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ABSTRACT
Two experiments, involving 10 subjects, were
performed to determine the effects upon tachistoscopic
recognition performance of the foreperiod variables of
length, variability and presentation order. The results

showed that whether the foreperiods were fixed or random,

recognition performance was a monotonically decreasing
function of the length of foreperiod. However, performance
under the fixed foreperiods was found to be superior to

that obtained under random foreperiod sets having the same
mean length. It was also found that prioi practtce under

a fixed foreperiod condition influenced the manner in which
a8 subject subsequently performed under the random foreperiod
condition. These results were discussed in ?erms of possible
attentive strategies a subject might develop when gxposed to

these various fofeperiod variables.

: , iii



ACKNOWLEDGEMENTS

The author wishes to express his indebtedness and

gratitude to Dr. P.L. Newbigging for his assistance, guidance and

encouragement throughout this research.

Thanks are also expressed to Dr. A.B. Kristofferson for his

many helpful suggestions and to my wife, Judy, for her patience and
help in the pfeparation of this menuscript.
1

|

|
|

i
i

iv



CHAPTER ONE

CHAPTER TWO

CHAPTER THREE
CHAPTER FOUR

CHAPTER FIVE

TABLE OF CONTENTS

'INTRODUCTION
HISTORICAL REVIEW
Foreperiod Effects in Reaction Time

RT as a Function of Absolute
Length of Foreperiod

RT as a Function of Variability
of Foreperiod

The Effect of Foreperiod Length on
Sensory Thresholds

The Effect of Foreperiod Length on
‘Tachistoscopic Recognition Thresholds

‘Theoretical Attempts.to Account . for
Foreperiod Effects

Fixed Physioclogical Reaction: An
"Arousal" Hypothesis

Perceptual Learning and the Role of
the Foreperiod

The Strength of Expectency .

EXPERIMENT I

 EXPERIMENT IT

- SUMMARY STATEMENTS OF RESULTS

AND DISCUSSION
APPENDICES
BIBLIOGRAPHY

i
I

l

11

21

25

30

32

37

54

57
86

929

114
154



TABLE I

TABLE Ila

TABLE ITb

TABLE III

TABLE IV

TABLE V'

TABLE VI

TABLES

The Results of the Chi-Square Tests on Various
Foreperiod Comparisons made under both Fixed

.and Random Conditions by Subjects of Group I

and Group IT (Experiment I)

Summary of Sequential Analysis:- The
Percentages of Correct Identifications made
under the Shortest Foreperiod (1) of a
Random Foreperiod Set when Preceded by each
of the Longer Foreperiods (Experiment I)

‘Summary of Sequential Analysis:- The

Percentages of Correct Identifications made
under the Longest Foreperiod (7) of a
Random Foreperiod Set when Preceded by each
of the Shorter Foreperiods (Experiment I)

The Actual Percentages of Correct.
TIdentifications made on the Four Second
Foreperiod Trials, as well as on the Probe
Trials of each of the Three Probe Series for
each Subject (Experiment II) '

The Percentages of Correct Identifications
made under the Four Second Fixed Foreperiod
when it occupied a Regular Trial Position,
as well as when it occupied a "Probe Trial"
Position on each of the Three Practice
Sessions for each Subject (Experiment II)

The Number of Correct, Incorrect and Missed
Identifications made under the Probe Trials

on each of the Three Probe Series by both
Subjects, as well as the Percentages of
Correct Identifications Adjusted by Assuming
that had the Subjects responded on these
Missed Presentations they would have correctly
Identified Half such Trials by Chence: )
(Experiment IT)

The Number of Errors Made on each of Three
Regular Four Second Foreperiod Trials Preceding
and Following a Probe Trial of a Particular
Probe Series -by Subjects J.P. and L.P.
(Experiment II) '

‘vi

Page
70

80

81

90

92

94

96



FIGURE 1

'FIGURE 2

- FIGURE 3

FIGURE k4

FIGURE 5

FIGURE 6

FIGURES

The percentage of the total number of correct
identifications, made by the four Group I

subjects W.S., G.S., B.S. and R.S. under each

of the fixed and random foreperiods, as a
function of foreperiod length (Experiment I)

The percentage of correct identifications,
made by the individual Group I subjects under
each of the fixed and random foreperiods, as
a function of foreperiod length in seconds
(Experiment I)

The percentage of the total number of correct

"identifications, made by the four Group II

subjects A.A., A.B., S.B. and J.B, under each
of the fixed and random foreperiods, as a
funetion of foreperiod length in seconds

(Experiment I)

The percentage of correct identifications,

made by the individual Group II subjects under
each of the fixed and random foreperiods, as &

function of foreperiod length in seconds
(Experiment I)

The relation between the percentage of correct
identifications on each of the seven foreperiods
to the overall percentage on each of the three
corresponding random foreperiod sets, as well as
the relation to the percentage obtained on each

of the fixed foreperiods for Group I subjects
(Experiment I)

The percentage of correct identifications, made

by the individual Group I subjects under each of
the seven foreperiods comprising each of the three
- random foreperiod sets, as a function of the

foreperiod length in seconds (Experiment I)

vii

Page

68

69

72

73

75

76



FIGURES (CONT'D)

Page
FIGURE 7 A straight line best fitted to describe the 77 .
- relationship between the percentages of : 1
correct identifications and the length of ]
the fcoreperiods comprising the random ‘
foreperiod sets for those subjects of
Group I who received the random conditions

first followed by the fixed conditions
(ExperimentI)

FIGURE 8 The relation between the percentages of 79
correct identifications on each of the

three corresponding random foreperiod-sets,

a8 well as the relation to the percentages

obtained on each of the fixed foreperiods

for Group IT subjects (Experiment I)

FIGURE 9 The percentage of correct identifications . 82
made by the individual Group II subjects

under each of the seven foreperiods

comprising .each of the three random

foreperiod sets, as a function of

foreperiod length in seconds (Experiment I)

Z
\ 4 viii
| S



CHAPTER ONE

INTRODUCTION

This thesis reports tﬁo experiments concerned with the effects
of fixed and random foreperiods, defined as the temporal interval
between the termination of a warning signal and the presentation of a
stimulus, on the tachistéscopic recognition of simple stimuli. Of
central concern are the attentive strategies that subjects develop when
exposed to various arrangements of the foreperiod conditions.

The first experiment was designed éo 1nvestiga£e the effects upon
recognition performence of each of the foreperiod variables of length,
variability, and presentation order; that is, whether random foreperiods
lwere preceded or followed by fixed foreperiods. The results showed that,

regardless of whether the foreperiod was fixed or random, the number of
correct identifications of the test stimuli was a function of the absolute
length of the foreperiod. The shorter the foreperiod, the better the
recognition scores. ‘chever, performance under the fixed foreperiods was
found to be superior to that obtained under'th;se foreperiods in the
random condition having the same mean length. Probably the most interesting
. finding was that what was learned while performing under the fixed fore-
-periods, influenced the manner in which a subject subsequently performed
under the random conditioﬁs. When this was the sequence, the subject did
best on those median foreperiods in the random set which were close to the
length of the foreperiod of the preceding fixed condition, and performance
became progressively poorer as the«foreperiods became'logger or shorter

than these median values.



The second experiment was a probe study in which subjects were
first given extensive practice on a fixed four second foreperiod, and
later as they»continﬁed to perform with this foreperiod, shorter ones
were randomly introduced on five percent of the trials. The results y
showed that performance.on the probe trials often did not rise above
chance, suggesting that the subjects did not become attentive until near
the end of the foreperiod on which they had 5een overtrained.

The foreperiod effects demonstrated in these experiments are
discussed in terms of possible attentive strategies a éubject might
develop when exposed to the various foreperiod sequences. Such strategies
are assumed to be fhe result of a perceptual learning process involving
the gradual acquisition of attentional responses to the warning interval;
the strategies appear to differ in terms of the point in the foreperiod
at which the subject's attention becomes optimal. For example, the data
suggest that optimal attentiveness under the random foreperiod cpnditions
occurs  immediately after the warning signal, whereas under a fixed fore-
‘period condition it appears to occur at or immediately beforevthe expected
moment of stimulus presentation. This interpretation and its implications
are discussed in detail in the final chapter. |

Much of the rationale and many of the conceptions on which the
procedural design and theoretical interpretation of these experiments are
based, have come from the study qf foreperiod effects in the areas of
reaction time, tachistoscopic word recognition, and sensory threshold
determination. In the Historical Review, reaction time studies are
extensively discussed, primarily beqause reaction time has been the most

_f;equently used task for the study of foreperiod effects, and so the

questions raised by such studies are most relevant to this thesis.



Questions such as the length of the foreperiod regquired to produce
optimal performance, the relations between absolute lengths of the
foreperiod and performance, the relations between foreperiod
variability and performance and, finally, sequential effects which might
occur under conditions of foreperiod variability.

The effects of foreperiod length on sensory thresholds are also
discussed, with special emphasis~on the more recent studies concerned
with tachistoscopic recognition thresholds, primarily in view of the
theoretical interpretations put forward to account for such effects, as
well as the similarity of these effects to those obtained on reaction
time tasks. Of direct importance to this thesis is Newbigging's (1970)
interpretation of random foreperiod effects on tachistoscopilc recognition
thresholds in terms of an "attention-distraction" hypothesis and Howarth
and Treisman's (1958) "accuracy of time judgement" hypothesis used to
account for fixed foreperiod effects on electric phosphene and auditory
thresholds. The former hypothesis assumes that the warning signal acts as
an instruction to the subject to attend to the place where the visual
stimulus to be recognized will be displayed. This attentional response
persists until the occurrence of & distracting stimulus or the stimulus
to be recognized, whichever comes first. According to the latter hypothesis,
the warning signal comes to act as a temporal reference point, allowing
the subject to use his knowledge of the foreperiod length in order to
anticipate the arrival of the critical stimulus, and to lower his threshold
when he expects it. The accuracy with which the subject can aﬁticipate
the moment at which the stimulus will occur is assumed to be proportional

to the length of the interval to be estimated.



CHAPTER TWO

HISTORICAL REVIEW

Wundt (1880) reported that "The perception of an impression is
facilitated when the impression is preceded by a warning which announces
beforehand that it is about to occur" (p. 226). Wundt made this state-
ment after noting that the use of a preparatory signal yielded faster
reaction times than the omission of such a signal. In fact, he observed
that with a constant foreperiod and extensive practice it was possible,
at times, to reduce reaction time to a "vanishing quantity"j; that is,
the reactive movement sometimes could be made to occur during or even
before the reaction stimulus.

James (1890) when discussing Wundt's expériments concerning the
effects of a warning signal on reaction time, claimed that the peculiar
theoretic interest of these experiments was their demonstration of
expectant attention. Apparently when the impression is fully anticipated,
attention prepares the motor centres to react immediately. James goes on
to postulate, "As concentrated attention accelerates perception, so,
conversely, perception of a stimulus is retarded by anything which either
baffles or distracts the attention with which we ewait it" (James, 1890,
p. 429).

Thus, it was relatively early in the history of ﬁsychology,that
the theoretical importance of the use of a warning signal was established
with the employment by James of the concept of attention to account for
the observed effects., Even at this time, however, many psychologists,

especially of the British empiricist school, failed to give any notice
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+to the concept of attention mainly because it implied a degree of
reactive spontaneity which would be difficult to reconcile with a
. philosophy that the higher faculties of the mind were pure products of
"experience", and experience was supposed to be something simply "given".
Although Jemes drew his empirical evidence, in part, from the reaction
time studies carried out b& Wundt,tit should be noted that the
investigatien of foreperiod effects on reaction time and their
theoreticel interpretation were‘in a sense & tangential area of psychology
since the line of recsction time investigation most diligently‘followed
was to ascertain the time occupied by nervous and mental events.

As fer as the concept of attention is concerned its leter
rejection by the Beheaviourists, as being too mentalistic for a ecience
of behaviour, resulited in an exclusion which only in recent years has been
frescinded.‘ At the present time the concept of attention has been vested
with explenatory properties with respect to many pheno@ena in both
‘percebtion and learning. Thus, in spite of its longvhistory in p&ydhology,
the attentional formulations basic to this thesis are relatively recent
in conception having been derived primarily to account|for foreperiod
effects observed on tasks other than that of RT, for example,'tesks
involving sensory threshold determinations.(i.e. Treisman, 1958) and

tachistoscopic'1etter-sequence recognition (i.e. Lake and Newbigging, 1970).

Foreperiod Effects ir Reaction Time

On the basie of historical precedence, any discussion concerning
the effects observed when foreperiods are manipulated must of necessity
include & review of reaction time studies since this task has been the

one most frequently used.to study such effects. Such studies have raised



questions that are relevant to this thesis in that they are similar to
those raised when foreperiod effects arc investigatéd using other
experimental tasks. Questions such as the length of the foreperiod
required to produce.optimal(performance, the relationship between
absolute length of the foreperiod and performance, the relationship
. between foreperiod‘veriability,and performance and, finally, sequential
-effects.which might occuc under conditions of foreperiod variability.
In the next few pages, the general findings from the areas of reaction

time research defined by such questions are briefly reviewed.

RT as a function of the abcolute length of foreperiod.

The results of one of the earliest investigations in experimental
psychology established that RT caried as a.function of the absolute
_1ength of the foreperiod employed, very long intervals being unfavourable.
lAs far bagk as Breitweiser (1911), the relations between foreperiod and
RT were under analysis and for extended and more complex purposes, they
continue to be under analysis during modern times (e.g. Klemmer, 1956;
Karlin, 1959; Drazin, 1961; Botwinick and Brinley, 1962; Hermelin and
Venables, 1964; Hohle, 1965). Of continuing interest is the question
of the optimum interval to produce the quickest reaction (e.g. Woodrow,
1914, 1916; Freeman, 1937, 1938; Lansing, Schwartz and Lindsley, 1956).
It is characteristic of the simple RT task that the subject knows in
advance just wha£ stimulus will be presented and just what response he
~1is to meke. Thus, it is almost a matter of course that the quickness
- of reaction will depend on the adequacy of the preparation. Early
investigators such as Telford (1931), Breitwelser (1911) and Woodrow

(1914) reasoned that the subjectis readiness to respond in the reaction
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time situation might be controlled and varied, at least in part, by the
duration of the foreperiod. If the foreperiod is too short, the subject
may not have time to "set" himself - to prepare himself. If it is too
long, his readiness, -as the intervel wears on, may fade away. Thus
experimentel investigations were carried out in an attempt to determine
the duration of the foreperiod that would result in maximum readiness,
as indicated by the fastest reaction times. )

Breitweiser (1911) found definite individua.l differences in the
"~ length of the optimal foreperiod and reported a range of optime between
1.0 and 4.0 seconds. Woodrow (1914) using three subjects investigated
fixed foreperiods of froin 1.0-to 36.0 seconds and found that the 2.0
second foreperiod gave the shortest RT. On the basis of his experiments,
he concluded that between 2.0 and 4.0 seconds was necessary to reach
full "attention". In spite of the fact that this conclusion was based
on date from only three subjects and that these data, as they were
reported, do not allow for an estimate of the -standard error of the
means, the existence of an optimgm fqreperiod of about two seconds has
been accepted by most subsequent reviewers (Woodworth and Scholsberg,
1954; Chocholle, 1963; Foley, 1959). Freemen and Kendall (194%0) have
estimated that if the standard error of the means of Woodrow's data
were of the same order as those obtained in their study, there would be'
no significant difference between the 2.0 and 8.0 second foreperiods.
In fact, Teichner (1954) has argued that Woodrow's obtained oétimum
actually may be best expressed as a range between 2.0 and 8.0 seconds.

The results of. & number of more recent studieé have provided a

more Qirecf contradiction of Woodrow's widely accepted conclusion. In



the case of simple reactions both Davis (1940) and Klemmer (1956) have
found that RT with a constant 1.0 second foreperiod is faster than with

a constant 2.0 second foreperiod. Klemmer also considered the possibility
that Woodrow's finding, that slightly longer reaction times occurred with
a constant foreperiod of 1.0 second than with one of 2.0 seconds for each
of his three subjects, might have resulted from the fact that the warning
signal itself was, because of the procedure used, given at irregular
intervals. However, an attempt to produce the effect experimentally
failed. A fairly large number of investigators have even reported that
reaction times obtained under & 0.5-second foreperiod condition are
faster than those obtained under a 1.0 second condition (Karlin, 1959;
Botwinick and Brinley, 1962; Sanders, 1965; Lansing, Schwartz and
Lindsley, 19593 Nickerson, Collins, and Markowitz, 1969). In fact, for
choice reaction, 0.5-second foreperiods have been found to be optimal

in studies by Boons and Bertelson (1961) and Bertelson (1967).

Recent work thus shows that preparation can be built up much
faster than Woodrow contended, but it has produced no comprehensive
picture of the time course of the phenomenon, since there have been very
few systematic studies of the effects of constant foreperiod lengths
below 1.0 second. One reason for this is that most authors investigate
simple reactions and in this type of situatibn, with short constant
foreperiods, one is faced with the problem of preventing the subject
from reacting fo the warning signal. Shortér foreperiods have been
utilized in.experiments with variable foreperiods (e.g. Lansing, Schwartz,
and Lindsley, 1959; Drazin, 1961). Lansing, Schwartz, and Lindsley (1959)
measured simple RTs to flashes preceded at a variable interval in the

range 50 to 1,000 milliseconds by another flash and found an optimum at



about 350 milliseconds. In fact, however, it appears that to study the
time course of preparation one must use constant foreperiods, since the
use of veriable forepariods introduce range effects (Bertelson, 1965;
Drazin, 1961). That is, the observed relapionship beﬁween foreperiod
length and RT appears to depend upon the range of the foreperiod lengths
comprising a variable condition. Drazin (196l), for example, found that
~ when the renge of foreperiod lengths excedé& 0.5 seconds, RT tended to
decrease initially as a negatively accelerated function of the foreperiodr
This relationship became more marked as the range increased.

Thus, at this point, one can contlude that as far as reaction
time is concerned it is not obvious whatvforeperi;d length will prove
optimum. Teichner (1954) may well be correct when he states that the
optimum foreperiod varies as a function of a number of variables including
‘individuai differences, intensity and duration of the stimulus, sensory |
modality, kind of instructions, and others. In fact, Teichner ciaims:
"No single value seems acceptable as 'the optimum' since so many con-
.ditions are effective" (p. 138). ~ i

As stated above the investigators of simple reactions, especially |
with short foreﬁeriods, have long been concerned with the problem of
subjects "reacting" to the warning signal rather than to the reaction
stimulus, such responses are seen as conveying no information about the
reaction stimulus. Tha presence of these premature or false reactions
also indicate th@t som2 of the shortest RTs are spurious, so that the
subject's average RT i3 too small by an undefiﬁed amount. However, a
number of procedures have been developed with the purpose of estimating

the frequency of such errors and/or to reduce as much as possible their

occurrence., One such procedure is to use "catch" trials on which the
‘\ . . ‘-L'imu:

1

1
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warning signal is presented but the reaction stimulus is omitted.
Subjects are often practiced on & ﬁT task, on which & certain Pro=-
portion of the trials are catch trials (10 to 20%), until no responses
are made on such catch trials. It is assumed that the subjects are then
able to control their false reactions. They are theﬁ presented with the
test conditions. Catch trials are also used %o provide an estimate of
the tendency to make premature responses in order to determine whether
such errors are great enough to require correction or small enough to

be ignored. Another procedure sometimes used is to omit from the cal-
culations those trials on which very short RTs occur (i.e. RTs less than
'100 milliseconds; Gibson, 1941) and/or have the subjects repeat such
trials when they do occur (i.e. Klemmer, 1956, 1957; Karlin, 1959). vThé
‘argument being that the increase in response speed is the result éf
reacting to the warniang signal and thus disregarding the reaction
‘stimulus. In addition to the above procedures most studies dealing
with simple reaction time give the subjects specific instructioﬁs to
respond only after thz reaction stimulus is presented and not before.
Most of the studies reported in this review of reaction time use at
least one or more of the above approaches to account for errors. In
recent years a number of mathematical models have beéﬁ developed,
“primarily'concerned'with speed and accuracy trade-off in choice reaction
time tasks, which havae emphasizedeﬁe necessity of a measure of error in
order to determiné whether the observed responses are controlled by the
critical reaction sthnuius and thereby reflecting the outcome of an
underlying recognition process or whether the responses are merely "fast
guesses" [i.e. the "fast guess" model by Ollman (1966) and Yellott (1967)].

According tq the Ollman-Yellott model changes in reaction time latency es
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observed in simple reaction time tasks would be a function of changes
in the number and/or the latency of guesses, as well as changes in the
recognition process; however, without a measure of guessing one could
not specify the proportion of the observed data representative of ‘each. 5
However, in light of the traditional procedures used to control the
incidence of premature responses on Simple reaction time tasks and of
the robust effects to be reported, it would be surpriging if the effects
of the warning signal in simple reaction time could be "explained" solely
in terms of random responding. J
RT as a function of the variabiiity of foreperiod.

From the time Wundt (1880) first reported that latency eould be
reduced by the use of a preceding'warning signal, investigators have
been interested in the comparative effects upon reaction time of fore-
‘ periods of both uniform and randomly varying 1engéhs.' Numerous studies
have shown that reaction time is sensitive to both the duration and
variability of the foreperiod (i.e. Mowrer, 1940; Huston, Shakow, and
Riggs, 1935; Klemmer, 1956, 19573 Karlin,-1959; Botwinick, Brinley and
Robbins, 1959; Zahn and Rosenthal, 1966;'Bevan, Hardesty, and Av;nt, 1965;1
Bertelson and Renkin, 1966; Botwinick and Thompson, 1966; Botwinick and
Brinley, 1962).

