬂp nﬁﬂ;;mnt is mathematical trnctn&gh —ithe a I.]l 7of;, the

‘q cl &gﬁeﬁ:b,mswm to the questions we isk uf it/ R PEE in

atical ‘analysis can severely limit th Iw;a.a nf 5.1:1 ol

tbggmn a /bﬁ.‘- mu‘dg_{ /

@ %, O/;, / on. 1
7(/ 7é L 4 S
7 s ¢/ ‘e, o). i | Cy ey
OO . /7 0 / = J [
Cerin U o S Ve i . A
S cailla | | N Oc, ‘o X
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roughly that the random variables in the sum must be not too
highly dependent and their distributiops must  be not too different,
~ In the binomial model the X/s are stochastically independent
'mg# their distributions are idengical. 'We may, therefore wish to
avoid the rather tedious computation of @/'P valtie from the exact
distribution_of H and compute instead an dpproximate P’value
‘using the normal approximation to the distribution of H(/This is
», accomplished by computing a critical ratio and checkirig/it against
4 table”of the’cumulative distribution function for the standard

normal distributione . o : |

The fitting of a_normal approximation to a random variable H
requires the mean and yariance of H, Although the formulas for the
mean and variancé of a binomial sandom variable are widely known,
we prefer to obtain thém here'as a consequence of general formulas
for the mean and variance of a sum of random variables, If we write
E(H) for the mean (or expectancy) 6bH and E(X,) for the mean
of X, our general formula for the-meanean be written E(H) =
E(X,) + - + E(X;). In other words; the mean of a sum is the
sum of the means. In our binomial model the mean of each X
can be shdwn by straightforward methods to be p so that E(H) =
P P A Hop =25

The, formula for the variance of a sum is a bit more elaborate.
The variance of'a_sumiis the'sum of the variances plus twice the
sum of all the covariances. In symbols, Var (H) = Var (X,) 4«
Var (X,) -+ = +/Var (Xgg) + 2[Cov (X, X,) + Cov (X,, Xy) +
=+ + Cov (X,, Xg) 4 Cov {X,, KB] + 4 Cov (Xy Xygs) +
4 Cov (Xgp Xag)]

In the case where the X,'s 4re uncosrelated, all ‘the covariances
aré zero and the formula for the,varidfice simplifies'sto: “The
viriance/of a sum of uncorrelated random variablés is the sum
of the yariances.” In our binomial model the X,'s are independent
md.-tl_'mmfgﬁq uncorrelated. Furthermore, each X, Has variance

#1,— p) and so Var (H) = p(1 — p) + - + M~ p) o= 25p
(1 — P)s Thuis, (17 — 25p)/V25K(T — p)

would be thé appropriate critical ratio to use in the calculation of n.
approximate P value for the binomial model.

Of course, the binomial model is open to criticism for failure to
correspond to the real world experiment it represeats. The binomial
model “assumes” the same probability of a’hit on“each item, but
itéms certainly vary in their applicability to the general population.
Thtll?r assumption of independence from‘item to'item is‘also qiiestion-
ADIE, {/a : 0 ) - - ‘
\_@SA@I @ first step in improving the binomial model, lét us permit
'ﬂu/%—tu-;;ummnnﬂm the hit probabilities while retaining the

£
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assumption of independence between items, This model could be
@ lledth e binomial model with mixed probabilities. If we write
Pr(X¢,= 1) = p; so that p, is the probability of a hit on the it
item, we ayill have by our general formulas: dalah 6
e OF, §r W,
Ly R | | E{H}EP + Ps +  + Pus / < Ve
S 1 I
. QS@ O%v_‘r'_{m hvrlﬂl__ Pl} + oo o pal(l = Peg). 0/ /0,4
Op . s ) s Qo
Unless many of th'-'! P are extreme (very near 0 or 1), ﬁﬁu,y
‘expect the nurmujl,na‘pl:ﬂ:omﬁn ion to:the distribution of H sug-
gested by the Central Limit Theoremi to_give reasonably good

g

}
‘approximate P values, An expression giying exact probabilitics for

}Li can be obtained, but the computation is even more tedious than
F'I'!' binomial model. Wi (o] [ " A ‘

