























hoo trials were run without break. On all trials the duration of
the signal light was 1.5 sec.;_the interval between successive signal
eXposures was 4 sec.; the reinforcing'light immediately‘followedithea*'
S's response with a constant delay of 0.1 sec.

The S was interviewed at the end of the seesion; the dependency
of the reinforcing event on two successive responsés was noticed by
none. | |

| Results‘and Discussion

Mean learning curves.--In Figure 1 are given the learning curves

corresponding to the four pairs of responses and to thé single Al

is approximately egual to

response. Because P(Al,nAe,n-l)

P(AE,nAl,ﬁ;l)- independéntly of any particular mo@el, the AA, and
A2A1 .curtgs are combined in the figure. Mean proportions for successive
blocks of ihO trials are given. :Inspection of the figure indicates that
re?ponses ére guite stable over the last four blocks, i.e., the last
160 trials.

Independently of any model iﬂ mey be inferred from Figure 1 that
the response pairs of 8Ss occurred with a rank ordering of frequency
to be éxpected from the double contingent reinforcement scheflule defined
by (1). Thus Bs were most likely fp be correct when responding AlAl,
next meost likely with A AE’ and least likely with the altefnation

2

A1A2 or A2A1. These anticipated simple qualitative effects of rein-

forcement are strongly supported by the data.

Stationarity of Markov process3—-The test of the hypothesis that

the learning proéess obgerved in . this study was a stationary Markov

‘process, implying thet the transition probabilities are constaﬁt, was
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" Fig. 1. (Observed proportidns of the response pairs and of A, responses in

. 1
* . blocks of -40 trials,-and asymptotic predictions from vne-element. @ -model.




made by means of a X? aralysis (see Suppes and Atkinson(1960,Chp. 2)
as reference for all statistical tests in this paper); The states were
defined in accordance with the one-element 6 model (i;e.,“AlAl,':Alﬂz,
etc.); the valﬁe of X? computed oﬁer all blocks of 40 +trials except.
the first two was 45,3, with 4(2-1)}(8-1) = 28 af, +this value is almost
significant (.05 > ? > .02). When the analysis was restricted to the
last 4 blocks, ¥ = 14.2 with 12 df, which is not significent at
the 005“ level (.30 > P > -;20)a These results support the conclusion
that once the asymptotic level of response is reached the process is
faifly stationdry but that it is not quite so during the acguisition
phase of the learning. Also these results are in good guantitative
agreement'wifh the many stationarity tests reported by Su@pes and
Atkinson (1960). |

Anqtﬁer definition of the states which was considered for this
experiment was ﬁhe palirs bf reéponse and reinforcement on the same trial.
With states defired as AE, AE,, AFE, AE, the obtained value of
Xg‘ for the last 4 blocks was 8.1, which for 12 4f obviously is not
significant and thus corroborates the corresponding result obtained with
the former definition of state. On the other hand, with the-latter state
definition, the X2 analysis extended over all but the first two biocks
of trials.yieldéd'a value of 52.5 -Which is significant at the .01l
level. Inspection of the individual contributions of Xi to the wvalue
of ¥ indicates that only cne state, AlEE’. seems to be responsible
for the significant value; its contribﬁtidﬁ_aloné'was 29.5. |

Order of Markov process.--The question under consideration was:

knowledge of the response history for how many previous trials would




-improve_the-prediction of the S's behavior? Again, a X2 analysis.was
used. The first null hypothesis which W?s ﬁestgd is that no signiﬁicant,
improvement.in pfediction results from knowledge of the S's responses
on ﬁhe previous two trigls as against only one preceding triai, The,.
dbtained valueg of kg computed over all but the first trial block and,
secondly, over thé last .4 blocks were respectively- 183.4 and - 6.1,
With _h(u_-z.)_g. = 26 df these values are significant at the .0l level. =

The‘segond null hypothesis which was tested is that no significant
imprOvement results from knqwledge of_responseé On'the previous thrée

ITrials as'agginst,oply two trials-esecond order vs. third ordér.prpcessi
Here 'X2,2 25.7 which is not nearly significent with _l6(hfl)2 = 1k ar,
the analysig being made for allrbgﬁ the first block of 140 trials.