Two main results have been consistently demon®trated in these
studies:- (1) Reacticn time is a function of the absolute length of
the foreperiod employed - the shorter the foreperiod length, the faster

the reaction time, regardless of whether the foreperiods are fixed or
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vary randomly in lengrbh.1 (2) A sequence of foreperiods of varying
lengths is unfavourable to reaction time when compared with a sequence
in which the foreperiod length is fixed; in fact, the greater.the

variability range, the longer the reaction time.

1. This general conclusion may need qualification for foreperiod
lengths shorter than 0.5 seconds, since at these lengths some investigators
report an increase in reaction time, especially under randem foreperiod
conditions. However, down to approximately 0.5 second this relationship
appears to be gquite stable.

_ One possible explanation for the increase in RT, that is sometimes
observed to occur at very short foreperiod lengths, might be found in the
results of a number of experiments which suggest that events preceding the’
reaction-stimulus seem, under certain conditions, to restrict perception
time; that is, the initiation of processes necessary for the perception of
the reaction-stimulus appears to be delayed. For example, if two stimuli
occur in close succession the perception of the second may be delayed

until the first is perceived. Empirical evidence for such an interpretation
has come from RT studies concerned with the "psychological refractory :
- period" (e.g, Davis, 1957, 1959; Fraisse, 1957; and Bertelson, 1967).

This is a descriptive term for the observation that when subjects are
required to respond to two successive stimuli in close temporal proximity,
the response to the second stimulus is found to be delayed. However,

when this interstimulus interval is increased, the latency of the response
to the second stimulus decreases. Davis (1959) reports the delay to be
maximum when the successive stimuli are separated by 50 milliseconds, the
shortest interval used in that experiment, and to be negligible when the
interval exceeds 250 milliseconds.

Some explanations of this phenomenon are based on response mechanisms
such as response interference, Other experimental results suggest, however,
that the increased latency of response to. the second stimulus may be due,
as described above, to a delay in its perception. Davis (1959), for example,
reported that even when no response to the first stimulus was required its
mere presentation (and presumably its perception) was sufficient to delay
the response to the second. He concluded on the basis of this and other
experimental evidence that, "It is paying attention to a signal rather
than performing any overt response to it which gives rise to delays in
subsequent responses" (Davis, 1959; p. 211). The attended stimulus
information apparently occupies a single-channel central processor and
the reception of the additional information provided by the second
stimulus is delayed until this processor is freed. A possible connection
between the warning signal as used in the RT studies reviewed in this
section, and the first reaction-stimulus in "psychological refractory
period" experiments, is suggested in an unpublished experiment by Drazin
(cited by Davis, 1959). It was noted in this experiment that the delays
in RTs to a visual signal given shortly after a visual warning signal were
nearly as large as would be expected if the subject had responded to the
warning signal. Thus, it might well be, according to this interpretation
that the time required t6 process the information provided by the warning
signal prevents the perception of the reaction stimulus if the two
stimulus events occur in close proximity.
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These variations of reaction time in relation to foreperiods have
generally been attributed to variations in states of expectancy or
preparatory set (e.g. Mowrer, 1940; Woodrow, 1916; Gibson, 1941). It is
generally assumed thet the warning signal acts as a time cue to.start
some preparatory adjustment. However, whether such preparatory adjustment
prompts the subject to be maximally "prepared to respond" to the reaction
stimulus or whether i+ promotes'a tendency for the subject to "anticipate
the occurrence" of the signal is still very much a quéstion for reéearcha
'Earlier studies by Freeman (1937, 1938), Freeman and Kendall (1940) and.
by Davis (19h05 suggested that preparatory sets were, in large part,

. muscular or motofic ir. nature as evidenced by the variation in degree of
muscular tension occurring during the foreperiod. Mowrer and his
colleagues (Mowrer, 1¢40; Mowrer, Rayman, and Bliss, 1940) and Weiss (1965)
have argued for a central locus, that is "preparatory set" (expectancy,
attention) that is mediated principally by neural rather‘than by neuro-
muscular mechanisms.

. It is intergstipg to note that a number of the later investigators
such as Weiss (1965) and Botwinick and Thompson (1966) have employed
recordings of muscle action potentials (EMG) to argue for a central locus.
Weiss fractionated total reaction time (RT) into two components. The
time from stimulus onset to the appearance of the muscle action potential
which he labeled premotor time (PMT). The duratiQ; from muscle firing
‘to finger-lift response was considered the motor (MT) componenf. Thus,

RT = PMT + MT. After investigating an irregular series of foreperiods
in the range of 1.0, é.o, 3.0, énd 4,0 seconds, Weiss reported that MT
was not a function of foreperiébd but that PMT wes. In.fact, PMT was in

the seme functional relation to foreperiod‘as'was'RT. In this wey the

g
i
1
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variation in set due to foreperiod.was seen to be a premotoric process.

Botwinick and Thompson (1966) extended Weiss' study by using a
renge of forepericds from 0.5 to 15.0 seconds in both regular and
irregular series. They also report that MT did not vary with foreperiod
while RT did. They conclude, "RT set is a premotoric process, and
probably a central one" (p. 1L).

It should also be noted at this point that a number of more
recent experiments have dealt with foreperiod effects on such "perceptual"
tasks as sensory threshold determiﬁation (e.g. Howarth and Treisman, 1958;
Treisman, 1964) and tachistoscopic recognition thresholds (e.g. Newbigging,
1970) which have yielded results highly similar to those found in RT.
(These experiments and their results are reported in detail later in this
review.) However, in view of the nature of the response required of the
. subjects in such tasks an interpretation of the foreperiod effects in
terms of muscular or motoric preparation would not be reasonable, and
indeed interpretations are generally in terms of expectancy and attention.
That is, in such tasks where emphasis is not on speed of responding
recognition and detection performance, for example, afe, as in RT, best
on the shorter foreperiods.

As far back as 1940, Mowrer published three hypothetical curves
showing possible ways in which "readiness" might be assumed to develop
during a 24.0 second fcreperiod. According to these curves of the time
course of preparation, "readiness" could either be pushed to the maximum
immediately after the warning signal, thereupon to decline as the fore-
period length increased, or it could be pushed to the maximum at the
expected moment of stimulus occurrence. Both would account for the

observed relation between foreperiod length and RT latency since the
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latter assumed that the accuracy of stimulus expectgtion decreased as
the length of foreperiod increased (Woodrow, 1930). These curves are
remarkable in that current investigators of foreperiod effect upon RT
as well as upon tachistoscopic detection and recognition thresholds are
. ;

attempting to account forvsuch effects in terms of hypotheses such as:
. "Fixed physiological arousal" hypothesis (Treismaen, 1964), "attention-
distraction" hypothesis (Newbigging, 1970), and "accuracy of time
‘judgement" hypothesis (Treisman, 1964). Both fhe "fixed physiological
arousal" hypothesis éﬁd the "attention-distraction" hypothésis predict ]
maximum "readiness" immediately after the warning signal followed by a
progressive decline. Alternatively, the "accuracy of time judgement"
hypothesis would predict meximum readiness at the expected moment ofv
stimulus presentation. (These hypotheses and their pre@ictions will be
discussed in detail in a'later stage of this review.)

On the other hand, Klemmer (1956) has charged that all this
discussioﬁ of the foreperiod effects in terms of readiness or set has
. led to a concentration upon' the length of the foreperiod with little
attention paid to foreperiod variability and to the most basic variable
in RT, the degree of timejuncertainty. By definition, the only
uncertainty a subject has to face in simple reaction time is knowing when
the stimulus will be presented. Thus, time uncertainty is seen by
’Klemmer to function Hoth as a result of the subjéct's own imperfecf time-~
keeping ability end ‘the clock-time_variability of the stimuli. The
first factor varies with the length of e constant foreperiod and the
second is defined by foreperiod variability. Klemmer carried out two
ekpefiments to adduce evidence that RT varies as a function of the subject's

time uncertainty. In the first experiment, Klemmer investigated the

\
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effect upon RT of manipulating both the length of a constant foreperiod
‘and the variebility of a random foreperiod. The first. manipulation
was to provide evidence concerning the subject's own time-keeping
ebility, the second the subject's uncertainty as to the timing of the
stimulus.

Using an auditory click as a warning signal and a Q.Oz second
'light as a reaction stimulus, he found that for constant foreperiods of
8,25 sec.s 4.25 sec., and 0.25 seconds, RT decreased regularly (269
millisec., 252 millisec., and 209 milliseconds). In the case of fore-
periods having abproximateky the same mean duration»(7.25 sec., 4.25

_sec., and 1.25 sec.) but each made up of 11 intervals having a range
of 2.0 seconds, the average RTs were slower (272 millisec., 259 millisec.,
and 259 milliseconds, respectively). A &.25-second mean foreperiod
having a renge of 8.0 seconds yielded the slowest mean RT (281 milli-

- seconds). Thus RT was found to increase as the foreperiod length and
the range of foreperiods were separately increased.

Klemmer also looked aﬁ the pattern émong foreperiods within each
run in order to determine the effect upon RT. The longest reaction times
were fpund'when a. short foreperiod was preceded by a long foreperiod
(6 milliseconds average increase). However, when a long foreperiod was
preceded by a short foreperiod,. the shortest reaction times resulted
(5 milliseconds average decrease). Two longvforeperidag in a row or two
short foreperiods in a row gave rise to reaction times equal to the mean

reaction time in that series.l Woodrow (1914) had obtained results in

\

1. Mowrer (1941) had previously demonstrated that the more irregular
e given preparatory intervel in a series of reactions (i.e. the greater
its discrepancy from preceding regular intervals), the greater will be the
lengthening of the reaction time. He interprets the effect of irregularity
in terms of weakening the expectancy of a stimulus. Because of certain
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the same direction, but of greater magnitude.
In his second experiment, Klemmer (1957) adduced further evidence
in support of his hypothesis that the mean RT varies in direct pro-

portion to the subject's uncertainty as to the timing of the stimulus.

_ Here he attempted to estimate the variable error in the subject's time-

keeping on the basis of "prediction" tests, in which the subject was
required to reproduce ihtervals‘equal to the mean foreperiods of matched
simple reaction.tasks. Corrésponding foreperiods‘and prediction

variances were summed and a conversion made to information measures (bits)
relative to the uncertainty of the individual subject's predictions of

& 1.0 second interval, The relationship between RT and the time uhcertainty
of the stimulus plotted in terms of this informational measure was found

,to be epproximately linear. The slope indicated that for every bit of
stimulus uncertainty, R?'increased an averége of 18 milliseconds.

Karlin (1959) ;arried outvan experiment in which he also investi-
gated the effect of foreperiod duration and variability on reaction time.
Eight subjects received an guditory warning signal separated from an
auditory reaction stimulus by intervals of 0.5, 1.0, 2.0, and 3.5 seconds,‘
which could be either constant or variable within a fifty minute session, |
In the constant condition (F) each of the four fixkd foreperiods, during 1
one session, was repeated in two blocks of 21 trials each, making up a |
total of 168 trials per session. In the variable condition (R) the 21

trials in each block were divided equally among three foreperiods, with

1. (cont'd)
other aspects of this experiment which have a more direct bearing on this
thesis, the author has elected to discuss this experiment in detall else-

where in this review. ' | , , }
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the median foreperiocl of the three corresponding to one of the foreperlods
of the constant condition, whlle the other two foreperiods were 20% dbove
and 20% below this median, respectively. -For -example, the 1.0-second
variable condition wes composed of the following three foreperiods: 0.8
sec.,y 1.0 sec., and 1.2 second.

The results indicated that mean RT under both the constant and
variable conditions beceme progressively slower as the foreperiod lengths
increased fram 0.5 to 3.5 seconds. Like Woodrow (191#), Mowrer (1941),

~and Klemmer (1956), Karlin also found that the reaction times obtained

- under the constant foreperiods were faster than the mean reaction times
obtained under the corresponding variable foreperiods. Unlike the above
’investigatorS'who found that as the range of foreperiod variability of a
varisble foreperiod increassed progressively the mean reaction time increased
progressively when compared to the reaction time 6bserved under a corres-
ponding constant foreperiod, Karlin found no such effect even though thé
range of foreperiod variability in his experiment increased progressively ?
from 0.2 to 1.k secondé under the variable condition. It should be noted E
these ranges were small when compared to the ranges investigated £y ‘
Klemmer (1956) and;Mowrer'(l9hl). :

Karlin also analyzed the RTs obtained on each of the three fore-
periods meking up a particular random foreperiod condition and found, in
the case of the 1.0, 2.0, and 3.5-second variable foreperiods, that the
shorteét intervals yielded the slowest RTs; whereas the median and longest
intervals yielded the fastest reactions. It is interesting to note that
the RT levels obtained on these median intervals were very similar to.the

RT levels obtained on the corresponding constant foreperiods:- Median RTs

of 256 millisec., 273 millisec., and 2Tk milliseconds, compared to the
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respective constant RTs of 256 millisec., 271 millisec., and 280
: milliseconds. | |
Karlin rejected thelidee that the reeulting curves under the
variable conditien could be interpreted es empirical readiness curves
:(Woodwortp, 1938). According to such an interpretatiop, the subjects
in th}s'experiment were least ready (longest RT) when the reaction
gsbimulus occurred at the end of a short foreperiod, but increased their
readiness with the additional time provided by the median foreperiod.
Beyond the median foreperiod, readiness, if it did not actually increase,
was at least maintained above that of the short foreperiod. This
interpretation was rejected because the curves of the 0.5 second block
demonstrated a reversal; it was the shortest intervals that yielded the
fastest RTs.
Karlin, then, attempted to explain the resulting'curves in terms

.'of the effect upon RT of the length of the immediately preceding fore-
period. He postulated, as did Klemmer and Woodrow, that if a short fore-
. period were preceded by a long one, the subject was likely to be caught
"napping" and this would have an adverse effect upon RT. On the other
hand, a long foreperiod preceded by a short one should yield faster RTs,
since the subject, influenced by the short foreperiod, would get ready
‘more quickly and stay ready longer. In this way, the consistently longer
RTs obtained under tke shortest foreperiods on the 1.0, 2.0, and 3.5~
second blocks might te due to the fact that the shortest foreperiod was
'preceded more often ty longer foreperiods. Karlin carried out a
sequentiel analysis which suggested that this might be true for those
particular foreperiod. blocks. ngever, to acecount for the 0.5-second

foreperiod deta, he ﬁns'forced to increase his number of postulates.
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He claimed that in this case there was a tendency to get ready as fast
as possible which v‘ras‘ superimposed on gpecific tendencies reAsulting from
the different preceding forepe_riod lengths coupled with less ability to
ma.i’n‘bain a peak of readiness.

Karlin's experiment is outlined in some detall because a some-
whet similar sequential analy‘sis has been performed on the data of one
of the experiments described later in this thesis. The results were
such that the author was compelled .to eia.mine the method of investigation
as well as the experimental design. (within-subjects) as a possible
explenation for such curves as those reported by Karlin.

In 1961, Drazin reported the results of an experiment in which
the effects of foreperiod length and foreperiod variasbility on reaction
time were iavestigated._ .Pron,ounced RT-foreperiod curves comparable to

.Karlin's were reported, although the foreperiod effect was distinctly
greater when the preceding-forepefiod was short. Karlin's data woﬁld
suggest that the greetest effects occurred when preceding foreperiod

" was longer.

On the Easi-s of earlier .suggestions by Woodrow and Karlin that
the RT-foreperiod relationship reflects progressive changes in £he
‘subject's state of readiness, Drazin formulated an "adaptation"
hypothesis. According to this hypothesis, the effects of preceding
,forepériods are attributable to an adaptation process: on the average,
maximum readiness occurs at about the mean interval but this maximum
tends to be reached earlier or later depending upon the length of the
preceding foreperiod. In a later study, Zahn and Rosenthal (1966)
sugges;oed two mechanisms by which the po:l.nt‘ of maximum readiness might
be influenced: by errors in time estimetion and by the degree to which

N o
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a particular foreperiod is "expected" (the relative frequency of a
particular foreperiod length). In their view, a long preceding fore-
period leads to an overestimation of the duration of a shorter fore-
period, thus, resulting in longer RTs on sgch short fqreperiods. The
importance of such a "time estimation" mechanism will be seen when the
hypotheses that have been developed to account for foreperiod effects

on both tachistoscopic detection and tachis%oscopic recognition thresholds

are discussed in the following sections.

The Effect of Foreperiod Length on Sensory Thresholds

Although the effect of foreperiod length on reaction time has
been extenéiveky investigated, relatively little has been done concerning
the investigation of such effects on other tasks. The reason for this,
'f. as stated earlier, is mainly one of historical precedence. One such task,
however, on which the effect of foreperiod length has been investigated
is that of sensory threshold determination. The importence of this small
group of experiments to this,review lies in the fact that the foreperiod
effects obéerved have been somewhat similar to those obtained in RT
studies. TFor example, as in RT, performance has been observed to vary
~as a function of fpreperiod length; the shorter the foreperiod the better
the performance as evidenced in this case by lower thresholds of detection
(e.g. Newhall, 1923; Child and Wendt, 1938; Howarth and Treisman, 1958;
Treisman and Howarth, 1959; Egan, Sc¢hulman, and Greenberg, 1961; Treisman,k
1964; Watkins and Schjelderup, 1967). |

We have seen that lengthening the interval between the warning
signal and the reaction sfimulus tends to increase reaction time
(Woodrow, 1914). NEWhall'(1923;'a§ cited by Hoﬁarth’and Treisman,'l958);
in en investigation of attgntion under two rather complex situations in

i : .
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which foreperiods of 0.0, 1.0, 4.0, 5.0, 10.0, and 17.0 seconds were
utilized, obtained similar effects of foreperiod lengths on tactual and

visual thresholds. He found that thresholds were lower under the
shorter forei:eriods.

Child and Wendt (1938) investigated the influence of & patch of
light which could precede any one of five vdifferen'b intensities of a
short duration tone by either 2.0 sec., 1.0 sec., 0.5 sec,, 0:0 sec.,

.or appear after this tone by 0.5 second. The tone intensities, separated
by 2 db steps, were such that approximately half of them were below
<threshold. The level of tone intensity to be used was decided for each
subject each day by a preliminary determination of the auditory threshoid
by the descending series of the method of limits, with the visual stimula-
tion absent. A predetermined and counterbalanced random order of
presentation of tone intensities and foreperiods was used for each of the
eleven subjects involved in the experiment.

The results indicated that the vfrequency with which the subjects |
reported the tone increased as the foreperiod length decreased down to
0.5 secon_ds - the optimal time interval. When the light preceded the
tone by one second or followed it by one half a second, small decreases
in the number of tones detected occurred when compared to the 0.5 second
optimum., Child éoncluded that this effect of the visual stimulus upon
the auditory threshold "may be characterized as very small" (p. 116).

In a series of experiments carried out by Howarth and Treisman
(1958, 1959) to investiéate the effects of foreperiods on electric
| phosphene and auditory thresholds, it was found that thresholds ‘as
determined by the method of limits rose monotonicallly as the interval

between the warning signel and threshold stimulus increased from 1.0

22 .

through 2,0, 3.0, 4.0, 'g.nd 9.0 seconds. However, this rise was not found

l



when randomly orderec. foreperiods between 0.5 and 5.5 seconds were used.
This particular result is contradictory to the one obtained by Child and
Wendt above, as well as ;rha.t is'generally found when foreperiod length
is randomly varied in RT studies (e.g. Telford, 1931l; Botwinick, Brinley,
and Robbins, 1959; Kerlin, 1959, Thompson and Botwinick, 1966; Nickersony
and Burnham, 1969) and in tachistoscopic recognition studies (e.g. Lake
and Newbigging, 1970).

There are a number of features of the experimental procedure
which mey account for these unusual results obtained on the random fore-
period condition., In that particular experiment (Experiment V, Howarth
" and Treisman, 1958) ive subjects were used which included the authors
who had also served as subjects in a number of prior experiments using
fixed foreperiods. 1In light of the results of one of the author's
experiments to be reported, it mey well be that performance under the
random conditions was affected by so much prior practice under these
various fixed conditions.

