


















































































































Insert Table 14 about here

summed over sets of such items increased across quartiles. An additional

step was taken to decrease the effects of inter-item differences. Pairs

of items, both members of which yielded about the same total number of

'l
errors and which met the two above conditions, were selected. Table 15

gives the number correct on each of Days 1 - 5 for these pairs. The

maximum possible correct per day was 88.

Insert Table 15 about here

Equal difficulties are encountered in fitting a linear incremental

model to the data. According to the exponential learning curve implied

by the single-operator linear model (Bush and Sternberg, 1959), the

greatest in the probability correct should occur between Days

1 and 2. This prediction received support in only two of the six sets

of item 'pairs. Although the tabulation does not permit a stationarity

test, the dramatic absence of steady improvement may be seen in another

way. There was essentially no improvement from Day 1 to Day 5 on the

second /a/ set and the /0/ set. After Day 1, the same rema'rk applies to

the second /i/ set. And for two or the remaining three sets, a string

may be found of three days without a net increaSe in the number correct.

This represents a lack of improvement over 100 In

agreement with Table 14, the overall pattern is an irregular increase

in the frequency of correct reinforces, corresponding much more closely
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Table 12

Results of Stationarity Tests of Vincenti zed and

Non-Vincentized Response Sequences

Concept (Vowel Vincenti zed Non-Vincentized Data
Phoneme) Datal

Group X2
P X2 d.f- P

/a/ R 8.68 <.02 18.87 7

P 67.59 <.001 <.01

/e/ R 62.75 <.001 68.4b 7 <.001

P 50.62 <.001

/i/ R 58.57 <.001 89.44 7 <.001

P 91.14 <.001

/0/ R 13·72 <.005 15.36 7 <.05

P 47.39 <.001

/u/ R 8.60 <.020 2·93 1 <.10

P 60.29 <.001

All Vowels R 59·35 <.001

I
166.42 28 <.001

P 102·50 <.001

1
These
so the

2
X s were
number of

computed for quartiles of responses prior to last error,
degrees of freedom is two in each case.



Table 13

Results of Order, Response Distribution, and Response Sequence

Distribution Tests} Group R.

Concept (Vowel Order1 Responses2 Response Sequences
Phoneme)

X2 X
2 2

P P X D.F. P

/a/ 4.62 <.05 6.26 .10 66.81 23 <.001

/e/ 1.98 >.W 18.63 <.001 80.50 30 <.001

/i/ 9·51 <.005 11.]1 <.01 46.]1 30 <.05

/0/ 1.40 >.10 ll.80 <.01 45,.97 23 <.01

Iu/ 3 ·93 <.05 ].32 <.W 43.38 15 <.001

All Vowels 6.]6 <.01 20.46 <.001 99·22 30 <.001

1 The number of degrees of freedom is one in each case.

2 The numbe;r of degrees of freedom is three in each case.
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Tabl" l4

Number of Responses, N, and Number Correct, N., per quartile
l

(i = l, 2, 3, 4) for Items Grouped According to Vowel and

Estimated Guessing Probability, P .o

Vowel P N Nl N2 N
3

N4 N4-N10

/a/ .. 113 68 26 20 22 23

/a/ ,265 146 61 82 66 88 +

/a/ .360 7 2 5 1 2 0

/a/ .262 74 46 52 52 59 +

/e/ .U3 69 18 15 29 28 +

/e/ .360 167 63 83 82 106 +

/e/ .262 135 55 76 72 93 +

/i/ .265 226 71 85 105 95 +

/i/ .360 66 28 34 36 49 +

/i/ .262 107 26 49 57 58 +

'£ 1065 396 501 522 601



Table 15

Number Correct per Day for Pairs of Items with

Approximately Equal Guessing Probability

and Total Correct Responses

Total Correct Day
Vowel Days 1 - 6 1 2 3 4 5

/a/ 171, 184 48 57 60 54 69

/a/ 232, 237 78 76 78 79 82

/e/ 188, 192 44 64 66 63 76

/i/ 59, 82 6 18 18 36 33

/i/ 140, 142 28 52 48 57 49

/0/ 169, 184 65 53 52 69 55

:z. 959, 1021 269 320 322 358 364

Day n - Day n -1 51 2 36 6



to a step function than to an exporiential curve (ihthisconnectionsee

particularly the last row of Table 15).

One might also conceive the learning process as consisting of the

elimination of error tendencies, a view advanced by Harlow (1959).