ggg-element & model.--The result of the computation of the maximum-
likelihopd estimate of 8, based on the last 160 trials, was g‘= 5476,
(For'the method of deriyation Ofsthis_éstimate from the transition matrix,
see Suppes and_Atkinson (1960, Chp. 2).) This value.was used to compute

_thelasymptotic response pr§babilities .ul, gg; uB, ﬁh, and pl for which
the obtaimed values are indicated by dashed lines at the righf in
Figure 1. fhé es?imate éf @ was also used to compute the transition
probabilities of therbasic transition matrix of the model. These pre-
dictions, together With The observed transition proportions on the last
160  trials, é;e given in Qaﬁle 1. DNote that exactly four.qonditional
predictions pf Al,n+l @etermine the entire hox b matrix, A _X?

goodness :of fit of the predictéd transition matrix to the obgerved

transition‘matrix_was mades; ‘X2 = 24.6, which is highly significant

(af = 3, P < ,001), although on =z qualitative‘ievel‘the_pfedictioné in

Teble 1 are not bad. (The.relatively lerge ¥°  results from the large

nunber of observations.) 10




Table 1
Observed é,:dd Predict;eti Tranéi‘bion'Probabilities
For the One-Element '9 Model. Observed Values

A- . _
and 6 = 476 Based on lLast 160 Trials

Pred. Obs.
n-1,n A a1 Ay nel
aA WL 75
ah, 43 .51
'AgAl | ..62: L6
ah, 53 o
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These results for this model are comparable to those obtained in
many other experiments in different laboratories. As usual they become
much worse when we look at the finer seguential structure of the data,
because P(Al,n+1lEl,nA1,n) = 1, ete., i.e., when a response 1s reinforced
it should be repeated with probability 1 in this model. As the observed
transition probabilities in Table 2 below show, these probability 1
predictions Were'fa: from being verified. TFor examination of this finer

structure we turn to the generalized conditioning models.

Models of the class G.C.M. Y.--The observed transition probabilities

PA] a1 1B5 v nBy ne1f0 0ol

}, the observed row frequencies (number
of observations), the maximum likelihood estimates of the conditioning
parameters, and the X? géodness 6f fit tests for the five models of

this class defined earlier are given in Table 2.. Several things are to
be noted about this table. First, for completely unsmbiguous interpre-

tation of the table znd the five models of G.C.M. I, we define more

precisely than previously, the conditioning parameters of each.

‘13 < P(Al,n+l|Ej,nAi,n)

Gy T P(Al,n+l!Ej,nEi,n—l)

ey =B o lay ohy )
f5iag = P(Al,n+l|Ej,nAi,nEj=,n_1)

o3
|

gri5 = PO pag By pAy (A o)

Secondly thg X2 test aleo depends on the probabilities

- P(A

PlAs par 1By iy o8By paBie pg) =1 11 Byt Byt B ne1)

which are not shown in the table. Thirdly, the goodness of fit is 1o be
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Table 2
Estimated Conditioning Parameters, Observed Transition Probabilities and
Goodness of Fit Tests for the Ten MbdelS'of.Class-G.C.M. T and Class G.C.M. II

{Computed over Last  16¢ - {frials)