Egan, Schulman, and Greenberg (196i), in a "memory time"
-experiment, utilized e confidence-rating response type of tone detection
task where a 1000-cps tone with a 0.25-second duration had 0.5 probability
of occurrence on any trial. A 0.5-second ili‘ght was used as the‘warning
| signal and could precede the tone by intervals of 0.25 sec., 0.5 sec.,

1,0 sec., and O second. Eight subjects averaged highiest detection scores

23

with a foreperiod of 0.25 sec., while on the remeining conditions detection

-scores averaged progressively lower in the order 0.5 sec., 1.0 sec., and
0 seconds.
In 1964, Treisman reported an experiment dealing with effect of

manipulating the duration of the (inter-stimulus) interval between an

|

|
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"accessory stimulus and a "critical" stimulus to be detected. Part of
this experiment seems pertinent to this review. In this experiment two
neon-bulb light stimulus sources were employed; one served as a pre-
werning and the other as the accessory stimulus. The accessory stimulus
was followed after a period of time by the critical stimulus to be
aetected. Thus, each trial in fhe experiment began when the pre-warning
light came on and was followed one secondﬂlater by the accessory stimulus,
both visual stimuli remained on until the subject had responded to the
critical stimulus. The critical stimulus to be detected was a 50 milli-
second intensification of a constant 500-cps tone.‘kAt the beginning of
"each session the subject's threshold was estimated by the method of
limits, and two intensities of the critical stimulus, one "&eak" and one
"strong", 0.1 db apart, were chosen near the threshold. The interval
between the accessory stimulus #nd the critical stimulus was defined as
the inter-étimulus iﬁterval end the subject's task was to detect the
critical stimuli under a number of different fixed inéer-stimulus
intervels: 0.25, 0;75, 1;25,,1.75, 2.25, and 2,75 seconds. During any
one session equal numbers of strong and weak stimuli were randomly
\ presented; In addition catch trials totaling 1/20 of all the actual
~ signals were included., There were eight sﬁbjects involved in this
experiment.
Treisman reported the mean percentages of positive response to

" both stimulus strengths. When the critical tdnes, both weak and strong,
. were preceded by the accessory light by an interval of 0.25 sec., the
subjects obtained 62.5 percent correct detections, by 0.75 sec., 62.2
percent; by 1.25 sec., 51 percent; by 1.75 sec., 53.5 percent; by 2.25
_sec., 49 percent; and.b* 2.75 sgc.; 44 percent., o

t . i
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These studies concerning the effect of foreperiod length on
sensory defection thresholds are relevant to the current investigation
for two reasons; First, they all demonstrate the effect of foreperiod
lengths of short durations - that is, all have demonstrated that a
monotonic relationship exists between the number of correct detections
and foreperiod lengths, even foi those intervals shorter than two
seconds; from 0.25 szc., (Egan, Schulman, gﬁd.Greenberg, 1961; Treisman,
1964) up to 9 seconds (Howarth and Treisman, 1958). Second, these |
studies; as the reader will see later, differ from thé method of invest-
igation used by the investigators of foreperiod effects on tachistoscopic
recognition thresholds and are similar to the method employed in this
current investigation in that all the subjects used'were tested under
each and every foreperiod condition. Thus, the method is characterized
" by relatively small numbers of subjects, but large numbers of trigls per
subject., Further, the task required of the subjects in these detection
-experiments involved a minimum memory cqnponenf, thafiis, there ﬁas
little or nothing that had to be retained from trial to trial in order
to accomplish the detection of the critical stimulus.

The Effect of Foreperiod L.ength on Tachistoscopic
Recognition Thresholds..

Verbal ready signals have long been used in tachistoscopic word.
recognitibn experiments to alert the subject to the iﬁpending presentation‘
of the stimulus-word (Soioman and Postman, 1952; Postman, Bronson and
Gropper, 1953; Newbigging and Hay,'1962). Although such a ready signal
has been found to aid performance on such tasks, it has not been until

very recently that the interval between .& precise ready signal and the
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stimulus-word presentation has been'expérimentalky manipulate@ in order

to determine its effect on tachistoscopic recognition thresholds. In
fact, the small amount of evideﬁce that already exists has all been
collected by Newbigging and hig colleagues (Munoz and Newbigging, 1970;
‘Leke and yEWbigging, 1970; and Newbigging, 1970). It is from this set

of experiments, however, that the original conceptions and rationgle of
‘this current investigation evolved, and thus, they require some discussion.

However, as important as the empirical evidence from these
experiments is to this thesis, no less important is the theoretical
framework used to account for this evidence., As stated earlier.in this
review the concept of attention until recent years has received but
passing notice. In 1965, Newbigging put forward the suggestion that
perceptualllearning, as evidenced by the improvement of performance that
occurs within a limited practice session on psychophyéical Jjudgements of
all kinds, may well be mediated by the acquisition of atteﬁtional responses
to cues relevant to the discrimination to be made. Within this framework
foreperiod effects on tachistoscopic recognition thresholds are inter-
- preted in terms of the warning signal or even the temporal interval
itself coming to act as an instruction to the subject to attend to the
place where the stimulus to be recognized will be displayed. Conversely,
any extraneous stimulus of a distracting nature is seen to have an adverse
effect on the effectiveness of this :I.nsfruction° This theoretical
framework will be discussed in detail later in this chapter, after the
empirical evidence o these experiments is reviewed.
This group o experiments have all used the same basic procedures

in order to investigute and analyze the effects of fixed and random

foreperiods on taChiqtoscopic recognition thresholds. The investigators

i
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established recognition thresholds for each of a number of "cbmplex"
alphebetical sequences by means of the "ascending method of limits".
Each subject involved. in a particular experiment performed his task
under one of several forepgfiod conditions.

Munoz and Newbigging (1970) presented a sixty decibel, eight
hundred and eighty cycle‘per second tone which terminated one, three,
or seven seconds before the presentation of each of eighteen low
frequency (1/3.6 million) nine-letter words. It was found that the
recognition thresholds weie a monotonically increasing'function of the

~length of foreperiod.

Lake and Newbigging (1970) described the results of two
experiments in which the effects of length and variability of fore-
period on tachistbscopiq recognition were examined. The first
experiment extended the above mentioned study (Munoz and Newbigging,

. 1970) by qsing twelve, seven-letter alphabetical sequences.as the

stimuli to be recognized and a much wider range of fixed foreperiods

(0.5, 1.0, 1.5, 2.0, 4.0, 6.0, and 8.0 sec;nas). A random condition

wes also included in which the foreperiod had an average length of 4.75
seconds. For this‘condition, twenty intervals were used which ranged

in length from 40O millisec. to 8,000 millisecs., the intervais differing |
by steps of 400 milliseconds. A tone of one second duration, 60 db
intensity, and 880 cps served as the warning signal. |

The results showed that the recognition tHresholds increased

monotonically as the fixed foreperiod lengths increased; that is, the
shorter the fixed foreperiod; at least down to two seconds, the lower

the tachistoscopic recognition threshold. Lake and Newbigging visually
fitted a straight line to these data and put 1t forward as being |

I
[
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suggestive of the form of the relation. For those fixed foreperiod
lengths below two seconds, the recagnition thresholds obtained were
‘not signifiqantly different from one another.

The results obtaiﬁed under the 4.75-second random foreperiod ére
‘quite interesting. It was’found that the mean threshold for the group
under this particular condition was not significantly different from the
mean threshold for the group under the 4.0-second fixed foreperiod
condition. This result tekes into account the performances oﬁ all the
intervals making up the 4,75-second random foreperiod. If a comparison
of the results of this experiment with the results for reaction time

‘experiments is warranted, then one would expect that the performance

t

under & randomly verying foreperiod would be inferior to the performancé
”obtai&ed under a corresponding fixed foreperiod because of the incfease

in time uncertainty induced by interval variability (e.g. Klemmer, 1956;
Karlin, 1959; Botwinick, Brinley, and Robbin, 1959; Botwinick and

Brinley, 1962; Botwinick and Thompson, 1966; Thompson and Botwinick, 1966).
However, as stated above, it would seem that the unpredictable lengths
comprising this foreperiod condition had no effect on tachistoscopic
recognition performence., It should also be noted that information
concerning the performances on the individual foreperiods comprising the -
.h.75-second random foreperiod of this experiment was not reported.

The second experiment described in the Lake and Newbigging study-
further extended the investigation of the effect of fixed and random
foreperiods on tachistoscopic recognition thresholds. Using the seme
twelve, seven-letter alphabetical sequences as the stimuli to be

recognized and the same One-secopd tone as the warning signal, fixed

foreperiods of 2.0, 4,0, 6.0, and 8.0 seconds were investigated. In

i
h
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addition, four random foreperiodS'with means of 2.0, 4.0, 6.0.and 8.0
seconds were employed in order to further investigate the effects of
foreperiod variability. 'Each of the four random foreperiod conditions
was made up of seven intervals differing from one another by 0.5 seconds,
lhaving a range of variability of 3.0 seconds and a mean equal to 2.0,
4.0, 6.0, or 8.0 seconds. For example, the random L4.0-second foreperiod
was made up of the following seven intervals:- 2.5, 3.0, 3.5, 4.0, k.5,
5.0, and 5.5 seconds.

The data of this experiment demonstrated that when the mean
thresholds in milliseconds were plotted as a function of foreperiod

. length, the shorter the foreperiod the lower the recognition threshold.
This relationship existed for'both the fixed and random foreperiod
conditions and, ;s in the previous experiment, could pe adequately

~described by a visuelly fitted straight line. Again there would appear -
to be no effect of randomly varying the 1ehgth of the foreperiods since
performance on the four random foreperiods and on the corresponding four
fixed foreperiods did not differ significantly.

As was noted earlier, this failure to demonstrate any effect due
to foreperiod variability is somewhat surprising in view of what is
known from reaction time studies. Lake and Newbigging attempted to a
account for their results by citing Klemmer's study (1956) which showed
that the effect of foreperiod variability is small even in RT, and that
the degree of effect depended upon the range of variability. They state,
"our failure to demonstrate any effect of foreperiod varisbility may be
due to the small range of variability-employed" (Lake.and Newbigging,

1970, p.457). Later in this thesis the present author will also attempt
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his own hypothesis as to why no foreperiod variability effect was
demonstrated in these fwo experiments. . 1
In summery, this set of experiments prgvides evidence which
'would suggest that a monotonic relationship exists between foreperiod
length and tachistoscopic recognition thresholds such that the shorter
the foreperiod length (from 8.0 seconds down to 2.0 seconds) the lower
the recognition thresholds. This relationship is found to exist
regardless of3whether_the foreperiod lengths are fixed or variable from
triel to triai. Furthermore, fixed foreperiod lengths 2.0 seconds and
shorter (down to 0.5 second) not only yield the lowest thresholds but
thresholds which ‘do differ emong themselves, thus demonstrating a range -
"of optima from 0.5 secondito 2.0 seconds. The finding of most interest
was the failure to demonstrate any significant difference in performance
between fixed foreperiods and random fofeperiods having comparable mean .

values,

Theoretical Aptempts to Account for Foreperiod Effects

This section outlines the Qarious hypotheses that have been put
forward by investigators to explein the relationship that seems to exist
between foreperiod length and performance on both detection and recognition
tasks. A perspective on the nature of this foreperiod phenomenon mey best
be had by an assessment of the conditions under which it is found to occur.
That it is independent of the modality of the'warqing is suggested by the
very similar curves following the use of lights (Howarth and Treisman, 1958;
Child and Wendt, 1938; Egan, Schulmen and Greenberg, 1961; Treisman; 1964)
and bells (Howarth end Treisman, 1958) and tones as warning signals

'(Munoz and Newbigging, 1970; Leke and Newbigging, 1970; Newbigging, 1970).

~



31

That it is not modality specific has been demonstrated by the auditory
threshold experiments of Child and Wendt (1938), Howarth and Treismen
(1958, 1959) and Treisman (1964), by the visual threshold experiments
of Newhall (1923), Hcwarth and Treisman (1958) and‘the Newbigging series
(1970), and by the tactual tﬁreshold experiment by Newhall (1923).
Furthermore, the pheromenon has been found to occur independent of the
~particula.r psychophysical method used; for example, Treisman and
Howarth used both the "descending method of limits" and the "method of
constent stimuli" (i.e. two near threshold strengths of a stimulus were
alternated with "blarks" in a sequence determined from random number
tables.), and Newbigging and his associates employed f.he "ascending
method of limits". TFinally, the phenomenon has been found to occur
across experimental tasks; ‘detection tasks hsing yes/no responses as
well as confidence ratings, tachistoscopic recognition tasks using
words and letter-sequences, and both simple and choice reaction time
tasks., Thus, these studies taken together would suggest a central
effect which might be thought of as a generalized'readiness for a signal.
There have been at least three different hypotheses put forward
to account for this generalized foreperiod phenomenon: A "fixed physio-
logical arousal" hypothesis in which the relationship between foreperiod
.length and performence is thought to be merely a reflection of the time-~
course of the decay of the neuro-physiological processes underlying the
arousal caused by the wgrning signal. An "attentioén-distraction"
hypothesis and an "accuracy of time judgement" hypothesis; both of .whicI;‘ |
attempt to interpret these performence curves in terms.of a conception

of attention that has been ‘developed independent of neuro-physiological
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evidence. The "attention-distraction" hypothesis interprets the better
performance obtained on the shorter intervals in terms of the subject's
attentive behaviour being more effective at these foreperiod lengths,
poorer performances on the longer foreperiods being due to the increased
likelihood that the subject will have been distracted by an extraneous
stimulus. The "accuraCy of time judgement" hypothesis also claims that
the subject is attentive with greatest effectiveness on the shorter
foreperiods because such intervals are estimated with the greatest
accuracy.

The author will, first, outline and attempt to evaluate the
"arousal" hypothesis on the basis of existing neuro-physiological
evidence; the remaining two hypotheses will be discussed within a
perceptual learning framework. In order to provide an historical
perspective a brief review of the literature in this particular area will

follow with emphasis on the role of the foreperiod in perceptual learning.
Fixed Physiological Reaction: An "Arousal" Hypothesis.

In the last thirty years, work by physiological psychologists
such as the studies by Lindsley (1951) and Moruzzi and Magoun (194%9) have.
led to major changes in our ideas of nervous function. One such insight
has come from the findings which would indicate that sensory input to the
cortex can arrive there by two different systems: +the classical projection
system which appears to be the quick efficient route of information trans-
mission and. the diffuse projection system of the brain stem in which
pathways are relatively slow and inefficient and which functions to
arouse -indiscriminately large areas of the cortex. On the basis of such

evidence, Hebb (1949, 1955) has postulated that a stimulus may be



considered as having both a cue and an arousal function; the arousal
:serving to tone up the cortex, thereby making it more receptive to
incoming messages. freisman (1964) put forward an arousal hypothesis
as one possible explanation of the phenomenon associated with foreperiod
effects on threshold levels. The warning signal, according to this
hypothesis, caused arn immediate arousal or alertinglresponse, one effect
' of which was a rapid increase in sensitivity’to incoming stimuli (i.e.
detection or recognition stimuli). The threshold curves obtained were
supposed to be a reflection of the time-course ofjthe decay of the
physiological:ch;nge underlying this.

The postulates outlined in the above paragraph are strongly
? reminisceht of the old theory.of.the irradiation of cortical excitation,
Hartmann (1934, p. 822), for example, suggests "that the neural activity
originating in the occipital lobes spreads to other receptor areas of
the cortex....and by subexciting those regions before or during specific
stimilation increases the phenomenal intensity-of fhe'auditory
experiences". Around this hypothesis grew a fairly large and confusing
body of experiments dealing with the problem of sensory interaction.
The bulk of these hgve been performed by Russian investigators and are
summarized in a review by London (1954).

The evidence suggests that auditory-visual interactions do occur,

33

Experiments by Kravkov (1936, 1937, cited by London, 1954), Hartmann (1933),

Urbantschitsch (1888, cited by Gilbert, 1941) and Zietz (1931) all suggest

that certain features of the visual process, such as acuity, brightness,
and colour, can be influenced by auditory stimuletion. Converéely,

experiments by Urbantschitsch (1880), Hartmann (1934) , Thoﬁpson} Voss

|
|
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and Brogden (1958), Gulick and Smith (1959) have been cited as

demonstrating the effect of visual stimulation on auditory sensitivity.

Tt should be noted that an outstanding feature of the literature in this

area is the lack of consistency in results which, according to Thompson,
'Voss, and'Brogden (1958), is due to inadequate expefimgntal design,

poor experimental procedures and instructions, and improper statigtical
 treatment,

In order to evaluate the relevance of the results of these
experiments to the "fixed physiological reaction" hypothesis as proposed
by Treisman, it is orf crucial importance to ascertain the temporal
relationships involved in concomitant stimulations. In spite of the
contradictory nature of some of the results of studies investigating
auditory-visual interaction, it would eppear, as stated before, that
auditory-visual interaction effects do occur. The ci;x of the matter
is, however, that such sensory interactions are generally found to be
maximum only when the accessory stimulus is employed simultaneously with
the primary stimulus (Hartmann, 1933, 1934; Thompson, Voss and Brogden,
1958). As far as the all-important factor of extended temporal relation-
ships are concerned, the Child and Wendt (1936) study is the one study
most quoted as demonstrating the possible form of these relationships
(Gilvert, 1941; Gulick and Smith, 1959). As was stated previously in
this review (p. 22), this study dealt with the effect of randomly
varying the interval (fqreperiods 0, 0.5, 1.0, 2.0 seconds or - 0.5
seconds, negative precedence) between a visual stimulus (a patch of
light) and an auditory detection stimulus (tone). However, in spite of

. being quoted by others, Child and Wendt, in light of their own results,

were undble to decide whether the facilitation which occurred was

[
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interpretable "in terms of the .summation of irradiated excitations in
‘the central nervous system" or "to higher-order processes of judgement
and attention" (Child and Wendt, 1938, p. 124). For one thing, although
the 0.5-second foreperiod revealed the maximum facilitation (i.e. the
largest number of tone detections) with simultaneous presentation of

both the visual warning -and auditory detection stimuli, facilitgtion

was no greater than that which occurred on the one second foreperiod
condition., This is not what one would expect in the light of other
sensory interaction stﬁdies, where facilitation, if it occurred, did so
with greatest effectiveness wheﬁ both the a.cc'esory-va..nd primery stimuli
-were presented simultaneously. |

Munoz a.nd‘Newbigéing (1970) addressed themselves to the problem

of sensory intera_.ction. In one experiment these investigators waried
both the length of the vf'ixed foreperiod and the intengity of the warning
tone and noted the effect of these manipulations on word recognition
thresholds, This experiment has been previously outlined, in part, on
page 27 of this review. As noted before, when a 60 db tone was used as
the warning signal, the usual relationship between foreperiod length

and performance was observed. The lowest recognition thresholds occuring
on the shortest of the fixed foreperiods, in this case the 1.0 second
foreperiod. When the intensity of the warning tone was increased to 90 db,
performance remeined identical to that. obtained when 1;he 60 db tone was
used, with one important exception. Performance under the 1.0 second
foreperiod was now observed to be no AA better than thet obtained under the
1oﬁgest foreperiod. Tha.t. is, performance under the 1.0 second foreperiod *

on the 90 db condition was so obviously inferior to that obtained.when -
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‘the same foreperiod was used under ‘the 60 db condition, that the
investigators concluded that a warning tone of this intensity had a
disruptive effect; but this effect, whatever its nature, was completely
dissipated within three seconds since performance under foreperiod
.lengths at 3.0 seconds and longer v'ras identical for both intenéity

| conditions.. It should be noted that Kravkov, in his experiments on
facilitation and inhibiti.on of visual acuity with white-on-black figui'es,
found that "the effect of auxiliary stimulation lasted for four or five
minutes" (Gilbert, 1941, p. 394).

In summary, these experiments indicate that if there is a
facilitative (arousing or sensitizing) or an inhibiting (disrﬁptive)
process due to auditory/visual interaction, the temporal aspects of it
appear quite short. This interactive process, when found, occurs
maximally when the accessory (i-.:e. auditory warning signal) and primary
(e.g. vis1'1al detection stimulus) stimuli are in close ;temporal proximity;

in fa.;:t, when they occur’ simultaneously. Furthermore, the procesé
appears to be effective only over a relatively short time span, probably
not longer than four seconds. On the other hand, the monotonic relation
found to exist between foreperiod and threshold level covers a much
wider temporal range - up to fifteen seconds and beyond in some cases.
Gulick and Smith (1959) may well be correct when they note "that shifts
in thresholds dué to sensory interaction are difficult to demonstrate"
(p. 29). |
| Thus, it would appear that this one demonstrable "temporal"
process, based on neuro-physiological concepts, is neither explicit
enough, nor, from what is known,. long enough in duration to be the basis

of a fixed physiological .hypotheis like the one p_roposed by Treisman.
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In fact, as the Munoz and Newbigging experiment would indicate, once
the interactivé process has dissipated (within three seconds) the
curve for the 90 db condition is identical with the curve for the

60 db condition, and this curve is of the same monotonic function
that Treisman originally proposed his "arousal" hypothesis to explain.
Both Treisman (1959) and Newbigging (1970) rejected the "arousal"
hjpothesis for the sake of other hypotheses.

Treisman rejected it because thée particular monotonic relation-
ship it predicted was not demonstrated under the random condition of his
experiment (Note p. 23 of this review). He found no effect on threshold
level when a random ordering of warning intervals between 0.5 and 5.5
seconds was investigated (Howarth and Treisman, 1958).

Newbigging rejected it because the results of the experiment
described gbove as well as those of a number of other experiments which
indicated that both the disruptive effect at the shortest foreperiod
length (1.0 second) and the monotonic relation that still occurred on
the two longer foreperiods could be more parsimoniously interpreted in
terms of an hypothesis derived from attentional concepts - the
"attention-distraction" hypothesis. Both the "attention-distraction"
and "time-estimation" hypothesis have their roots in the general area of

psychology designated by the term perceptual learning.

" 'Perceptudl Ledrning and the Role of the Foreperiod.

