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THE INPLUENCE OF ENVIRONMENTAL NON—STATIONARITY
IN A SEQUENTIAL DECISION-MAKING EXPERIMENT

Marrill M. Plood

\

/ f,/ /,’ ) AL
Summa : Th&;.ps;ov—repertsAon a neriea of

ot experiments, and on their theoretical
/.background, thatA4‘#.—6%3@83334—#0—4&udyatho
7 effect on human decision-making of a belief
that the environment is changing when 1in
reality 1t is constant. The results suggest
that subjects tend to search more among poorer
alternatives when they belleve that the
situation 18 chanzeable, and in conformity
with mathematical models suggested by W.X. Bates:
and R. R. Bush to describe the two types of
decision-making behavior. { )



1. Introduction.

W. K. Bstes reported certain expe;'imntal results, in a
telk at one of the early plensry lelsiohu of the Seminar, that
stimulated me both to review some old d;ta of mine and to con—-
duct a new experiment using human aubJeEts in a multiple~
ct.oice situation provided by the punchboard demonstrated during
my own plenary session talk. The type of result obdbtained by
Estgs, that intrigued me, has been reproduced by other investi-
gators in other laboratories both with human subjects and with
rats; 1t 18 as foliowz: In certain 2..choice situations where
the reward probabilities are 7, and wp the organism will tend
eventualily to chocse the lth altermative with probability

l-w

/ p‘f- J where 1 ¢ J.
2‘—'0.‘“‘#‘

For example, Estex reported a case in which the reward proba-~
bilitivs were w;=1,2 and 7g=0 and the aversage tendency of
3eversl humar subjects was found experimentally to be ﬁ?10-57~
Ireidentally, Estes remarked that the formule for ﬁf’not only
descrined all his experimental data well, when averagéd over
enough subfjects and trials, but that 1t was derived from a sys—

tem of mathematical axioms forming a basis for his learning

theory.



o

puring the discussior. of the Eates paper it was argued

{incorrectly) by some of the game theorists in the audience

that such behavior was surprisingly "irrational" since the

optimal strategy for the crganism is clearly pure rather than

mixed, and 8o the organism should learn eventually to choose

only the alternative thet provides the more frequent reward.

I countered with the fcilowing two objections to this game-

theoretical argument:

(a) The payoff utilities could not be well defined, as

(b)

is 80 unfortunately the usuval case in any of our
attempts to apply game-theoretic arguments to a real
case, and there is a ressonable payoff matrix that
would rationalize the reported behavior. Thus, if
the organism's object were to get the very best
score that 1t could, rather than sinply to maxi-
mize its cxpectation, then it ahould sometimes

not tend to ure a pure strategy. I 1llustrated
this case hty one of my punchboard experlments in
which a very intelligent subject remarked that

ner only hope to get a "perfect” score in a
(90,10, experiment would be to play 9C in the
90—~case and 10 In tne 10-case and be lucky on

2ach play; In other words, if absclute perfection
woere asBigied sufficiently high utility her
optimal tehavior evean in the game-.theoretlc sense
would not be to always choose the same case. Of
course, In a (50,C) experiment this same argument
night suggest that she should use a single.—choice
strategy but only 1f she is thoroughly convinced
that one responsgc will always be non-rewarded.

At any rate, a weak defense of the mixecd-chclice
behavior can be mnde along thesme general lines.

The von Neumann-Morgenstern game theory 1s not
applicadble in this situation unless the organism
can safely assume that the experimental stimulus

"is generated by a stationary stochastic process.

for example, 1f the organism belleves that there
many be some pattern (ron—statlionarity) over time
in the stimulus, then it can often 4o better by
18ing a mixed rather than a pure strategy for
Htherwiar 1t would nave no way to discover any
nattern effect after the time that It settled on
A pure strategy. In fact, tne present state of



matnenat 11l game thocry {and statiacical
'decig'on theory) is auch that there 18 no
generall sy aceepted prescr!pti;n of optimal
behavior in the non~abatlonary cose; 1t may
very welil de that organisric tohavior will be
found to represent such a solution 1f and when
we understand it. Ip reopnnse to my query on
this ypoint, Estes paraphrased the in:tructions
glver to his subfrcts and it sremed 3ignificant
to me that he had made no effort t» nuggest to
them th&st they were in fact being coufronted
with a etztionary process. In my ovu erxperi-
ments, on the other hand, I had emphasized
very stronziy the sxact nature of the station-.
ary procrgs confronting tne sutjects® and it
had sereoed o me that this fact nhad heiped the
gubr jects go to pure Btracnglea. I sontectured,
tnerefoiw, that the pure type o7 baohivior would
he founZ 1n subjecta #ho were convirced of
intionsrrity Aand toa! the mixed type of beha-
—v1or would sometlm=g bhe found in svl jects who
pelieved tnat thers might be non srationarity.
Thear irsues hevna berp wmunn dircusased during the
Semirar and the . 32 to bS gpreem nt that
the matier 1p wor: 1y of further « vperimental

nveatiiation.