50, A difficulty, which we have glossed ‘over until now:is the require-
e w‘t the p; be known (or p in the binomial-model); Whether
ﬁﬁﬁ computing exact probabilities or critical ratios, a knowledge
“of 18 necessary. Such knowledge is frequently hard to come by.
i':i".*‘ y.9f course, use the data in Table 2 to obtain estimates

} : , -
4 of the true p, Thus, f, = -, fa = s = - etc,, cotild be

‘used in the formulas in place of the true p,. Unfortunately, the
formulas were derived under the ﬁlﬂmph{mf that the p,'s were
,fixed and not subject to random variation.,/ The p,'s are computed
from the data and are therefore subject to chance fluctuations in
R leﬁﬁt:prrimtntn. This difficulty can be oyercome by a
s tion of the model, as we shall aoon see. : !
/ 'q/d!inm"ﬁtrﬁnn for the random variablecH, which is‘used to
(N e a' P yalué;is based upon a null hytnthéui:, which in tirn
18 based ‘on_an ‘assumption that no psi phenomena pccur. It is
sometimes possible to, make a translation of an assumption of no
gﬁdt.ﬁtmﬁﬂega'mm, a stitablé’ mathematical model. For example,
f is no relationship betweeén an item and the person for
whom it was intmﬂsed,"'lgtg it ‘ought not to matter much if we
‘relabel the persons who checked the ‘items so that the target person
for any particular item might'be changed. In fact, we might consider
making a random relabeling or permutation of target persons.
Permuting target persons at random induces a random behavior
H whic];;;c can study. This device is :mﬁﬁquggd in the Pratt-
I-TOB:r : "L‘//mt;i;lel. will not be fully specified until we decide on
‘the natufe of the pérmutation. We must decide whether (a) tol.
mmﬁinﬂ&pmdm?mdﬁmrﬂnbtﬁng for each item; (b) to make
one random, relabeling’serve for the entire set of data; or (c) to
have one randomly selected permuitation serve for all the items in
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) 1 : : ~ : A
oy a particular test record, but to make sepazate, independent random ‘observed number of hits. In this case the corrected H is (17 — .5) =
¢ /c,  selections for different records. We call the thrge models resulting 16.5. This adjustment yields a critical ratio of 3,2 and an approx-
ey, from these three possibilities: (a) the TP permiftation model with M;“,f w S 29
°/, Y0, , independent items; (b) the TP/permutation tmodeél; and (c) the €y Conliideration of the TP permutation model with ind ent 0
™ Lo, TP permutation model with indepéndent ‘records. . records Owill be facilitated if we introduce auﬂc further notatio .1’0% 8y
¢ i ' us consider the TP rmutatiof’/model with inde erfdent Let @sgvrifé”}} forthe niifm];:-u,:r of hits on the £*® test record. In ! Cqy)
, y {a) Let , pe \ Wit cp .m[Bvi“___xf_d_mﬂ_x;ﬁ_x‘%_x‘:|+1+ i@dwﬁ_{/(?f 43 S

items. Itis easily verified that Pr(X; = 1) = pj’‘where’p, is obtained ~_
“38 before, and that the X’s are independent, Thé test statistic F;

W
! : Q \ S }

therefore; has the, same -distribution that it did in the binomial ~/ s, H = X, + 4 %y =¥, +5p + V¢ R ‘a0, Ve
mﬂﬂﬂgﬂi}h&rzixgd\ﬁhbqﬂ%ﬁ ies if the p,'s are replaced by the p,'s: Vg Now, the name “ta )x’l;e"?““ ‘permutation model with inde- ¢ 4 |
In the cun‘&puijdii'tg peﬁimtnuﬁn/;:;lpdel. however, the p's are the /), B e dent '_-'Emﬂ_iﬁ CRE Bmf,ﬁuﬂ%"}!"{hwh,!! ﬁ?ﬁﬂﬁf’f selecting T,P . A
same for each permutation and s are not subject to random varia- ¢, ermutations independently for each/record s to make the Y/'s ,
tion. As a result, the TP permitation model with independent ~ 7, independent. As mentioned beforé; item-to-itemcindependence for

items permits us to analyze our data’by methods appropriate to made by the same TP is a highly quéstionable assu on,

the binomial model with miXed probabilities using f, instead of p,.
This analysis has been done in" _qit(ﬂ’.‘ -