The term perceptial learning, for present purposes, refers to the
improvement with practice of performence on a perceptual task. The
perceptual tasks which are relevant are those which involve psychophysical
judgement of all kinds: two-point cutaneous thresholds (Alluisi, Morgan

and Hawkes, 1965), peripteral and foveal visual acuity (Bruce and Low,
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1951), hue and pitch discrimination (Wyatt, 1945; Werner, 19h0),

- pattern and word recognition from brief tachistoscopic displays (Hay,
1963; Newbigging and Hay, 1962; Newbigging, 1965), and repeated
judgements of some stimulus dimension such as on the Muller-Lyer
illusion (Parker and NEwﬁigging, 1963; Newbigging, 1965). All these
studies, regardless of the nature of the psychophysical task, demonstrate
that the subject's performance improves as he coﬁtinues to make repeated
judgements within a limited practice session, the nature of this
improﬁement being in the form df increased accuracy in judgement and
discrimination. The amount of empirical data on improvement of this
kind is extensive,‘and is readily available in review form (Gibson, E.J.,
1953, 1963; Drever, 1960; Wohlwill, 1966).

There are two theoretical formulations specifically addressed
to the problem of improved discrimination with practice, the stimulus
‘specificity theory by the Gibsons (1955 a), and the association formu-
lation of Postman (1955).

According to J.J. Gibson (1959), perceptual learning is the
process of achieving and improving contact with the environment, of
discovering new properties qf the world by discriminating new variables
in the stimulus flow., Thus, granting the assumption of a rich stimulus
flux at the receptors, perceptual learning becomes a matter of differen-
tiating the input (Gibson, 1955 a). According to this position,
practice serves to reduce generalization among the stimuli, to increase
precision of diserimination and to improve detection of relevant
variables or distinctive features not previously noted. Thus, this

information claims that the effective stimuli for perception are changed

|
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by learning such that the end result is an increased correspondence -
between response and‘stiﬁulus properties. DPerceptual learning, the
Gibsons emphasize, is not a process of enriching the sensory core

through the accretion of memories, images or eleﬁents of past experiences.

Postman (1955) argues that because stimulus response .correlations
change with practice, the Gibsons' theory assumeé there must be changes
in effective stimulus variables. In a very real sense, this theory is
little more than a re;statemenf of the empirical facts, since it
proposes no mechanism (s) by which stimulus specifici?y central to
~their theory comes about through practice. In another paper in the
- same year, the Gibsoans (1955 b) reaffirm that they are indeed primarily
concerned with the giestion of #what is learned in perceptual learning",
deferring for the'time being the mechanism (s) By which the learning
comes about. -

In opposition to the Gibsons, Postman (1955) formulétes the
problem of perceptual 1earn;ng in traditional association terms. He
points out that meaning often appears to involve enrichment and that -
the skilled performance involves a reduction of the need for sensory
information even when it is available. As applied to the problem of
present concern, the association formulation holds that "perceptual
learning has taken piace when the relative frequencies of responses
undergo significant changes under controlled conditions of practice.
Descriptively, pérceptual learning is the attachment of new responses or
& change in the frequency of responses to particular configurations or
“sequences of stimuli.” (p. 44O-4lL1). For example, in the two-point
cutaneous threshold experiments by Mukherjee (1933) and Ailﬁisi et al,

(1963), it is found that a certain degree of ‘separation of the two points
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elicits the response "one" from the subject. However, with p&actice
this same degree‘of separation comes now to elicit the response "two".
It is such changes iﬁ S-R correiations that constitute the basic data
from which perceptual learning is inferred.

These two theoretical formulations, however, both'fail to give
an adequate explanation of just how perceptual learning takes place.
As was noted previously, the Gibsons' stimulus specifiecity theory does
not propose any mechanism to account for how specificity comes about
with practice, nor, as we shall see, how improved discrimination
resulting from pgactice on one task may be positively transferred to a
different task. It should be noted that James Gibson (1959, 1963) has
.tried to remedy this situation by referring to an amorphous conception
of attention as the possible selector of stimulus properties to be
responded to; he merely refers to, but does not elaborate on this.
Associatiqn theory, using chaining devices and anticipatory responses,
can discuss the perceptual learning effects but it too fails to specify
a mechanism-which mediates transfer. ‘ .

Nevertheless, in the literature, a number of gross mechanisms
have been mentioned. Wohlwill (1966) speaks of orienting reactions to
a stimulus source, of scanning and focusing mechanisms, and of attentional
constructs designed to handle changes in discrimination based on selection
from a complex input. Pick (1964), for example, has found eye movements
important for children, but Abelson (1963) found that they lose importance
once the stimulus ceeses tonbe unfamiliar.

As the basic mechanism of perceptuel learning, however,

Newbigging (1965) has made e strong case for“learning-attehtional responses,
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In attempting to account for the fact that with practice
recognition thresholds for words decreased, Newbigging and Hay (1962)
initially interpreted this practice decrement as resulting from a
change in the response probability of the words iq the frequency class
being recognized. That is, for example, if the stimulus words in the
recognition task were from the low frequency class, the subject, after
recognizing several of the words as being of this class, would come to
make his pre-recognitidn responses or guesses less frequently ocqurring
words, thereby increasing the probability of being correct at progress-'
ively shorter durations over the list of_stimuius words being presented.
This hypothesis would also predict a relatively small practice effect
for high frequency stimulus-words, as compared to that found for low
frequency stimulus-words, since subjects were agsumed more likely to
give high frequency guess words as their initial responses.

ﬁay (1963) tasted this hypothesis in an experiment where
different groups of subje¢ts were given practice on either a list of
nine, seven-digit numbers; on nine, seven-letter low frequency words;
on nine, seven letter high frequenéy words, or simply became adapted to
the tachistoscopic situation. Following this pragtice all groups were
transferred to the task of recognizing e common ‘list of eighteen low
frequency words.

Hay found high positive transfer from the high frequency word

.condition of the pretraining period to the low frequency word test
condition; in fact, 1regardless of the type of pretraining received,
there was no differential effect of it on the recognition thresholds of
the low frequency test words. These results are quite inconsistent

with a response prdbdbility:theory. Hay, with the addition of more
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groups, varied the amount of pretraining on the high frequency words
before shifting the subjects to the low frequency test list. This
time, rather than increasing interference on the low frequency test
(higher thresholds due to greater expectancy of high frequency words
as a function of the amount of prétraining), the amount of transfer
wes a positive and direct function of the amount of pretraining.

When it was discovered that an apparatus-produced click
occurred approximately'two seconds prior to the presentation of the
stimulus words in this experiment, Newbigging hypothesized that this
click served as a precise auditory ready. signal instructing the subject
to attend to the place where the word to be recognized will be displayed. .
On the. assumption thet such an attentive response was gradually acquired
during the course of the session, probably replacing other irrelevant
attentive responseé, the improved performance with practice might be
accounted for. _

Newbigging (1965) outlined and summarized his position and
his proposal, that attentional responses might well be the mechanism
which mediates the stimulus-response relations of perceptual learning,
in the following manner:

"Let me put the proposal in its simplest terms.

Suppose we agree with the Gibsons that perceptual learning

does consist of increased specificity of responses to

stimuli. What is suggested is that this increased

specificity is mediated by the acquisition of attentional

. responses to cues or stimulus dimensions relevant to the

discrimination to be made. That is, as the Gibsons

propose, perception is completely determinéd by the

stimulus; but what constitutes the effective stimulus is

what is attended to. The attentional response may be

.acquired to the stimuli which signal the presentation of

the form, pattern, or word to be recognized in the case

of brief tachistoscopic displays, or to the task-relevant
dimensions of the stimulus pattern in cases where perceptual



judgments about these dimensions are to be made.
Judging the relative lengths of the horizontal lines
in the Muller-Lyer illusion constitutes such a task.
As a corollary of this increased attention to task-
relevant cues or stimulus dimensions, we assume that
the distracting effect of irrelevant cues or
dimensions shows & corresponding decrease." (p. 312).

Most important is the fact thét these attentive responses would'

be independent of the stimulus displayed and thus could mediate the ’
positive iransfer from -one type of stimulus material to another. Thus,
Hay's finding, that equal transfer occurred regardless of the type of

pretraiﬂing,given-and that the degree of transfer was directly related

to the amount of pretraining, is consistent with Newbigging's proposal. -

It will be remembered that earlier in this review under the
section entitled "The Effect of Foreperiod Length on Tachistoscopic
bRecognition Thresholds", (p. 25), a number of experiments carried out
by Newbigging and his associates were oﬁtlined in which the. effects of
fixed and'randomly varying foreperiod lengths on tachistoscopic word |
recognition thresholds were investigated. All these experiments demons
strated that, whether the foreperiod lengths were fixed or variable,
the recognition thresholds were a monotonically increasing function of
the foreperiod length (Munoz and Newbigging, 1970; Lake and Newbigging,
1970; and Newbigging, 1970). 1In fact, the results indicated that
threshpids on corresponding fixed and random foreperiod lengths of 2.0,
4,0, 6.0, and 8.0 seconds were statistically equivalent; that is,
randomly varyiﬁg the foreperiod leﬁgth had no significant effect (Lake
" and N€wbigging,‘1970).: ?o account for these results, Newbigging form-

ulated what is now called the "attention-distraction" hypothesis.

43
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This hypothesis assumes that the warning q}gnal (a tone, in the
case of the experiments referred to above) acts as an instruetion to
the subject to attend to the place where the visual stimulus to be
recognized will be displayed; this attentional response persists until
the occurrence of a diétracting stimulus, or the stimulus to be
recognized, whichever comes first, The poorer performance (i.e. higher
threshold levels) observed on the longer .forepe.riods are accounted for
by the further éssumption that as the foreperiod increases in length,
the probability that a distraction will have occurred prior to the
presentation of the stimulus to be recognized, also increases.

As an atteﬁpt to account for the somewhat surprising finding
that perfprmance on corresponding fixed and random foreperiod lengths
" were identical, this hypothesis appears to be most effective., According
to the "attention-distraction" hypothesié, it is notAwhether a foreperiod
length is predictable from one preséntation to the next that is important,
but rather the absolute length of the foreperiod on any given presentation.
This hypothesis assumes the subject to bé maximally attentive immediately
after the warning signal, but as the interval between the warning signal
and stimulus ﬁresentation increases the likelihood that the subject will
.thave been dist;acted by an extraneous stimulus also increases; thus,
performance level is determined by the foreperiod length regardless of
whether -a particular foreperiod is located within a fixed (predictdble)\
condition or within a variable (unpredictable) condition.

As described earlier, Klemmer (1956), in a reaction time study,
examined the patterning of the intervals making up a particular variable
foreperiod condition and found that RTs were affected by the lengths of

the preceding intervals. If a short interval was préceded by a long
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interval, the subject was thought to be caught "napping" and RT

tended to be longer; while for the reverse condition, RT tended to

be shorter. It might well be that something similar is operating under
the random forepericd conditions of Néwbigg;ng's experiments., The
problem is, however, that the combined use of a between-subjects design
and the ascending method of limits, in which recognition of the
stimulus word is built up over a succession of presentations, does not
allow for such a fine grained sequential analysis‘nor is the data
refined enough“to determine the effectiveness of each of the intervals
meking up a particular random foreperiod condition, One of the problems
tackled in this.present study was to develop a more sensitive prqcedure
of investigation which would allow for such a fine grained sequential
analysis of the resulting data.

Earlier in this review when discussing the possibility that
sensory interactive processes might underlie the "fixed physiological-
arousal” hypothesis as proposed by Treisman (1964), an experiment by
Munoz and Newbigging (1970) was outlined in which the effects of 1.0,
3.0, and 7.0 second fixed foreperiods on tachistoscopic word recognition
thresholds were investigated under two different intensity levels (60
and 90 db tones)'of the warning signal. The results, it will be
recalled, indicated that on the 1.0 second foreperiod there was a dis-
ruptive effect under the 90 db condition when compared to the performence
(recognition thresholds) obtained under .the 60 db condition. However,
performance on the two longer foreperiods was identical under both
intensity conditions with the shorter foreperiod of the two yielding

_the lower recognition thresholds.
| . .
!
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Newbigging attémpted to account for these results in terms of
his "attention-distraction" ﬁypothesis. He argues that because of the
intense nature of the 90 db tone, it compels the attention of the
- subject, distracting him from the recognitioﬂ task. Thus, when the
visual display follows this tone after only a short interval the
subject is unable to make the appropriate attentive readjustments for
its perception. As the interval between the warning signal and visual
display increases, howeyer, time is availafle to make.such attentive
" readjustments and the disruptive effects disappear.

While the "a$tention-distraction" hypothesis makes no formal
statement about recovery from distraction, such a recovery is clearly
indicated by the Munoz and Newbigging finding that the disruptive effect
of the 90 db warning tone is no longer evident when the foreperiod is
as long as 3.0 seconds. Under this foreperiod, the performances of the
60 and 90 db groups ere indistinguishable. It must be assumed that
distraction attributeble to other stimuli also shows recovery. Not
only does the above experiment demonstrate recover& from distraction,
it also indicated thet the effect of a distracting stimulus lasts for
some time, at least up to one second following the presentation of the
disruptive 90 db warring tone and possibly even'longer. The problem is
that et this stage ir. research, there is no specific empirical evidence
as to the rate of recovery from distraction and its possible relationship
to factors such as. tte physical characteristics of the distracting
stimulus (i.e. intensity, duration), the modality concefned, and so on.
However, the assumption is made in the "attention-distraction" hypothesis
that as the forepericd increaseg'in length the probability that a dis-

tracting stimulus will have occurred also increases, thus predicting poorer
|

|

\
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performance on the longer foreperiod lengths.

In order to provide further support for this hypothesis, as
opposed to an "arousal" hypothesis, Munoz and Newbigging (1970)
studied the effects of 60 and 90 db warning tones in combination with
the continuous presence or aﬁsence of a visual fixation point. Hay
(1963) had previously established that substantial improvement in
tachistoscopic word recognition performance could be obtained by use of
a visual fixation point. Again the results indicated that poorer
recognition performance occurred under the condition of the intense
warning signal (90 db tone); on the other hand, with the addition of
a fixation point, the effect of the intens; tone was éreatly attenuated.
A logical assumption following from the "attention-distraction"
hypothesis is that one way to maintain high'pgrformance is to reduce
the probability of a distraction occurring. As stated before, it may
well be that the intense tone had a distracting effect, but the addition
- of a fixation point enabled the subject to resist this distraction more
effectively. The fixation point, like the 60 db ﬁbne, acted as an
instruction to the subject to attend to the place where the visual
display would occur.

The "accuracy .of time judgement", the third hypothesis that has
been formulated to acccunt for foreperiod effects, is in one sensé a
special case in that it applies only to those tasks, be it one of
reaction time or of tachistoscopic detection or recognition, in which
the experimental events occur with regularity fram trial to trial. That
is, those tasks where the interval between the warning signal and stimulus

presentation is constan®; or fixed from one presentation to the next.
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Howarth and Treisman (1958) investigated the effect of fixed
foreperiods on electric phosphene and auditory thresholds and found
that these thresholds rose monotonically as the interval between the
warning signal and threshold stimulus increased from 1.0 to 9.0 seconds.
This increase was not found for the variable foreperiod condition,
(Note p. 22 of this review for a more complete outline of this experiment, )
Treisman (196#),'in an attempt to interpret this result, formulated what
he has called at times his "range of expectation" hypothesis and at other
times his "accuracy of time judgement'" hypothesis.

According to ‘this hypothesis the warning signal comes to act as
a temporal reference point, allowing the subject to use his knowledge
of the foreperiod length in order to anticipate the arrival of the
critical étimulus, and. to lower his threshold when he expects it.
Since he cannot determine the end of g timé interval exactly, he will
come to expect the stimﬁlus over a range of time centred around the
actual end of the interval. That is, the expected moment of occurrence
of the stimulus will in fact be a range of times, the mean of which will
be the actual foreperiod length., If, for example, the foreperiod is 3.0
seconds in length, the variability of the subject's estimation of this
interval might result in his expecting the stimulus to occur say some=
where between 2.5 and 3.5 seconds after the warning signal, but not
earlier or later thén this period, and to lower his thre§hold only
during this one second range. It is assumed that the threshold is
lowered to an extent inversely related to the length of this range.

Central to this hypothesis is the assumption that the monotoniec
function geﬁerated by fixéd forgperiod conditions is related fo the

éccuracy of time Judgement. Woodrow (1930) had eight subjects reproduce

/



empty temporal intervals varying from 0.2 to 30.0 seconds. From the
results he concluded that the error of time judgement is approximately
proportional to the length of the time being judged. Thus, in terms

of the "accuracy of %ime judgement" hypothe;is, the accuracy with which
the subject can anticipate the moment at which the stimulus will occur
will be iess for the longer foreperiods. '"This decrease in accuracy
might be expected to result in a decreased readiness for the stimulus
and a consequent rise in the threshold," (Treisman, 1958, p. 138).

Woodrow (191l) attempted to explain his results with reaction
times in terms of adeptation of attention. He claimed, on the basis of
his results,'that a subject could be maximally attentive for a f;nite
period of time - up to two seconds, but at greater foreperiod lengths,
since these longer intervals were estimated, tﬁe average level of
attention would be less and thus the average ieaction“times would be
longer.

Newbigging (1970) ?eports two experiments which demonstrate
transfer effects on tachistoscopic recognition performance following
different amounts of practice on various types of RT task (i.e. simple,
discriminétive and choice). The positive transfer observed is
attributed to the learning of an attentional response to the foreperiod
which was the same length for both the recognition and RT tasks. In
‘the following paragraphs these experiments are outlined in greater
detail.,

In the first experiment simple, discriminative or choice reaction
time tasks were combined facforialiy with foreperiods of 2.0, 4.0 or 8.0
~seconds. Different groups of squgcts were administered each 6f,these

conditions. Following reaciion time practice, all subjects were shifted
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to a tachistoscopic recognition task in which they were required to
recognize three alphabetical sequences of seven letters under the same
foreperiod as they had had for the reaction time task. The data
indicated that practice on the reaction time tasks results in positive
transfer to thevtachisfoscopic recognition task where the foreperiod is
of the same length for both. The data also indicated that the amount
of transfer was dependent upon the type of reaction time trainiﬁg -
c¢hoice resulted in the greatest transfer, followed by discriminative,
and finally by simple.

The second experiment investigated the effect of the EEEEEE of
reaction time pracfice on transfer to a tachistoscopic recognition task.
Thé results of this experiment clearly established that practice on both
simple and choice reaction time results in positive transfer to tachis-
toscopic recognition and that tﬁe amount of transfer depends on the
amount of pretraining. It was alsé demonstrated that fewer choice than
simple reaction trials are necessary to demonstrate transfef.

In both the tachistoscopic recognition task and the reaction time
‘task the subject has the same requirement, to be attentive at the moment
the stimulus is displayed. As previously stated when we outlined

- Newbigging's "attention-distraction" hypothesis, the warning .signal
acts as an instruction to the subject to attend to the place where the
visual stimilus to be recognized (or reacted to) will be displayed.
This attentional response, it was a;sumed, persists until either a
distracéidn occurs or the visual display is presented. Now one way to
reduce the probability of being distracted under a fixed foreperiod
would be to make use of the regularity inherent in such a condition in

order to anticipate the moment of occurrence of the critical stimulué.
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Thus, the subject would be maximally attentive at‘the expected moment
of stimulus presentation, and any distractions occurring up to this
moment of stimulus presentation would be ignored.

The fact that the amount of practice on a particular reaction
time task is a most important determinant of the degree of positive
transfer that will be achieved, might well be due to the fact that the
time adjustments necessary take time to be aéqﬁired; but when these
time adjustments are acquired, they are independent of task specific
variables. This might also account for some of the practice effect
that oeccurs on both reaction time and tachistoscopic recognition tasks
within a limited session.

Thus, the advocates of a "time judgement" hypothesis maintain
that with.practice on a fixed foreperiod a subject is able to more
accurately judge the length of such & foreperiod and thus be better
prepared for the stimulus presentafion, be it in a reaction time task
or a tachistoscopic detection or recognition task, There is some direct
evidence that with practice, subjects come to improve the accuracy of
their time judgements.

* Woodrow (1930) had his subjects reproduce a one second stimulus-
-interval a total of 320 times and found the standard deviation in per-
centage to be 8.6. Hawickhorst (1934) with further training reduced this
to 3.6%. Renshaw (1932) using five subjects for 159 days for a total
of 19,080 trials reduced it further t0'1.2%. The problem here is that
we have no real knowledge of how long it takes a subject to reach a
fair degree of accuracy, since Woodrow averaged his data in very large
portions and in such a manner thgt fractice effect within the. session is

lost.
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At this point I would like to stress that both the "accuracy
of time judgement" hypothesis and the "attention~distraction" hypothesis
make the same over-all prediction concerning the effect of fixed fore-
periods on performance, be it reaction time or tachistoscopic recognition
thresholds. Both predict that the shorter the foreperiod length, the
better the performance.

According to the "attention-distraction" hypothesis, the
shorter the foreperiod fhe less likely it will be that a distracting
stimulus will have occurred in such an interval. According to the
"accuracy of time judgement" hypothesis, the shorter the foreperiod
the more accurately the interval will be judged, thus, the greater the
expectation precision as to when the stimulus presentation will be made.
The latter hypothesis, however, is restricted in the sense that it can
only be used to account for foreperiods which are of a constant
duration and which are predictable from trial to trial. Also, since
it provides a mechanism by which the subject can be maximally attentive
at the expected moment of stimulus presentation, it would be reasonable
to assume that ény effects of an extraneous stimulus that might have
occurred within the interval would thereby be reduced or eliminated.
Thus, one would expect a higher performence level under a fixed fore-
period condition, if the time adjustments necessary have been acquired,
as opposed to random foreperiod conditions where such adjustments are
impossible and distractions are more likely to operate.