K. v Bosh offered 1+ 1t i0cri:tleal sanpianacicn of thre pure

and mixedl cne:n at Lhe Initlal geeting oOFf one of ths four work

Ing, geouss first formed wlindn the Sewmdcs - h coeed Llas Cn

Fhee gtocaustls learning med sl proposed recent'y by Buah and

il o0 Busbh 11d thts Ly tnowinavy how the Fates formula
tn oOh oY bty asgsigsoning o tein ey anesin) values to tne
crramete & in the Bush-Mo=nco:ler mrtivwmatlcatr model, aa later

wWrdtter 0w in the first v IRKING MSMO of Lhe Seminar (WM—-1).

"

Bueh .2 . derived an aymptot'e misturs foragia fer the r-ctholcee

cagde and, wilh G. L. “bempron (WM 8), remurred on some of the

Fveen toovnph 1 streraed thity oot 7 Freat'y 1t w8 not really
Beooept o4 by tNo of my aclis-guer Jho, aa subjects in one
crperivent . maas Inferec -3 e the filuntratlive Aaxample in

o wWritton Ingtructione and from oapoarent patterna o0 avee

vonpe R 4 Fatler oa o ool T g s sy e tuptifled
Ty 2= TP NN VLTSRS S SL AN SRS SCTH PR * P SR T N A Al S
oy |L'A SN
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erperimental questions involved; the fuchoice formula of

Bush 1is:
. S
o 1---r1
pi « for { =1, 2, -, r.
IO
> 1
=1 1

Tas punchboard experiments Include instances in which r~2 and
r-2, 80 they provide asome dnatn that are relevant to the queat&an
cancerning the applicabllity of the pure and mixed models dis--
cussed by Bush.

Mosteller, in one of the Seminar meatings, presented some
experimental results (WM-="1) on the 2-chotes caaé taken from
recent work of Stanley with rats in mazes and from Jarrett
with humans done with a "two.arm bandit" constructed at the
Instigation cf Bunh and Mos*eller. He disgzussed the quality

£ agreeme:nit between these experimental data and the pure
and mixed models and, among other ﬁhlngs, conciuded that rets
and humans both seem tz gec to a rholice of the better alterna-
tive more ranidly when they sare rewarrted less.

In this mamce~andun, 1 rnhall discuasn some Tunchboard expari-
mrts “on~ in the P.chelee and @ «cholce casrs.  In particular,

I shall present the resuit:s of a pilot experiment done as a
””bvsult/;f the Egtcs talk in sn effort to obtal.. efther pure or
mixed behavior by human subjects acrording A3 they are or are

not convinced of ro,.-qtarionsrity n A (asge that is aActually

atationary.
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2. The experimental method.

The equipment and procedures used are explained in the
written ‘nstructions given to the subJeci before the trials

start. The set used in the initial 9~ch61ce experiment, where

stationarity was stressed, are included here as Appendix A.
The set used 1m the 2-cholce erperiment,'ﬁhere stationarity was

not mentioned, 13 included in Appendix B. I refer the reader

to these two Appendices for information about the equipment and
procedure used, and now assume familigrity with this material.
In (A), the 9-choice case, the ten sets of rewaré probabi-
lities were c<ach choaen at random on the interval {0,1). 1In
(B}, the 2—choice cane, the ten pairs of réward probabilities
were chosen arbitrarily so as to providevinformatlon on pairs
gcattered rather evenly over the possible range; the equipment
was 1dentical with that iIn the O-clioice case, and even the same
codes were used, but the subject was limited to choices between
a palr of columns specified at the top of each code. The actu{l

values for these pairs are as f0llows:

[Game ¥o.] 1] 213 4[5 16718 09]10
100 7, | 51 |76 155 40 180 |56 (98 |79 [a2 | 96 |
100 g | 24 joo foo O [30 j44 |49 159 169 [ 17

L N S J

e

In 'A), there were * . cubjécte and each did4 the same ten
panchbecards witi "00 (holeces on each; one of the two subjects
had previously done uno‘punrhhoard folloQing the instructions
of rfprendix A; th-y were both quite uﬂfamlliar with game--

theonrvtic notions.
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the experimental stimulus aud:thus &ffeét his reaponses. Some
P this danger could he avcided by aaiing all Questions at tnee
clome of the work by each Sub ject, ané-I have sometimes dore
tiaie. 1 have rothing systematic to offer 88 yet on this quéa~
Licn, wxcept as som: inferences may bé made on the basis of tre
t~tal3 data {tself. In future experi@entb, 1 hope to apprcach
tits question mor+> directly.

some of the cincipa! data for the ?-cholice caae are [1e

4
-~ - - -

Seited Ia Tatles 1 wno 0 for Subifecsts PD and ME; tiese data
wers Sotalined vslcg the i{ngiructicne of Appendix E. Annlogous

data £or the Gech !l onie are vregents) oy Sunlects 1410 in

Tablea 2--12, these Anta wore obigined using the !iatructiors



TABLE 1

2~Chofce {Subject FD)

Code | Column’ Order"{m Tp P1 t‘l'wo r{£°:_~L~w~
i L B (5 | 28 } 51 | ko 80 100
2 R 9 (76 | 9| 19 9% —_ 4
3 L 5 55 | 3 | 66 75 — 25
y L 1 40 o | 63 508 51 86
5 L 6 80 i 0 78 72 18 24