Incorrect responses should be extinguished one after another, resulting

in a reduction to one type of error on the trials just preceding errorless

performance. We may hypothesi.ze that the learning process is stepwise,

with a step occurring when one error tendency is removed. Hence, response

probabilities should be stationary between steps.

To test this notion with a given vowel, we must determine the most

persistent error and examine trials after the last occurrence of other

errors. This' analysis was performed on the two response sequences with

the most errors, i.e., those having /e/ stimuli and those having /i/

stimuli. The most persistent error was assumed to be the most frequent

error as indicated by the confusion matrix (Table 3). For /e/ stimuli,

this error constitutes /i/ responses, and vice-versa. Of course, the

error patterns of some subjects might not be reflected by the group matrix.

We now illustrate the method of analysis by use of the response sequence

to /e/ stimuli. Let n + 1 denote the trial number of the last response

other than /e/ or /i/ and let n ' + 1 denote the trial number of the last

/i/ response. Then the probability of a correct response was calculated

in quartiles of trials 1 to.n, and likewise for trials n + 2 to n'.

Since, by definition, an error always occurred on trial n ' + 1, data

from this trial were excluded. Figure 6 shows that the probability of

Insert Figure 6 about here
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a correct response generally increased between trials 1 and n and between

trials n + 2 and n ' . For /e/stimuli, the proportions are based on 235

responses per quartile on trials 1 to nand 40 on trials n + 2 to n l
• The

corresponding figures are 144 and 36 for /i/. The former increase does

not negate our stationarity hypothesis, since several types of errors are

being eliminated on these trials. However, the lack of stationarity when

only one type of error remains (trials n + 2 to n I) refutes the notion

that one stimulus element is being conditioned all-or-none on these trials,

We investigated an additional way of conceiving the stimulus situation

within the one-element model framework. In the sequence of presentations

of the stimulus /i/, it is feasible to argue that two subsequences are

represented. The items are "hard" or "easy", according to whether /e/

is or is not a choice alternative. Perhaps stationarity would be exhibIted

wi thin each subsequence. Therefore" the responses to /i/ stimuli prior

to the last error were grouped into Vincentized quartiles, employing

the usual learning criterion of ten successive correct responses. The

data with /e/ stimuli were not suitable for this analysis, since /i/

choice alternatives were offered almost always. The proportions correct

were

Quartile

1 2 3 4

le/ present .14 .34 .32 .62

le/ absent .48 .67 .50 .67

Presumably, some of the instability is due to the paucity of observations

(N ~ 77 and 52 per quartile for the first and second rows, respect2vely).
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Nevertheless, the definite tendency for the proportion of correct responses

to increase argues against a stimulus identification in terms of the one­

element model.

Stationarity tests using individual data. This final analysis

contributed nothing new, but merely emphasized the evidence against

stationarity at the vowel level. For each of the 44 subjects in Group R,

the proportion of errors on each vowel was computed, separately for each

half of the trials prior to his last error on that vowel. In the over­

whelming majority of cases, the probability of error decreased from the

first half to the second half of trials. Going further, it is of

interest to see if item difficulty is a factor in determining whether

stationarity obtains. For each subject-item and the trials prior to

last error, the difference in the proportion of errors between the first

and second halves of trials prior to last error was found. If the

increase in errors exceeded .10, a + was recorded; if the decrease

exceeded .10, a - was recorded. Otherwise, the difference was entered

as 0. With this rough classification, the frequency of +, 0, and - was

tallied for items whose last error occurred on trials 1 - 30 versus items

whose last error occurred on trials 31 - 50. In the latter case, errors

commonly occurred as late as trials 45 - 50, suggesting that more errors

would have occurred had more trials been given.

The proportions of +, 0, and - changes when the last error occurred

between trials 1 - 30 were .16, ,48, and .36, respectively. When the

last actual error occurred between trials 31 - 50, the corresponding

proportions were .07, .43, and .50. The first set of figures is based
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on 56 cases, and the second on 164. Hence, there was some tendency for

the items learned faster to display an initial rise in errors, compared

to the items learned more slowly. The fact remains, however, that among

items of both types the predominant trend was a reduction in errors from

the first half to the second half of trials.

