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Abstract
THE INFLUENC OF MEMORY ON THE
GAMBLER'S FALLACY
by Hexrbert Anthony Colle
Chairman of Supervisory Committee: Professcr Richard M, Rose
Departaent of Psychology

Recsncy curves have been used io test several lesrning models for
binary choice experiments in which the soquencé of events is generated by
A Bernoulli process, The recency curves obtained from the early trials of
these experimeats have had predominantly negative slopes, However, after
about trial 500 the recency curves are either flat or have a slightly
positive slope., A recency curve with a slightly positive slope has also
been found in the early trials of ansanalogous two-alternative recognition
experiment,

The memory change hypothesis was proposed as an explanation for these
differences in the recency curves. Basically, it states that the change
from negative to positive recency effects is due to a reduction in the
amount of temporary msmory the subjects effectively ase to analyze the past
sequency of events, It was argued that if subjects are less effective in
analysing the immediate pest then they should perform less well on a test
that requires such analysis, v _

Two experiments were conducted which were parametric investigations of
the analyzing capabilities of subjects in a binary choice experiment (both on
the early trials and after 500 trials on a sequence generated by a Bernoulli
process) and in a two-alternative recognition experiment. Subjects®
analysing captbni:tios were tested by introducing rule #rials into the



sequence of events, These rule trials, on which 100% correct performance
was possible, depended for thelr solution on a knowledge of the events
which ocourred on the last k trials, where k took the values 3, 4, 5, or 6,
The results supported the memory change hypothesis, Subjects perfpmed
less well on the rule trials in the two situations in which positive
recency effects are found than they do on the early trials of binary cholce
experiments.where negative recency effects are found,

A third experiment s an exploratory attempt to change the slope of
the recency curve on the early trials of a binary choice expexriment from a
negative to a positive slope by manipulating the amount of short term
memory subjects had available for use on the binary cholce task., If
subjects® temporary analyzing capabilities are strictly a short term
memory effect, then the memory change hypothesis predicts that it should be
possible to produce positive recency effects by increasing the demands on
the short term memory system, The subjects had to make their responses on
the binary choice task while holding in memory a list of letters for a
short term memory task., The length of the 1ist was varied, None of the
recency curves which were obtained showed evidence of belng positively
sloped, Implications of the experiments and a more specific description
of a possible mechanism underlying the subjects' analyzing capabilities

were discussed,
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INTRODUCTION

Tt is a part of our folklore that gamblers display a type of behavior
which has come to be known as the pambler's fallacy or sometimes as the
Monte Carlo fallacy (Epstein, 1967 pp. 412-413). The behavior arises when
people try to predict which of two events will occur next in a sequence
generated by a Bernoulli process, that is, a sequence in which each event
has a constant probability of occurring on each trial independent of the
avents on the previous trials, Let y and b denote the two events that are
to be predicted and let Y be a prediction that ewent y will occur and let
B be a prediction that event b will occur, The gambler's fallacy refers to
a decrease in the probability of making predirtion Y (prediction B) as the
run length of the y event (b event) increasss,

Psychologists have found this type of behavior in binary choice experi-
ments, In the typical binary choice experiment when a warning signal is
given the subjects are to predict which of two events will occur. For
example, the two events might be the left and right lights on a display
panel, Usually the experiment is described to the subjects as a learning
or guessing experiment and the subjects are given no prior inforwatiosn about
the sequence of events., The gambler's fallacy is also called the negative
recency effect by psychologists.

The gambler's fallacy is an anathema for several classes of models
which describe how human subjects make predictions., It violates predictions
of both decision theoretic models (Edwards, 1955), linear learning models
(Bush and Mosteller, 1955), and several stimulus sampling theories (Atkinson

and Estes, 1963) which claim that people's predictions are really the result

of a very elementary kind of learning process.
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Although the decision theoretic models have been applied to it, the
binary choice task is not a cood situation in which to test them. The
decision theoretic models assume that subjects know all the conditions of
the experiment (payoffs, probabilities, sampling procedures, etc.) and that
the subjects' hypotheses are well-defined, These conditions are not
usually met in binary choice experiments, In addition Coombs and Huang
(1968) have argued that the decision theoretic models are not really
applicable to situations that recuire repeated decisions., For these reasons
decision theoretic models will not be considered further in the present
paper.

The path independent linear operator and stimulus sampling theory models
predict the exact opposite of the gambler's fallacy. They predict that the
probability of making prediction Y (prediction B) will either increase or
remain constant as the run length of event v (event b) is inecreased (Brown
and Overall, 1959; Bush and Morlock, 1959), An increase in the probability
of making prediction Y (prediction B) as the run length of event y (event b)
is inereased is called the positive recency effect.

Several explanations hawve been proposed to account for the failures to
find positive recency, Estes (1962, 1964) has argued that the gambler's
fallacy (negative recency) is found only (a) when the sequences used were
not really generated by a Bernoulli process because of sampling restrictions,
or (b) whenvthe data from the early trials of the experiments are analyzed,
In fact, these two rules summarize the data from a large number of studies.
Studies with sampling restrictions find positive or negative recency
depending on whether the sampling technique was biased towards long or short
run lengths, respectively (Anderson, 1960; Chapman, 1961; Derks, 1963;

Engler, 1958; Feldman, 1959; Hake and Hyman, 1953; Jarvik, 1951; Jones and
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Myers, 1966; Nicks, 1959; Rubinstein, 1961). Recency curves from the early
trials consistently show negative recency effects when the sequence is
generated by a Bernoulli process. Exactly how many trials it takes for the
negative recency effect to change to a positive recency effect is not clear,
but a safe generalization is that the recency curves are never negative
after 500 trials (Brown and Overall, 1959; Bush and Morlock, 1959; Derks,
1962: Edwards, 1961; Estes, 1957; Friedman, Burke, Cole, Keller, Millward
and Estes, 1964; Lindman and Edwards, 1961; Nicks, 1959).

Estes (1962, 1964) has argued that the reason that recency curves are
negative during the early trials and positive later is that subjects come
into experiments with response biases which are extinguished over trials.
Although the nature of these hypothesized response biases has not been
specified, one property they might be expected to have is to be relatively
independent of the task setting, For example, in two-alternative recogni-
tion experiments the subjects' task is to make one response if stimulus Sy
is presented and to make the other response if stimulus S, is presented.
The subject is told via feedback lights which response was the correct one.
If subjects in a recognition task setting are given a stimulus Sp on all
trials, then the two-alternative recognition task becomes formally identical
to the binary choice task, the same stimulus ensemble is presented on sach
trial and the only information the subjects can use is the event lights
which are ostensibly provided to identify the stimulus presentation. There~
fore if simple response biases are responsible for the negative recency
effect then the negative recency effect should also occur in recognition
experiments. Such a study has been conducted by Rose.1

In his study subjects were given exactly the same sequence of events

that were used by Bush and Morlock (1959) in a binary choice experiment in
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which a negative recency effect was found, Rose found that if sub jects
thought that they were in a recognition experiment then the racency curve
for the same sequence was slightly positively sloped; the gambler's
fallacy was not in evidence. Why should the subjects' response biases be
different in these two studies when the subjects experienced the same
sequence of events; why should their guesses be different?

Perhaps the question is better put in the form, "Why are the data from
the later trials of prediction experiments similar to the data from the
early trials of recognition experiments?" Restle (1961) has sugrested that
after many trials subjects are bored and that this is responsible for the
change over trials, This explanation would not be appropriate for the
recognition data unless there is some variable correlated with boredom which
is also present in the recognition situation., One such variable might be
the amount of effort used by the subjects to-analyze the sequence or,
alternately, the amount of temporary memory the subjects devote to
analyzing the sequence.

In the context of his ideal schema theory Restle (1961) has argued that
the gambler's fallacy is due to the way subjects try to analyze a binary
sequence, Basically, this point of view stresses that subjects first try
to organize sequences in some fashion and the learning process takes place
after this organization. If subjects organize recent event presentations
and use them as a basis for responding, it is necessary for them to hold
some subsequences of recent events temporarily in a memory storage of some
kind. Perhaps, after many trials on an unsolvable sequence, subjects either
reduce or stop this short term organization or change their method of
organizing the sequence.

To facilitate communication the organization of the events on previous
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trials will be called a memory code and the process will be called the
memory coding process. The brief memory of the memory code will be called
the effective temporary memory. The hypothesis that subjects change their
memory code or the amount of effective temporary memory they use will be
called the memory change hypothesis or explanation,

How could the memory change explanation account for the recognition
experiment data? In binary choice experiments the subjects are told,
either explicitly or implicitly, that relevant information is contained in
the sequence of outcome events. On the other hand, in recognition experi-
ments subjects are led to believe that.the only information they are to
be using is the stimulus information presented on that trial together with
the outcome event on the same trial, the outcome event simply naming the
stimulus which was presented. The subjects, if thev are obeyving instruc-
tions, have no reason to organize and remember the past sequence of outcome
evehts; all the information is supposed to be in the stimulus differences.
If there are no stimulus differences, then the subjects must guess, just as
subjects must guess in binary choice experiments, If the subjects in
recognition experiments do not organize the outcome events (or if they impose
a reduced amount of organization) then obviously their guesses cannot
depend on these organizational processes., Hence their data should hot-be
similar to the binary choice experiment data in which these organizational
processes are overating (the early trials) but, if anything, should look
like the binary choice experiment data obtained under conditions in which

these organizational processes are not operating (the later trials).,

The Learning of Rule Sequences

Before discussing possible tests of these ideas, it is necessary to
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consider how subjects learn rules inserted into binary sequences, A rule
specifies a point in the sequence, following a specified pattern of events,
at which one of the two events always occurs. Basically, what a rule does
is to state that if the events on the preceding trials meet the specified
conditions (whatever they are), then only one of the two events will always
occur on the next trial (which of the two events it will be will be
specified in the rule), Thus it is possible for a subject to be correct all
of the time on these trials. Rules need not apply on every trial. On trials
when no rule applies the event which is presented is determined by flipping
a coin or by some other equivalent random process.

In the experiments which follow the rules which were used can best be
described as tuple rules. That is the rules can most easily be deseribed
in terms of the tuple of events which occurred on the preceding k trials.
A k-tuple of events specifies the events which occur on the k trials from
trial n through trial n + k-1 and the order in which the events occurred,
Since this specification is in terms of the preceding k trials the analysis
is done in an overlapping manner, looking at k adjacent trials while moving
ahead one trial at a time., For example, for a tuple of length four, if the
pattern of events preceding trial n was ybby then only two possible Lb-tuples
can precede trial n + 1, bbyb or bbyy. An example of a tuple rule is: if
whenever the pattern of events on trials n to n+t3 is bbyb and on trial n + 4
the event y always occurs, then trial n + 4 is the rule trial. The rule
specifies that event pattern bbyb is always followed by event y.