—— e | L _ ]

& R 10 se oLy | 56 100 — -
7 R < 98 L9 | 96 100 — -
8 R 3 {719 | w9 | 66 37 S 2
9 | R 7 o2 169 | 8 | 100 | — | --

10 L 8 9% | 17 | 95 89 — 1!

TABLE 2

e R et

2.Choi-e (Suhject MS)

e e e o o — —— - —

- O e Lo R
Locde | Columr | Order Ty , Ta _;3___‘ by }_Wl o C2
[
1 L s |= 3 ps 1 61 54 39 75
2 R 10 7% ., 39 ! 79 57 83 83
3 L 1 ss | 9 | 66 77} e oy
4 L 7 %6 ; 0 4 63 33 3% 100
! .
5 L 2 8o ! 50 76 70 68 Q5
I TR RURNRE U S
6 R 6 A L4 6 63 51 ay
7 R 3 I LI < 100 - —
8 ¥ 5 7 | 59 66 66 66 100
k9 R 5 o i 69 &0 93 82 %8
¢ L 8 7. 17 S g7 7] 76
L J - ..-..4;._...__.,._-......-...___...,‘
x. v
A : r"y = percentage of time the ¥, ~olumn was
=1,y chomsen dupring trials x thuoagh v
e = trial number when ¥, oluinn (o8t
L . chogen
L mepns that tte 7, coivma wugd o Lis YefU wrd 7 that 1 s or

the rizht af tie wp ccluma.

LN )

Thiu is the orcer o' pliv fom 0 ter ccd s

~
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TABLE 3
9-Choic- {Subject 1)

Y

sy

Y T U T T

_\‘0de LColm' Omir T, Jr_Po-, ] l.l,lOO-:{ fl.c e J:rn—,.‘OCH‘
i . | H Ve b
. 8 8 9 57 ! 60 | 8 51 o
2 | 8 13 g6 {55 8 o |6e o
R 7 oL M i 6B | 65 g W
; 9 5 100 {100 ; 7 0 3o
g 5 .2 ! ® 135 0 S K 42 &6 L
. 5 510 Ty . 29 T 0% 1100 ¢
: 5 16 | o8 56 ' a7 o 1 3, o
A 8 9 . 98 55, 100 | 0 | ae s el
iy 8 Pl ' 97 a1 ' %6 | 27 | 7 . 68
10 9 4 W 0o i o ? s roc
. mmea ot vemmmie e e bevs we ek e ae - s o v e o o o i o

. & ——— -

—-.-vcu -"-- q——C‘-; .1..-».\—.-..'7- .‘:..“-'.—-. -, ‘ .- f.'l._" -— -. l J{....-. e - - ’.—. .'_, "-6("’-}
oY ] » ! : s & s N
. ylumn 1 ure e, b AR phes » ‘f'b H !
-—-- - - ey . R agt P Wy gEmas cama . . - e ‘ - e . . o - , - - e --f.‘n. .;
2 & 5 G 57 E1 60 Lo 0L ‘
¢ f & * 5% o 35 go CANEE
.2 ' v %y “8 8. v W@
. . ! - e - ' .
H 8] . ' LY v
L i 9 Cd oA 1°C 16 08 ol w0 !
5 | s £ 3 . o - o
MU PRS- »’---—0 ——a - - - . - - - .- - - -
6 ! 5 ™ bk ¢ Lo W C vl b
P {
i 5 ! e :,.-('s 4 i { LU
: ] ‘
& g . € x 65 1nC ¢ , ' oe
G 8 I ' i 100 ' - e '
e v g ¢ we oo g L
- - - -~  eeamy b I - cd o . e, - — - - 'Y -—— e
[ 4
This 18 the numix .~ of tr: ecolumn for whl:h the »obabi:it: Ty
of 8 win was greitest.
LR J
This is the order in whio > the gl ject plazcd the #on odea.
(s -
P relers to the cciuru % €41 wilsh My cu8 precoEl, oo in
1 X,V e : .e
N .o £72 5 s roprentage o wulce tre ooldrn we i
¢ "";. i ’ 4 L,
p = il Van e f oFdien vat Ml HIEE S ) 33
s L.
TS .
] ‘ Letod oo e whier thee dror sl i T,
. &
S R 1« T L T 41
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TABLE S
9-Choice (Subject 3)
] . ™ maX N
: Code Column | Order o oc 1,100 1,¢ 2., 10C
:.- o---n_vn.-.. —-——o-—‘-—r&- P f t c r - can cem ud
i ! 8 8 94 57 26 19 91 e
C 8 3 96 58 o2 0 78 ¥
i - ¢ 4 91 41 30 29 o€ A0
L4 G 5 100 100 54 0 46 200
t o5 5 6 g2 35 14 oo &
6 ¢ ) 84 29 .8 1 o) 46
7 5 7 W3 56 1% 14 10U 8
' 8 6 1 98 55 14 14 | 1CO 1%
9 -8 2 QFf 57 (3% 52 TR 86
i 10 9 10 o8 8 %0 0 10 | 100
L —— - - et . WD * — e AEeLA DS e S——— & o ¢ cammed
TABLE 5
£ » @<hoter (Subject 8)
) Y com VRIS 7t Ul R IRV A A
Code Tclumn oA LN ! ’i | p fl' 00 rl.f‘ P r__n.,lov '
; r—-—‘ - - - - s -— I R S .*_.._ — ——y
3 1 8 i G 57 o 14 ‘ 100 14
" ° 8 .0 1 9% 5% 0 0 ‘ —- o
|3 : 8 a1 41 0 0 | ~= 0
| 4 ¢ 9 100 1100 | 100 n 1 ... C |
' 5 5 3 92 35 7 0 €L
.o - .-........v..-..w - -..i..._...-“._..,.. ............_.r._....--.,_..... . - e e e ......,_____1
; | € ¢ 2 84 29 &3 L TS r o |
7 3 5 8 | b 1 1 tior o |
_ 8 8 7 98 ! 55 0 o et
Q 8 6 a7 |} 57 0 013 i G
1C 9 4 8 , =8 0 o '1ec ! ¢
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TABLE 7