Two-element model. This model assumes that, prior to the trial of

last error on a given concept, the two-element stimulus set representing

the concept may pass from the initial state in which neither element is

conditioned to the correct response to the intermediate state in which

one of the two elements is conditioned. We assume that the probability

of a transition is constant over trials and call this parameter c. The

response parameters qo and ql refer to the probability of an error in the

initial state and the intermediate state, respectively. The corresponding

quantities in our previous report (Suppes et aI, 1962) are the averages,

over subjects, of 1 - go and 1 - gl' A natural way of testing this mode~

is to see how well it predicts various properties of the group data.

Specifically, we were interested in the mean and variance of total errors

per subject, "autocorrelations" of errors, the probability distribution

of the number of trials before the first correct response, the frequency

of error runs of length j (j = 1, 2, ---, 5), and the binomial distribution

b. (i = 0, 1, 2, 3, 4) of errors in blocks of 4 trials summed over trials
1

prior to criterion. The exact formulation and derivation of all theoretical

expressions are given in the appendix.

Before computing the observed and predicted values of these statistics,

two decisions were necessary regarding treatment of the data. (1) Because

of heterogeneity among the vowels in the learning rate, it seemed advisable
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to compute all quantities separately for each vowel. The advantage of

such a procedure is tl1at the equal item difficulty assumption of the

model is more closely approximated, reducing the observed variances.

However, considerable differences in total errors still remained among

different items containing the same vowel (Table 13). Despite this lack

of homogeneity, it is instructive to evaluate the adequacy of the model.

Later an analysis will be reported in which item difficulty was equated

more precisely. (2) The model imposed another limitation on the treatment

of the results. All derivations assumed a fixed number, n, of trials

prior to last error, so an arbitrary choice of h is required in calculating

the observed quantities. Selecting a high value of n would include most

of·the data from the slow learners, but data from others would be excluded.

Choosing a small h would include more subjects, but less data from each.

A compromise was adopted which permitted inclusion of most of the data.

Table 16 gives the number of subjects and trials included in the analysis

for each vowel.

Insert Table 16 about here

There are three parameters of the model to be estimated, the

probability q of an error when both stimulus elements are unconditioned,o

the probability ql of an error when one element is conditioned, and the

probability c of passing from the state of no elements being to that of

one being conditioned. Since we kqew of no way of using the estimates

for one vowel to obtain those for another, five separate estimates of

each of the parameters were required. The initial error probability,
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qo' was estimated from the first 15 trials of Day 1. First the probability

of choosing each position was computed over those trials. Then each

probability was weighted by the probability that the experimenter had

allocated an incorrect alternative to that position, and the weighted

guessi.ng probabilities were summed over positions. Employing these q
o

values, the method of estimating ql and c was a minimum X
2

fit to the

observed b. (i = 0, 1, 2, 3, 4) frequencies, using Equations 16 - 20
l

in the appendix. We recall that b
i

is the number.of nonoverlapping

blocks of four trials containing i errors. There are four degrees of

freedom among the b. and three are used in estimating parameters, so
l

there remains one degree of freedom for evaluating the goodness-of-fit.

Inspection of Table 16 reveals generally excellent agreement between

the predicted and observed b .. Only for /0/ is the X
2

close to significance
l

(p < .02).

It is of interest to compare the parameter estimates obtained for

the various vowels. There is fairly close agreement among the ~ , sug­
o

gesting that learning over the first 15 trials has not invalidated our

estimation procedure. Comparison of the ql values reveals considerable

intervowel difference. It is. important to note that variation in rates

of conditioning, ~, are not sufficient to account for the intervowel

variance in errors. Instead, substantial differences also appear in

~l' the probability of an error in the intermediate state.

Table 17 presents additional comparisons of the two-element model

and the data. The quantitative predictions of the mean total errors are

Insert Table 17 about here

~--------~---~------~-----------------------------
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Table 16

Estimation of Parameters for Two-Element Model, Including Comparison of Data (in Parentheses) with

Quantities used in Least Squares Estimation

/a/ /el /i/ /0/ /u/

Number of trials 40 40 40 44 12

Number of Subjects 39 42 43 38 40

Number b 52.81 (52) 30.07(33 ) 3L09 (2e) 67.49 (77) 48.68 (50)0
of blocks, b. bl

126.48 (l30) 104.87 (101) 98.00 ;(102) 14L06 (120) 37.24 (34)
l,

of four trials b2 122.30 (117) 145.82 (143) 136.31 ,(135) 12L30 (133) 19.08 (23)

with i errors b 66.34 (70) 103.74 (no) n4.25 (112) 64.07 (65) 10.64 (8)
3

b4 22.15 (21) 35.45 (33) 50.35 (52) 24.09 (23) 4.36, (5)

x2 .60 L03 .41 5.68 LB8

.-q .76 ·73 ·72 .76' ·T30
-q .36 .45 .41 ·33. .n

1

i; .17 .13 .06 .14 .34



Table 17

Comparison of Two-Element Model and Data

(a( (e( /if (o( (u(
Total errors Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred.