G.C.M. L G.C.M. IT

n-l:n T .
req. | P@,) Cii G5 85y Tys Bugs b O Gy Sy Tiy By

4B AR 20k | 843 |.808  .558 .7u8 .8M1 816 |.790 .792.. .89 .797 .838

AEAME | 333|799 [|.808 612 .748 .780 .816 [.790 .788 .752 79T 775
AEAE, 317 | .669 [.670 .566 .78 .633 702 |.616 .628 .57T6 .67'5 665
AE AR, 493 | .72k F.670  .627 JTAB  .71T7 702 |.616 .61l .66l .673  .661
AEAE| 85 | .87 |.808 558 .6ho .81 .768 |.790 .788 .89 .753 843
ABATE L 13 |.308 [.808 .612 .6ho .780 .768 |.790 .792 .752 .53 .333
AEAE| 575 |.603 |.670 .566 .6h0 .633 .611 [.616 .61l .576 .531 .526
AE A B 59 661 |.670 .27 L6hO LTI WA11 |.616 .628 .66l 531 .5%2
AEAE | 106 [.509 [.450  .558 .51k .399 .sh2 [.384 372 330 469 448
lAlEEAgEl 370 |.551 |.450  .612 .514  .500 .5he [.384 '.589 J2hk L h69 ,{nh
CAEAE L b L6453 f.252 566 j .SllL 305 273 [.210 .208 .2U8 .2h7 .667
:‘”}:1EéA2E2 L1 | .1k6 252 627 .51k 167 .273 }.210 .212 W16l .2hT7- 157
aﬂéElAéEl LoB | .370 [.k450 ';55§ 3350399 .37L | .38k L3809 L339 327 =319
AEAE, lSO #3573 |-450 612 335 .500 J3TLf.38hk 372 Jkak L327 .75_45
AE AR, _164 274|252 566 L3355 .303 .24t | .210 .312 .248 .203 .22-5

AEAE | 67 |.179 [.252 .27 .335 .167 247 |.210 .208 .16L .20 162

e 4.4 438.2 87.5 50.5 38.0 |62.8 Bh.3 L7.0 35.4 16.6

ar | | 12 12 12 8 gl 12 12 12 8
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evai ated relative to the consi@eration:df sequential dependency on
responses and_reinforeements fof two.preceding-trials., The resultes of
.the order tests given above support this cut-off point, bu%:it is to he
emphasized that in all likelihood somewhat Worse‘reeults would be obtained
from locking at the data for three previous irials. Fourthly, the degrees
of freedom for the X2 tests shown in the table are net degrees, i.e.,
the nurber of estimated parameters has already been subtracted.

Although the goodness of fit tests of the five models of G.C.M. I
ere all significant at the .00L level, there are significant quelitative
aifferences between thenm. .The most striking thing is that the model ﬁhich
fiis the worst'is the second one, . definéd by the-aseumption:that the
parameters dij depend only on the two preceding reinforcements. Con-
eiderabiy betfer predictions are made by the third model whose parameters
Zeij depend only on the two preceding respoﬁses. It is also to be ob~ -
served that the fifth model is better than-the feurth, i.e., th&t know-
ledge of two preceding responses and one reinforcement-is superior in
predictive power to knowledge of two preceding reinforcements and one
response. beeovef, in the caee of the fifth medel Wiﬁh parameters

g

11137 if row 6 and 11 in Teble 2 are omitted in the computation

of X? bécaﬁse of the smail'number of‘obsefvations (n = 151 and n = 14
respectively), X? = 13%.77, .which with 6 af 1is not significant at'fhe
@ level. o |
These cemparative results tend to impugn the basic assﬁmption of
liﬁear models that the probaﬁility of response is‘aeymptoticaily com-

pletely determined by the sequence of reinforeing events (for statement

of an exact theorem,'see Estes and Suppes (195%a)).. Admittedly the
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evidence 1s not decisive for we have looked at only two preceding trials.
The -character of our resulis, however, strongly suggesﬁs the importance
of comparison of longer sequences of reinforcements and responses;. inves-
tigators reporting on the negative recency effect found in_several:exper—
iments have not made this detailed sequential comparison.

Models of the class G.C.M. II.--The maximum likelihood estimates of

the conditioning perameters and the X? goodness of fit fests for the
five models of this class are given in Table 2. The condlitioning para-
meters may be defined in the following manner. Let  x - be the variable
for wrewarding or punishing reinforcements, let y be the variable for
anticipating an alternating or repeating reinforcement,“énd 16t z be
the variable for an alternating or repeating response. (Cbviously the
variables X,y and 2 each have two possible values.) The five sets

of perameters are then defined by:

“x - P(Ai,n+}_ Ex,nAi,n)

dx‘x - P(Ai,n+l Ex,nAi,nEx',n-lAi’,n-l)
exy - P(Ai,n+1[Ex,nAi,nEy,n—l)

fxz - P(Ai,n+llEx,nAi,nAz,n—l

Cxixz = P(Ai,n+l|Ex,nAi,nEx‘,n-lAz,n-l)