9-Choicze (Subjest 5)

cq‘!ej Column | Order ',?" oo |1,100] d,e | rSl,lO(E’j

1 8 6 Gk 57 | 77 0 23 100

o 8 2 96 55 o 0 {100 )

3 o 5 91 (3] 0 o] 100 0

3 9 3 100 100 57 0 43 100

c 5 § & 88 0 12 100
| 2 1>»1° | >
! 6 5 1 84 2¢ 15 i5 100 16
7 5 7 94 S€ o) 0 100 R

8 8 9 98 55 100 o] -— 100

9 6 8 97 57 190 0 — 100
10 Y 10 o8 5R 33 0 17 100

! : SUENUNP JER N -
TABLE 8
9=Chclce (Subject i1)

v me”, N YT e
Code [cotum |order | /" | oo | 1,100 othe | o [g5tacoc |
1 8 2 9l 57 T4 3 51 o8

3 2 1 91 b1 6 16 38 100

3 9 16 100 100 1 10 — 100

5 A 8 92 3% 0 0 100 0
H — 2 . SR |
6 € 6 84 29 il ; L 1] it 100
i 5 5 o8 56 w® ’ 0 8 100

8 8 3 94 55 2 ' o0 100 0
) 8 5 97 57 0 | 0 |00 0
i10 9 9 [ 93 58 90 | 90 io | 100




TABLE 9
9-Cholce (Subject 7)
Code | Column Ionm- f | o= | g1:100 | ptie | o |g51.100
1 8 7 o4 57 96 95 86 96
2 8 % 96 55 g6 96 89 94
3 - 2 01 )] 12 12 100 )
3 9 10 100 100 100 0 — 100
5 3 0 0 100 0
1 S :4—_5 wR 5....‘;.._. )

6 | s 9 es | 291 50 s | s2] o8
7 5 6 SH 56 0 0 100 0
8 8 1 98 | 55 11 11 100 1h
9 8 ] 97 57 16C 0 — 10C
10 9 8 o8 58 o8 0 2 1C0

TAJLE 0

P —————— . S—

9-Cholce (Sabject 8.

Code |Column | Order :"z’.‘m‘ 2o | gl I o !,.5: 100 |
1 8 9 ok 57 100 0 —_ 100
2 8 5 9% 55 0 o | 100 0
3 z 6 91 51 5 w | 25| 100
i 9 7 100 |100 0 0 { 100 0
5 5 1 74 35 oy ob 100 30
i R ----...-.A«-HL.--q(--M-—-z
3 5 3 84 29 € o | 151 100
7 5 2 9B 56 8 K8 100 43
8 8 8 98 55 Q o 100 0
S 8 | 97 57 0 0 100 0
10 9 9 98 58 100 0 -1 100
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B -
Coluan | Order vw 15 el 100 plet

8 1 gl 57 12 12

6 5 96 5¢ 16 16

2 8 91 41 0 0

9 3 100 100 6 6

o ]

5 2 r4 29 12 18

5 4 93 56 36 3¢

8 10 98 55 30 7

8 7 97 57 >

0 6 98 58 " 15

‘TABLE 12
9-Chol:e {Subject 10:

N . REs YN o !
Column ONS- v, .___Ll’m rl,loqj ’.\,c c 15"’10(_)_!

8 2 O\ 57 % 70

8 8 96 5 o 0 ;

¢ 10 9 3 61 5

9 3 100 100 88 0

@ 67 62

— 5 5 ot : Jb 35 #

5 6 Ea 29 (3 6

5 4 98 % 3 0

€ 9 98 55 0 )

8 7 91 57 a5 G

1 <8 24 |

L—.?-.......a | _‘..45.23_.4;.._ . 9
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It seems very unlikely that the choices of Sudbjeet FD cen
be explaine” well ir terms of the rixed model. Por example,
on his last doard all his ¢hoices were made on a column that gave
wins on only 556 per cent of the triais. One possible explanation
of this behavior is that he set a standard of 50 per cent wins as
satisfactory and then did not search for a better column ss
long 88 he felt that this standard was met, 8s was the case on
this last board after the sixth trial. A fact consistent with
this explanation 1s hic continued effort (42 attempts through
trial 86) on his first board to win on a column that never pald
off while the better column was paying off less than half of the
time. These possibilitiss are typical of the experimental com—
pilcations that arise because of tne particular psychological
set tha~ comes with the sudject at the outset.