A somevhat similar position has been put forward by Gibson (1941),
Woodrow, (1916), Mowrer (1940, 1941) and others to account for the
well established fact in reaction time that an irregular sequence of

prepdratory intervals is unfavourable to reaction time as compared with

J
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a regular sequence (Note p. 11 of this review). Mowrer assumed that

the irregularity affeacted reaction time by weakening the expectancy of
a stimulus, and Gibson claimed that with practice, preparatory intervals
of uniform length were favoured because the subject came to react to

the time-interval itself,

As previously stated, the fact that Lake and Newbigging (1970)
had failed to obtain any difference in performance when fixed and
randomly varying foreperiodS'were compared on a tachistoscopic
recognition task was somewhat surprising. It should be noted that both
Munoz (1963) and Lake (1960) individually tried to account for the
monotonic function observed under their fixed foreperiod conditions in
terms of a "time estimation" hypothesis. ILake stated, "...learning is not
as great in the case of long intervals as compared to short intervals
because, since the long intervais are not as accurately estimated as
the short intervals, attentional responses in the long interval situation
do not receive the same level of reinforcement as responses in the short.
interval situation.," (p. 59). The problem here was to show how an
estimation hypothesis could account for the fact that his 4,75 second
random ana his 4.0 second fixed foreperiods yielded the same performance
level -~ a fact reaffirmed'when'a later expériment foupd similar perform-
ance levels on fixed. and random foreperiods of 2.0, 4.0, 6.0 and 8.0
seconds. Newbigging and Lake (1970), as we have seen,.accounted for
this fact by claiming it is not the predictability of the foreperiod

length that is important, but the absolute 1ength.1

1. Although Newbigging has not, as yet, specified an estimation-
type hypothesis, one can infer from his papers on transfer (Newbigging,
1970) that the basic mechanism for such a formulabion exists in the form
of a temporal conditioning of an attentional response. Thus, with
practice "an attentional response to the temporal interval (foreperiod) -
‘is acquired" (p. 492).
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The problem is, however, the subjects might well have made use
of the regularity inherent in the fixed foreperiod conditions of these
experiments in order to anticipate the occurrence of the critical
stimulus, but the experimental procedure and the ggsulting data might
not have been sensitive enough to demonstrate this attentive behaviour.'
In other words, there would be no wey of knowing for sure whether the
subjects under the fixed foreperiod conditions had utilized an attentive
strategy as described by the "attention-distraction" hypothesis or a -
strategy like that described by the "accuracy of time judgement" hypothesis,
since both hypotheses meke the same predictibnjconcerning overall
performance on the various foreperiod lengths. Both predict that the

shorter the foreperiod, the lower the recognition thresholds.

The Strength of "Expectancy"

In 1940, Mowrer reported an experiment on reaction time, the
results of which are of most importance to this current study. One
huﬁdred subjects were first each given practice on twenty reaction tones
at a constant inter-stimulus interval of 12.0 seconds. Following these
twenty preliminary practice trials, each subject received immediately
49 additional trials (meking 69 in all), which also came at 12.0 second
intervals, except on the 21st, 27th, 35th, 4lst, 48th, 55th, 6lst and
68th trials. On these test trials, the tone occurred after intervals of
3.0, 6.0, 9.0, 12,0, 15.0, 18.0, 21.0 and 24.0 seconds, in a balanced
.random order. The average reaction times of all subjects on these |

eight test trials were calculated,

i
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It was found on the 3.0 second interval that the reaction time
was longest, as the test intervals approached the standard 12.0 second
interval the reactior times became progressively shorter, until at the
12.0 second test interval the reaction time was not only fastest, but
the same as that obteined on the 12.0 sesond interval when it was the
standard. As the test intervals varied beyond 12.0 seconds, up to 24.0
seconds, the average reasction time again insreased progressively.

These dats were interpreted by Mowrer in terms of time judgement ~
(expectancy). "According to Mowrer, under the preliminary practice
session, the subjects had come to anticipate the reaction stimulus to
occur every 12.0 seconds, thus, they were maximaliy attentive at that
time. When shifted.to the testvsituation, rather than adopt a new
strategy to suit the new random task, they still maintained their old
expectation built up under the preliminary situation,

The importance of this experiment lies in that it suggests a
possible way to determine the development and strength of a strategy
built on accuracy of time estimation. It also provides evidence that
when a subject is given both constant and varidble foreperiods, as
generally happens in a reaction time task, the order of presentation
ls important, for whet is learned on one condition might very well
affect the results obtained on the other.

‘ * * * * * * *

The experiments to be described in the following chapters of
this thesis investigete the effects upon tachistoscopic recognition of a
number of foreperiod variables such as length, variability and present-

ation order. These effects are discussed in terms of possible attentive

strategies a subject might develop when exposed to the various foreperiod

’



arrangements. An attempt is also made to obtain information concerning

the subject's use of the regularity inherent in a fixed foreperiod

condition, that is, to investigate in a more direct manner the develop~

ment of a "time judgament" strategy.
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CHAPTER THREE

EXPERTMENT I

Lake and Newbigging (1970) in a sefies of experiments, which
were discussed in the prévious chapter, investigated the effect of
fixed and randomly varying foreperiods on tachistoscopic recognition
thresholds of twelve seven-letter alphabetical sequences. They
reported that regardless of whether the foreperiods were fixed or

random the thresholds increased monotonically as the length of fore-
period increased. To account for this relationship the subjects were
assumed to have developed an attentive strategy as described by
Newbigging's "attention-distraction" hypothesis. According to this
hypothesis, the warning signal comes to act &s an instruction to the
subject to attend to the place where the stimulus to be recognized will
be displayed, and this attentional response persists until the occurrence
of either a distraction stimulus or the stimulus to be recognized.

If such an attention strategy as that described by the "attention-
distraction" hypothesis were adopted by these subjects, then additional
empirical evidence for its existence should be obtained by analyzing
the performance on each of the seven foreperiods comprising one of the
random foreperioq sefs. One would expect that the amount of information
obtained towards the final recognition of the stimulus-word would also
vary in relation to foreperiod length. The shorter the foreperiod
within a random set, the greater should be its information contribution
towards finel recognition. These experiments all utilized the ascending

method of limits in which recognition of the letter sequence is gradually
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built up over a series of successive presentation§. Unfortunately,
such a procedure does not allow for the recording of the data such

that the contribution of individual foreperiods within a random set can
be assessed. Thus, one of the purposes of the following experiment in
its investigation of fixed and randoﬁ foreperiod effects on tachistos-
copic recognition was to utilize a procedure in which such information
under the random foreperiod conditions could bé obtained.

Lake and Newbigging (1970) also reported the finding that the
performance under a given fixed foreperiod did not differ from the
performance under a random foreperiod of the same mean length. This.is
a somewhat surprising finding, if a comparison of the results of this
experiment with the results for reaction time experiments is warranted,
because it suggests that performance under the fixed foreperiods as
under the random foreperiods is determined solely by the absolute lehgth
of the foreperiod and that the predictability inherent in the fixed
foreperiod condition is of no consequence. Reaction time under randomly
varying foreperiods is generally found to be slower than that obtained
under a corresponding fixed foreperiod, this inferiority being attributed
to the increase in time uncertainty induced by interval variability.
-Thus, the primary purpose of the following experiment was to obtain
additional information as to whether subjects, who have to perform &
given tachistoscopic recognition task under various foreperiod arrange-
ments, adapt their attentive behaviour in a menner appropriate to these
foreperiod situations. Do subjects make use of the regularity inherent
in a fixed foreperiod situation in order to be maximally attentive at
the expected moment of stimulus presentation as described by Treisman's

(1958) "accuracy of time judgement" hypothesis, which was discussed in
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the previous chapter, or do they attend from the occurrence of the
warning signal until the stimulus to be recognized is presented as
described by Newbigging's "attention-distraction" hypothesis? The

following experiment was an attempt to find answers to such questions.

METHOD

The basic apparatus and procedures, which were common to both
experiments, will be described in detail only for Experiment I.
Differences in procedural detail of the second experiment will be -

described in its appropriate Method_secfion.

Subjects
Eight students, four males and four females, ranging in.age
from 19 to 23 years and haVing good non-corrected vision served as

_subjects in this experiment.

Apparatus

Two test étimuli were presented for recognition, oné per trial,
in stimulus-field one of a standard three-field Scientific Prototype
(Model GB) tachistoscope. The blank-field of the tachistoscope served

as both the "pre-" and the "post-" exposure field.

A Spectra Brightness Spot Meter was used to monitor the brightness
of the stimulus-fields. Stimulus-field one was meintained at twenty
foot-lamberts and the blank-field at twenty-five.

A standard tone generator manufactured by Ashman Electronics
provided a tone of one second duration, 880-cps, and 50-db, which was

delivered binaurally ﬁia earphoﬁés to each subject and initiated every

trial.



The apparatus was so set up that after once being initiated by
.the experimenter, the following reéycling sequence was set in motion:
a one second tone whose termination marked the beginning of the fore-
period which could be either'consfant or variable from trial to trial
depending on whether the foreperiod condition being investigated was
fixed or random. This was then followed by a brief exposure of one of
the two test stimuli and, finally, by an interval of three seconds
duration in which the subject was to respond. |
The duration of the toné, the various foreperiod lengths, and
the response interval, were timed by means of a bank of nine Scientific

"Prototype Time Interval Generators.

¥

On sny one complete trial (from tone to tone),.the particular |
‘test stimulus exposed and the foreperiod length presented were pré-
programmed on'péper tape and were thus fed, by means of a standard
Tape Read-In, into their proper positions in the recycling sequence,
The subject's responses wére recorded both by hand and by'means'of 8
Gerbrand's Pen Recorder which was activated by the subject's pressing

one of two response tuttons corresponding to each of the two test

stimuli.

. Stimulus Material

The test stimuli to be recognizéd in this experiment appeared
to the subjects as two circles, each one inch in diameter, inset with
closely spaced fine black parallel lines on a white background (a
photograph of Transograph shading film, pattern number L-22, manufactured
by Chart-Pak, Inc., of Leeds, Massachusetts). Iﬂ one circle these lines
were sloped 36 degrees to the upper left (LEFT STIMULUS)‘and in the other

circle, 36 degrees to the upper right (RIGHT STIMULUS).

60



In order to present these two stimuli, one on each trial and
within the same stimulus-field, both were generated by changing the
orientation of a single line pattern. The required change in line
slope was accomplished by attaching this single stimulus pattern, which
was circular in shape and one inch in dia.meter, to the flanged end of
the shaft of a Sigma "Cyclonome" Stepping Motor mounted in stimulus-
field one, such that the lines were straight up and down. This
stimulus pattern was attached only ‘after the shaft had passed through
a hole, 1/4 inch in diemeter, in the centre portion of a four by five
inch index éard mounted iﬁ a metal frame within the field; thus
-providing a stationary white background for the circular lined pattern.
When properly pulsed by means of a read-in tape, the motor could be
either stepped two 18-degree steps left or two 18-degree steps right,
thus changing the orientation of the ul.n‘ight lines 36 degrees'left or
right. In an attempt to mask any noise the motor might make whgn
activated, the stepping of the motor was synchronized such that it
‘occurred only during the one-second tone. The motor was also enclosed
in a souné.-proof con'l:a.iner.:L Since stimulus-field one .;rema,ined dark
( durir;g which time the blank-field was illuminated) until the m’ome;nt of
test stimulus presentation it was impossible for the subject to detect

visually any change in line orientation while it was occtrring.

1. One reason for using this particular motor was that the only
moving parts were its rotor, machined to a .0003 inch air gap tolerance,
and its shaft supported by precision ball-bearings. Step braking was
accomplished by the motors own permanent magnetic detent, that is, there
was no mechanical breking system; thus, even without the above noise-~
control precautions the motor's activation could be descr:.bed as
exceptionally qu:.et.
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Experimental Design

This experiment utilized a within-subjects design; that is, each
subject received, in all possible combinations, each and every experimental
variable. The subject's task was always to simply identify which one
-of the two test gtimuli had been presented during a brief exposure and
to register his choice by pressing the appropriate responsé'button.

This task was performed under various foreperiod conditions in which the
foreperiod, over a given block of trials, could be either fixed or
randomly varied in length.

The eight subjects were assigned to one of pr groups such that
. each grdup consisted of two males and two females.

In Group T the four subjects G.S., W.S., B,S. and R.S. initially
performed the recognition task under each of three random conditions in
which the:fareperiodsvaried randomly around a mean of 1.0, 2.0 or k.0
seconds. Following this, these subjects repeated the same task, but
this time the foreperiod lengths remained constaht at either 0.5, 1.0,
2.0 or 4.0 seconds.

For Group II, the two types of foreperiod conditions were
presented in reverse order. Here the recognition performances of the
four subjects A.B., S.B., J.B. and A.A. were first iﬁvestigated using
fixed foreperiods of 2.0, 4.0 and 8.0 seconds and later performed with
randomly varying foreperiods having a mean of 2.0, h.d,or 8.0 seconds.

Each of the random foreperiod conditions mentioned above con-
sisted of seven foreperiods whose average length waS'eithef 1.0, 2.0,
4.0 or 8.0 seconds, with the exception of the 1.0 second random fore-
period condition, the seven foreperiods used differed from one anoﬁher

by 0.5 seconds and had a range of 3.0 seconds. One of the seven



foreperiods comprising a particular random condition was equal to the
mean, thrge were shorter and three were longer. For example, the
random 4,0 second condition comprised foreperiods of 2:5, 3.0, 3.5., k.o,
4.5, 5.0 and 5.5 seconds. In the case of the 1.0 second random con-
dition, the range was reduced to 1.5 seconds since the seven foreperiods

differed in only 0.25 second steps.

Procedure

Since each vsub,ject was to perform the experimental task under
all the foreperiéd conditions represented in his group, it was necessary
’to establish for each subject an exposuré duration f();' the two
recognition stimuli that would remain constant over all the foreperiod
conditions. The duration of the stimulus exposure selected was such
that it yielded a relatively steble performance level of between 65 to
75 percent correct identifications on the 2.0 second random foreperiod
condition for each of the four subjects in Group I. ~For Group II
subjects, who received the fixed foreperiods first, the exposure
duration that resulted in the same. performance fa.nge on the 4.0 second
fixed foreperiod was selected. Such a performance level on these two
foreperiod lengths was selected because it allowed room to move
"percentage-wise" when the other shorter and longer foreperiods were
investigated.

The appropriate exposure duration for each subq'ect wag determined
in the following manner. First the recognition thresholds for both test
stimuli were estimated using the ascending method of limits. Each

/

subject was instructed to put oh. the earphones through which a; tone would

ocecur, fo:!.lowed by. an interval of two seconds which would terminate in
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‘the presentation of either of the ’qwo tgst gtimuli. It was explained
that, at first, the exposure of either test stimuli would be subliminal,
but thgt the exposure duration would be increased until he could make
three consecutive correct identifications of the particular test
.stimulus used. Blanks were used tc; assure that the subject was
actually regognizin_g the stimulus presented. There were ten threshold
determinations, five for each of the test stimuli in random order. The
average of these ten thresholds was used as the exposure duration ‘to
start the subject under the experimental procedures central to this
study. With continued practice and manipulation of the exposure
duration under actual test conditions to be described below, ;che follow-
ing stable durations of exposure were found for each subject: ..Group I3
G.S. 14 millisec., W.S. 10 millisec., R<S. 21 millisec., and B.S. 9
‘milliseconds. Group II; A.B. i0.5 millisec,, S.B. 15 millisec., J.B.
13 millis;ac., and A,A, 12.5 milliseconds. ‘

\ Under the actual test situation each subject was run
'individually and wes read the following instructions:

"The task that you are required to do ié a very simple one.

-In the viewer in front of you will appear two different line
patterns. Both patterns are circular in shape; but one has
lines slanted to the upper left whereas the other has lines
slanted to the upper right."

At this point, each subject was shown the two recognition
stimuli, each was identified again and labeled as LEFT or RIGHT. The
instructions then continued:

"Only one of these two patterns will be presented to you on

any one trial. Your task will be to identify which one of the
two had been presented. Since they will be presented only
briefly there may be times when you feel no positive identifi-

cation can be made; in such a case I want you to guess as to
the one it might have been. You will register the choice you
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have made by pressing one of these buttons here. If the

pattern presented has lines slanted to the upper left, press

the left button, but if they are slanted to the upper right,
press the right button. You will be wearing earphones

through which you will hear a brief tone. This tone will be
followed shortly by a presentation of one of the two patterns.
You then register your choice by pressing the appropriate button
and weait for the tone again., Remeuwber, guess if you are not
sure. The purpose of this experiment will be explained to you
after its completion. Do you have any questions?"

If there were questions, the relevant parts of the instructions
were re-read.

Each subject was run individually for two sessions a day, each
session lasting approximately one hour. No subject, however, had his
sessions run consecutively.

Under the random foreperiod conditions the following occurred,
regardiess of whether these random conditions were investigated before
or after the fixed foreperiods. Each subject was given 112 trials per
session on each of the three random foreperiod conditions represented
in his group. The first 1k trials served merely as practice and were
~later discarded. The remaining 98 trial-block provided data concerning
the number of correct responses on that particular foreperiod condition.
Within the 98 trial-block each of the seven foreperiods comprising a
random condition was represented fourteen times, seven of these fourteen
occurrences were combined with the left oriented stimulus and seven with
the right. All were randomized throughout the trial-block with the
restriction that no more than four left or four right presentations
could occur in a row. From session to session the three trial-blocks
corresponding to the three random foreperiod conditions were presented
in g different balanced order. Under the fixed foreperiods the

situation was also the same for both groups. ZEach subject received 110

trials per session under each of fixed foreperiods represented in his



group; the first 10 of which were discarded practice trials.l Randomized
throughout the remaining 100 trial-block were fifty left and fifty right
presentations of the test pattern with the same restriction that no more
than four of a kind could occur in a row,

The subjects of both Groups I and II each received, under the
random and fixed foreperiod conditions, a sufficient number of test
stimulus presentations to determine whether or not a significant fore-
period effect existed. Each subject was run a total of 10 to 16
sessions on each of the two types of foreperiods investigated, such
that he received approximately 1500 trials under each of the different
foreperiod lengths making up the fixed and random conditions (The
actual number of sessions a subject received depended upon the strength
of the foreperiod effects, if foreperiod effects were strong fewer
sessions were needed for significance).

The percentages of correct identifications were calculated for
each of the fixed foreperiods, for each of the seven foreperiods maeking
up a particular random condition, and the overall average for each
random set. In addition, the random foreperiod data of two subjects
from Group I and two subjects from Group II were sequentially analyzed
by computer in order to determine whether the performance on a given
foreperiod was effected in any way by the length of the foreperiod

immediately preceding it.

1. The difference in the number of practice trials under the
random and the fixed foreperiod conditions was due to the fact that,
while attempting to equate as closely as possible the number of practice
trials on both types of foreperiod, the experimenter felt that ten trials
of a constant foreperiod length for each fixed condition was sufficient
practice; whereas, fourteen trials under a particular random condition
allowed each of its seven foreperiods to be presented an equal number of
times (twice) in random order.
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RESULTS

Figure 1 presents graphically the overall percentages of correct
identifications made under each of the four fixed foreperiods and under
each of the threé rardom foreperiod conditions by the four subjects of
Group I. These subjects received the random conditions prior to

'receiving the fixed. It is apparent from Figure 1 that regardless of
whether the foreperiodsxare fixed or random, the percent correct is a
function of foreperiod length. The shorter the foreperiod, the larger
the percehf correct. This relationship between the absolute length of a
foreperiod and performance is similar to that demonstrated in RT (i.e.
Klemmer, 1956, 1957; Karlin, 1959) and in tachistoscopic word recognition
(i.e. Lake and Newbizging, 1970); thus, it was also predicted in this
experiment. Figure 2 demonstrates that the above relationship holds for
individual subjects and thus, is not a consequence of the summary
procedures used.

The results of the chi-square tests, shown 'in Table I, performed
to determine if the differences in the frequencies of correct responses
between the various foreperiod iengths made by the above subjects, both
individually and combined, were statistically significant. In the com-
bined situation, the cémparisons between the fixed foreperidd conditions
of 0.5 and 1.0 seconds, 1.0 and 2.0 seconds, and 2.0 and 4.0 seconds, as
well as the comparisons between the random sets of 1.0 and 2.0 seconds
and 2.0 and 4.0 seccnds all yield frequencies of correct responding
which differ significantly in the direction predicted. However, there
are a small number of comparisons, such as that between the 0.5 and
1.0 second fixed fﬁreperiods fof'W.S. and the 1.0 and 2.0 second fixed
foreperiods for both W.S., end G.S., in which the differeﬂces,in
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FIGURE 1. The percentage of the total number of correct
identificaticns, made by the four Group I subjects W.S., G.S.,
B.S., and R.8. under each of the fixed and random foreperiods,
as a function of foreperiod lemgth (Experiment I).
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FIGURE 2. The percentage of correct identifications,
made by the Individual Group I subjects under each of the:
fixed and random foreperiods, as a function of foreperiod
length in seconds. (Experiment I).
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TABLE T

Results of the Chi-Square Tests on Various Foreperiod Comparisons
made under both Fixed and Random Conditions by Subjects of
Group I and Group II.