Following suggestions made by Hake and Hyman (1953), Goodnow (1955)
and Nicks (1959), several models have claimed that subjects do not use all
possible combinations of outcome events as cues, but instead they use only

the runs of homogeneous events as cues (Gambino and Myers, 1966; Restle,
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1961; Greeno cited by Restle, 1966)., This memorv code will be ralled the
run length code, The run length code is a variable length code, that is,
the number of previous events which are used as cues is not a constant,
instead it depends on the length of the ongoing run of events. For example
if, starting on trial n, the pattern of events which is presented is byyybv
then the pattern of events which is used as a cue on trial n + 2 is by, the
event pattern which is used as a cue on trial n + 3 is byy, the event
pattern which is sued as a ene on trial n + 4 is hyyy, the event pattern
which is used as a cue on trial n+ 5 is yb, and so on, Thus a subject
nsing the run length code does not analyze all possible patterns of events
and, in addition, he uses a variable length coding process,

According to an opposing point of wiew, subjects do not impose this
organization, but instead- they hold in memory all the events which occurred
on the last k trials (Burke and Estes, 1957; Restle, 1961), This second
possible memory code (or lack of one) will bs called the k-span code. The
k-span code is both non-selective (all possible tuples of events are used
as cues), and also is fixed in length (subjects are described as analyzing
a constant number of the immediately preceding events). For example, if
the pattern of events which is presented starting on trial n, is yyyybybb
and if the subjects are analyzing only the preceding three trials, then
the pattern of events used as a cue on trial n + 3 is yyy, the event
pattern used as a cue on trial n + 4 is yyy, the event pattern used as a
cue on trial n + 5 is yyb, and the event pattern used as a cue on trial
n + 6 is yby.

The difference between these two types of models is an important one
- for the memory change hypothesis, only because if memory changes it is

necessary to know how to measure the change and also because if it is
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possible to demonstrate that subjects use an organizational system when
there are rules in the sequence then it is plausible that they use the same
system when there are no rules in the sequence, especially since subjects
are not very often told that the sequence contains no rules,

These two claims were put to a direct test by Rose and Vitz (1966),
They presented subjects with sequences that had two different kinds of
rules in them, run rules and k-span rules. Both kinds of rules devended on
the subjects remembering at least the last k trials, Not every trial was
a rule trial; the events which were presented on non-rule trials were
chosen randomly. There are only two possible run rules in each seauence
of events, For the 4 tuple rules which were used, the two run rules are:
the event pattern ybbb (event pattern byyy) is always followed by the event
b (event y) and the event pattern bbbb (event pattern yyyy) is always
followed by the event y (event b)., An alternative description of the two
run rules is that runs of lengths three never occurred and runs of length
four were the longest run lengths that ever occurred, All the other possible
rules were grouped into a separate catepory called the k-span rules, Out
of the six possible k-span rules2 the two that were used are: event
pattern ybyb (event pattern byby) is always followed by event b (event v)
and event pattern bbyb (event pattern yyby) is always followed by event y
(event b),

If subjects organize by run lengths then the k-span rules can be
learned only after they are reinterpreted into more complicated groups of
run rules, and therefore the k=-span rules should be harder to learn. On the
other hand, if subjects impose no organization on the sequence (the k-span
code) then all the rules should be learned equally fast. Rose and Vitz

found that the run rules were learned much faster than the k-span rules,



9
In fact, there was little evidence that the subjects learned the k-span
rules. Thus it is clear that subjects are more sensitive to runs of
events than they are to other patterns,

Another related line of research is the research on fixed sequences of
binary events that are repeated endlessly until the subjects reach a
criterion of learning., In these sequences every trial is a rule trial.
What kind of organization do subjects impose on these lists? Keller (1963)
found that the difficulty of learning lists was unrelated to the number of
events in the list (1ist length) but was directly provortional to the
number of runs in the list, again singling out runs as salient cues. In
addition, both Restle (1967) and Vitz and Todd (1967) have independently
presented identical models for the learning of fixed lists, although Restle
extended his version further, These models again assume that subjects use
the run length coding process on sequences and they specify the positions
in the lists at which subjects should and do make more errors because of
this organization,

To summarize, the above evidence suggests that subjects, given
sequences with rules in them, organize the sequences into run lengths,

This run length code is remembered temporarily so that it can be changed
appropriately on the next trial, A more permanent learning process, then,
acts on the coded information.

There are several possible ways that subjects could accomplish the run
length code, One way is to count the number of consecutive repetitions of
each event, temporarily remembering the count so that it can be increased
or started anew on the next trial. With this system the subjects then could
learn the counts in a way similar to that used by subjects when they learn

paired assnciate or serial lists, Some support comes from a study by
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Warden (1924), He had subjects learn stylus mazes. Afterwards he asked
them what techniques they had used to learn the mazes. Out of 60 subjects,
25 reported using verbal techniques, 18 reported using visual imagery to
determine the spatial characteristics of the maze, and 17 reported just
using motor learning., Even though thev had spatial cues available, an
estimated 40% of the subjects used verbal techniques which consisted mainly
of counting. The binary choice experiments reported above minimize the
possibility of using spatial cues; they are more like the temporal mazes
used with animals. Thus the number of subjects using verbal technigues
might be expected to be even higher than the 40% found by Warden.

Another way subjects might accomplish the run lengths code is to use a
rhythm to encode the sequence, storine the subrhythms temporarily each
trial., The rhythm could compress in time the sequence to be remembered or
it could break it up into smaller, more manageable chunks. However this
rhythm method (no pun intended) seems unlikely because of the relatively
long time between the events and also, because the flexibility of rhythms
favors a k-span coding process. In any case at the present time it will
not be necessarv to analyze the encoding mechanism in detail., It is only
necessary to assume that subjects analyze sequences into run lengths and

that they must store these runs in a temporary memory system,
Random Sequences and the Memory Change Hypothesis

The memory change hypothesis can now be specified more exactly. The
occurrence of the gambler's fallacy in binary choice experiments can be
attributed to the subjects' organization of the sequence into run lengths.
Positive recency is found on the later trials of prediction experiments

because the run length organization is discontinued or réndered less
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effective, Fither the subjects use a different organization (e.,g., k-span)
or they effectively reduce their memories thereby impairing the run length
organization, Subjects in the recognition experiment settine either do not
use the run length organization, or their memories for the past events are
reduced to the extent that the run length organization is impaired, It
seems unlikely that subjects in recognition experiments would use the more
difficult k-span organization so that the positive recency effect, there,
probably would be due to a memory reduction, Because of the similar results
obtained in the two situations, it might also be expected that the positive
recency on the later trials of the prediction experiments also is due to a
memory reduction-and not to a shift to the k=span organization. Notice that
if subjects completely eliminate their short term analysis, then the memorv
change hvpothesis is not incompatible with Estes' (1962, 1964) sugeestions
that the data from the later trials of prediction experiments can be des~
cribed adequately by the path-independent models,

To illustrate what is meant by saying that subjects discontinue using
the run length code or by saying that subjects effectively reduce their
temporary memory usage, assume for convenience that subjects code the
sequence by counting successive events, One way subjects could discontinue
the organization is just to stop counting, One way in which a subject
could effectively reduce his temporary memory without stopping counting
is to increase his probability of forgetting what the count was on the
previous trial or to increase his probability of forgetting to change the
count, In either case as the number of trials back on which the rule depends
is increased, and the higher the probability of forgetting the more rapid
the increase, Restle's (1961) suggestion that subjects on the later trials

of binary choice experiments are "bored" is not incompatible with the
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memory change hypothesis if boredom implies that subjects are less

attentive or have a greater probability of forgetting, ete,

Tests of the Memory Change Hypothesis

The present paper reports three experiments which were conducted to
investigate the plausibility of the memory change livpothesis, Two of the
experiments were parametric investigations of the amount of effective
temporary memorv being used by subjects in the two positive recency
situations, the later trials of binary choice experiments and recognition
experiments, The memory change hypothesis predicts that subjects will
perform less well on the run rules in these two situations, In addition a
checik was made to see if subjects in these sitnations switched to using
the k-span code instead of the run length code, The third experiment was
an exploratory attempt to change the slope of the recency curve from
negative to positive by varying the amount of short term memory subjects
had available for use in a binary choire experiment, If the subjects'
effective temporary memory for past events is strictly a short term memory
effect and if the change from nepative to positive recency effects is due to
a reduction in the subjects' effective temporary memory, then the memory
change hypothesis would predict that positive recency effects wouvld be
found when the amount of short term memory used by subjects in binary choice
experiments is reduced, However, if the subjects' effective temporary
memory is not strictly a short term memory phenomena then the prediction
the memory change hyvothesis makes would depend on the exact mechanism
underlying this effective memory,

In experiment I four groups of subjects were given rule sequences

similar to those used by Rose and Vitz (1966). Another four groups
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received the same rule seauences after first receiving 500 trials on a
sequence generated by a Bernoulli process, A third control group received
the same number of total trials, all of them being penerated bv a2 Bernoulli
process. Each of the experimental groups received a rule sequence that
required the subjects to have an effective memory for at least the last k
trials, where k took one of the values 3, 4, 5, or 6 for each experimental
group, The rules were selected so that both events had an equal probability
of following any pattern of events of length k-1 or less, that is the
probability was + that either event would occur following any tuple of
events based on less than the last k trizls. Thus to the extent that the
subjects' effective memory is reduced on later trials, they should have more
difficulty on the longer rules compared to subjects who get the rule trials
initially. Fach sequence contained instances of the two run rules and
instances of two different k-span rules,

Experiment II was a similar parametric analysis of a two-alternative
recognition experiment, Subjects were instructed to report whether a 1000
Hz sine wave was the louder or quieter one and were ostensibly given feed-
back to help them identify the tones, For the first 50 trials the subjects
received two tones with an intensity difference set so that the subjects
were correct about 704 of the time. Only one of the two tones was presented
on each trial, the two tones being presented in an irregular order. On
trial 51 and following the subjects were always presented a tone intensity
half way between the previous two intensities.and the rule sequences used
in experiment I were presented. Four groups were used, Three groups
received one of the rule sequences that depended cmeither the last 3, 4, or
5 trials., The fourth group was a control group which received the random

sequence used in the first experiment., The fourth group is a replication
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of Rose’s recognition experimentl with a number of medifiecatinng,

In experiment III an exploratory attempt was made to change the slope
of the recency curve from negative to pesitive by manipulating the subjects?
short term memory. The subjects were instructed that their task was to try
to do two tasks simultaneously. One task was a variation of the short term
probe memory task used originally by Waugh and Norman (1965); the other task
was a binary c'oice task. In the vrobe memory task subjects received a list
of letters to remember, Later one of the letters from the 1ist was presented
(the probe) and the subjects' task was to report the letter which followed
the prohe letter in the original 1ist. The two tasks were combined in a
way that forced the subjects to make their binary choice task response
while they held a 1ist of letters in short term memory. The two tasks were
combined in the following way: (a) A list of letters for the probe memory
task was presented, (b) Following the list a warning light was presented
and it signaled the subjects to make their binary choice task prediction,
(c) The binary choice task outcome event followed immediately after the
subjects® predictions, (d) Wext another warning light was presented, the
probe letter was presented, and the subjects were given an opportunity to
report the correct answer for the probe memory task, After the report
interval a different list of letters was presented and the sequence of
trial events continved in the same way.