Sut'ect MS, on the other hand, seems to have performed in
g2 menrer quite consistent with the mixed mcdel, as judged by
the close agreement betwee: o, and t}’looz his seventh board is
a notatbl: erception and it is a surprising fact, in this con-
nectioci., *hat he devoted nis last 28 trials to a cholce thet
alwuys fulied and that heAd aleays felle® or hil: previous 39 trialy
witn 1t. 1t 19 significart that he kept trying becth columr: wel.
through &') tut two of his toards, and that he remarked durirg
and after the cxperiment that e wag convinced that there wes
some sort of pattern and that he might find 1t i1f he kept o
hunting for such regularities. If we suppose thatl this hurting
ended 8200 aiter trial cg t:on we would ex;vect that the f% ta

might be 'n even te’ter agrseucnt with the oy than are the
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n
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T

f}'wo; this ssems to de quite true for Subject M8, except

for hls ninth board, and is further evidence of consisteney
between his behavior sand the notion that the mixed model applies
until the subject believes that the process 18 statiomary.

The date on Sudjects 1-10 are rather hard to interpret in
light of cur centr2: hypothesis. Certainly, there is no very
striking agreement between p’“ tl'wo. It does seem to be °
the usaal case that the subdject ia still choosing columnt oOther
than the best one through most of the 100 trisls in each game,
snd th= subjects usually fail to settle down on the very bost
choice within their hundred trials. Of couree, it may Mason~
sbly be argued that the esrly trials in each game should not
be taken too seriously in &n investigation of asymptotic behe-
vior; for this reason, 1 have included the ,51.100““ at the
interpretati i is difficult here, too.

One source of trouble in the ansl;sls 1s the similarity
between the », in s-me cases, so that it 1s hard for the sud-
Jects to discriminave between such columns. PRor example, in
Code 7 the three largest v, are 98, 95, and G0 80 that it
would not be at all surpriaing if a sudject were to spend some
of his gholces on tha 95 per cent ¢column that the sixed model
would aliocate to ‘he 98 per cent and 90 per cent eolns‘. Con-
3cquently, in an sffort to woften this confusing efl'ect, the
dsta were regrouped for anslysis dy combining colums with econ-
parsble v velues. The rule for this regrouping was quite
arbitrary;. It conslsted (n comdiniag ell .au. for those columne
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VHhOBe Ty values d1ffered by 7 per cent or leass from the maz LA
1ul0 4 new column 1, then similarly forming a new column 2 to
ins1rde A1l thoma ecolumna mom-'tl values 4iffereA by 7 per cent
or leas Jrom the max vy not already included in the new ¢olumn 1
a: 1 continuing until all the columns were regrouped. If we let
19 deote the number of new columns formed for code J, and let
ti’,. for k-i.?,--‘. r", denote the wean of the set of v, values
reprosented in the new column k of code J, then the mixed model
requti-ca that the asymptotic rrequancies of play on new column k

for rone § Aare given by the following expressions for pgz
‘—.-1‘.
N
o 3
py = x for je1,2,°'", 10; kel1,2,-++, r°.
r'j 1
L S
=1 14“ ‘

The regrouped dats are pressnted and compared with the values

8¢ oh.r'ired cr F{z in Tablen 13.20.




TABLE 13
r'-Choice (Code 1) ‘
Subject| r} ¢ ) 4 l rl i r?r r? f?r r?’ rsslj
1 90 5 2 1 86 6 8 2 ?
2 81 14 2 1 2 |100 (o] 0 0 0
3 26 40 10 14 10 52 80 0 8 0
[} 15 60 9 12 5 14 Y] 8 10 J [ g
5 77 11 3 6 3 |100 o} o 0 0
d. ]
6 ™ |18 3 13 2 {100] olo | o 0
7 o6 0 0 4 0 96 n 0 [} 0
8 100 0 0 0 ¢ 100 0 o o (o]
10 75 13 2 7 3 7% 201 2 o |.
Lvemgq' 70.4] 17.y; 3.4 5.4 2 80.2 u.? '1. 6f 2.7 1
pl" 7% 3 7 6 5 14 8 7 6 )
TABLE 134 !
r’-Choice (Code 2) '
Vsubject | £} j td |y | 0% , fi £ l gl | ey | r3) \igr
!‘""‘—"—‘ t S = "']L"'*"T'” 1 A\
‘, 1 21 {10 S | ¢ ] ¢ 25 2 0 0 o
| = 86 |10 | o | 2 | o |8 |»]o | 2 2
b3 22 | 52 | 10 9 7 | 48 |36 | O 8 |1°
i 4 0 |97 2 C 1 0o |100 o] 0 o]
, 5 ) J 89 0 6 5 o} 98 o] 2 o]
G . 3 — e el e o
L6 o |88 | &6 4 > o |88 | s | 6 2
! 7 Qb5 3 0 0 0 94 6 0 0 0
' 8 o) ) 0 {100 0 0 0 0 100 (o]
10 0 96 2 0 L] o 96 0 0 N
Average | 31.7]| 85,1 7.9} 13.7 04 35.% ssj .5
p." &7 18 11 5 3 67 18 {1t