It is to be emphzasized that the parameters have the‘same value whether
i is 1 or 2, and inthe case of dXJ# whether 1i' 1s 1 or 2.
The most impressive thing about this part of Table 2 is that with
the same net number of degrees of freedom the fits of G.C.M. II
~models are uniformly better than those of GGCJM, I. Moreover, the

assumption that the conditioning can be explained simply in terms of the

15




" last reinforcement being punishing or rewarding--two parameters cx.—-
yields a better £it than does any of the G.CiM. I assumptions with four
parameters (cij’ dij and eij)° For the model defined by the eight
" parameters gx,xz the X? goodness of fit test. is on the borderline of
significance (.05 > P > .02), Whereas the ¢ for the model of
@.C.M. T defined by the eight parameters g :;; 1s highly significant.

The ordering, according 1o their relative goodness of fit, of the
three models of G.C.M. II having four parameters each, places first the
model that takes. account on trial n of the rewarding or punishing
character of the reinforcement and whether the response on trial n
is a repeating or alternating one. In second place is the model that
takes account of reward or'punishment, and of anticipation of an alter-
nating or repeating reinforcement. Similarly to.G.C.M. I, in third
place is the model that takes account of reward or punishment on trials
n and n-l. What is surprising in comparing the two parameters c,
with the four parameters dXX in Table 2 1is how slight the differences
are, which we interpret to mean the (n-1)st reinforéement has little
direct effect on the (n+l)st response.

Deteiled analysis of the fit of the twe models--one of G.C.M. I

)

reveals the Following interesting fact. If the data of the 16 x 2

and one of G.C.M. II--with eight parameters (gi'ij and g,
transition matrix are partitioned into two subsets aécording to whether
the last reinforcement (trial n) was ?unishing or rewﬁrding, opposité
results on the two subsets are oblained for the two models. TFor easy

reference call the model with parameters g Ig and the other

1113’

IIg. When the last reinforcement is punishing X?(Ig) = 4.28 and

16



X?(Iig) 15.34%. But when the last reinforcement is rewarding,

U

1l

X?(IIg) 1.2 and X?(Ig) = 34.59. (Asymptotically the X? values of
the individual rows of the matrix are independent, and thus direct inter-
pretation of the results for various subsets of rows is wvalid.) - Sundry
hypotheses concerning the conceptual difference between punishment and
reward immediately suggest themselves to explain these results, but
until they are shown to hold on other sets of data 1t would seem pre-
mature to attempt elaboration.

. The uniformly better results for G.C.M. II in comparison with
G.C.M. T do seem to justify extensive anhalysis o¢of other data and
. tentatively support the conclusion tThat the definition of reinforcement

is more aptly cast in terms of complex relationsl patterns than in terms

of condrete single events.
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Summaxry

This study tests several learning models for a double contingent
reinforcement schedule, i.e., a'schedule in which the-probaﬁility of a
reinforcement depends on the two immediately preceding responses. Twenty
Ss. were run for %00 trials each on two-response apparatus with an
intertrial interval of & seec.

The ‘qualitative ordering of the frequency of the response pairs
folloﬁed what would be expected from consideration of the simple effects
of reinfereement. In addition, the one-element 6 model of statistical
Jearning theory Wés found to fit the sequence of response random variables
fairly well, with $‘= A476. For a more detailed analysis of sequential
data this model is not appropriate'becaﬁse it predicts that a reinforced
response should be repeated with probabllity one.

For the more detailed analysis ten generalized conditioning one-
element models were considered. The conditioning parameters of five
(Class I) were defined in terms of conCrete'positioﬁél‘variables_like,aq
El reinforcement or an AlEE response-reinforcement pair. The para-
meters of the other five (Class II) were defined in terms of relational
variables like a punishing or rewarding reinforcement, or a repeating or
alternating response. The models of (Class T were introduced earlier by
Suppes and Aﬁkinson; the models of Class II originate with this paper.

The fit to the data of the relational models (Class II) was in
~ every case better than that of the corresponding positional model _°
(Class I). These empirical results suggest redefining effective rein-
forcement in terms of relatively complex relgtional patieﬂns rather

than in terms of simple concrete events.
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