Mean 16.87 17.62 20.21 20.68 21.30 22.16 17.71 17.69 3.10 3.12

Variance 51.01 14.34 34.81 13·92 29·60 31.73 55·78 22.11 7·07 3·46

Autocorrelations

of errors· k

trials apart, for

k • 1 8.01 7.74 10.69 10·50 12.35 12.19 7·45 7.76 1.20 1.19
2 7·50 7.36 10.58 10.12 11.75 11.80 8.05 7·37 1.29 .88

3 7.94 7·02 10.39 9.76 11.47 11.42 7.71 7.02 1.08 .67
4 7.90 6·72 10·92 9·42 11.22 11.06 7.76 6·70 ·93 .53

5 7.56 6.44 9·80 9·10 11.09 10·70 7.63 6.41 .80 .43

Total j-tup1es,

for

j • 1 16.87 17.62 20.21 20.68 21.30 22.16 17.71 17.69 3.10 3.12
2 7.62 7·74 10·38 10·50 11.74 12.19 7·50 7.76 1.10 1.19

3 3·67 3.68 5·67 5·51 6.65 7·11 3·58 3·84 '·53 ·54
4 2.13 1.90 3·26 2·99 3·90 4·39 ,1.89 2.11 ·33 .25

5 1.33 1.04 2.10 1.67 2.20 2·74 1.08 1.25 .18 .12

Probability of k
errors before first

success, for

k • 0 .23 .24 .60 .27 .07 .28 .66 .24 ·75 .27

1 ·51 .23 .02 .22 .12 .22 .18 .23 .18 ·35
2 .18 .18 .12 ,17 .40 .16 .05 .17 .03 .19

3 .03 .12 .14 .12 .09 .11 .00 .12 .00 .10

4 .03 .08 .02 .08 .19 .08 .03 .08 .05 .05

5 .00 .05 .00 .05 .00 .05 .00 .05 .00 .02



well confirmed in all cases. The total observed j-tuples per subject

generally agree quite closely with the predicted values, although several

moderate disparities appear in the /e/ comparisons and in the cases where

j = 1. The fit is less satisfactory when we consider variance of total

errors, autocorrelations of errors, and the probability distribution of

trials to the first correct response. Regarding the former, the prediction

of a monotonic decline in autocorrelation as j increases was generally

supported except for /0/. Most of the observed magnitudes exceed those

predicted, the deviations increasing with j.

More serious discrepancies arise with the remaining statistics.

Undoubtedly it is not surprising that the observed variances are well

above the predicted values. In our application of the model, we have

ignored intersubject variation and differences in difficulty among items

with the same stimulus vowel. However, this rationale is not entirely

adequate, because we have no assurance that the variance would be predicted

accurately even if subject and item sources were considered. There are

also wide disparities between the observed and predicted distributions

of errors before the first correct response. For four vowels, a marked

tendency exists for the first correct response to occur sooner than

predicted. It is believed that this particular measure is especially

sensitive to interitem differences in our experiment, because the item

presentation order was the same for all subjects. If, for example, the

first /il item were unusually easy, then the observed probability of

zero errors before the first success would be expected to exceed the

predicted probability.
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Save for these restrictions pertinent to statistics influenced by

interitem variability, we conclude that the model fits the data quite

satisfactorily.
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Appendix

Derivation of Theoretical Expressions for

the Two-element Model with N trials before the Last Error.

Because we are considering only trials before the last error, the

three-state transition matrix of the two-element model reduces to two,

Co and C
l

(we use a subscript to indicate the number of elements conditioned

to the correct response). The two-state transition matrix is simply that

of the one-element model.

The difference from the one-element model is to be found, of course, in

the probability of an error in each of the states. In the two-element model

P (error

P (error ~.

The number n of trials before the last error, which may be any number

less than the trial number of the last error, is determined directly from

response data. The parameters c , qo and ql must be estimated by statistical

methods. All of the expressions derived are functions of n, c, qo and ql'

We begin with the derivation of the expression for the expected number of

total errors.
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Let X be the random variable that has value 1 on trial m if
m

an error is made, and value 0 on trial m if a correct response is made.