* Subject 9 was excliuled in computing the averages because his
ec lections differed so gxatly fre- all the others.

fi 18 the percentage of tiuf that ¥ cowimn k vas chosen furing
trials x through 100.
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TABLE 17

r'~Chcice (Code 5)

e e e g 1
twgeet] ol [od [eb [ed Jon g T et [0 (o [ [ 627 [ef i
f 86 | 2 |35 |6 |2 |1]wo |0 Jo |o 0
I ok 0 0 6 o 0 94 o 0 6 ) 0
| 25 |10 |2t 11 22 11 | 0 {22 |22 |a2s 2
P 7 | 69 |20 0 2 2 18 54 28 0 ) 2
88 WL 3 3 0 3 3 |100 0 0 0 y 0
r 91 [} 3 ) v 0 |100 o o] 0 J Q
! 81 0 6 10 2 1 8\ 0 2 14 0
; 3 27 | 43 |13 3 8 6 | 30 {5 |10 o ‘“ 3
1c 77 0 13 5 ! 5 90 0 0 10 " | «© 0
| Average | 68.C0f 14.6 | 9.1 | 4.8 | 8.4 | 3 71.3/11.8] 6.9 5.8]| <37 .g
|
| F. LY A 2 9 8 7 5 | 87 2% 9 8 5
L. 4 - e
TABLE 18
r'-Choice {Code G)
hesinadh it - T T~ Ty T - - T ""S!“"'"‘!:! -t
 Subje-r| £} rd ri r re rg f?’ r?’ ‘[521 £3 ' 9 fgrt
N -_— -4'--“—.—-- DR e SRR S e -8 e P s e e - e o . —— -~ W - —~
A 79 > 5 3 6 0 9% 0 ] C 0
» i »0 A3 1 9 1 6 50 50 ) 0 7y 0
L b 37 % 5 10 16 A6 €3 0 0 ) 0
S I 0 3 6 |17 0 |6 o 4 v |26
o Ly 7 AN /R & TN £ 16| 30 6 (12 o |28
' i,,_ e A ’ - .‘_J J’;.-_4- — ‘_.,_.._.-.‘L.. JUP SR
. , :
Coe ' 80 14 1 1 90 | % {100 b ? o) ! 0 0
: 0 | 28 |16 W >t 6 | o N O 0
§ | 85 2 ! 1 1 10 §:100 Q0 o | ¢ ( o)
Lo L€ 7 10 6 > 11 |t 0 o0 0 0
| SR, — ]!: P SN USRI WO, % G =
. n!f“asw' iy 21 320 | 4.1 %.8) 3.5 111.94 6.4 2.9 1) 2.2 11 6.4
i H
| 5 l X9 |21 18 11 8 1 39 |21 .,11‘ L 11 ‘ ?
SN IUN JUNUN SNUIUUS S SR R SR N | i S
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TABLE 19
r!'-Cholce (Code 7)

—— e = - i g e
sucject| £ | A (£} |t | | £} ror | rg! Jr?‘ Rt
‘ ou (] 0 u 0 1 0 |[100 0 o | o !'¢ |
- 98 0 0 0 0 2 {100 0 0 0 0
"3 53 13 10 |20 14 16 b | 6 0 (20 |28
Y 1 72 o] 27 0 (-] 2 96 0 2 0
5 97 0 0 0 3 0 |100 0 ) 0 0
S ® 1 2 3 1 1 ]100 0 0 0 0
7 99 0 0 0 1 0 100 0 o 0 o !
8 &8 0 |52 0 0 o | 48 o |5 ! o o
10 5 3 0 0 3 0 6 ok 0 0 Jo |
ren o auneaptm 9 .——JL Y -'w-t-‘*
Aversga| 63.%1 19.9% 7.1 6] 2.6] 1.4} 66.9]121.8] &.8 2.” 3.1;
P 63 (22 |6 | & | 3| 2 |63 J22 |6 | B |2 *

N . o i
TABLE 2¢
r'-Cholce (Code 8)
Subject| £} '[rg SIENE [ £, | for | fo%
_ L
1 ™ j100 o 0 o) o0 0 0 4)
2 100 0 ¥ 0 00 0 0 0
3 41 15 27 17 50 20 18 12
Y 100 0 o) 0 00 o 0 0
5 100 0 0 0 00 5 0 0
- - — -~ .. ST UUUY IS SR
3 100 0 0 0 00 0 0 )
7 25 19 h6 10 30 20 50 8
a 100 0 0 0 00 0 0 0
10 " |96 0 ) ¥ |oe 0 0 8
Average | 84.71 3.8 | 8.1} =.4185.8] 451 6.7] ».1
]
p;'( 68 18 10 3 o8 18 10 l Y
R % .........4.......‘..-..1!._ ‘. - l




TABLE 21

r'-Choice (Code 9)

-21-.