(b) The assumption of item-to-itefv independence is a serious
deficiency in the models we have considered o, far. The TP
permutation model does not presume item independence. This is

7 but difficrent Y,'s arise from checks made by different TPs, Inde-
dent Y,'s would occur in any model which assumed that the
eri of checks by one TP would have no effect on the, prob-

Ih%dﬁ‘ of ‘¢hecks of another TP. It is not hard to argue that such

an assurfiption would correspond well to the real world experiment

we are attempting to/model.

the model ﬂpﬂq.mwﬁ'igh the Pratt-Birge method is based. Let us

consider 'thﬁoprdhfﬂbqit}* ahistribution of H for this model. There 7 |

are 61 = 720 possible permutations of six people. For each permuta-

tion a value“of H may becgalculated. Different permutations ¢an,_
% lead to the same/value 'of H, but it is clear from a consideration of
Table 1 that no rearrangement of the columns will lead to a value
of H that is greater than or equal to 17, Therefore, our P value =

O’ &, Qp. Q, Q4 14
PriH > 17) = Pr(H = 17) = 'ﬁlﬁ: 0014; There are three

If a random permutation of TPs is made for a particular record, ¢/
the only thing tﬁt matters is who will be the-new TP, Equivalently, S
S"i!'l.'. may observe that the six values in'fow 1 of,Table 1 represent

Ee < ()y,m 4 Q L
A ﬁﬁ@:}; ?unihiﬁﬁu for Y,, each’ accurring wftb,,ﬂ.plr{:rbl_b):hty —-]g-

e, o, 5 B ol g ey ek
[ G@%,I::ﬂvipg/fm*ﬁ};pliuﬁum, we have Pr(Y, =3) = E:-,Prf&' 3 /o= ‘2] o=

7 g7t
- r 7. Co, A
%0 and’Pr(Yy #f\lj"'"=fvg' - | i
3/7 y : .6“

A-'(/'rmu:aﬁ&m which yield an H of 16. ’Piim ma¥ be obtained from - k- Yo oy Hies, e 0 (
qfnhlcl by exchanging column A with column F; or column B The 5&1&::-_53’. which was actually observed, is the largest possible o s
with columtE, or column D with column F. Thuis, Pr(H Z 16)2= value for Y, in this’model Sinﬁl;fé}n th ﬂbﬁﬂﬁﬂﬂlf Wj_“ﬂ of "iﬁr y &
/'S Yoy, Yy Yy Yy, and Y, are maximal, Therefore, H = Y, + - + ¥, ',
Pr(H %.16) 4Pr(H = 17) = 2= + -1 = -1 — 0056 can be no greater than 17 and our P,yalue is given by: ;. Pa
Q- i 4 ) ": / L S — S
For less eXtremevalues for H, hand computation of exact. Er(H > 17) = Pr(H ="47) = Pr{Y, = 3, ¥y = 3, Xy = 4 ey
340“ probabilities may be impractical. It is not so easy to obtain the 7] 4 Yy=2,Y =3 and Y, = Zﬁieﬁylgd rpmc:mcc In k ﬂ“l Y /
number of permutations for which H = 93, for example. It is s s AT (|50 [
" x ©, . easier to calculate the mean and variancelof H'in this model l?;!l'l]ll ER(Y; = 3) % Pr(Y, = 3) X *- X Pr(t¢'=2) 26 /}{ e e
0 ‘use a critical ratio to obtain an approxjmaté P value. This is the BT 12 ‘9%, 8 ik
) ) ?mtﬁji:rge method. In our example it yields a critical fatio of 3.4 T el {_L@ = .00043. /L:@ 494
o ﬁzian' , &l'lnximate P value of 00034 compared with the gxact S Ve /o J ¢ babilities i Y 4,
5., “Ryalueof 0014, A better approximation is obtained if H is corrected For this ‘hodel also the/co “m}“ﬂl‘_’! ﬂ:lﬂ e i g (o 1
,for'continuity (see’t, Chapter 7) in the formula foi the éritical ratio.  +_ much harder. at less extreme Eg; piiR f“"ﬂ:‘;"g P’%ﬁb A6
T ﬁ%nrfnﬁt,.fﬂ'r"mhﬁﬁit}n we simply subtract 1/2 point from the 4 g to use a normab approximation, "The formulas for the mean and: W
f/'t ; Z { ‘v )[Q
9,0 /
) S/. O'(/ 3 ,?@S@Q € [/
Y e Oc, & o,
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4%/ . variance of H in this model can be eva using the information
¢ e, in Table 1. In general let us write" or the number of checks
ey, i mm}IEPhy the j** TP on the it* técord, ‘and let m be the number
e . -