The subjects were instructed to attend mainly to the probe letter task,
and to merely guess at the binary choice task unless they could try to bhe
correct more often without impairing their probe memory task performance,
Notice that for the subjects to be correct on the probe letter task, thev
had to hold the original list in memory while they responded to the binary

choice task, Four groups of subjects were used., Three groups received
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lists of either L, 6, or 8 letters; the presentation time was held constant
by varyine the presentation rate. A fourth control pgroup received no list
at all, If the memory change hypothesis is correct and if the subjects'
effective memory for past events is strictly a short term memoryeffect, then
as the amount of effective memory is decreased by increasing the difficulty

of the secondary probe memory task, the cambler's fallacy should be replaced

by a positive recency effect.

EXPERIMENT T: METHOD

Subjerts

The subjects were 180 undergraduates at the University of Washington,

The subjects particivated to fulfiil part of a course reguirement,

Sequences

Two kinds of sequences were used, random sequences ard seauences
containine rule trials, TIn all of the =sequences the v event and the b
event occurred equally often, Nicks' (1959) procedure was used to generate
the random seaquences. The expected number of runs of each length for samples
of 500 trials was calculated, and then a population of run lensths was
constructed by making the frequency of each run length approximately egual
to the expected frequency. Since both events occurred equally often the
distributions of run lengths for each event are identical, The distribution.
was truncated so that no run lengths greater than eight occurred, The
probability of obtaining a run length of either event greater than or equal
to nine is less than 0,004, The two distributions of run lengths (one for

each event) were then divided approximately in half so that blocks of 250
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trials would have approximately the same run structure. Finally, the run
lengths were sampled withoutireplacement from the populations, This was done
by drawing a sample from the popuvlation for one of the events, drawing the
next sample from the population for the other event; drawing a sample from
the vopulation for the first event again, and so on until both populations
were exhausted, This procedure was used twice to generate itwo different
random sequences of 502 trials, which are referred to below as random
sequences one and two, This process generates sequences in which 4 the
runs are of length 1, 4+ are of length 2, 1/8 are of length 3, 1/16 are of
lencth 4, and so on until the truncation point is reached,

The segvences containing rule trials were generated by the same pro-
cedure except that additional constraints were placed on the sequence of run
lengths, The run rules and the ke-span ruvles each required different con-
straints, The two run rules in each sequence were generated by the followine
device, For the n-tuple run rules, runs of length n=1l, n, and m ¥ n were
all made into runs of length n, This was accomplished simply by sampling
from the populations which were constructed for the random sequences, but
every time a run of lencth n=l or rreater was sampled a run of length n was
entered in the seguence. These restrictions penerate sequences with two
different run rules, Run rule one states that runs of length n-1 never -
occur, and run rule two states that there are no runs longer than n,

For the 3=-tuple rules, run rule one states that runs of length 2 never
occur and run rule two states that there are no runs longer than 3, In terms
of tuples of events run rule one states that event pattern vbb will be
followed by event b and run rule two states that event pattern bbb will be
followed by event y, Here, and in the following presentation, rules obtained

merely by interchanging the y and b events will be considered equivalent,
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For example, the rule: event pattern ybb is followed by event b, will be
considered equivalent to the rule:s event pattern byy is followed by event
y. For the 3 tuple rules the restrictions generate sequences in which %
of the ruhs are of length 1, and %+ of the runs are of leneth 3,

For the 4-tuple rules run rule one states that runs of length 3 never
occur and run rule two states that there are no runs longer than 4, In
terms of tuples of events run rule one states that event pattern ybbb will
be followed by event b and run rule two states that event pattern bbbb will
be followed by event vy, These restrictions generate sequences in which %
of the runs are of length 1, 4 are of length 2, and % are of length 4,

For the 5-tuple rules, run rule one states that runs of length 4 never
occur and run rule two states that there are no runs longer than 5. In
terms of tuples of events run rule one states that event patitern ybbbb will
be followed by event b and run rule two states that event pattern bbbbb will
be followed by event y, These restrictions generate sequences in which %
of the runs are of length 1, 1 are of Jength 2, 1/8 are of length 3, and
1/8 are of length 5,

For the 6-tuple rules, run rule one states that runs of length 5 never
ocenr and run rule two states that there are no rums longer than 6. In
terms of tuples of events run rule one states that event pattern ybbbbb
will be followed by event b and run rule two states that event pattern
bbbbbb will be followed by event y. These restrictions generate sequences
in which % of the runs are of length 1, 1 are of length 2, 1/8 are of
length 3, 1/16 are of length 4, and 1/16 are of length 6,

Table 1 shows for each tuple length the k-span rules which werd used
and also the method used to generate the k-span rules, that is the restric-

tions placed on the sequence of run lengths. For each n-tuple sequence,
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Table 1

The k-span rules nseéd for each tuple lerpth and

the sampling restrictions thev necessitated.

k=span Sampling Restrictions
Rales on the Run Leneths
None
(1) vwbhvah (1) 2-1-21 and
hhvb > v bl 5]
(2) ybvbab (2) 2-1-1 » 2 or 4 and
bybv v 4e1-1 22 or 4
(1) vybby>b (1) 2-221 and
bbvyb->vy 3=291 and
5=-21
(2) bybbv sy (2) 1=22 2 or 3 or 5
ybyyb=b
(1) vhyyby b (1) 1-2-1=1
bybbyb »y
(2) bbyyby =y (2) 2-2=12> 2 or 3 or 4 or 6 and
vybbyb 2+ b 3-2-1=>2 or 3or 4 or 6 and
Lo2-1 22 or 3 or b or 6 and
6-2-1 > 2 or 3 or &4 or 6
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out of a possible 21 k-span rules two were included in the sequence,
A1l the other tuples, except the run rule tuples, were followed by each of
the two events with probability %. For example, the two 4 tuple k-span
rules wera: (a) If the pattern of events on the last four trials was vyby
(or bbyb) then the b event (y event) will always occur on the next trial,
(b) If the pattern of events on the last four trials was ybyb (or byhy)
then the b event (v event) will alwavs occur on the next *rial, These two
rules are summarized in column ore by bbyb-y, yyby3b and byby>y, ybyb-b,
The two restrictions which were used to penerate these ruless are: (a) Tf
a run of length two or four is followed by a run of length one, then a run
of length one is »lways selected next, This was accomplished by drawing
run lengths from the population described above, For example, if a run of
length 2 was drawn and if on the next draw a run of leneth 1 was drawn then
draws were made and replaced until a run of lensth 1 was drawn, (b) If a
run of 2enrth two or four is followed by two runs of lensth one then a run
of length two or four is always selected next, These two sampling restric-
tions are summarized in column two hv 2-1-+1, 4~1 31 ard 2-1=1-2 or 4,
4=1-1-+2 or &4, The other k-span ruvles can be interpreted similarly, There
were no 3 tuple k-span rules because it is imnossible to include them in
the same sequence with the run rules without getting a sequence in which
some of the event patterns never occur, This sampling vrorcedure was used
to generate two separate sequences of 992 trials (3 blocks of 256 trials
and 1 block of 224 trials) for each rule length (3, 4, 5, and 6 tuple rule
sequences one and two),

The entire set of four rules, the subset consisting of the two run
rules, and the subset consisting of the two k-span rules, which were included

in each sequence (except the 3 tuple sequences which contained only run
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rvles), have the proverty that the unconditional probahility of each event
and the probabilities of earh event conditional on any tuple of events which
is shorter than the rule tuple is equal to 4. Thus by evalnating perfor=
mance on both rules of a pair, effects of bias which are indeperdent of the
avents or which depend upon tuples which are shorter than the ruvle tnples
can be eliminated, This is not true when the rul-s are evaluated separately.
For example, if run rule one is evaluated by itself then a simple tendency
to predict that the event which occurred on the previous trial will be
repeated will lead to performance above the change level, However this
same tendency will lead to performance below the chance level on run rule
two, Thus by considering performance on both run rules together and on

both kespan rules together, the effects of these biases is diminished,

Apparatus

The apparatus consisted of a long table divided into five bhooths by
curtains. FEach booth was equivped with a pair of keys which the subjects
used to make their predictirns., All five booths faced a sinele 19 in, wide
and 14.5 in, hich display panel, located ahout 10 ft. arcross the room from
the subiects. A yellow warning licht was located 9,5 in., from each end of
the panel, Twe red event lichts were located slightly below the warning
light and 5.5.in. from the center of the panel,

The sequence of trial events was programmed to run automatically. The
programming equipment. was located in the same room as the subjects but it

was activated only after all the subjects had responded, This procedure

eliminated possible extraneous cues from the programming equipment.
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Procedure

The subjects were tested in groups of five or fewer. They were
instructed that when the yellow warning light came on they were to predict
which of the two event lights would come on, The left kev was to be
pressed to predict the occurrence of the left light and the richt key was to
be pressed to predict the occurrence of the right light, The trials were
group paced; the approvriate event lirht came on 1.4 sec. after all the
subjects responded. It stayed on for 3 sec, and was followed bv a + sec,
"intervdl before the warning lipht came or arain,

Besides specifyving the details of the procedure, the instructions
contained the information that the experiment was a learning experiment and
that the subjects were to predict the event which would occur., The subjects
were told nothing about the sequence of events, They were told that there
was no srocup interaction and were asked to trv hard because the experiment
was a test of the limitations of the human learning process.