I Q b. rot! 1 1 ¥ T 1 51 L
(Subgect] £ e | 1) i BN S ] ¥ [
; 1 75 3 3 10 9 {100 ) 0 o 0
Lo 100 o) 0 0 0 |100 0 0 0 G
3 96 ) 0 2 2 ok o) 0 4 “
ok o8 0 c 0 2 98 0 0 0 2
6 100 0 0 0 0o |100 0 0 o} ¢
7 1100 T o 0 0 o l100 ) 0 0 3
3 100 0 0 0 0 100 0 0 s} €
10 a5 4 0 0 0 5 oy 0 0 0 6

] — . JUES SR

Average | 96.0 .3 .5 1.541 2.0 o8.4 0 0 LA 2

pﬁ 69 12 8 6 S 69 12 8 6 B

L - LI Y S

TABLE 22
r!—Cholce (Code 10)

E _....-..—.._7. ..._..___: - g

supgect | £ |ed b el b £o1 | rgl (37 [rel r“iJ
1 97 1 0 1 1 10C J 0 0 C
> S3 1 0 ) o 100" c o) o} s
% g 2 y 1 1 |100 ") o) o) 0
4 99 ’ 1 o 5 0 100 0 ) ) 0
83 14 0 0 100 0 0 S G

| _ _5..- i > ‘ 1 R
6 90 2 6 .} 1 1 |100 0 0 o ©
7 a8 2 0 ¢ 0 |100 0 o) o O
8 Q¢ 0 0 o 0 |100 o | o o) 0
10 3% 14 31 13 9 50 ~ | 1% |22 6 e
Average | 87.6 | 4.1 4.6 1.8 1.6] 94.4 1. 2.4 .7 C
Py £5 6 Y 3 85 G 3 2 y

L. ——— ._.._'J._;_.,;./._;L.. -— J.._.- - 1 .....-‘...J .. - —

art E o i g i )
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It nouldlb,“g stretoh on the imagination to argue that
Tavles 13-22 provide evidence in support of the hypothesis that
ur subjects behaved accdording to tha mixed wodsl, but a stii:
grester stretoh to argue that these data permit us to rejeot the
hypothesis. My own view is that a much more extenaive experimert
and & better—conducted one, is necessary defore any real conalu.-
siors can be drewn. I believe that the most promising approaci

is to start with the 3-oli0ice case in ihioh the ¥g are rather
evanly epaced, and not too close to O or 1, in order tc check

the closeness of agrearen’ with the Entes-Bush formulas for»pl.
Not until experimental techniques are good enocugh to give constant
and repeatable results in &4:. -went for the 3-—cholce ocase witn
either the mixed or pur modelso, at will, would I want to tackle
the provlem of determiniag the precise nature of the experimentai
stimulus that 13 neqg: ssary to produce this kind of difference in
behavior-——and only after 1 understood this stimulus prodblem
reasonably well would I again want to work v1£h the r.cholice cese
for r > 3. The orude pillot experir ants reported here may be Of
some use to others parbiclputlng in the Seminar who have become

interested ir this problem of the pure ve. mixed learuing

ehavior,



APPMEDIX A

INSTRUCTIONS FOR STAPIC-NIME EXPERINENT

L. Static-line

The equipasnt for statioc-nine consists of & "punchdoerd,” &
"punch,” & "rode,” and & "regleter.” The code and register ore
pr:nted foms fastened to the back and the front, respestively, of
the punchboard. The punch 1s used on each move to -/kl 8 hole in
‘he register signifying the choice of an integer from 1 through 9
Sa.mples of code and reglster ars attached to these instrustions.

The register ras 25 linss, and in =ach line the integers 1
‘hrough 9 apresr in four "fielde" acvose the page; this provides
for 10O moves. )

The code has ¢ither a 1 or a O in each position. A 1 demotes
a win and a O denotes a loss. The cide 13 arrange. 8o that the
rmark 1 eppears a presssignad number of times in each column. The
order of the marks 1 and O in each column is rendom.

Toe fi-,3t move 1s made by punching out one of the nine digite
‘nrov. 1 0f fleld 1. If a 1 is seen through the hole this position
is cir:led in pencil by the player tc dencte a win, otherwise 1t s
ieft uncircled to dennte @ loss. The gecond move is made similarly
by punching in row 2 of field 1, #nd circliing tc denote a 1 1f
cbserved. After the 25 moves in fle.d 1 are completed, start st
the top of field 2, and continue in this way until all 100 rows
have been punched. The 3 -ré on these 100 moves :8 tre cotal

number of circled positiona.




After you have made 100 trials, you will give the umpi:a
rstructions for your plays in the next hundred trials. Youu do
I.is by assigring to each choice, 1 through 9, a number indicati:g
.bﬁ'eftén/;ou wish that choice played in the next 100 trials. Tie

nine numbers must add to 100. For example, you might assign 20,
32, 13, 10, 25 to digits 1, 3, 7, 8, 9 reapectively, and zeros tUt:
Ehe otners, indicating tnat you want digit 1 piayed 20 times, di[ it
> played no times, digit played 32 times, etc. In particular,

If you wish to have some one number (say 5) played all the time,
.hen you would assign 100 to that one and zero to each of the
ctners. These numters should be uritten in the rvw provided on

~he 4data form for this purpose.