Group I Subjects (Combined)

Comparisons Fixed Random
Made af P af P
0.5 sec, - 1.0 sec, 1 .001
1.0 sec., - 2,0 sec. 1 .00L 1 .00L
2.0 sec. - 4,0 sec. 1 .00 1 .001

Group II Subjects (Combined)

Comparisons Fixed Random
Made af P af P
2.0 sec, - 4.0 sec, 1 .001 1 .001

4,0 sec., - 8.0 sec. 1 .00L 1 .00L
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frequency were found not to be significant at the 0.5 level - although
they were very close (.06). However, there were a number of features

inherent in the data which a chi-square test did not take into account,
but which when taken into account suggested that although the frequency
differences on such comparisons were smallj they were also significant.
For example, of a total of ten sessions run by W.S. under the fixed
conditions, nine of fhese sessions individually demonstrated the
predicted relationship between foreperiod l;ngth and performance level.
This is shown in Appendix A where the numbers of correct responses made
under each of the foreperiod lengths per session are tabled for each
subject. A rank order statistic, the Friedman Test, showed that the
results for the subjects W.S. and G.S. were significant at the .0l level.
A similar rel.ationship between performance and foreperiod |
length also exists under both the fixed and random foreperiod conditions
for Group II subjects who received the fixed foreperiods first., Figures
3 and 4 illustrate respectively that this relationship holds for fhe
group as a whole as well as for the individual subjects. The results
of the chi-square tests confirm that the combined frequency of correct
responding by all the subjects of this group under the various fore-
period lengths differed significantly. In fact, the comparisons between
the 2.0 and 4.0 second and the 4.0 and 8.0 second foreperiods for both
the fixed and the random conditions for the combined subjects were
significant at the .00l level; with the shorter foreperiod length of the
two compared yielding the greatest frequency of correct identifications.
From Figﬁres 2 and 4, it can also be noted that for seven of
the eight subjects uvsed in this experiment, the fixed foreperiod
conditions resulted in significantly higher percentages of correct

responses than did the random foreperiods of the same mean length. This
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FIGURE 4. The percentage of correct identificationms,
made by the individual Group II subjects under each of the
fixed and random foreperiods, as a function of foreperiod
length in seconds (Experiment I).

73



74

finding differs from that reported by Lake and Newbigging.(l970). In
their study of foreperiod effects on tachistoscopic recognition, they
found that randomly verying the foreperiod length had no significant
effect on the recognition threshold.

Figure 5 summarizes graphically the percentages of correct
responses made by the four subjects of Group I on each of the seven
foreperiods comprising a random foreperiod condition. Each of the
three performance curves represented in this Figure demonstrated quite
clearly that for thesz subjects, who received the random conditions i
first, it is the shorter of the foreperiods which yield the highest
percentages of correct identifications. Figure 6 shows that such
pe:formance curves are also generally characteristic at the level of
individual subjects.1 In Figure 7 the percentages for the combined
number of correct identifications of these four subjects are re-plotted
as a function of foreperiod length. However, this time the location
of a given foreperiod with rgspect to its random condition is ignored.
This Figure illustrates that the relationship between performance level
and foreperiod length can be adequately described by e straight line
with a slope of -4.4l and an intercept of 76.9. None of these points
differ significantly from this line. This is an interesting finding
because it suggests that performance is dependent primarily upon the
absolute length of the foreperiod. That is, it would appear that it is

of little consequénce in which random condition a given foreperiod

1. See Appendix A for a table which summarizes the actual
numbers as well as the overall percentages of correct identifications
made by the four subjects of Group I on each of the seven foreperiods
comprising the three random foreperiods of 1.0, 2.0 and 4.0 seconds.



RANDOM — FIXED

85 -
FIXED (MEAN) o
' RANDOM (MEAN) o
1.0 sec. —re—
80 I 20 sec. -ty —-
.40 sec, | =-oly—-

5 r

70

PERCENT CORRECT

60

55 r

O
- O
\XT

N\,

o 10 20 30 .40 . 50
' ' FOREPERIODS (SECONDS)

\

FIGURE 5. The relation between the Eercentagé of
correct identifications on each of the seven foreperiods
to the overall percentage on each of the three corresponding
random foreperiod sets, as well as the relation to the
percentage obtained on each of the fixed foreperiods for
Group I subJects (Experiment I). :



-»

es | RS RANDOM— FIXED L W.S.
FOREPERIOD (RANDOM) '
1.0 sec.  ——d—
20 s8¢, m=tr--
4.0 sec b F
VAT
AV AN
{ AN
\ v
b - '\ 4.,
g K “Be-a,
5 RS
u A
va- L \”,A’-d
:
5
;\’b—\
ssk -
\.VA
50- A PN . Y ; L Addoea b -y L.L
es| GS. L BS.

PERCENT CORRECT

A
AW AW
sst
w 5 A d La bt a b A Y A A Fy vl
0 10 20 30 40 80
' FOREPERIODS (SECONDS)
FIGURE 6. The percentage of correct identifications,

made by the individual Group I subjects under each of the
seven foreperiods comprising each of the three random
foreperiod sets, as a function of foreperiod length in

seconds (Experiment I).

76



NDOM —> FIXED

70 |

 PERCENT CORRECT

e

T PUPEEE EENTUNE TN SN RN SN S S S |
0 1.0152.02.530354.0'{55.05.5

FOREPERIODS (SECONDS)

05

FIGURE 7. A straight line best fitted to describe the
relationship between the percentages of correct identifications
and the length of the foreperiods comprising the random
foreperiod sets for those subjects of Group I who received the
random conditions first followed by the fixed conditions
(Experiment I). n ‘

\

%

77



78

length is located since the performance levels are the same; there
would seem to be no context effect.

However, one can see from Figure 8 that in the case where the
four subjects received the fixed foreperiods first, the shortest
foreperiods comprising the three random conditions did.not yield the
highest percentages of correct identifications. In faet, under each
of the three random foreperiod conditions, the foreperiod length |
resulting in the greatest number of correct identifications is the
one immediately following the median foreperiod value: i.e. 2.5
seconds, 4.5 seconds and 8.5 seconds., It is also important to.note
from this figure that the median foreperiod lengths of 2.0, 4.0 and
8.0 seconds resulted in percentages very close to those obtained on
the corresponding fixed foreperiods of 2.0, 4.0 and 8.0 seconds
respectively. TFigure 9 demonstrates that these curveé ere also
generally characteristic of the individual's performance under the
random conditions.1 |

Tables ITg and ITb summarize the results of a sequential
analysis carried out on the random data of two subjects from each of
the two groups in the experiment., The analysis involved looking at
the performance levels under the shortest foreperiod length when it

was preceded by each of the longer foreperiod lengths (Table ITa). The same

was true for performance on the longest foreperiod when it was preceded

1. See Appendix A for a table summarizing the actual number,
as well as, the overall percentages of correct identifications made by
these four subjects of Group II under each of the seven foreperiods
comprising the three random foreperiods of 2.0, 4.0 and 8.0 seconds.



PERCENT CORRECT

79

‘ FIXED — RANDOM
o0 r FIXED o
: " | RANDOM O
FOREPERIODS
80 | 2 sec. ——
4 sec. ——l—=—
8 sec. =l
70 |
44
: \
\
60 | \.\
. A’ K_l' .\_
. »° A—.
& ~A
50 | .
40; ' . 'y L Fe 2 J 1 ' 1 ) 4 1 | H R Ny ] i 2 2
(0] 10 20 3.0 4.0 5-0_ 6.0 7.0 80 9.0

' FOREPERIODS (SECONDS) .

FIGURE 8. The relation between the percentage of correct
identifications on each of the seven foreperiods to the overall
percentage on each of the three corresponding random foreperiod
Isets, as well as the relation to the percentage obtained on .
each of the fixed foreperiods for Group II subjects (Experiment I). '

g f 1
[



TABLE II a
Summary of Sequential Analysis

Percentages of Correct Identifications made under the Shortest
Foreperiod (1) of a Random Foreperiod Set when Preceded by each
of the Longer Foreperiods.

Group I Subjects (W.S. & R.S.)

Random ' Shorter «— Foreperiod Length —> ILonger

_ Foreperiod 1 2 3 L 5 6 7
1 sec. 89 76 81 7 86 85 80
2 sec. 66 85 75 76 67 73 80

L sec. 63 77 72 67 79 66 65
TOTAL . T2 79 76 73 78 75 75

Group II Subjects (J.B. & S.B.)

2 sec. 70 68 73 67 54 55 63
4 sec. 40 Lo 63 5l sk 61 67
8 sec. 44 46 56 50 50 37 59

TOTAL 52 54 64 57 53 51 63




TABLE II ©
Summary of Sequentisl Analysis

Percentages of Correct Identifications made under the lengest
Foreperiod (7) of a Random Foreperiod Set when Preceded by each
of the Shorter Foreperiods.

Group I Subjects (w.s. & R.S8.)

Folz?:;gﬂlod . ‘ihorterae— Fgreperilc:d Leng’;h — 6Longer7
1 sec. Th 70 62 h 64 59 83
2 sec, - & 69 57 58 e 60 . Th
4 sec. el 57 53 72 ek 55 53
TOTAL 68 65 57 68 68 58 70

Group IT Subjects (J.B. & S.B.)

2 sec. 59 63 58 73 60 66 74
4 sec. 60 60 L7 58 60 62 63
8 sec. 60 Yo 53 bl 53 39 45

TOTAL ' 60 55 53 58 58 56 60
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by each of the shorter lengths (Table IIb). It is quite clear that the
length of the preceding foreperiod had no systematic effect on performances

under thé shortest or longest foreperiod.

DISCUSSION

The results.of this experiment indicate that the subjects may
well be assumed to have adapted their attentive behaviour'in.a manner
responsive to the experimental conditions under which they had to
initially perform this recognition task. In addition performance under
the differeﬁt foreperiods.comprising a random set depended upon
whether the subjects had had prior practice on the fixed conditions.
For those subjects who received the random conditions first, the
finding that the percentages of correct identifications decreased as
the foreperiod lengths increased, regardless of the random condition in
which a given foreperiod might be conteined, is consistent with the
"attention-distraction" hypothesis.

However, there is nothing in the "attention-distraction"
hypothesis which would predict that these subjects would perform con-
sistently better whea a given foreperiod is fixed than when it is a
member of a random szquence. It woﬁld éppear, on the basis of this and
other empirical evidance to be presented, that under the fixed fore-
periods Group I subjzcts may have made use of the regularity inherent in
‘such a foreperiod condition. It may be, as Treisman's "accuracy of
time judgement" hypothesis suggests, that subjects estimated the length
of the foreéeridds concerhed and were maximally attentive at the

expected moment of test stimulus presentation. Why this strategy should



result in superior performance is at this stage highly speculative,
One might postulate thét with successive presentations of the test
stimuli at a constant interval following the warning signal the
attentional response becomes so strongly conditioned to this temporal
interval that the subject becomes less likely to be distracted by an
extraneous stimulus. This point will be discussed in greater detail in
the final chapter., However, the fact that the percentage of correct
identifications deéreased as the fixed foreperiod length increased is
accountedAfor in this hypothesis by its assumption that time estimates
decrease in accuracy és the length of the interval to be estimated
increases. Thus, a subject's expectancy concerning when a test
stimulus will be presented is assumed to decrease in precision as the
foreperiods lengthen. Group II subjects could also be assumed to have
made use of the regularity inherent in the fixed foreperiod conditiops
they received, in order to anticipate the moment of stimulus presepta-
tion. However, the perfﬁrmance curves obtained under the random
-conditions, unlike tnose for Group .I, demonstrated a well defined
context effect with the median foreperiods of each of the random
conditions yielding not only optimal performance, but performance very
close to that obtainesd on ideﬁtical foreperiod lengths under the fixed
conditions. These results would indicate that when the Group II subjects
were shifted to the random conditions they, instead of attending over
the entire foreperiod, appear to have retained their previously learned
strategy of estimating those median intervals upon which they had
received so much prior practice under the fixed conditions.

The fact that what is learned under prior fixed foreperiod

conditions might influence performance under the random conditions has
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been generally ignored by investigators of foreperiod effects. This
has fostered attempts to explain the shape of the performance curves
obtained under the random conditions in terms of the séquential
effects of immediately preceding foreperiod lengths (Klemmer, 19563
Karlin, 1959). This will also be discussed in greater detail in the
final chapter of this thesis.

In summary, “he results of this experiment seem clearly to
support the view tha® under the fixed foreperiod conditions the subjects
developed an attentive strategy as described by the "accuracy of time
judgement” hypotﬂesis; whereas when the subject's first introduction to

~the recognition task involved the use of random foreperiods, an
attentive strategy similar to that described by the "attention-distraction"
hypothesis was adopted. However, when practice on the‘fixed foreperiod
conditions preceded the presentation of the random foreperiod conditions,
instead of adapting to these foreperiod conditions in the manner
described by the "attention-distraction" hypothesis, the subjects, in
this case, retained ‘their old strategy of estimating those foreperiods
of the random conditions on which they had received so much prior
practice under the fixed foreperiod conditions.

The second'experiment to be described in this thesis was carried

out to investigate in a more direct manner the development of a time

Jjudgement strategy.



CHAPTER FOUR

EXPERIMENT II

This second experimént attempts to investigate more directly
how attention develops within a foreperiod by utilizing a probe
technique. Specifically in this experiment, subjects, after receiving
practice under a fixed foreperiod, are presented a number of probe
trials in which the stimuli to be recognized are presented prematurely.
If the subjects should adopt an attentive strategy as described by the
"attention-distraction" hypothesis, one would expect not only that
performance on the probe tria;s would be better than that obtained on
‘the 1ongef»regular practice foreperiod but that the shorter the
interval between the warning signal and the probe, the better the
performance. This, because the shorter the interval between the warning
signal and'stimulus presentation, the less likely it is that & dis-
tracting stimulus will have occurred. However, if the subjects should
adopt an attentive strategy as described by the "accuracy of time
judgement" hypothesis and thus estimate the length of the foreperiod
used for practice, one would expect that pe;formance would be superior
on that foreperiod compared to performahce on the probe trials. In
- fact, it would be predicted that the closer the probe was to the expected .
moment of presentation, the better the performance. |

In view of this difference in the points of time where the
subjects are assumed meximally attentive a probe technique should
provide further information on the use of such strategies under fixed

foreperiod conditions.
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METHOD

Subjects
The subjects in this experiment were two experimentally naive
undergraduate students; one male (J.P.) the other female (L.P.), both

were 19 years of age and had good, uncorrected vision.

Apparatus and Stimulus Material
The stimuli t> be recognized, as well as the apparatus used to

present them to the subjects, were identical to that used in the

previous experiment.

Experimental Design

As in Ebcperimént I, a within-subjects design was employed. The
subject's task was to simply identify which one of the two test stimuli
had been presented during a brief exposure and to register his choice
by pressing the appropriate response button. The subject received no
feedback as to whether his choice was correct.

Each subject was first practiced under a four-second fixed
-foreperiod until an exposure duration for the two recognition stimuli
was found which yielded a relatively stable performance level of between
75 to 80 percent correct recognitions. Test stimuli exposure durations
of 8.5 and 9.5 milliseconds were found for L.P. and J.P. respectively.
Following this, each additional 1000 trials of practice on this fore-
period length was separated by the investigation of a probe s.cA-:’r_ies of

either 1.0, 2.0 or 3.0 seconds... A probe series was such that within s



given block of trials, five percent had the recognition stimull
presented prematurely ét either 1.0, 2.0 or 3.0 seconds after the
warning signal; the remaining 95 percent were regular four second
foreperiod trials.

One subject (J.P.) received the probe series in the.order of
1.0, 2.0 and 3.0 seconds. The other subject (L.P.) received the
probe series in the reverse order. TFor both subjects each of the three
probe series was séparated by approximately 1000 practice trials under
the regular four second Tixed cond}tion.

Procedure

Both subjects were read the'same-instructions as were read to
‘the subjects of Experiment I. Each subject was run two sessions a day,
each session lasting approximately three-quarters of one hour.

Under the practice conditions each subject was given 200 trials
per session until approximately 1000 trials under the four second fixed
-foreperiod were completed. Each 200 trial-block consisted of egqual
numbers of left and right stimuli presentations randomized throughout
with the restriction that no more than four presentations of the same -
recognition stimulus could occur in a row. There were four different
blocks of 200 trials used in this experiment, each having a differént
randomization of left/right presentations.

Under the probe series, ten of the 200 trials per session were
premature presentations of the test stimuli at either 1.0, 2.0 or 3.0
seconds following the warning signal. Five of the ten were triéls on
which the left stimulus was presgnted and five were right stimulus

presentations. The position of each of the ten probe ﬁrialS'within a
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given trial-block was determined by random selection. Once the
positions were selected, however, they remained constant for the
particular trial-block throughout the entire experiment. Both subjects
‘received approximately 2000 trials on each of the three prdbe'conditions:
of which 100 trials involved premature presentations.\ |
The percenteages of corréct identifications made under the
regular 4.0 second fixed foreperiodlof both the three practice sessions
and the three probe series (95%) were calculated and compared to the
performance level obtained on each of the three types of probe trials
(5%). Also calculated were the number of errors made on three trials

preceding and following a probe trial.

RESULTS

Tablei[fIshows the percentages of correct identifications made
under each of the thrze probe series by the two subjects in this
experiment, It is quite clear for each probe series that the perform-
ances obtained under he probe trials are inferior to those obtained
under the four-second foreperiod trials. In order to determine whether
the poor performance under the probe trials.might be due to the position
of such trials among the four-secénd foreperiod trials of the probe
series, the performance under the four-second fixed foreperiods_of each
~ practice session was parceled into two part;; the percentage of correct
identifications when such a fixed foreperiod occupied a regular fore-
period position and when it would have occupied the position of a probe .
trial in a probe series. This was possible since, as,deséribed'in the

method section, the same recyclinélsequences of test stimuli presentation



The Actual Percentages of Correct Identifications made on the Four-
Second Foreperiod Trials as well as on the Probe Trials of each of
the Three Probe Series for each Subject. ‘ .

.TABLE ITT

Subject J.P.

Probe Total Number Percent Correct
Series ~ Presentations (N)
Four-Second  Probe Four-Second Probe
Foreperiod Trials Foreperiod Trials
1 sec. . 2850 150 77 33
2 sec. 1425 75 81 52
3 sec. 1520 80 84 66
Subject L.P.
1 sec. 2470 130 79 36
2 sec. 1900 100 86 L8
3 sec, 1900 100 80 55
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were used in both the practice and the probe series, what were probe
trials in the latter case were regular four-second fixed foreperiod
trials in the former case., Table IV indicates guite clearly that the
performances obtained under the four-second fixed foreperiods in both
positions (regular and probe) for each practice series are almost
identical, thus indicating that the randomly selected probe positions
were a representative sample of the whole. .

It can also be noted from Table I that the performance levels
obtained under the 1.0-second probe trials are below what one would
expect by chance. Since there were but two possible stimuli to be
recognized and only one could be presented on any one trial, one Would
expect by chance a fifty percent level of correctridentifications. The
fact is, however, that on a relatively large proportion of the probe
trials the subjects missed the test-stimulus presentations completely
and failed to make any responses. This occurred in spite of the fact
that the subjects had been instructed to guess when they were not sure
of the identity of the test stimulus presented on any partiéular trial.
Table V presents for both subjects the numbers of errors made on the
probe trials of each of the three probe series that were misses as
opposed to incorrect identifications. It should be noted that the
proportion of the errors that are misses decreases as the length of
the foreperiod on a probe trial approaches that of the four-second
foreperiod, Specifiecally, for the 1.0, 2.0 and 3.0 second probe series
respectively the following percentages of the error that were misses
were obtained for the subject J.P.: L40%, 39% and 30%, for the subject

L.P.: W7%, 31% and 20%, and for both subjects combined: 43%, 349 and
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TABLE IV

The Percentages of Correct Identifications made under the Four
Second Fixed Foreperiod when it occupied a Regular Trial Position
as well as when it occupied a "Probe Trial" Position on each of
the Three Practice Sessions for each Subject.

Subject J.P.

Practice Total Number Percent Correct
Session Presentations (N) Four-Second Foreperiod
Regular Probe Regular Probe
Position Position . Position Position
1 1045 55 68 67
2 950 50 79 78
3 1045 55 8L 82

Subject L.P.

1 760 . ho 72 73
2 950 50 83 8h
3 950 50 81 80




93

2L%. However, in the case of the four-second foreperiod trials of the
three probe series combined, the total ﬁumbers of misses occurring on
such trials were less than one half of one percent for either subject.
Table V also shows, for each of the three probe series, an

.adjusted percentage of correct identifications made on the probe trials
for each of the two subjects in this experiment. This adjustment is
based on thé assumption.that had the subjects responded on the missedv
- trials one could expect that they would have correctly identified, on
the basis of chance alone, the test-stimulus presented on half such
trials. Thus, usidg the total number of probe trials presented on a
given probe sefies, but adjusting the number of correct and iﬁcqrrect
responses by the addition of this assumed chance performance on:the
missed presentations, the adjusted percentages of correct identifications
that are reported in this table‘were calculated. Even when the misses
are accouﬁted for in this manner the adjusted percentaées of correct
identifications made on the probe trials of a given series are still
much lower than the percentages made on the four-second foreperiods
trials of the same probe series (Note Table I). Statistical tests also
indicate that when such an adjustment is made, the total numbers of
correct identifications (actual numbers corfect plus the numbers assumed
correct if the subjects had respond to the misses) on the 2.0 and 3.0
second probe series for subject J.P. differed significantly (.05) from
the fifty percent level of correct identifications expected to occur
by chance, whereas none of the performance levels on the three probe
series for subject L.P. differed significantly from chence.