Nine groups of 20 subjects were tested, FEach group received a dif-
ferent sequence of event lights. Four groups (Rule-only groups) were given
992 trials on one of the four rule sequences, Another four groups (Random-
rule groups) were given 502 trials on one of the random sequences followed
without any break or cues by 992 trials on one of the four rule sequences.,
A control group (Randomerandom crotp) was given 1506 trials on the random
sequences, A maximum time limit of 100 min. was established,

Within each of the rule-only proups %+ of the subjects were tested on
rule sequence one and + were tested on rule sequence two, Within each of
the random-rule groups + of the subjects were tested on random seqluence one

and rule sequence on, and % were tested on random sequence two and rule



22
sequence two, Within the random-random group 1 of the subjects received
502 trials on random sequence one, 502 trials on random sequence two, and
then 502 trials on random sequence one again, The other % of the subjects
in the random-random group received 502 trials on random seqvence two, 502
trials on random sequence one, and 502 trials on random sequence two again.
Thus each of the nine groups had two subgroups which received independently
generated sequences, FEach of these subgroups were balanced so that for 1

of the subjects in each subgroup the sequence started with the left event

and for the other % of the subjects it started with the right event, the
rirht and left events being interchanged.

Two subjects in the experimental proups were discarded, One subject
was discarded before her data were analysed because she revorted taking
heavy medication before the experimental session ard being unable to
concentrate because of its effect. She was replaced by another subject.
The other subject was discarded from group 3 because he made correct
responses only 69 of the 480 rule trials. The probability of eettineg only
69 or fewer correct responses by chance alone is much less thar 0,001,

Thus the subject was discarded for either misunderstanding the instructions
or for deliberately choosing the incorrect response. His data were not

replaced so that group 3 consists of only 19 subjects.,
EXPFRIMENT I: RESULTS AND DISCUSSION

Figures 1 and 2 present the run rule learning curves for the eight
experimental groups., The data from the two run rules in each sequence were
combined to eliminate effects of simple strategies and biases, Strategies
such as simple and double alternation, response repetition, or any strategy

based on a tuple of events which is shorter than the rule tuple will lead
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to chance performance when the data from the two rules are combined (see
the end of the sequences section). Fach block of trials is based on 15
occurrences of each of the two run rules for each of the 20 subjects in
the proup. Thus each point is based on 600 responses and it shows the
overall proportion of correct responses made by the 20 subjects on the 80
rule trials, To evaluate the curves note that, assuming binomial variability
(i.es, one standard deviation equals (pq/nsé), the maximum size of a 95%
confidence interval about each point is t»0.0b for an B of 600.’3 This
maximum is obtained when the proportion correct is 0,50; for proportions
greater than 0,50 the confidence intervals are somewhat smaller, For
example, when the proportion correct is 0,80 the 95% confidence interval is
reduced by a factor of 0,8; the interval is about + 0,03, These confidence
intervals will be used to make statistical comparisons in the following
parapraphs,

First of all, notice that the learning curves for the rroups receiving
3, 4, and 5 tuple rules appear to have reached asymptote. No group reached
the maximum possible correct performance of 100%, Groups 3 and 4 reached
their asymptote by the third block of trials, groups RY and 5 reached
theirs by the second block of trials, and eroup R3 reached its by the
fourth block of trials. Group 6 was not given enough rule trials to
determine an asymptote, but on the basis of the other groups' performance
the group 6 asymptote is probably below 0.60,

A1l of the groups which received the rules at the besimning of the
session performed significantly above the rhanee level, Groups 3 and 4
have asymptotes at about 0,80, Group 5 has an asymptote at about 0,65,

By the second block of trials group 6 reached 0,56, Of the groups that

received the rules after the random trials only groups R3 and R4 have
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curves that are signifiecantly greater than chance, Group R3 has ar
asymptote at 0,70 and group R4 has one at 0,57,

The Jearning curves for the groups which received the random sequences
before getting the rules (rsroups R3, R4, R5, and RA) are 211 sienificantly
below the corresponding learning eurves for the groups which received
the rules at the beginnine of the session (groups 3, 4, 5 and 6)., The
difference bhetween groups 3 and R3 is about 0,10, between rroups 4 and
R4 is about 0,20, and between eroups 5 and R5 is about 0.10, The differenne
bstween rrouns 6 and R6 for the serond block of trials is 0,06,

It is clear, then, tha* subiects who were first exposed to 500 random
trials performed less well than subjects who received the rules at the
bepinning of the session, In addition, onlv the R3 and R4 groups showed
evidence of havine Jearned the rules; groups R5 and R6 did nnt perform
sirnificantly above the chance level, A comvarison of the 3 turle and the
i tunle grouns showed that although groups 3 and 4 do not differ, groups
R3 and RY are sienificantly different, The verformance on the L tunle rules,
which required a greater effaoctive memorv, wac impaired more by the random
trials than the verformance on the 3 tuple riles was, It is harder to make
such comparative statements sbont +the 5 and 6 tuple groups because the
performance of the proups who received the rules at the becinning of the
session (groups 5 and 6) is significantly below the performance of the
corresponding 3 and 4 tuple proups., In addition, the verformance of the
random groups is bounded below by 0.50, Therefore quantitative comparisons
of the masnitude of the real differences between groups 5 and R5 and

between 6 and R6 cannot be made. It is clear, however, that groups R5 and

R6 show no evidence of learning,

There are at least two explanations for the decreases in performancs
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that the eronps which received *he rnles at the beginning of the session
showad with increases in the tunle lerngth, The firet is simply that the
longer tunle lengths are harder than the shorter ones. This assumption is
implicit in the concept, "effective memorv" used in the present paper,
although most of the theories which assume that subjects use the run length
code do not make this assumption: *thev wonld predict asymptotically
perfect performance on all run rules. The second vossible explanation for
the decrease is that the "trials effect" infliineed the verformance of the
groups with loncar tunle lenpths, This is possible heranse it takes twice
as many trials to present m occurrences of a twple rule of lensth k than
it takes to present m occurrences of a tuple rule of length k=1, Thus the
same process that reduces subjects' effective memory during random trials
may teke place on the random trials between the rule occurrences in the
rule seanences, A similar decreasec in porformance on longer tuple rules
may be found in Restle's (1966) data.

An inspection of the group curves and the individval subjects’
protocals revealed that the data from the eicht experimental pgrouns can be
summarized fairly accuratelv by two summary statements, The first statement
is that recardless of when a run rule is introduced, either individual
subjects improve their verformance rather rapidly until some individual
asymptote is reached or thev show no improvement in performance. The
second statement is that the creater the number of trials received hefore
the first m occurrences of the run rulss the less likely it is that an
individual subject will show any improvement in performance. A corollary

of the second statement is that some subjects in all the groups may never

show any improvement, The second statement is based not ornly on the
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difference hatween the eroups who received the rules before ard after

500 random triale, but it is also based on the reductiorn in subjects!
performance on the longer rule tuples, Tt was argued above that one of the
“possible reasons for this reduction was the fact that it takes twice as
many trials to present m occurrences of a tuple rule of length k than it
takes to present m occurrences of a tuple rule of length k-1,

Figure 3 shows a summary of the individual subjects' performance.

Each data point presents the total propertion of correct resvonses on all
the run rule trials for an individual subject, The arrows point to the
median subject's nerformance, The horizontal bars show the point ¢ at
which the binomial probability of getting a proportion greater than or equal
to ¢ is 0,05, The above descriptions of the behavior of the group curves
can be seen apain in the disiributions of the individual data points. In
addition Figure 3 illustrates to some extent the statements summarized
above., The clearest exampla is the 3 tuple rule distributions, Group 3's
distribution is skewed downward; the majority of the subjects performed very
well with a few subjects who show no increase in performance, On the other
hand, eroup R3's distribution appears to be bimodal; most of the subjects
either performed verv well or verformed at the chance 1e§el. Four subjects!
protocals do not show the rapid improvement implied by the first summary
statement, Two subjects in group 3 showed a significant improvement in
performance first in bleck 5 and two other subjects in group R3 also

showed a significant improvement late in the sequence, ons in block 7 and
one in block 12, Althoueh egroup 4's data points are uniformly distributed
about the median and show no support for the first summary statement,
inspectiOﬁ of the individual subjects® protocals revealed that the data

points in the 0,60-0.75 range were penerated by subjects who consistently
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ret more than 15 out of the 30 rule oceurrences per block correct, but
perform below the 23=30 range,

Figure 4 presents the learning curves for the k-spvan rules and Figure 5
presents the individual subjects' data., Each block of trials is based on
15 occurrences of each of the two k-span rules for each of ths 20 subjects
in a group., The curves in Fig, 4 can be evaluated in the same wayv as
the curves in Fips, 1 and 2 were, All the 5 and 6 tuple grouns show no
evidence of an increase in performance; all four curves are not siepnificantiy
different from chance performance, The individual data points in Fig, 5
support this conclusion., Both of the 4 tuple groups show evidence of an
increass in verformance significantly rreater than chance performance.