Your object 18 to get as many wins as you can in the 200 moves

P. Genegg; Inrormagigg

T:iis 18 an experiment desigred toc cbtain &2 quantitative
eor parison of the ability of peonple with that of rats in learning
L0 play a certain sinmple inte’lect 3l game. Budﬁvand.noﬁteller,
~t Harvard, have examlned =2xperimeuts) data obtalned by pasycholog!ste
in their studies of ra* learninyg. 7They have dev~rloped a mathe -
ma!l: 2]l medel that seoms to !t tLn- rat data quite weli. I am
using this model. wh'~<h the; "“are called the "ata* ra!,” to ~omputs
the probabi? performance o9 rsla 1a pia,ing an'Neuminn—Morgans?kzl
sanes, The nclentific purnoer 18 te tewt ~ar velldality of vaoin e

n:athematical theories of learning .nd decluion,



oy

{‘an-ehbblrd reprezents x miihanical umpire who detersintg
+*re and losses in the following Lamer. The umpire first ehooges
114 nurbers hetween O end 1 (for exenple, .900 or .378) frem s
~sdom rumber table; hese are hought ot' os probadilities G, 6.,
»+s v Lhat your choices of 1 through 9 will win., BEaeh time you
rit7 3 nuvher ‘say 3) the wpire Actermines whether or not you heve
264 "y 29plying the correspanding probability (G ir this case) to
wore tie daclsion; he agais uses a random number table for each of

3
]
21
xj
3

"2y cesiatons. Thus, if the urobability Gg that your chelce 3
80 L3 /L wes 700, you migrt ¢xpect to win 7 times out ¢f 10 when
SO *uocae the nuxber 7, .
For the sesond hundred trials the umpire simply multiplies the
r.ire nmumbers written or :cur data form by the corresponding pro-
vabilitiec Gy, Gg, . 69. and adds these products together to get
JCur tutal of wina o6n Lhe jecofri nundred trials. Of course, this
“aupataticnas procedunre, produc?s e SaMe Tresult as the ocne that
vou woult expecst vo get if i ap.c? actuaily went through the
sqecond 1 oved plays for you one or o.l2.
ite we ahouid 1ixke to have you pla - static-nine several times.
T i average scome for all your gamer will be coapared with that of
tne ;tat-.at, and ta~ae of the other . bjecta in this ¢tperiment.
Y21 will oe t0ld the 31st-rat s aic-e 1"t eacn game. At the

ccne xion of the e se\mea~. 1 w. ! vend eAch sur ject a sec it -
sition of *he names and scocea of n,]l rplayers, taclating the

Tate !

T..0vrK you for pa * ¢cinviiog, <./ joed ) av
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APPENDIX B

INSTRUCTIONS

§tat1c—n1ne

The equipment for static-nine consists of s "punchboard,"
a "punch," a "code,” and a "register.” Tne code and register
are printed forms fastened to the back and the front, respec—
tively, of the punchboard. The punch is used on each move to
make a Lole in the register signifying the cholice of an Intege:
from 1 through 9. Samples of code and register are attached to
thes. instructions. *

The register has 25 lines, and in each line the integers
1 thrcugh O appear in four "fields" across the page; this pro-
vides for ioo moves. At the top of each register you will find
two digitas written in red; you are to punch only one or the
other of‘thnae two on each trial.

The ~ode has either a 1 or a 0 in each poaition. A 1 denoten
a win and a O denotes a loss.

The rirst move 1t made by punching out one of two digits
in row 1 »>f fileld 1. If a 1 is scen through the hole this posi-
tion 1e circled in pencill by the player to denote a win; other-
wise 1t ia left uncircled to denote a loss. The second move 1s
made simtlar1y by punching one of the two digits in row 2 cof
field 1, any circ’ing to denote a 1 If observed. After the 25
moves in ficld 1 sre completed, start at the top of field 2,
a1d continue In this way until all 100 rdﬁs have been punched.
The Bcore on these 100 moves 18 the total number of circled
positicne.

Best Available Copy

»

See_samples in Appendix A.
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Your object 1a to get as many wins as you can in th; 100

moves.

General Information

This 18 an experiment designed to obtain s quantitative.

conﬁnrison of the ability of people with that of rats in learning
to play a certain simple intellectual game. Bush and Mosteller,

at Harvard, have exanined experimental data obtained by psycho-
logists in their studies of rat learning. They have developed
a mathematical model that seems to fit the rat data quite well.
I am using this model, which they have called the "stat-rat,"
to compute the probable porfornance ot rats in playing von
Ncuainn—lorgonatern games., The acientiric purpoae is to tent
the validlty of various mathematical theories of learning and
decision, |

| We should like to have you play aﬁatic-nine several t;nes.
Your average score for all yourﬁgameﬁ‘iill be compared vitﬁ
that of the utat—rat, and those or the other subJects in this
experiment. At the conclualon of the experiment I will be glad
to give you a recapitulation or the namcs and scores of other

Players, including the stat-rat, if you wieh

7

‘Thank you for participeting, and good luck.

Best Avaa lable Copy

‘Ppendix 5'4
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