A 1 nlf:,HsS(nL rl.-.mrda) H, mrreqad for Eﬁnuglutj":r a8 before is
AL {1 ) = 16.5 ,
fa ; y
¢ 59 L
, BH] = - 3 3 m = 2983
=l jml

Var [H) = ¢ ["' = 2 E 2 (E "]

wr+r+v%m—uﬂ+ﬂ+ + 89
167
—E[ﬁ[IEI} 619] = "Tﬁ":4ﬂ

CR = (H — E[H])/v/Var H]
= (15-5 9.83)/2.15 = 3.1
P= M -
In this method wc ‘do_not use the sum of the squares of the
colurin tutnfn [517} nor thﬂ square of the total of all entries (3481),
%ﬂtﬂ uf }whch figures enter into the Pratt-Birge calculation (see
able
Our method has 2 limitation which the Pratt-Birge does not have,
Because the latter method allows for interdependence between the
items (X/'s), the subject neednot bé.ignorant of the TPs and their
characteristics, For nstance, it would niot matter if he knew that
one of them is a sea captain. Of coursé, he should be kept ignorant
of when, in the course of the tests, the sca captain ‘is_the’ TP.
Howéver,. when our method is to be used, ‘information about any
ane or;more’members of the group of TPs must be kept ‘from/the
subject. If he knew that one TP is a sea captain and nthm not, this
would'serod¢/the independence between the test records (Y's)
assumed By gur model,
In both methods when the results from different tests have to be
ES combined, the individual® variances from each test are added
! together, as are the dﬂlatmm The standard deyiation is the square
root of the sum of the variances and the! mhci] ratio is the sum
e of deviations divided by the standard deviation., *
Q rrrﬁummaqr we can make the [ulhwmg@z:marts in comparing
‘ the, Pnr{-nge method, which uses the' TP permutition model,
| ‘?mth the method suggested here, which uses the TP, permutation

;mrﬁmrénnhuhﬂhthnmmyum'hhlulmﬂl
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model with inde ‘Ecndcnt records. First, the new method can only

be mi;lulml if the subject has no normally acquired information

aboutany of the TPs. Secondly, the new method uses the same

-'wfﬂf ﬂlﬁuhﬁﬁg the number of hits and the expected number of 0o

b;- a#‘does the Pratt-Birge method. Thirdly, the new ml:t éﬁwx 4/723 -
yieldsa smaller exact P value than is possible with the P i ‘¢
method. ‘With/six TPs thecsmallest possible P value YL IS
Pratt-Birge ‘fethod is 1/6! = .0014, but the new methnd mﬂd ® /. o0l
have a P as low as 1/6Y = _Of‘equrse, the new method will %, 7o, %
attain its minimum’ M,ql;: P less nftnq l.h.nnzhc Pratt-Birge method =, p Css .
will attain its minimum However, it'is likefy'that the new method %'

C‘,jmll usually n:su]t in smaller. m:t? valm than the Pratt-Birge 4’7@,

m:tgd In our imaginary m:pcnﬁum, the exactP viloe of ﬂﬂll}ﬂ

e new method is smaller than“the exact P 6f 0014 for the

mﬁhuge method even though the Prntt-ﬂtrge s at its'minifium
thé new method P is not.