In order to determine whether the presentation of a probe trial

a

had eny effect on the performances on the regular four-second foreperiod



TABLE V

The Number of Correct, Incorrect and Missed Identifications made
under the Probe Trials on each of the Three Probe Series by both
Subjects, as well as the Percentages of Correct Identifications
Adjusted by Assuming that had the Subjects responded on these
Missed Presentations they would have correctly Identified Half
such Trials by Chance.

Subject J.P.
Probe Total Number of Errors Adjusted
Series Number Number Number Number Percent
Probes Correct Incorrect Missed Correct
1 sec. 150 Lo 61 Lo L6
2 sec, 75 39 22 | 1k 61
3 sec. 80 53 19 8 71
Subject L.P.
1 sec. 130 W7 hly 39 51
2 sec, 100 48 36 16 56
3 sec. 100 55 36 9 60

Subjects J.P. and L.P.
1 sec. 280 96 105 79 48
2 sec. 175 87 58 30 58
3 sec. 180 108 55 17 65
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trials immediately following it, the number of errors made on the three

four-second forepericd trials immediately following a .probe *trial was
compared to the number of errors to be made on the thi-ee regular trials
immediately preceding it. Such & comparison was made since there was
no reason to expect that a probe trial could influence the performances
under the three trials preceding it, whereas this was not true for the
three trials followirg it. One might expect, for example, that the
probe presentation could "throw off" the subject's timing such that
his anticipation of the regular presentations immediately following
would suffer; on the other hand, it could conceivably sensitize the
subject so as to make him moz;e attentive on the trials immediately
following, Table VI summarizes this ané.lysis. It should be noted that
not all the probe positions were included in this analysis, since there
were a number of probe positions (15%) which due to random selection,
were either not separated far enough in the recycling sequence or
occurred at the beginning or end of the sequence such that there were
‘less than the required three regular four-éecond forepériod trials
preceding or following the probe position. Only those probe positions
separated by six or more regular trials were analyzed. It can be seen
from Table IV that although in certain cases the first of the three
trials following a probe yields the largest number of errors for that
group, there are certain features of the data which when taken into
account would indicase that the effect of a probe trial on the regulaxr
trials immedia.tei.y following is negligible ~ if there is an effect at
all. The numbers of errors made on the first trial of the three.

following trials on any given series are no greater, in most cases,

|
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TABLE VI

The Number of Errors Made on each of Three Regular Four-Second
Foreperiod Trials Preceding and Following a Probe Trial of a
Particular Probe Series by Subjects J.P., and L.P.

Subject J.P.

Probe Number of Errors

Series Three Trials : Three Trials
Freceding Following
3rd 2nd 1st (Pr.) 1st 2nd 3rd

1 sec. 2¢ 3k 22 35 31 3k

2 sec. . 15 12 11 . 13 - 8

3 sec. 5 15 15 17 7 13

Total L3 64 49 63 51 55
(156) (169)

Subject L.P.

1 sec. 20 30 25 25 2h 2L
2 sec. 10 15 17 13 9
3 sec. 18 21 20 19 17 15
Total 5. 61 60 61 sh- 48

| (173) ‘ (163)
Subjects 95 125 109  12h 105 103
J.P. % L.P.

(329) (332)

N
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than the numbers occurring on some of the individual trials preceding
the probe., In addition, the total numbers of errors on the second
trial preceding the probe for the two subjects both individually and
combined are practically the seme as the total numbers of errors on the
first triel following., Also the total errors on the trials preceding
(320) and on the trials following (332) a probe presentation for both
subjects combined are not significantly different. These results,
together with the chance performance levels on the one-second probe
series for J,P. and on thg one, two and three second probe series for
L.P., would indicate that the probe trials are not only ineffective in
influencing performance on the immédiatéLy following four-second fore-
period trials but are themselves, to a degree, ignored. Although there
is a tendency for the number of correct identifications on the three-
‘secnd probe series to approach the four-second foreperiod performance,
the impressive point is, in fagt, the great difference in the two
performance.levels. For éxample, the combined performance level on the
probe trials for both subjects under the three-second probe series is
65 percent - if one assumes that had the subjects responded on the
missed probe trials they would have gotten half of such trials correct
by chance - whereas, for the four-second foreperiod trials involved in
this probe series the percentage of correct identifications is in the
low eighties. A one second difference in presenting the test sfimuli
prematurely results in approximately a twenty percent decrease in

performancte.
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DISCUSSION

The results of Experiment Ii, like those obtained on the fixed
foreperiod conditions of Experiment I, are clearly what one would
expect had these subjects acquired an attentive strategy having its
basis in the regularity inherent in the four second fixed foreperiod
practice condition. The continued use of an attentional responée,
acquired to this temporal interval during practice, would account for
- the obvious superiority of the performance observed under the regular
foreperiods aftef the subjects were shifted to a given probe series.
The subjects appear to have estimated the four second.foreperiod in
order to be maximally attentive when they expected the regularv
presentation to occuf. Such a "time judgement" strategy would not
only account for the relatively large numbers of misses observed on
the probe trials as compared to the negligible numbers observed on the
four-second foreperiod £rials, but also the fact that the number of
misses descreased as the foreperiod length of the probe trials
.approached that of the anticipated four-second foreperiod.

It is interesting to note just how precisely the subjects
adapted their attentive behaviour to this temporal condition.
Although performance under the probe trials improved, as evidenced by
increases in the number of correct responses and decreases in the
number of misses as the probe foreperiod approached that of the length
of the regular foreperiod, it is, even under the longest probe fore-

N

period vastly inferior to the performance Sbtained under the regular

four second foreperiod.



CHAPTER FIVE

SUMMARY STATEMENTS OF RESULTS AND DISCUSSION

In this final chapter the main results of these experiments
are presented as a series of brief summary statements and their
implications are discussed as they relate’to the development and use
of attentive strategies in this and other experimental tasks, such as
those of reaction time, tachistoscopic letter-sequence recognition and E
sensory threshold determination, in.all of which various foreperiod

arrangements have. been studied.,

Summary Statements of Results

1. Recognition performance on this tachistoscopic task is found
to be influenced by “shree foreperiod variabies in the following manner:

(2) Foreperiod length. Recognition performance under fixed fore-
periods as well as the averaged performance under random foreperiods is
a function of the absolute length of the foreperiod investigated. The
shorter the foreperiond, the better the recognition score. This same
relationship also holds for the foreperiods making up a random fore-
period when the random condition is the one first presented. When the
fixed conditions are presented first, the performance curves for the
foreperiods making up a random foreperiod display a well defined context
effect. (Experiment I)

(b) Toreperiod variability. Performance under the fixed fore-
periods ié‘superior ‘to that obtained under those foreperiods iq the
random condition having the'same,mean length, (Experiment I)

-
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(¢) Order of foreperiod presentation. If a subject has performed
under the fixed foreperiods prior to his receiving the random condition,
his performance is optimal under those foreperiods in a random set
which are close to the length of the foreperiod of the preceding fixed
condition and less gcod under both the longer and shorter foreperiod
lengths. (Experiment I)

On the other hand, when the random foreperiod condition
precedes that of the fixed, ﬁerformance under the foreperiods making
up the random set is related to their absolute length as in (a) above.
This relationship is adeguately described by a straight line.
(Experiment I)

If4a subject is given extensive practice under & particular
fixed foreperiod prior to receiving additional numbers of these regular
trials mixed with occesional foreperiods o% shorter léngths, perform-
ance on such short foreﬁeriods.or probe trials is not only inferior to
that obtained on the regular trials, but little different from what
one would expect by chance. (Experiment II)

2. Performance uader random foreperiod conditions seems unaffected
by any systematic sequential effects; that is, performance on any given
trial is independent o the length of the foreperiod on the trial that
precedes it. (Experiment I)

3. When a small number of short foreperiod (probe) trials are
randomly dispersed amor.g regular trials with a longer fixed foreperiod,
then a given probe trial:

(a) has no effect on the performance obtained on the three

regular trials immediately following it.
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(b) 1is missed completely a much greater proportion of the time than
when such a trial, in the same location within the recycling ;equence,
is of the regular foreperiod length. The proportion of misses is
inversely related to the foreperiod length of the probe;

(¢) 1is responded to correctly more often as its length

approaches that.of‘the regular foreperiod. (Experiment IT)

Discussion

The results of the experiments reported in this thesis suggest
that when subjects are confronted with a situation in which the task
is one initiated_by a warning signal, the observed performances
appear to depend upon certain experimental conditions. For example,
when subjects are required to perform the recognition task under the
fixed foreperiod condition, the resulting performences are suggestive
of an adaptation approppiate to the inherent regularity characteristic
of such a condition. On the other hand, when the subjects' first
introduction to the task is such that it involves random foreperiods,
the resulting performence curves suggest an adaptation appropriate to
the 1engtﬁ'of the foreperiods being investigated. Although such
results demonstrate that subjects can, andsdo, adapt in a manner
appropriate to the varibus foreperiod conditions under which they must
operate, other results also provided by these experiments indicate that
subjects will sometimes demonstrate a mode of responding that is
apparently more appropriate to another type of foreperiod condition
other than the one they are confronted with at that time. For;example,
the performance of the subjects.under the random foreperiods, after

this condition had been preceded by the fixed condition, is surprisingly
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unlike that observed when the random foreperiods are the initial
condition. In this case, the observed performance is not solely a
function of the absolute length of the random foreperiods but similar
to what one would expect had the subjects continued the mode of
responding that had cdeveloped under the prior fixed condition.

In this gection the author will attempt to interpret the
foreperiod effects demonstrated in these experiments_in terms of
. possible attentive strategies that subjects appear to develop when
exposed to the various foreperiod conditions. Such strategies are
hypothesized to be the results of a perceptual learning process involving
the gradual acquisition of attentional responses to the warning interval.

In Experiment I, the data obteined under the random foreperiod
conditions for Group I subjects, that is, those who received this
condition prior to receiving the fixed, might well be interpreted in
terms of those subjects having acquired an attentive strategy like that
described by the "atitention-distraction” hypothesis. According to this
hypothesis the subjects~are assumed to be attentive with the greatest
effectiveness immediately on the occurrence of the warning signal for
it is assumed that as the foreperiod increases in lenéth, the more likely
it is that a distracting stimulus will have occurred during the foreperiod.
That the largest numoer of correct identifications of the test stimuli
do'in fact occur under the shortest random foreperiods, is ce;tainly
in keeping with an attentive strategy in'wﬁich effectiveness is determined
primarily by the absolute length of the foreperiod .rather than the pre-
dictability of its length from one trial to the next. Further evidence
suggesting that Group I subj;cts.had acquired aﬁ attentive strategy like

that described by the "attention-distraction" hypothesis can be deduced
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from the performance on the individual foreperiods meking up the three
random foreperiod sets., The results show quite clearly that the shorter
the foreperiod, the lerger the number of correct identifications that
are made, regardless of the mean length of the random.set within which
.a particular forepericd is located. This relationship between per-
formance and forepericd length is what one would expect had the subject
adopted the strategy described above. This strategy's emphasis on
length leaves no room fof the context within which a foreperiod is
located to have any effect on performance.

When the "attention-distraction" hypothesis was first formulated.
by Lake and Newbigging it was to account not only for the effects of
random foreperiods on tachistoscopic recognition thresholds but for the
effects of fixed forepsriods as well. This was reasonable in view of
their finding thatlrecognition thresholds under the 2.0, 4.0 and 8.0
second foreperiods of the fixed and the random conditions not only
varied in the direction bredicted by this hypothesis, 5ut were also not
different for a given 1"ixed foreperiod and its corresponding random set.
This was not the case, however, in my first experiment. Although the
relationship between performance and foreperiod length under both the
fixed and the random conditions was in the direction predicted, perform-
ance under the fixed fcreperiods was found to be consistently superior
to that obtained under the random foreperiods of the éame mean length.
This superiority of the fixea foreperiods is observed for Group II as
well as Group I subjects. |

It is also observed that for Group I subjects the number of
correct identifications made under a fixed foreperiod of a given length

was larger than the number made under a foreperiod of the same length
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when it was one of seven making up a random set.

This superiority of performance observed under the fixed fore-
periods cannot be accounted for in terms of an attenti&e strategy
based on the "attention-distraction" hypothesis. Since this hypothesis
claims that it is the absolute length of a foreperiod on any given
presentation that is crucial in determining performance and not the
context in which it is contained or its predictaﬁility (regularity)
from presentation to presentation.

It is the author's contention that when the foreperiod is fixed
the subjects develop & different attentive strategy; one that is
similar to that described in Treisman's (1958) "accuracy of time
judgement" hypothesis in which subjects are assumed to make use of the
warning signal as & temporal reference point in order.to estimate the
arrival of the critical stimulus presentation. RThat the subjects do
indeed learn to use the regularity inherent in successive presentations
of a fixed foreperiod is evidenced by a mode of responding which‘is
maintained even when the subjecfs are shifted to conditions involving
different foreperiod arrangements, for example, as-whgn shifted from
fixed foreperiods to random foreperiods. Evidence of this nature is
derived not only from Experiments I and II, but from a reaction time
study carried out by Mowrer (1940) as well.

In Experiment I, the shape of the performance curves for the
seven foreperiods meking up the three random foreperiods for Group II
subjects differs merkedly from the shape of the curves obtained for
Group I subjects. Now, the Group II subjects prior to performing under
these random conditions had received the fixed foreperiods. During the

extensive practice which occurred on the fixed foreperidds these subjects
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could be assumed to have acquired on attentional response to the
particular temporal intervals concerned, such that when shifted to
the random conditions they still maintained this strategy of being
‘maximally attentive on those foreperiods close in length to those
foreperiods encountered under the fixed condition.

This would account for the fact that of the seven foreperiods
comprising a random foreperiod set, it is the median foreperiod and
the next slightly longer one which yield the largest percentages of
correct identifications; in fact, the percentages of correct identi-
fications obtained under the median foreperiods of the three random
sets for the Group II subjects combined are almost identical to the
percentages found whan foreperiods of the same length were fixed from
trial to trial. It should also be noted that the best performances of
all are generally obtained, under this random condition, on the fore-
periods just slightly 19nger than the median ones, thus indicating a
slight overshoot on the part of the subject. That is,'his attentiveness
builds up to an optimum by the éxpected moment of stimulus presentation,
is maintained, and then drops off. If this is the time course of
attention then the finding, that those foreperiods which were shorter
or longer yielded progressively poorer performances, would be predicted.

The results of Experiment IT, in which subjects were given
extensive.practice cn a k.0 second fixed foreperiod also suggests that,
in view of the poor performance on the proﬁe trials as assedsed in terms
both of the numbers corfect and the number of misses, the subjects did
not become attentive until near the end of the foreperiod on which they

" had been overtrainéd.



Data similar in nature have also been reported for reaction
time. In 1940, Mowrer carriéd out an experiment on reaction time in
which subjects were first given practice on reaction tones at a
constant interstimulus interval of 12.0 seconds. Following these
preliminary practice trials, each subject received a test condition
in which dispersed in a balanced random order among trials having the
same constant interstimulus interval as was used in the practice
condition, were eight test intervals having a range of 21 seconds
(3 to 24 seconds) and differing from one another in three second steps.
(This experiment has been described in detail on page 54 of the
Historical Review of this thesis.) The average reaction times of all
subjects on these eight test interstimulus intervals were calculated.

When reaction times were plotted as a function of the length
of the interstimulus interval the resulting perfaﬁmance curve was very
similar in shape to the three obtained when the percentages of correct
identifications were plétted as a function of the length of the seven
foreperiods meking up each of the three random foreperiod sets, for
Group IT subjects. Reaction tiﬁe on the 12,0 second test intervai was
not only the fastest, but the same as that obtained on the 12.0 second

interval when it was the standard. As the test intervals varied below
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and ebove 12.0 seconds, the average reaction time increased progressively.

These results are not surprising in view of the fact that in
both the tachistosecopic recognition task and the reaction time task the

subject has the same requirement - to be attentive at the moment the

stimulus is displayed. Newbigging (1970) has provided empirical evidence

of the similarity of these tasks by showing that practice on reaction

time transfers positively to tachistoscopic recognition when the same

|
|
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foreperiod is preserved in both tasks. It is our contention that when
such tasks involve fixed foreperiods subjects learn to make use of the
regularity inherent in such a situation in order to assure that they
will be attentive with maximum effectiveness at the right time., The
. evidence cited above is meant to show that subjectsAdo,'in fact, meke
use of the regularity in order to anticipate the arrival of the
critical stimulus and be maximally attentive at the expected moment of
presentation. |

Such an hypothesis accounts for the poorer performance as the
length of the fixed foreperiods increases in terﬁs of the subjects being
unable to estimate the longer time intervals as accurately as the
shorter intervals (Woodrow, 1930). Since the accuracy of estimation
would be expected to decrease as the foreperiod length increases, the
subjects are less likély to be maximally attentive at the right time on
the longer foreperiods.‘

However, why this attentive strategy, developeé under conditions
where the foreperiod lengths are uniform from presentation to presentation,
should result in a superior performance to that resulting from a continuously
maintained attention strategy, seemly developed when a random foreperiod
condition is administered first, is a question for which there is no
empirical answer. Thus, the following attempt at pro?iding an answer
is of necessity highly speculative. |

It may well be that under the extensive practice provided on a
given fixed foreperiod, the attentional response becomes very strongly
conditioned to the temporal iﬁterval, such that, as soon as the expected
moment of stimulus presentatibn.occurs, the subject-becomes maximally

attentive. Such a highly conditioned attentive response might have one
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of two effects on reduéing a subject's suscgptibility to distraction,
either of which would apcount for the supe;ior perforﬁance under the
fixed foreperiods. It could be that extraneous stimuli occurring within
the temporal interval do, in fact, distract the subject. However, unlike
in the case of the "attentional-distraction" hypothesis where a dis-
traction is assumed to be gble to disrupt attentiveness, the distract-
ion in this case is ineffective because at the expected moment of
stimulus presentation the attentional response is 'so strong that the
subject is in effec@ pulled back to his task. On the other hand, one
might hypothesize that somehow the effectiveness of an estimation
strategy lies in reducing the capacity of an extraneous stimulus to

act as a distractor. One might assume that the attentional respohse to
the temporal interval is so strong, that is, attention becomes so
strongly associated with the.plaqe the visual stimulus is to be displayed
at the moment the presentation-is expected, that extraneous stimuli lose
their ability to attract the subject's attention. Thus, one alternative
is that distracting stimuli are of no consequence to the successful
performence of thevtask, the other is that extraneous sfimuli are less
likely to be distracting. As stated gbove, such alternative explanations
at this stage are purely speculative.

In summary, it would appear~tﬁat under the fixed foreperiod
conditions of these experiments the subjects do develop an attentive
strategy as described by the "accurgcy of time judgement" hypothesis.
Accordingly, the.subjects learn to make use of the regularity inherent
in this foreperiod condition in order to be maximally attentive at the
expected moment of stimulus presentation. However, probebly the most -
.interesting finding was that upéﬂ ﬁeing shifted to the random conditions,
as were theAGroup II subjec£s in Experiment I, or placed in a probe

1 -
-
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situation, as were the subjects in Experiment II, these subjects
continued to use this previously learned strategy by anticipating
those foreperiods which were of'the same length as those upon which
they had received so much prior practice under the fixed foreperiod
condition, .

This fact, that what is learned under prior fixed foreperiod
conditions might influence performance under the random foreperiod
conditions, is not only an important one, but one which has generally
been ignored by investigators of foreperiod effects. This has fostered
attempts to explain the shape of the performance curves obtained under
the random conditiéns in terms of the sequential effects of preceding
foreperiod lengths. Karlin (1959), for example, carried out an
experiment in which he observed the effect on reaction time of 0.5, 1.0,
2.0 and 3.5 second fixed and random foreperiods. Each of the random
foreperiods comprised three foreperiods; the median foreperiod corres-
ponded to one of the foreperiods of the constant condition, while the
other two foreperiods were either 20% above or 20% below this median.
Karlin analysed the reaction times obtained on each of the three fore-
periods making up a random foreperiod condition and reported that the
-shortest foreperiod yielded the slowest RTs, whereas, the median and
longest foreperiods yielded the fastest reactions. Karlin then
attempted to explain the resulting curves in terms of the effect upon
reaction time of the length of the immediately preceding foreperiods.
He postulated, as did Klémmer (1956) that if a short foreperiod were A
preceded by a long one, the subject is likely to be caught "napping" and

this would have an adverse effect upon RT. On the other hand; a long
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foreperiod preceded by a short one should yield faster RTs, since

the subject, influenced by the short foreperiod, would get ready more
quickly and stay ready longer. In this way, the consistently longer
RTs obtained under the shortest foreperiods of the random foreperiods
‘might be due to the fact that the shortést foreperiod wes preceded
more often by the longer foreperiods.