Note, however, that group R4's rurve paradoxieally drops back to chance
performance on the later trials and eroup 4's curve appears to be still
innreacine, A comparison of group 4 and RY shows that they differ only
after block 5 when group 4 inereases 0,05 and group R4 decreases at least
0,05, Thus wmlike jits affent on the run rules, the random trials seem to
have influenced the subjects' performance on the kesnan rules only later
in the rule =eguence, The ctrape behavior of these two curves vreecludes
putting mneh confidence in these results,

A comparison of the run and k-sman rule learning curves for group L
(see Figs, 2 and 4) showed that the run rule learning curve was significantly
above the k-span rule lzarning enrve for every hlock of trials, The dif-
ferences between the curves was always at least 0,10. In addition, for
each subject the overall proportion of correct responses he made on run
rule trials was compared with the overall proportion of correct resvonses
he made on k-span ruvle trials, Of the 20 subjects in group 4, 19 of them

had a higher provortion of correct responses on run rule trials than they
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had on k-span rule trials, The proportione of correct responses for the
twentieth svbiject was 0,55 on the run rul~ trials and 0,A8 on the k-span
rule trials, Thns for group 4 the run rules were much easier than the k-
span rules, in a renlication of Rose and Vitz (1966),

A similar comparison of the run rule and k-span rule learnine curves
for group R4 (see Figs. 2 and 4) showed that the two curves differed sig-
nificantly only after block 5 when the k-span curve starts to decline, the
difference there being only abont 0,05, When the overall vproportior of
correct responses each subject made on the run rvle trials was compared with
the overall proportion correct he made on the k-span rule trials, of the
20 cubjects in eroun R4, only O had a hipher proportion of corrent responses
on run rule trials than thev did an kespan rile trials, Although the mean
provortion of norrect responses on the run rule trials was slightly
ereater than the mean vprovortion correct on ke-span rule trials, at test
of the difference scores (between the total rromnrtion correct on all run
rule trials and the total proportion correct on all k-span rule trials for
each subject) was not significant (t = 1,46, df = 19, p» 0,1), Close
inspection of the two curves revealed that all eight data noints from the
run rule trials lie above the ~orresponding data points from the k-span
rule trisls, If the two sets of points are from the same porulatiors, then
for each vpair of voints the prohability that ore voint will lie ahove the
nther is 1, The probability that 2]l eight data points from one set will
lie above the corresponding points in the other set by chancealone is (%)8
which is less than 0,004, However this effect again is aided by the
paradoxical decrease of the learning curve for the k-span rules on the last
four blocks of trials, Whether or not this decrease would replicate is

problematic, Certainly, if there are any differences between the two curves,

they are very small,
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No differences between the subjects' nerformance on the run rule trials
and on the kespan rule trials would be expected if the subjects had chaneed
to the kespan code because of the ineffectiveness of the run length code
during the random trials., However before any conclusions are drawn abovt a
switch in the coding process, it c<hould be rnoted that although performance
on the run and k=span rmle trials was not different, the performance on
bhoth rule trials was very low, much below eroup 4's run rule performance.
Therefore the lack of differences may be just a reflection of the reneral
reduction of the subjects' effective memory. Indeed, the orderliness of the
run rule data disecussed earlier arpues for this latter interpretation,

Four of the experimental eroups received 502 random trials and the
control eroup received 1506 rardom trials., The data from these random
trials were analyzed in blocks of 251 trials., Data were lost fromrthe
control eroup's last block of trials because one group of five subjects did
not finish the sequence in the 100 min, time 1limit and one other subject
left the experiment about 150 trials hafore the end of the seauence,

Figure 6 presents the recensy curves for the first two blocks of
trials combined over the four experimental groups and the control eroup
for a total of 100 subjects, The vrovortion of responses which predicted a
run continuation (i,e., response B following run lensths of b and response
Y followine run lengths of y) are plotted against the run length, Data
from the two events were combined., The large number of subjects provides
a good estimate of the form of the average recency curve for the first two
blocks of trials. The irdividual points show the performance of each of
the five groups. The horizontal bars show the 95% confidence intervals for

the combined data,

The recency curve for the first block of trials definitely tends to
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decrease with increasing run length, It decreases at least 0,10 from
about 0,56 to 0,46, The second block of *trials shows the rhance over trials
taking place, In the second block of trials the prrportion of responses
predicting a rin continuation was sienificantly greater than the corres-
vondine proportion for the first hlonk of trials after every run length
exnept the first, In addition, the recency curve for the second block of
trials has a slone which is positive up to run length three after which it
becomes negative, Thus hoth the ocenrrence of negative perency effects and
the changes toward positive recency effect on later trials are replicated,

Figure 7 shows the control group's recerey curves for all six bhlocks
of trials., The wide confidence intervals reflect the rednetion in the
mmher of svbjente from 100 to 20 subjects, and 1imit the ~onelinsions that
can be drawn, BAfter the first hlock of trials the recency curves are 21l
fairly flat, The probahility of a vrediction that the r»un will ~ontinne
was anproximately 0,55 to 0,60, These data are somewbat different than
those remorted bv Bdwards (1961), The slope of the recency curve fnor the
50:50 sequence in Fdwards' exmariment wees nagative on triale 1200 and
flat on trials 20)-400, but on *rials 401-1000 it showed some evidence of
baine positive, Derks® (1962) curves for a 75:25 seouence, however, never
showed any definite evidence of a positive slope. The 60% repetition level
shown in Figure 7 agrees with Anderson's (1960) data, Clearly the negative
recency offect was eliminated on the later trials, However, except for the
early part of the curve for the combined dats in the second block of trials

in Figure 6, no positive recency effect was found,
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EXPERTMENT TT: MRETHOD

Subjects

The 80 subierts were nbtained hv advertising on the University of
Washington campns, The snbiects were paid $2,00 for the LD min, session,

An extra dollar was affered to anvone whn ohtained 60% n» more correct

rosnNNNcSes,

Avoparatus

A block diagram of the auvdin cireuit is shown in Fig. 8, The ountovt
from an oscillator was switched into one of three attenuators, One of the
attennators controlled the intensity of the standard tone; the other twe
Daven 0,1 dB precision attenuators were set 2t 1,0 dB above and helow the
attentiation of the standard intensity tone, A relav with mercury-wetted
contarts was used to sate the sipnal, Switching transiente were reduced by
passing the sirmal throurh a low-pass section of a Spencer-Kennedy variable
electronic filter which orovided 18 dB per octawve attermatinon shove the cut=
off fregquency of 1000 Hz, The signal was amplified and seht to three
Permaflnx PDR-8 earphones connected in parallel. FEach earphone was located
in the left ear muff of a pair of Wilson Sound Barrier ear muffs,

The testing was conducted in three JAT model 400 sound attenuating
booths. Fach booth was eawipped with a disnlay nanel; the facd of this panel
is shown in Fig., 9. The white light at the top of the panel served as a
warning light and rame on at the start of each trial, Two green circles
(In~-Line Read Out display modules) below the warning light marked the

observation intervals, lights number two and three above the two resvonse



39

*II 3Fusutxedxs UT pesSn 3INOJITO olpne ayz Jo weISelp j001q y °g aandry

d174

NlLlV

NilV

MS

NLlV

é

NLLV

SO




4o

SOF TER
1 2
o O

/

LOUDER
3 4
o O
/

Pigure 9,

A schematic drawing of the display panel

used in experiment II,
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kevs came on when the cnrresnondine kev was pressed during the response
interval and were mnsed to inform the subiects that their resnonse had bheen
recorded, The two end 1ikhts were vsed to present the feedback to the

subjects. These two 1lights are considered as events v anmd b,

Procedure

The subjects were tested in eroumns nf three or fewer, The subjects’
task ostensibly was to identify the tone presented on each trial as one that
was either more or less intense than the standard intensity tone., Thev
were piven the standard intensity tone three times before the experimenrt
started,

Fach trial was fonr sec. lon~, The warnine lipght came on for % sen, ,
and was followed by a2 + sec, observation interval, The subie~ts had two
sec, followine the observation interval to make their response, The left
kev was marked "softer," and the richt keyv was marked "louvder.," After the
response interval, one of the feedhack 1ichts came on to infeorm the subjects
whether the tone presented on that trial was louder or softer than the
standard intensity tone, The feedback 1ight stayed on for % sec. and was
followed by a + sec. intertrial interval.

The subjects were encourgged several times in the instructions to pav
close attention to the signal for the full L0 min, of the experiment, and
were offered an incentive to encourace good performance, A one dollar
bonus was offered to anyone who could pet 60% or more of his responses
correct., The subjects were instructed to suess if thev were not certain of
their choice, They were told that the feedback was there to help them make
their decisions. In addition the instructions informed the subjects that

the intensities of the tones were difficult to discriminate and that they'
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would hecomz more difficult as the experiment proesressed,

The standard intensity tone was a 1000 Hz. tone, set at an intensity
which was comfortable and clearlyv avdible (approximatelv 85 4B SPLu). For
the first 50 trials the subjects received an irregular ssquence of 25 trials
in which the signal tone was 1.0 dB less intense thah the standard and 25
trials in which the signal tone was 1,0 dB more intense than the standard.
(The average propertion of correct responses on these trials was 0,70,)

The feedback lights were consistent with these differences, TFor the next
503 trials the standard intensity tone itself was presented on each trial
(i.es, there were no stimulus differences) and the sequence of the feedback
lights was identical to one of the event sequences of experiment I,

Four groups of 20 subjects were tested, Three of the groups reczivsd
the first 503 trials from one of the 3, 4, or 5 tuple rule sequences. The
fourth group (control) received 503 trials from one of the random sequences,
The groups were divided into subgroups and balanced as in experiment T,

Three subjects were discarded and were revplaced by three others, One
subject was discarded before his data was analyzed because after the
experimental session he reported that he did not vay attention at all, Two
other subjects were discarded for not making a response on a large propor=-

tion of the trials.

EXPERTMENT II: RESULTS AND DISCUSSTON

Figure 10 presents both the run rule and the k-span rule learning
curves for the three experimental egroups, The curves were plotted in the
same way as the curves in experiment I were, Again each point is based on
600 observations so that the maximum size of a 95% confidence interval

about each point is * 0,04, The proup curves show little or no evidence
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of performance above the chance level, Only two data points out of 20
exceed the 95% confidence interval.

Figure 11 presents the provortion correct on all the rules for each
subject. The medians and significance levels are shown as in experiment T,
Very few subjects show any evidence of performance above the chance level,
Only 8 out of 100 subjects performed:s above the 5% significance level., Tn
addition, one subject in the 3 tuple eroup whose total proportion correct
was only 0,55 showed a rapid improvement on the last two blocks of trials.
(23 and 27 correct out of 30) and reported at the end of the session that he
found patterns in the sequence., One other subjert in the 3 tuple group
revorted the rules without anestioning at the end of the session. His
proportion correct was 0,62, The experimenter talked informallv about the
experiment with many of the subjects at the end of the session., Except for
the two subjects mentioned above, none of these subjects seemed to be aware
of the rule triaiks, Thus it is clear that subjects under these recognition
task conditions did not learn even the simplest ruvles used., Arparently,
they use very little effective memoryv in recognition tasks,

One other possibility is that the display and procedure which was used
would nét lead to learning of the rules even under the best conditions when
subjects are instructed to look for the repularities in the sequence, To
check on this possibility three subjects were given the 3 tuple sequence
under the same conditions as the 3 tuple gromp subjects, except that they
were given no earphones and were instructed to look for regularities in
the sequence of event liphts., The crosses in Fig, 10 plot the proportion
correct obtained by these subjects, Since each data point is based on 90
observations the maximum size of a 95% confidence interval about each point

is less than * 0,10, Clearly these three subjects performed at a level
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significantly above chance performance,

Firure 12 shows the recency curves for the control group which
received the random seguences in blocks of 251 trials. The horizontal bars
show the 95% confidence intervals shont each point, For comparison the
recency curves obtained from the combined data of all the groups on the
random trials in experiment I is replotded in the figure, Tn the first
block of trials the control eroup's recencv curve i< sienificantly above the
experiment T curve at all vpoirts except the first and the last voint, The
control eroup's curve rises up to rin length three; the drop thereafter is
not significant, Tn the second block of trials the recencv cvrve for the
first time avpears to have a clearly positive slope, The last two data
peints are significantly preater than the correspondine data roints in the
first block of trials. The recencv curves chanced over trials 25 the

curves obtained in binarv choice experiments do.