Then the mean number E{ul)ofer,rors;in n"tl'ials" ill:

(1) n n ]
E(U

l
)" = l: p(X =1) = L:.. t (l_C)m-l + ql(l_(l_C)m-l)

m=l m m=l to

n

= l: (qo-ql) (l-c )m-l + ql
m=l

To obtain the variance of total errors: in :n,trial;s we use the familiar

theorem that

(2 )

We begin with
n
l: Var(X)

m=l m

n n
l: Var(X) = l: p(x =l)[l-P(X =1)]

m=l m m=l m m

n
= l:

m=l

n
= l:

m=l
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(4 )

Next we turn to the covariance term. First we note that for i < j

Cov(X.X.) = E(X .X.) - E(X. )E(X.)
lJ Jl J l

Now

E(X.X.) = p(X. = 1 & Xl' = 1)
J l J

= p(X. =lls. =1) p(S. =lls. =1) P(X. = lis. =1) P(S. =1)
J J J l .. ' l .. l l

+ p(X. =lls. =1) P(S. =1ls. =0) p(X. =lls. =0) p(S. =0)
J J J .. l l l l

+ p(x.=lls.=o) p(S. =ols.=o) p(X. =lls. =0) p(S. =0)J. JJ . l . l l l

where S. is the random variable whose values on trial j are the
J

,

possible states Co and Cl , indicated here by 0 and 1 respectively.

Note that the three terms on the right correspond to the three possibilities

for entering state Cl , namely, before trial i, between trials i and

j I or after trial j. Computing the terms shown above we then have:
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E(X.X.) ; q12 [1_(1_c)i-1] + q1q [l_(l_c)j-i] (1_C)i-1 +
1 J 0

And

» j-1 j-1 ()i-1 (( )i-1)]E(X. E(X. ; [q (l-c) + q1(1- (l-c) )][ q 1-c + q1 1- 1-c .
J 1 0 0

2( )j-1( )i-1 ()j-1 ( )i-1; q 1-c 1-c + q q1 [ 1-c + 1-co 0

( ) j+i-2 2 [( )j-J. ( )i-1- 2 1-c ] + q1 1- 1-c J[ 1- 1-c ]

So J by (5)

2 ( )j-1 (. )i-1+ q 1-c [1- 1-c ]
o

( )2( )j-1 )1-1; Qo-Q1 1-c [l-(l-c ]

Hence

1 ::::i< j ::::n
CoV(X.X.) ;

1 J

-44-
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(6 )
2( n , 1 n , 1 j-1

= (q -q) E (j_1)(1_c)J- - "E" (l_C)J- E
01 '2 "2"1J= J= l=

The first term in brackets is
n " 1J­
E (j-1)(1-c)

j=l

= ~ j(1_c)j-1
j=O

n
_ E (1_c)j-1

j=l

n
= E

j=O

= _ i- "[l-(l-Ct+l]_ [l-(l-C)nJ
dc " c c

=
1 - (1_c)n+1 _ (n+1) C (l_c)n

2
c

The second term in brackets in Eq. (6) is

n "t j 1J_ E (1_c)j-1 l-(l-c) -
j=2 c

When j=l ,[l-(1_c)j-1j = 0 , so we can sum from j=l :
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(8 ) -l+(l-c ).n 1- (l-c )2n
= -2 - + 2-

c c (2_c)

Putting Eqs. (7) and (8) in (6), we have

~ Cov(X.X. )
l::;i<jCn lJ

(n+l)c (l_c)n + 1_(1_c)2n
2c (2-c)

(
_

)2 ~n(l_C t -1+ (l_c)n 1- (l-c )2n]
= qo q1 + 2

c c (2-c)

1- (l-c )2n -J
c (2-c)

(10)

we add the variance term and twice the covariance term by using Eqs. (4)

and (9).