4. Fourthly, there is a difference between the exdet P values dnd

tﬁ&wpmmmnte P values computed from CRs for the two methods.

Although general conclusions cannot be made at this pﬁmt, the

results of our example experiment are of interest. The approximate

P value (derived from the CR) given by the Pratt-Birge method is /o
00069, while the exact P was less significant at .0014. Also, in the /e
new methud the a pm:mmte P différed the exact P by a

Sfactor of about 2. But in this case’the approximate P value crmd

Eﬁeﬁht safe side, giving the less mgﬂiﬁﬂm figure of 00097 as

the exact P of .00043. Thus for this example at least, use

e CR approximation with the new method svould not léad to
mgnnmm of the significance of the result. S,

ifthly, the forniula for the variance used in the CR:ppmmrum

n%npcr togompute with-the new than with the Pratt-Birge mcthgld

Finally, we' repeat for émphasis that independence uf the Y's, R
which the new method requires; is a consequence of the rmuna.hlc o
assumption of independence between different TPs. We concludé @fpé
therefore that the néw method should be a useful addition to the &
parapsychologist’s utlfﬁmpnl rcpennim %

Yo /A
APPLICATION TO ESP Gﬁhﬂlﬁﬂ’?ﬁl’mﬁ
QU 4
Mm ESP »tegt; mcludm nlrd-ullm trials, ‘consist of lnng
series of ghesses w:th the same prubnl:uh values, suc
as the ﬁﬁt cnmmnn P symbols where the probability of a hitis/«, 9y
:Wnne’ fifth. The method described here makes it easy to, &
uct and asséss tﬁtﬁfwlth wﬁa of mixed rnhabllmu , C,
tests might be-designed to Stud prcfcrennal effect, to i 'y, )
el
GS@Q Z f/7(
r
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guessing habits, or for a number of other purposes. The results
of tests with targets having different ‘probabilities can be assessed

< ég:thf:r as in the imaginary c:peﬁmﬂm described j in the present

séction (Table 3), or the tests with/the sime tirgets carn be assessed

-ncparately and compared to the restlts uﬁmn&d with the uthu

2 Gl Table 3
Brvomial Mooz, witit Mixeo PropaniLities ), 7
= = = - ~‘= , "E__,; _=Ej_—é
Trials ; "), Trget Situation Hs P &
Y 7 s & A s X 03 189 4 1 1j10
1., il 88 ¥k B L« 1060,2 1 2 1 110
i EL. 7 !'"Ih 3 '1! L IID‘_,,EK' 9 " 4 10 : H;u
5 gt O @ | - Wﬁu 1/5
6 Grem* 1 12
7 Green White® 1 112
8  White Green® 1/2
9 Green* /o White 12
10 White v Green® 1 12
Youlay VAT 6 32010 32
(., Oy
1 1

Expecte.de P&+P-+ "'P**m +g+- +2——3.2
Deviation: 6 — 3.2 = 2+Eﬂ

Va: g5(1 — 75) + 75 (1 ,m"' 43 _(" )l
SD/= ¥Va = VIBE = 136
c3=f§g=m P = 02275

-'Adjmtetf‘ﬂmhun 2.80 — .50 = 2.30
2.30 Adjusted P = .04551

Mjma CR = T3¢ = 1.69
* The targets dre in italics and the responses are indicated by asteriaks,
Table 3 shows the ruults of an 1mag1nnryr iment consisting
of ten trials. Of these, trials 1-3 are associated w:th pruhnhlhtle:ﬁ
of 1/10; trials 4-5, of 1/5; and trials E-;O of lfl e first three
q-mls %Q ght consist in guessing the numbers 1:10, the next two
guessing the five ESP cards, andthe hs& five/ I'mght
J@Emmt in calling two colors, say white and greene The num
,@nd words in the center of the table ﬁhwtrate the tm'gtt
i‘mge “The target foreach response is underlined and the guess i