EXPERIMENT TI¥T: METHOD

Subjects

L The subjects were 120 undereradnates from the University of Washington,
The subjects participated to fulfill part of a course requirement, In

addition, $4.,00 prizes were given to the 20 subjects with the best perfors

mance.,
Apparatus

The five booths from experiment T were used, but they were located in
a smaller room, FEach booth had two pushbuttons mounted in a small hox on
the right hand side of the booth's working area., Above each pushbutton was

a small red licht which came on when the button was pressed during the
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response interval, Tn the center nf +he honth's working ares was an
amer-r sheet which contained 15 blank daches per 1ine, The arswer cheet
was «14d partiallyv beneath a viere of conctruction vaver whicrk weoe
fastened to the tahle, The answer sheet s1id freely back and forth beneath
the construetion paper and the subgects kept their place on it by coverines
211 the Tines whirk had heen already filled in. Also, tohhwlp the subje~ts
keen their place they were told when to start a new 1ine on the answar sheet,

A diesplay vsmel was located about five feet from the subjects, Tt was
the same panel u<ed in exveriment T except that some additions were made to
it, Fiewra 13 chows *he fane of *he modified panel, A smaller panel was
mounted ahove the nanel used in exmeriment T. The new narel enntained
onlv a single blue 1ight in +he nonter of 4%, Just below the blne light
the words "task 1" were printed, A % inch strip of black tape separated
the two panels, The words "task 2" were added just below the warning light
on the oririnal panel, The control eroup used only the originalv panel
withont anv signs. The oroerammine equirment was apéin lacated in the same

room 25 the svbhiecrts, but was not artivated wntil after the response

interval,

Procedure

The subjectiwere tested ip proups of five or fewer., The subijects in
the experimentsl orouns were told that the exveriment was a2 test of their
ability to do two tasks simnltaneously., Task onre was a probe memory task
similar to the one used by Waugh and Norman (1965), Task two was a binarv
choice task,

Figure 14 shows the sequence of trial events received bv the snbjeects

in the experimental eroups. A trial started when the tape recorder vresented
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TASK 1

TASK 2

Figure 13, A schematic drawing of the display panel
used in experiment III,
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a 1ist nf letters which the subjects were instruected to remember. The
tave recorder was started and =topped bv the experimenter who was =itting
in front of the room, The 1ist of Tetters took four sec, to precent,
About % sec., later the vellow warning lisht labeled task 2 came on and
stayed on for three sec. The subjects were to predict which of the two vred
event lichts helow the warning Jirht would come or, Only reeponses made
while the warnine light was on were recorded, After a 1.4 seec, pause one
of the two avent 1lirhts came on and stayed on for one sec. The blue 1ipht
labeled task 1 came on next and stayed on for five sec, A sincle Totter
from the oricinal 1ist (the probe letter) acrompanied the onset of the blue
light, The subjiects had until the blue 1icht went off to write down the
letter which followed the probe letter in the original list., A new 1ist
of letters followed the offset of the blue light by apnroximatelv 250 msen,

Four groups of 30 subiects were tested, The only difference between
the three experimental grouns (groups &4, 6, and 8, resvectivelv) was *he
lenpth of the 1ist of letters thev received each trial., The 19sts were
either 4, 6, or 8 letters lonr, The rate at which the letters were nresented
varied so that the total presentation time was always four sec, A random
number tahle was used to construct the lists of letters ard to choose the
positions of the probe letters, The letter w was the only letter of the
alvhabet which was not used. The vrobe letter ocrurred in all vositions
except the last one, The control sroup was told nothing about the vrobe
memory expveriment, but it had a 9.5 see. intertrial interval which was the
same as the time the experimental rroups were given to perform the probe
memory task,

A1l four groups receivéd the same sequences of event lights in the

binary choice task, Three different sequences were used, Two of the
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saavences were the first 252 trials from the two random senuences used in
experiment T; the third seovence was the second 252 triales from one of
these random sequences. In each of the three subgroups of each proup the
left and right events were balanced as in experiment I,

The testine session was divided into three parts. During the first
pvart the svhjects were siven ten practice trials to acquaint them with the
procedure, Tn the second part the subjects received 134 triale whiech took
about 35 min, Tt was followed hv 3 five min, rest break during which the
stbiects were allowed to leave their booths, Tn the third vart the subjects
received 118 trials which took another 30 min,

The instructions explained the vrocednre to the subjects and stressed
the independence of the two tasks., The subjects were told to concentrate
mainly on the probe memoryv task and to attempt to do more than guess at
the binarv choice task only if they could make no further improvements in
their probe memory task performance, The subiects were encouraged to make
a resvonse to hoth tasks on each trial,

Prizes were awsrded on 2 basis which was consistent with the instruc-
tions, The swbjects were told that within each sroup of 30 subjects thev
would be ranked accordine to their performance on the two taske ard the
five subjects with the highest rank would receive the prizes, The rank
ordering was determined by a lexicoerraphic ardering of the subjects!
performance on the two tasks, The scores from the probe memory task were
placed into one-of ten caterories which corresponded to percertiles of the
maximum possible score. Within the percentilecategories the subjects were
ranked according to the number of correct predictions they made on the
binary choice task, This orderineg was explained to the subjects and several

examples illustrating it were piven. For the control group prizes were
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awsrded tn the five subjects with the ereatest number of correct predic*ions,
FXPERTMENT ITI: RESULTS AND DISCUSSION

The recency curves for the croups that recejved probe memory lists of
L, 6, and 8 letters are shown in Fips. 15, 16, and 17 respectively. The
control eroun's recencv curve is shown in Fig, 18, The data from the 30
subjects in each group were combined. The fipures =how the proportion of
left predictions which were made following the run lensths of each event,
The nronortion of trials on whirh neither resvonse was made was 0,015,
0,006, 0,070, and 0,008 for groups 4, 6, 8, and the control rrouv,
respectivelv., Since these prorortions are small thev were irnored, The
horizontal bars show the 95% confidence intervals.

The curves for the left and right events were nintted separatel:
hacanze group 8 exhibited a larpe bias for the 1eft re=nonse, The fart
that the recency curvas far hoth the 1eft and the riecht events in Fie, 17
19e abowre 0,50 reflects this left regnonss hin-, Tha weeronse hiae wae
rrobably ~ansed by the diffienlty of the lencth 8 list and the asvmmetrv of
the etthiects' workine area, The resnonse hnttone ware located nn the right
side of the hoath: the left response hutton, therefore, was closer and
nrahah]ly easier o Mress,

The memorv chanca himatheeic nredicts that if the reduection in effective
tamporary memomyv is Just 2 chort term wemnry offect then a positive recency
effect will be found when the suhjerts' short term memories are veduced
sufficiently, No evidence of a positive recencv affert can he found in
any of the recency curves, For avample, it i1s nnt possible to draw a

rositively=-sloped strairht 1ine that lies within all the confidence limits

on any of the curves. In fact, it is not nossible on any of the ~urwves



‘sjusas 1797 pue 3yd(a oyl I0J f1e3exedss
pajussaad ‘11T qusutaadxs ut 4 dnoa® oI seAIno Lousdsrx 8yl °*GT aanS1y

H19N3T NNy
IN3A3 1437 IN3A3 L1HOIM

9 S ¥ £ 2 | L 2 € ¥ G 9

ﬁw 1 2

SYOYYT 4O ¥IANWNN
NVIQ3IW MO39 o !.

Sd0HY3I 40 HIGWNN
NVIGIW 3A08vV bd

A3INIGNOD r—e

S3ASNOdS3Y 1437 40 NOILYOdOYd



55

‘sjusAs 13I8T pue IYITI ayj3 I03F

K1e3exedes pasjusssad *I1T jusuraadxe ut 9 dnox? z03 seaano Louedax oYL *9T axndTyg

HLON3T NNy
IN3IA3T 1437 LIN3IA3 LHOIY

9 S ¥ € 2 | L 2 £ ¥

) {1 Il 4 [ 1

S 9

SY0HY3 40O ¥IGWNN
NVIA3IW MO39 o

SHOYY3 4O ¥3I8WNN
NVIG3IW 3A0gvV X

d3NIgINOD *r—e

AL
S

-09

S3ASNOdS3Y L4377 40 NOILYOdO¥d



56

*Sjusas 31387 pue 3YSLIX 8y} I0J
A1s%rexedss pojussead fTIT jusurgedxs ut @ dnoa® x0y seaano Lousdex 8yl /T san3ig

HLION3T NNy
IN3IAZ 1437 IN3IAT LHOIN

9 S ¥ €T L L2 Egwgo

3

SHOHY3I 4O YILGWNN X
NVIGIW MO39 @)

SHOYHI 4O ¥YIEWNN
NVIA3IW 3AO08YV X

d3NIgNOD *—o

19:%

S3SNOJS3¥ 1437 40 NOILYOdOdd



57

‘SjusAe 3¥sT pue 3YITx 8y} 103 ATozexedes
pejuesaxd ‘ITT jusutaadxs ur dnoxs TOI3UOD 8y} JOF S8AINO LOULO8I oyl *QT aand1y

H19N37 NNd
INIAT L4371 LN3A3 LHOIN

o S v € 2 | 2 € % S

b

—©

-Ot

-0G°

09

O/

SIASNOdS3d 1437 40 NOILYOd4OYd



58
to draw a flat line that 1ies within all the confidence intervals,

A maximum likelihood estimate of the bhast fitting straieht 1line was
used o obtain a measure of the overall sloves of the recencv evrves under
the assumntion that the varisnce of the resvonse promnrtions dis dirertliv
provortional to the run lenrth (Lewis, 1960, b, 181).5 Two estimates were
made for each of the eisht rirves, The first estimate used all six data
points and the second estimate vsed onlv the first four data voints., The
estimates are presented in Table 2, The nerative slopes fnr the left events
and tha vositive =lopes for the rirht events acain provide no evidence for
a positive recency effert, The sctimates for two of the curves denended an
the mmber of moints wsed, TIn hoth of these rases the <lare 2ctimated hy
usine all six of the Aata noints wa~ ~maller than tha slone estima*ted by
using onlv the firet foir data moints, The differences in both rneacc wora
ranced b Tarce raversals in both of the lact two data rointse. Onlv
rroup 8's recency enrvas anperrs to hawve a lacs ne~ative slope than the
others, The estimatec nf the <lopes of the recenav crrros far arpin 8 are
nonsistentlv lower than the estim-tes from the ather pranns, Also, notire
in Fie, 17 *the reepones prapertions for the first three dats mointg 4n earh
~nurvra are almost identicallv enma? +o0 aanh other,

Tt is possible tha* the rosi*tive ranency effect was hidden by imddiwidral
differences in the subijerts® ahilitiee, matiwation, or distribution of
attention bhetween the +twn tacks, That is if some of the svhierts hava s
ereater memory cavacity or greater motivation than the others, the memory
task mav he less diffienlt for these subjects and their memorv cavacitiee
mav not be taxed to the same extent as the other =wbients, Tf the recency
effects are related to the amount of memory which is used in binarv choice

tasks then averagine across these twn eoroups of svbiects reduces the
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Table 2

The estimated ctrairht 1ine slones for the recencv curves
ohtained from the four croups in exveriment TTT, The slones were
estimated separstelv for the left and rirht events and were
computed twice, onre nsing all six data points and 2cain usine

omlyv the first four data points.