(q -q )
o 1 [l_(l_c)n j

c

+
2 (qo-ql)2 ~-i1-C j2n

- 1 - (n_1)(1_c)n
c c 2-c
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We now consider the distribution of errors before the first success,

i.e., first correct response. Let F be the random variable whose

distribution is that of errors before the first success. Then for

k;= 0,1,2, •.• , N-l,

;= q k (l-q )(l_c)k+ q k C(l-c)k-l(l-ql)
o 0 0

~
k kjk [qo(l-C)] - ql

(l-q )(l-c) + cq (l-ql) (1) .o o· q -c·- q. .01
(n)

q j-l[q (l_c)]k- j
1 0

We next derive the expression for the expected number of j-tuples

of errors in n trials. From this expression, it is easy to obtain

the expected number of runs of errors of given length.

of errors with 1st error on trial m. Note that

E(U2 1) ;= q 2 (l-c) + q qlc
,,' 0 0

Let U. ;= j-tuple
J,.m

For the case in which the transition from state ° to state 1 occurs

between trials m and m + j - 1, we define k as the number of trials in

state ° after trial m. (1 ~k < j). Then

-47-



Now

q j with probability (1_c)m+ j -2
o

E(U. ) ~ qlj with probability 1- (l-c )m-l
J,m

qokqlj-k with probability c(1_C)m+k-2 ,

for m:::: n-j+l

Thus, for m :::: n-j+l

Whence

j-l
L: q k

k~l 0
(l_c)k q j-k

1

j-2 k k' k 2
~ q (l-c)ql L: q (l-c) qlJ--

o k~O 0

(12) ( ) j (1 )m+ j -2 j ()m-l ()m-lE Uj,m ~ qo -c + ql [1- l-c ] + c l-c qoql'

E
j-l( )j-l J'-lJq l-c - qo 1

q (l-c) - qo 1

We next sum over m to obtain E(U.) .
J

We consider each of the three

terms on the right of Eq. (12) individually.
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'l j
o

n-j+l
2.. (1_C)m+ j -2
m=l

n-j+l

= 'l j(l_c)j-l z.. (l_C)m-l =
o m=l

. . 1 [l_(l_C)n-j+l j'l J(l_c)J-
o c ,

[

j-l(· )j-l j-l] n-j+l
'lo l-c - 'll z.. m-l

c'lo'll . 'l (l-c)-'l _ (l-c) =
_ 0 1 m=.L

Whence, adding together these three terms and factoring, we have

E(U. )
J

We next consider the "autocorrelation" of errors k trials apart.

Let C
k

= event of error on trial m and on trial m + k .
,m

E(C
k

) = 'l (l_c)m-l 'l (l_c)k + 'll[ l_(l_c)m-l j 'll
"ill 0 0

( )m-l k ( )i-l+ 'l l-c 'll E l-c . c
o i=l
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Whence

n-k
= L:

m=l

n-k
L: (l_C)m-l+ q12(h-k)

m=l

(14)

(15)

Finally, we derive the binomial distribution of errors in blocks

of four trials. Let b. = event ofj errors in a block of four
J,m

trials with m the first trial of the block. Then we see immediately

that

b - U
4,m - 4,m.

Let n be divisible by 4 and let Q, = n/4. We want
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Now

Q.1
L:

m=O

Whence

. 4m
(l-c) =

4Ql-(l-c) _
41.(1.c)

(16)

We next compute

3 2 2+ (l-q )q1 c + [2q (l-q )q1 + 2q q1(1-q1)]c (l.c)o . . 0 0 - 0

Thus

2 2
2qo ql(1·q1)]C(1.c) + [3qo (1-qo)q1 +

q 3(1_q )]C(1_c)2t11.(1.C):]
o . 1 J 1. (l.c)
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(18)

(20 )

Similarly,

) 6 2 )2 (2 2 3 2 ( )2E(b2 = Q'h (1-q1 +(6q
o (l-tJ.o ) (l-c) - 6q1 1-q1

2 2
+ [3qol:(l (1-q1) + 3 (l-qO)l:(l (1-q1)]C

2 2 2 2 ( )+ [qo (1- q1) + 4qo(1-qO)q1(1-1:(1) + (1-q
0
11:(1 ]c 1-c

2( )( ) ( )2 ()2j' [l_(l_c)n]+ [3q 1-q 1-q1 + 3q 1-q q1]c 1-c 4
o 0 .0 0 l-(l-c)

And

E(b1 ) = nq1 (1-q1)3 + [4q
o (1-Qo)3 (1_c)3 - 4Q1 (1-Q1)3

+ [3 (1-Qo)Q1 (1-Q1)2 + Qo(1-Q1)3]c +

(l-QO) (1-Q1 )3 c + (l-Qo )2(1-Q1 )2c (l-c) + (1-Qo)3 (1- Q1)c (1_c)2]

[l-(l-ct]

1_(1_c)4

For s subjects each with n trials, we multiply the equation by s

to get the group prediction.
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