£

Q/-’

e ted by an asterisk. Thﬂ@/ﬂt‘ﬁ m#uu. Our model is the
binomial model with mixed probabilities. / ¢

Fo%ﬂnv’émmce, we use a slightly different €xpression of the

Fhe 1

) & 4, Pm'[k Py) where p is the probabili

Yy T Q (&
2Co, Ay )
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el 3

form h”ﬁhnwn in;the previous section of this paper. Hnwem, 496 69
@&Wﬁ fémmn’ simple. The variance is: Va. = py(1 — iy

on ‘ﬁfn}r of the ucdﬂsf}ﬂ ook lu: variance thus wurkn nut),lg Yo, , £ %M/C‘?O S
r (

O/~ 40@/‘ /

e .
I @ / Oy
Vo= (1 ) 0 Sy o b )= o e
a
B The :xp-ectﬂd number lﬁf/lyts isothe sﬁm n‘f*lhtﬁgmhahﬂmﬁ of £5e 4@<
‘lﬂm on each of the items: ) [ r6 GSQQ s
@) Hp, 9Q,. s
asgxpmwd Hits: p, +p.+ o+ puo e ey 7y,
OF o) [ ry, S, C, ;
s =it T =% L "‘c%
@M‘:qﬁmﬂj the deviation is: 6 — 3.2 = 2.80. "<
The stgndard d«v.;ﬂnuun is the square root of the variance; “r,
3 O/ (3/
SD = v/Va = V184 = 1.36; g 1 )
 and the critical ratio is: e, 08 S
vy A
Soc. 2.80 e P
2 °cy o, CR = T32=20 wl’:wzh hasa gmhg%llitjw
Sy 3f i@/i: 023, /The adjusted deviation is: Q?BQ ~ et ,'.‘rﬂ’ lhﬂ
/. 'q// k' , Z m QL @S '\ O/~
%;ultﬁs/{;:nﬁcg rnnﬂ;uAPCR = T3¢ = 1.6, and, :he’iiq;umd/, Vey,
Qg ’ ro. 7. "¢
pl‘ﬂhﬂgﬂﬂ}’ 18! "P = Mﬁ e : i Or 00;9/7; ! 4 R
r
The mumpt‘inp n? :Pcﬁ'd:ﬂm‘: between the items which undu@f)c, o S, Ji
lies the binomial methad with mixed probabilities is the same which Sty - 308
underlies Fisher's method, (6) e r:ﬁ&.m:d to in the Introduction. “or ~ Bg,
The difference between the tyo rhiethods is the result of a trans- 'OSJ/C
formation of the X,'s in the Fisher, mcnhg;d so that instead of being "
1or0fora Iut or a miss they are, &pect':’%ly, — (1 — p) log p;
and + pi - pi. In other words, Fisher's rﬁod provides a
g of the {3t¢ms with different values for different probabil-
-itlu Thts type o ormation is likely to add to the sensitivity o
of the assessment; D { Jtransformations than Fisher's can be used \7959
in the models dmr:ussc in th}p paper, the choice mainly depending / W D
on how extreme the pr ﬁah@nﬁ’i«‘,gre, This subject will be taken up” ~ | Org %
inlhtﬂrpﬂw " hy 0/4, @l‘J,f "6 S 0‘3/‘@ %Vy
o /@S; (/S,q o, " Q Co, //71<
Ne o i Y, b ‘a0 )/
X s, /7/‘@ ry /7/0(?/ ] L4
.,@QfCA — /Cc7h /O/.OO’/ Q/)[S Q@m (
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