Gronps Teft Bvents Rirht Fyents

7 Loroints 6 voints b opoints A noints

Control -0,030 -0,033 0.02A 0,004
L ~0,028 =0,033 0,01 0,040
6 =0,034 -0,015 0,031 0.02a

8 -0,019 -0,016 0.010 0.015



A0
axvected offact, Another ne=eihility 3¢ tha+ came cvhiants are momre T9kel~r
than othera tn neglert the rrahe memory tack to enoma avtent an? ta Aine-+
anme ~f their attentian fo the hinarr ahoire task, These subients wamlA,
therefore, chow negative recencv affects whisrh acair, when avoparad. wanld
rednne the eynectad affert, To tha axtent that enhierte marlect the nroba
memory task their perfaormavca an 4+ shonld guffer, Tn hoth of thrrr noape
the differenres in the subieat narilatisnc chanld have haen reflactad S
*heir parformances on the nrohe memary +ack, Ta chenl an theee roerihi-
lities the suhierts in each oroun were divided intn anberatne on the bhagie
nf their probe memory tazl =rarve-, Snhierte who made more thaw +ha mad§an
numbhar 0f arrors wera mlarsd 9n one suhep~rn and snhjects who made lece
than the median numher of arrorc were nlaced §n the athen =vherponn,  Rerenny
rrves were found separatelv for the two svherprne of eanh e¥perimertal oraun
and the data noints are nlotted in Fire, 18, 1A, and 17 withaut anv ronrec-
tine 1ines, There wera no fundamental A4fferannac hetueen the +wn antheroung
for anv of tha evperimental erouns,

A check was rade an *ha ~ffantivensss of the exnerimental trastmants hv
comparing the subgects' nerformance on the probe memorv taslt, The mean
number errors made or the 256 trials of +the vrobe memory task was 55-0 for
rronp 4,-122,3 for srouvn 6, and 170,3 for aronn 8, Orthoponal ~ompariecone
nf these secores for sroun 4 vs, proup 6, 2nd prours 4 and 6 vs, eromn 8
were highly sienificant (t = 188.5, t = 26A.,4, respectively; df = 87), In
addition, at the end of the session the subjects in earh experimental group
were asked the question: 'Did tack one exhaust your memory?" Of the 30
subjects in each groun the number of enbieats replayine "ves" was 10 for

group 4, 20 for group 6. and 22 for oroup 8. Thus the experimental treatmrnte

were effactive in taxing the subijecte' memories +o different extents. The
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poor performance of group 8 makes it unlikely that the recency curves
would have become positive with a longer, more difficult list,

To check on the possibility that making a decision on the binary
choice task greatly reduced the subjects® pefformance on the probe
memory task, four subjects were tested under the same conditions as the
group 4 subjects and five subjects were tested under the same conditions as
the p‘aup'6 subjects except that they were told nothing about the binary
choice task and the warning and event lights weee covered, The mean
nunbsr of exrors for the two groups were 48,8 for the liste of 4 iottors
and 116e2 for the lists of 6 letters, These values are reasonably eclos:
to group 4 and 6's memns, Therefors, the subjects® decisions on the
binary choice task did not severely reduce their probe remoYy task

performance,

FINAL DISCUSSION

On the early trials of binary choice experiments using simple random
sequences recaency curves have a definite negative slope, When dats after
trial 500 are analyzed recency curves no longer have a negative slopes the
slope is either positive or flat. Preliminary analysis of a recognition
experiment conducted by Rosel indicated that the slope of the recency
curve in this situation was also non-negative, A memory change hypothesis
was proposed to account for these differences in the slopes of recency
curves, The hypothesis states that the change from a negative to a positive
rec.acy effect is caused by a reduction in the subjects' effective temporary
memory, the temporary memory being measured with sequence constraints that -
require & knowledge of the events on the last k trials for solution,

Experiments I and II measured the amount of effective ReROry subjects
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use in the positive and negative remency situations, Both experiments
found that subjects® effective memory was reduced fmsituations in which
positive recency effects have been found compared to the subjects’
offective memory on the early trials of a binary choice ttask, where
negative recency effects have been found, Thus both experiments provide
direct support for the memory change hypothesis,

The experiments also found that although subjects® effective memozy
was reduced in doth situations, the reduction was greater for the rucoge
nition experiment than it was for the latter trials of a binary choice task.
In the binary choice sxperiment, after 502 trials on the randoa sequences,
an appreciable number of subjects still learned the 3 and 4 tuple rules.

In the recognition experiment, on the other hand, very few subjects
learned eventthe 3 tuple rules, These different estimates of the amount

of effective memory being used may, perhaps, be related to the Tecency
curves of the corresponding control groups. In experiment I the recency
curves never became positively sloped, After .trial 500 the curves were
relatively flat at about 0.55 = 0,60, In experiment II, in which a greater
menory reduction mas found, the recency curve had a slight positive slope on
the first 251 trials and an even greater positive slope later, This
correlation between memory reduction and the slope of the recency ourve
suggests that the subjects' effective memory in experiment I was not
reduced enough for them to show a definitie positive recency effect,

Edwards (1961) reported recency curves for subjects who were tested
for 1000 trials on 50150 sequences, He found that the recency curve was
negatively sloped for the first 200 trials and was relatively flat for the
next 200 trials. On the last 600 trials the recency curve was positively
sloped, In experiment I, on the other hand, in 1500 trials the control
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groups' recency curves were still flat and they did not appear to be rising,
It 1s not clear why Edwards' curves became positively sloped and the curves
in experiment I did not, There are seweral differences in the procedures
used in the two experiments, but none of them can be related easily to the
differences in the results, One of the major differences between the two
experiments was in the difficuliy of making a response., In Edwards® experi-
ment cn each trial the subjects had to 1ift two corks and meke a mark on
IBM mark sense answer sheets, As & result it took about three hours for
the 1000 trials. In experiment I the subjects merely had to press a key -
which was in front of them and the majority of the groups finished 1506
trials in 100 min, Two other possible explanations for the different
results ares (a) there is a trials by time interaction and (b) the mechanics
of making a response influences the results, The mechanics of making a
response might influence the results in the following way., In experiment
I the keys were always before the subjects and a subject ecould repeat the
response he made on the last trial simply by holding the key down until the
warning light came on again, The faot that it was slightly easier to
repeat a response may have led to some inertia in the sequence of responses
such that the subjects tended to repeat the response made on the last trial,
If this inertial tendency was independent of the evant sequence, it would
lead to a'roduction in the slope of the recency curve, making the curve
look more flat, In Edwards' experiment responses could not be repeated so
easily and his data may be free from this confounding influence,

In experiment II, the recognition experiment, the slope of the recency
curve appeared to become somewhat larger on the second block of 251 trials,
If the memory change hypothesis is correct this change in slope should have
been caused by & further reduction in the subjects’ effective memcry below
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the level used in the first block of irials. Since the 3 tuple rules were
introduced in the first block of trials and were not learned, the reduction
could only have taken place below the level of effective RONOTy measured
by the 3 tuple rules, To solve a 3 tuple rule subjects have to take into
account the Qvents whieh occurred on at least the last thres trials, Since
the subjects in experiment II did not solve the 3 tuple rulez, they could
have bemn utilizing at most the events on ths iast two trials, Thus if the
memory change hypothesis is correct then the increased slope found in the
second block of trials in experiment II was due either to & reduction from
a memory for the events on the last two trials to a mezory for only the
event on the last trial (or a further reduction), or to a reduction from a
memory for the event on the last trial to no effsctive temporary memory at
all,

When subjects have no effective temporary memory it means that they de
not use any of the past sequence of outcome evengs as discriminstive stimuldl,
This "no memory"” state is a necessary condition if the simple path indepen-
dent Qodels ars to apply to binary choice data, Thus, the results of
experiment II and my interpretation of them suggest that the situations in
which positive recency is observed may perhaps be described by a path
independent model, On the other hand, the mere absence of a negative
recency effect is no guarantee that one of these models applies, For
exanple, in experiment I no evidence of a negative recency offect was
found after the first two blocks of trials, Yet » ¥When rules were introduced
at this point they were quickly learned by a considerable proportion of the
subjects,

There oxists evidence that the path independent models sty not be
appropriate descriptions of subjecta’ learning processes in psychophysical
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oxperiments, Friednan and Carterstte (196%) found that subjects in a two-
alternative forced choice detactior cuperiment were sensitive to first
order conditicnal probabilities in the sequence of outcome events, In
their experiment the probability of event repstition or even alternation
was varied while the overall event probability was held constant, The
influence of these manipulations could be seen in the subjects' recency
curves, Thus, based on the limited amount of evidence availahle, subjects
in psychophysical experiments have an effective memory for the evenis on
at least the immediately preceding trial btut not for events more than two
trials back,

That subjects have a memory for the event which occurred on the
immediately preceding trial is not unreasonable, given the ease with which
a binary event may be coded and stored, Any slight change in the pressure
of the fingers on the response keys, in the tilé of the head, or in the
direction of the subjects' gaze may not only be stored easily for one trial,
but it also has a atraightforward relationship to one of the ocutcome events,
A temporary msmory for the event which occurred on the last trial may be
& rather effertlsss achievement,

It would be intereating to determine whether subjects have an effec~
tive memory fot the event which occurred on the last trial when they
are deprived of these position cues, Depriving subjects of position cues
only removes the straightforward relationship between the physical changes
the subjects may be using as a one trial beinary memory and the outcome
events, 1.e., the compatibility of the outcome events with the physical
changes which are responsible for the one trial binary memory is reduced;
1t does not impair the subjects® ability to use these physical changes as
a one trial binary memory, However, the subjects’ protlem lies in
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interpreting this binary memory, There is something compelling about
associating, for example, a left tilt of the head with a left event and ¢
right t1lt with a right event, When position cues are eliminated the
outcome events are defined in a way which makes them independent of
position, Tilts of the head may ocour just as easily as before but before
they can be utilized each direction of tilt must be asscciated with one of
the outoomo events. If subjects farm artificial assceiaticss between these
physical changes and the outecome events or if subjects’ memory for the
immediately preceding outcome event is verbdal, then depriving suigjects of
position eues will have no influcnce on thsir effective nen~vy Tor the
inmediately preceding cutcome event.

Position cues can be eliminated from the response Yy varying the label
of the response keys from tirial to trial; they can be eliminated from the
outcome events by using a single display which can be in one of tio
qualitative states, For example, on each trial the two response keys could
be labeled “L" and "S* for loud and soft, respectively, The "L" and "S"
would switch positions from trial to trial, The outecome event eould be an
"L" or an "S" presented in a single center display panel, A somewhat less
confusing way to eliminate position cues from the subjects’ responses is
to have thea report their choices verbally, It is possible that without
position cues subjects have no effective temporary memory and that one of
the path independent models would be applicable,

There are, at present, no data on whether subjects in psychophysical
experinents have an effective memory for the two immedistely preceding events,
The techniques used in experiments I and II to measure the subjects’
effective memory cannot be applied because the sequeice degenerates into a
double alternation sequence, Although a double alternation sequence
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technically requires a memory for the last two events to be solved, it
somehow seems to be different from the tuple rules which do not apply on
every trial, Two measurement techniques which could be used are: (a) to
put run rules in only one of the two events and (b) to vary the sscond order
conditional probabilities in the sequence of outcome events, Note thsi
these two measurement techniques are not completely equivalent measures of
the subjects® effective memory., Data on 2 tuple rules would be useful for
evaluating models which assume that subjects use only the events on the
izmediately preceding trial (e.g., see Tamner, Haller, and Atkinson, 1967).

In experiment III an attempt was mdde to change the slope of the
recency curve on the early trials of a binary choice task from negative to
poiitive by varying the difficulty of an irrelevant short term memory task,
No support for the memory change hypothesis was found, although the subjects'
verbtal reports, their performance on the memory task, and the presence of
a large response bias in the most difficult condition all indicated that
the experimental treatment was effective in reducing the amount of short
term memory capacity the subjects had available for use, One of the main
linitations cf the study was the complexity of the instructions. It is not
clear whether the subjects could divide their attention as the instructions
asked and maintain this division for the entire session.

On the other hand, I will show that a possible mechanism for subjects®
effective temporary memory has a property that may have caused the failure
of experiment III to support the memory change hypothesis, When experiment
111 was designed the concept of effective temporary memory was developed
no further than it was developdd for experiments I and II; it was considered
as an empirical measure of the subjects' ability of learn rule tuples of
different lengths, this ability being dependent on the subjecis® short term
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memory system., A possible mechanism will now be considered,

Earlier, for explanatory reasons, a description of a possible mechanism
for the subjects' effective temporary memory was given, The mechanism was
sinply that subjects count the number of times each event ocours success-
ively, resetting their coumt whenever a new run begins, The count on the
previous trial must be remembered temporarily in a short term store and
either advanced or started anew depending on whether the run of events
continues or ends, Evidence that subjects try to solve sequences by
countigg was citdd earlier (Warden, 1924), In addition, there are several
informal reports in the literature that subjects spontanecusly emit
phrases such as "I must have miscounted" (Rose and Vitz, 19663 Vits and
Todd, 1967).

If subjects are counting, then they should be making the same kinds of
errors that people make when they tally items, For example, if a psychol-
ogist wants to find out the number of Y responses his subjects made, he sits
down with the response protocal in front of him and moves his finger
through the list of items until he comes to a Y response, Each time his
finger reaches a new Y respcense he advances his count by one. This goém on
until he finishes counting the responses, or until he makes a noticeable
mnistake, Casual observation suggests that when people tally events
mistakes are usually made by “losing your place,” That is you may have a
count in mind and may also have your finger on one of the events to be
tallied, tut you may not be sure of whether your finger and the count
correspond, "Forgetting” seems to ocour not by forgetting what the count
was but by misplacing the count forwards or backwards by one, Questions
such as, "Did I count and not move my finger” and "did I Move my finger and

not count" may ariss,
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In the binary choice task, however, instaasd of the subjects having
control over the sequence of successive itds the experimenter controls it,
1.,8,, the experimenter "moves their fingers for them” Therefore .thoy_
never "forget to move their fingers,"” However the subjects may have lapses
of attention and forget to advance the count, If subjects are unaware of
their lapses or if they make no attempt to correct for a possible error,
then a sudbject's count will always be less than or equal to the actual
count, Thus if a subject makes an error in counting a run of evenis, then,
depending on the sequence deing used, the error may first be observed in
his behavior on some latsr irials, For example, if subjects are presentedi
only runs of length one and four randomly interspersed (sequences like
ybyyyybybbbby o o o ) then it is possible to predict corroctly' on every
trial except those following runs of length one, However, if a subject
has learned the pattern of events tut makes a counting error, his exror,
even if it ocourred on one of the previous trials, will first show up in
his behavior on the trial following the end of the ongoing run length.
On this trial, although the actual count is fow- and the appropriate rule
is a count of four terminates, if a subject has made one counting exrror his
count is three and the rule that would be applied is & count of three
continues, Prior to the last trial an error in his count led to the same
response which would have been made had the correct rule been &pplied,
Hence an error in counting could show up one, two or three trials later
than it was actually made. This example also illustrates another property
of this proposed forgetting mechanism, The subjeet in the above example
observed, according to his count, that a count of three terminated; thus,
there appeared to be a rule violation., Such subject-induced rule

violations would decrease correct performance on trials prior to the end of
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the ongoing run length,

For the purpose of demonstrating one of the pr;)psrues of this proposed
forgetting mechanism, assume that a subject has learned the rules and is
not influenced by his self-induced rule violations, If the subject can be
characterized by a parameter, ¢, which is the probability that on any
trial he will forget to advance his count.'and if run terminations ere
especially noticeable so that the subfect always records the start of a
ne¥ run, then the probability that he will make an incorrect response
fol;owing run length k, where k is the longest run length in the sequence,
i3 1 - (1-¢)k~l, the provability of making at least one counting error on
the previous k=1 trials, a geometric increase, In real data the exact form
of the inorease will depend, of course, on the details of the learnigg
process which describes how the counts are stored and on the sequence of
events which is used, tut the rapid geometric increase will have a strong
influence on the data.

Restle (1966) tested subjects on sequences of events which contained
only two different lengths like the sequence described above, He presented
dats on subjects® performance on pairs of runs of various lengths and his
data show a sharp increase in the proportion ¢f incorrect responses on the
trial following the longest run length, am the length of the longest run
inoreased (0,09 for k = 3, 0,27 for k = 4, 0,35 for k = 5, 0,43 for k = 8,
and 0,42 for k =:0), The other rule trials did not show this sharp
increase, Restle’s data provide at least qualitative support for the
proposed forzetting mechaniim, This forgetting mechansim will not be
developed further in the present paper, There are many possible
modifications of it that can be tested more directly on sequences which are

sinpler than those used in the present experiments,
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In terms of the proposed forgetting mechanism, the memory change
hypothesis states that when subjects are tested for many trials the parameter
¢ increases, 1.,6,, they have an increased probability of forgetting to
advance their count, This increased forgetting reduces subjects perform=
ance on rule trials, In particular, if the parameter is increased
sufficiently before the rules are introduced then the rules are unlikely to
be detected becanse of the large numberaff incorrect counts, Recency
curves prosmbly: change both because of the direct influence of miscounting
and also becuase the subject-induced changes in the sequence of counts are
treated as changes in the sequence,

If subjects’ effective temporary memory is accomplished by counting
successive events then the absence of a positive recency effect in experiment
III is less surprising, Subjects can remember the length of an entire run
of events simply by remembering one number. Since this number holds so
much potential information it may be given priority in short term nenory'
over one of the letters from the memory task. The probe memory task which
was used probably never eliminated this simple count. A more adequate
task mey be one in which the subject is continucusly eccupied with verbal
material which hasz to be processed at a rapid rate, a task like the
shadowing task (Cherry, 1953).

Thus experiment III suggests that the subjects’ effective temporary
memory is not just a short tern memory phenomenon, To account for
experiment III something like the counting mechanism which was proposed
must be brought in, The literature to date has not stressed the possibility
that subjects are counting. However this remzins a strong possibility that
should certainly be investigated more fully and, if substantiated, should be

given more explicit recognition,
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FOOTNOTES

1This study is still unpublished. Personal Communication., Richard
M. Rose, University of Washington, Seattls, Washington,

2Although there are 2" different n-tuples, because of the symmetry of
the outcome events 5 of these tuples are equivalent to other “uples, In
addition, in each sequence there are two run rules, Hence there are
2™1 _2 possible k-span rules.

3The proportions were obtained by using 30 responses from each subject.,
Since the responses may not have been independently generated, the indepen~
dence assumption of the De Moivre - La Place theorem may not have been
satisfied and the estimate of the significance of the proportions which was
obtained from its use may be in error. However for the majority of the
comparisons the differences were either very small or so large that they
were significant when evaluated by Chebyshev's Inequality,

uThe outputs of the three earphones were within 4 dB of each other.

SWwhen the variance is constant, the maximum likelihood estimate is the
same as the familiar least sguares estimate, Under the assumption that the
variance is proportional to the abscissa values, each squared difference is
weighted by the reciprocal of the abeissa value. The assumption that the
variance is directly propertional to the run length was made because the
number of observations is inversely proportional to the run length and the
variance is inversely proportional to the number of observations. The
computational formula was
ZY&Z')"& - NZ‘){’E
S Xi ¥, - N*?

where Xi are the abscissa values, Yi are the values of the ordinate, and

m =
J

N is the number of observations.
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