However, a closer look at Karlin's performance curves reveals
“that they have features which, in view of the results of the experiments
reported in this thesis, suggest that their shape might be accounted for,
at least in.part, in termé of what was learned on the fixed foreperiods.
First, out of a total of eight curvesl three had the fastest reaction
times occurring on trials with the median foreperiods. Secondly, the
RTs obtained on these median foreperiods were very similar to tLe RTs
- obtained on the corresponding fixed foreperiods. For example; in the
first experiment carried out by Karlin the median foreperiods of 1.0,
2.0 and 3.0 seconds yielded RTs of 256, 273, and 274 milliseconds res-
pectively, as compared to the résPective'fixed RTs of 256 millisec.,

271 millisec., and 280 milliseconds.

These features of the performance curves are very similar to
the features of the performance curves for the seven foreperiods meking
up each of the random foreperiods obtained from~Group IT subjects in
Experiment I of this thesis. These subjects had received the fixed

foreperiods prior to the random conditions. From Karlin's Procedure

1. Karlin repeated the original experiment changing only the
duration of the warning tone from 0.1 sec. down to .03 sec. and
increasing its intensity from 33 db up to 49 db.
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Section it can be noted that four subjects received the foreperiod
conditions in the order, FRFRF, and the remaining four in the order,
RFRFR. Thus it may ﬁell be that under the fixed foreperiods the -
subjects had learned to make use of the regularity inherent in this |
condition in order to be maximally attentive at the moment of the
reaction stimulus, and that when shifted to the random condition
continued to use this strategy. As a result performance on the
median foreperiods would be close to that obtained on the corresponding
fixed foreperiods whereas performance on the shortest and longest fore-
periods would tend to be poorer than the performance on this median
foreperiod. In fact, the superior performance that sometimes occurs
on the longest of the foreperiods, the one immediately longer than the
median, could be accounted for if it were assumed that'due to a subjectis
inability to estiﬁate the median foreperiod length precisely, he tends
to maintain his high degree of attentiveness until he is satisfied the
median foreperiod is ovér. The point is, however, that while Karlin has
attempted to account for such performance curves in terms of expectancies
set up during successive presentations of the varying foreperiods,
another iﬁterpretation is at least possible. It is that learning on one
type of foreperiod condition may have influenced the manner in which a
subject performed on the other type of foreperiod.

On the other hand, considering some, of the results of these
experiments and those Qf others reviewed in this thesis, there seems
good reason to believe that attentive behaviour is, in many cases, adﬁp-
tive to the particular foreperiod conditions under which a subject must
operate. Indeed, if attentional‘responses are to e considerea, as

Newbigging (1965) has proposed, the mechanism which mediates the changes
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in stimulus-response correlations observed in judgemental tasks_they
ﬁould of necessity have to be adaptive in order to account for the
facts of perceptual learning and transfer. In the two experiments -
presented in this thesis, the performance on the tachistoscopic
recognition task employed would suggest that subjects do learn to meke
use of the regularity inherent in a fixed foreperidd situation so as
to be maximally attentive at the expected moment of test stimulus
presentation. Likewise, if subjects are presented with a randomly
varying foreperiod situation as their first introduction to foreperiods,
their performance would suggest the adoption of a different attentive
strategy, one of being attentive from the occurrence of the warning
signal until the test stimulus to be recognized is presented.

The problem is, as stated elsewhere in this discussion,.that
when the subjects.are shifted ffom a fixed foreperiod situation to a
random foreperiod situation they appear to retein their old strategy of
attempting to estimate those foreperiods of the randomization which are
close to those foreperiods experienced under the prior fixed condition.
Why such a time judgement strategy is retained is, at this point, a
matter oflépeculation. However, part of the answer may be that during
the fixed foreperiod practice attentional fésponses becomes very strongiy
conditioned to the relevant temporal intervals such that when confronted
with the random foreperiod condition the subject, rather than expend
 the additional effort assumed to be required in order to attend over
the entire range of foreperiods of a random-condition, is content merély
to anticipate those intervals close to those on which he has had so

much prior practice. ‘ .. .
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Regarding attention from this point of view it would be
important to obtain information as to how precise this adaptation of
the attentional response is. Such information might, for example, be
obtained from noting changes in the shape of the performance curves
as the foreperiods making up a random set are moved closer around a
prior practiced fixed foreperiod. Instead of 2.5, 3.0, 3.5, h.Q, 4,5,
5.0, and 5.5 second foreperiods one might use 3.7, 3.8, 3.9, 4.0, k4.1,
4.2, and 4.3 second foreperiods. One might also gain information of
how this precision is built up by varying the amount of practice a
subject receives on & prior fixed foreperiod: It is questions such as
these which may sefve to guide further research on the role of attentive

strategies in tasks initiated by a warning signal.
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The Following Tables Present the Number of Correct Identifications
made by Each of the Group I Subjects, G.S., W.S., B.S. and R.S.
_from Session to Session on each of the One-half, One, Two and

Four Second Fixed Foreperiods. .



The Number of Correct Identifications per Session made by G.S. on each
of the Four FIXED Foreperiod Conditions. Each Session consisted of

100 Trials.

Session

= w

O @ I o WU

10
11
12
13
1L

" 15

TOTAL (1500)
Percentage

Presentation

Order

.5-1-2-L

2-,5-1-4
2"1"','"- 05

1-2-4-,5

b-.5-1-2°

4-1-2-.5
4.2.,5-1
2-1-.5-4
1-4-,5-2
2-k-1-.5
4-1-.5-2
.5-1-2-l
k., 5-2-1
h-2.,5-1

.5=l-1-2

Number Correct
Foreperiod (Seconds)

5

72
81
73
71
78
76
81
80
82
85
83
89
86
70
92

1202

80%

(3)

1

64
89
68
81
78
7h
. T
72
8L
7
76
83
81
66
86

1150
7%

(3)

2

61
90
68i
80

7
68

66

71

80
75
68
80
8
68
79

1109
WY

(7)

1001
67%
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The Number of Correct Identifications per Session made by W.S. on
each of the Four FIXED Foreperiod Conditions. Each Session
consisted of 100 Trials.

Session Presentation Number Correct
Order Foreperiod (Seconds)
| .5 1 2 L
1 2-1-.5-4 89 87 86 77
2 ho1-2-.5 89 88 87 79
3 .5-1-4-2 87 88 87 87
L 1-2-4-.5 oL 90 85 78
5 h.2-1-.5 | 98 96 92 90
6 1-2-.5-l4 90 88 86 81
7 2-.5-4-1 97 9% . 9k 89
8 1-.5-4-2 ' | ol 90 87 83
9 .5-1-2-4 | oL 89 86 83
10 4-2-1-.5 92 87 .83 70
TOTAL (1000) 1 921 899 873 817

Percentage 92% 90% 87% 82%
2 . (3 (5



The Number of Correct Identifications per Session made by B.S. on

each of the Four FIXED Foreperiod Conditions.

consisted of 100 Trials.

Session

O @ = o\ F w

10
11
12
13
14

TOTAL (1400)
‘Percentage

Presentation.

Order

h_2-1-.5
4.2-1-,5
.5-1-2-k
.5=1-2-L
2-.5-h;1
1-.5-4-2
1-,5-2-k
.5-1-4-2
h-z-l-;5
.5-1-2-k
1-k-2-.5

2-1-.5-4

2-4-,5-1

-5-2-l-1

Number Correct
Foreperiod (Seconds)

5
79
85
8L
20
82
95
79
88
89
76
86
82
88’
92

1195
85%

(5)

1
76
85
78
85
79
85

.76
82
79

70 °

82
78
8l
87

1126
80%

2
76
83
75

77

68
7
71
72

17

65
75
69
77
83

1045

(5)

75%

FEech Session

L
67
76
69
72

6o

(7)

73
66
61
68
60
h
61
66

79

952

68%
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The Number of Correct Identifications per Session made by R.S. on
each of the Four FIXED Foreperiod Conditions.

consisted. of 100 Trials.

Session

F w

O 0O N o W

10
11
12
13
14
15

TOTAL (1500)
Percentage

Presentation

Order

4-1-,5-2
4-1-.5-2
.5-1-2-h
.5-1-2-4
b-2-1-.5
1-.5-2-4
2-4-1-.5

1-.5-2-Y

1-2-4-,5

; )-I--2-l- . 5

2-4-1-.5
h-1-.5-2
2fh-.5-1
2-4-,5-1

. 5-&-2-‘1

Number Correct
Foreperiod (Seconds)

S

79
8l
76
70
85
77
72
79
8L
78
81
76
8
71
79

11166

78%

(6)

79
72
69

s
71
72
70
-
73
76

T2

72
75

1085
2%

73
70
66
62
69
66

70

63
69

63
65
71

- 1004

(5)

64

Bach Session

(7).

i
67
61
57
55
61

59
63

65"
55

60
68
53
57
61
65

907

60%
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The Following Tables Present the Number of Correct Identifications

made by Each of the Group IT Subjects, J.B., S.B., A.B. and A.A,

from Session to Session 6n each of the Two, Four and Eight Second

Fixed Foreperiod,
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The Number of Correct Identifications per Session made by J.B. on
each of the Three FIXED Foreperiod Conditions. Each session
consisted of 100 Trials.

Session Presentation Number Correct

Order Foreperiod (Seconds)

2 b | 8

1 428 75 Th 55

2 8-2-4 89 70 25

3 4-2-8 81 69 1 57

4 8k-2 76 72 59

5 h-2-8 79 73 67

6 4.2-8 83. Th 69
7 4:8-2 86 T 61

8 2.1,-8 8L 76 60

9 2-8-h 8l - 75 66

10 2-8-k - 79 72 63

1 2-8-l 81 Th 56

12 2.4-8 72 68 62

13 ‘ 8-k.2 72 The 68

14 8-2-4 75 69 65

TOTAL . (1400) ' 113" 1017 869
Percentage 80% 3% 629

(7) (11)
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The Number of Correct Identifications per Session made by S.B. on
each of the Three FIXED Foreperiod Conditions. Each Session
consisted of 100 Trials.

Session Presentation Number Correct
‘Order Foreperiod (Seconds)
2 L 8
)

1 4-2-8 85 75 7L
2 4-8-2 83 68 62
3 2-4-8 - 89 79 67
4 2-8-l 80 62 55
5 - h-8-2 88 75 . 65
6 8-L-2 81 78 71
7 " 8- 86 73 62
8 4-2-8 92 82 73
9 4-8-2 ' 89 .. 80 78
10 2-4-8 82 Th 68
11 -2k 8 8 T
TOTAL (1100) - 1; ',. oh3 830 T43

Percentage | 86% 5% . 68%
| () (M
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The Number of Correct Identifications per Session made by A.B.
on each of the Three FIXED Foreperiod Conditions. Each Session
consisted of 100 Trials.

Session ‘Presentation Number Correct

Order ‘ Foreperiod (Seconds)

2 ) ch 8

1 © L4-2.8 - 4 56

2 | L.8-2 65 67 5k

3 2-4-8 76 58 59

L 2-8-k 73 70 66

5 4-8-2' 8k 59 81

6 8-4-2 86 80 Tk

7 8-2-4 86 80 72

8 4.2-8 87 82 64

9 4-8-2 Th 72 61
10 2-4-8 87 T7 66
11 8-2-4 . 80 72 . 63
TOTAL (1100) : : 870 791 716
Percentage T9% % . 65%

’

(7) (7)
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' The Number of Correct Identifications per Session made by A.A.
on each of the Three FIXED Foreperiod Conditions. Each Session
consisted of 100 Trials. ’

Session Presg:g:.:iqn ggz;:rgggr?g:c'onds) ‘
2 L 8
1 4.2-8 93 Th 66
2 L-2-8 95 85 68
3 8-h-2 | 76 e | 70
4 4-2-8 83 78 8
5 8-4-2 8l 73 60
6 4-2-8 85 73 .29
7 2-8-l 83 73 60
8 4.8-2 79 7 62
9 }4-8-2 g0 82 66
10 8-b-2 787 73 62
11 4-2-8 81 75 61
12 2-8-4 oL - 80 68
13 2.4-8 ® 76 69
- 2-8-4 80 73 64
TOTAL (1400) l 1166 1066 893

Percentage | 83% 76% 649
| (m  (12)



The Following Tables Present the Number of Correct Identifications .

made by Each of the Group I Subjects, W.S., R.S., B.S. and G.S.
from Session to Session on each of the Seven Foreperiodg comprising
Each of the One, Two.and Four Second Random Foreperiods. A Single
Session consisted of Fourteen Presentations on Each of these

Seven Foreperiods.
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Number of Correct Identifications made by W.S.

One Second Random Foreperiod

Session Foreperiods (Seconds) \
- 0.25 0.5 0.75 1.0 l..25 1.5 1l.75

1 11 11 11 9 5 10 9
2 11 9 9 10 11 11 9
3 11 10 10 9 8 10 9
L 8 8 1 -5 7 9 11
5 12 10 14 8 13 13 10
6 9 13 1k 12 11 10 14
7 10 12 11 13 10 12 8
.8 10 ' 14 9 9 12 10 10
9 10! 9 9 1 11 13 12
10 12 13 10 12 12 12 12
11 12 1 9 12 13 11 8
12 : 10 11 11 12 10 10 12
13 13 12 12 10 9 11 13
14 13 14 13 12 13 12 10
15 14 13 14 12 11 13 11
' TOTAL (1143) 166 173 16T 156 156 167 158
Two Second Random Foreperiod

Session Foreperiods (Seconds)
0.5 1.0 1.5 2.0 2.5 3.0 3.5
1 8 10 10 10 9 10 12
2 11 10 8 9 12 8 10
3 8 9 10 8 8 11 10
L 9 9 5 10 7 11 -8
5 11 11 9 12 10 11 12
6 11 11 9 13 10 11 12
7 5 8 - 7 10 10 11l 10
8 9 12 11 11 11 11 6
9 10 11 . 9 12 11 10 12
10 12 12 - 10 10 10 9 11
11 : 9 11 8 10 11 6 11
12 11 12 10 11 12 12 9
13 13 12 12 12 6 11 10
1h 13 13 12 12 12 11 12
15 it 13 13 12 12 12 10

TOTAL (108L) 154 164 T 1k3 162 151 155 155



Number of Correct Identifications made by W.S. (cont'd)

Four Second Random Foreperiod

Session
2.5
1 6
2 10
3 11
4 9
5 10
6 12
7 8
8 11
9 10.
10 11
11 10
12 8
13 11
14 1l
15 10
TOTAL (980) 148

Number of Correct Identifications made by R.S.

300

10

3.5

8
10
9
3
9
10
10
10
11
12
9
11
11
13
8

kb

Foreperiods (Seconds)

L.5

10
11
8
8
8
11
6

9
11

9
6

7
10
11

8

133

One Second Random Foreperiod

Session

0.25
1 12
2 14
3 11
4 13
5 12
6 13
7 10
8 10
9 11.
10 ' 12
11 13
12 10
13 12
14 12
15 10

TOTAL (1066) 175

0.5

13
12
12
10
1k
10
12
12
13
12
12
11
10
12
12

177

Foreperiods (Seconds)
0.75

6
11
12

9

9
12

1k
11
12
11
10
10
12
11

9
159

1.0

9
11
9
9
7
12
10
10
10
10
8
9
11

9
10

1hk

1.25

10

9
11

=
\O W\O

P .
\O © 0 N1 O~
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5.0

9
8

10
8
10
10
6
9
7
12
)
9
11
11

134

1.5

10
11
11
10

9

9
12

143

=
HO®OWWY-I

135

1.75

=
oo

[
O\

l.—l
CDNCI)\O\OS \O 3 OO\O
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128
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Number of Correct Identifications made by R.S. (cont'd)

Two Second Random Foreperiod

Session Foreperiods (Seconds)
0.5 1.0 1.5 2.0 2.5 3.0 3.5
1 11 9 11 7 9 10 7
2 11 12 12 10 7 9 10
3 10 8 10 11 12 i1 9
4 12 10 7 8 9 ‘9 9
5 11 12 10 7 9 9 7
6 11 10 1k 8 5 7, 8
7 10 11 9 9 8 11 8
8 12 11 9 10 8 7 5
9 9 12 10 8 8 8 8
10 9 13 10 6 6 10 6
11 10 11 9 12 9 7 8
12 12 11 8 10 8 8 8
13 11 11 10 5 9 7 7
14 10 7 12 8 10 8 8
15 9 12 10 7 9 9 7
TOTAL (966) . 158 160 151 126 126 130 115
Four Second Random Foreperiod
Session ' ‘Foreperiods (Seconds)
2.5 3.0 3.5 L.0 4.5 5.0 5.5
1 10 7 8 8 8 6 7
2 12 9 10 8 10 8 9
3 12 8 11 9 9 8 7
L 7 10 6 10 9 6 6
5 9 10 8 8 7 5 7
6 8 9 11 5 9 6 6
7 12 8 8 8 7 5 5
8 10 7 7 8 -6 7 6
9 9 10 7 5 5 L 6
10 9 10 9 8 ' 5 8 9
11 10 9 9 7 9 8 8
12 ‘ 9 9 6 9 . 7 6 8
13 - .8 7 6 7 6 8 7
14 E 10 -9 7 8 . 10 8 8
15 9 9 7 8 8 6 7
TOTAL (831) i 131 120 116 115 99 106
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Number of Correct Identifications made by B.S.
One Second Random Foreperiod

Session Foreperiods (Seconds) :
0.25 0.5 0.75 1.0 1l.25 1.5 1.75

1 11 11 12 11 9 9 9
2 12 12 12 10 8 12 11
3 12 13 11 11 10 10 8
L 13 10 13 8 9 8 10
5 13 10 10 9 8 7 8
6 ‘11 10 10 10 8 -10 8
7 12 12 12 9 6 7 9
8 12 13 11 9 9 9 10
9 12 12 12 10 8 7 8
10 12 12 11 11 12 11 9
11 12 12 7 10 9 7 7
12 11 12 . 10 9 10 7 9
13 12 9 11 10 7 9 8
14 11 11 8 10 8 6 8
15 12 13 11 9 7 8 8
TOTAL (1043) 178 173 161 1h6 128 127 130
Two Second Random Foreperiod
Session Foreperiods (Seconds)
" 0.5 ‘1.0 1.5 2.0 2.5 3.0 3.5
1 10 7 8 10 9 9 10
2 12 12 9 8 9 11 8
3 12 11 10 11 7 8 8
L 11 11 8 . 9 8 "9 7
5 12 9 11 9 6 7 8
6 10 10 7 11 7 7 11
7 11 11 8 11 12 7 6
8 11 13 1 9 9 8 8
9 12 12 10 11 6 4 9
10 10 13 11 10 10 9 10
11 11 9 8 10 12 7 6
12 11 11 10 11 8 5 7
13 11 11 11 8 8 7 7
1k 10 10 9 L 9 9 8 -
15 6 12 ° 11 11 100 .5 7
TOTAL (969) 160 162 142 143 130 112 120
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Number of Correct Identifications made by B.S. (cont'd)

Four Second Random Foreperiod

Session Foreperiods (Seconds)

2.5 3.0 3.5 k.o L.,5 5.0 5.5

1 8 8 9 6 7 L 7

2 10 11 12 8 8 7 N

3. 10 7 .10 7 8 7 8

L 7 6 8 6 8 6 7

5 9 9 7 8 9 -6 8

6 9 9 7 7 5 6 7

7 10 7 12 7 6 4 8

8 10 6 11 9 9, 7 7

9 11 8 12 6 L 7 6

10 10 12 11 9 8 9 9
11 9 8 8 8 8 6 6
12 11 11 11 9 8 7 8
13 o 11 9 9 8 7 7
1k ' 10 9 9 5 7 5 6
15 1o 10 5 5 7 6 7
TOTAL (836) 145 131 1 107 110 ol 108

Number of Correct Identifications mede by G.S.
One Second Random Foreperiod

Session Foreperiods (Seconds)
0.25 0.5 0.75 1.0 1.25 1.5 1.75

1 10 8 10 11 9 8 10
2 .9 8 10 9 9 ‘9 10
3 8 5 7 8 9 5 10
L 8 10 - 9 6 6 5 7
5 10 14 9 11 10 ' 10 10
6 11 9 13 9 9 11 9
7 12 12 13 10 12 12 10
8 12 11 7 7 8 10 9
9 11 7 7 9 8 10 6
10 13 9 8 7 9 10 11
11 - 8 12 10 9 9 8 6
12 8 12 12 10 8 7 9
13 - 12 1 11 8 10 10 5
1k 9 7 11 9 10 6 7
15 11 11 14 10 0

TOTAL (1056) 16 159 162 1k2 148 1k 1&0'



Number of Correct Identifications mede by G.S. (cont'd)

Session

\O O3 oW Fw o

TOTAL (1Lok2)

Session

\O O~ o\ Fwn =

TOTAL (918)

Two Second Random Foreperiods

| Foreperiods (Seconds)

0.5 1.0 1.5 2.0 2.5 3.0

6 10 11 - 10 10 - 10
12 6 11 10 7 12
11 7 7 10 11 6

9 . 8 7 11 9 8
11 5 10 7 11 9

8 9 11 9 10 11
1L 12 12 10 10 9

9 . 8 7 8 12 10
1 .9 10 7 7 6

g '8 7 9 10 11

7. 8 10 10 11 11
12 9 8 8 8 8
11 7 12 9 8 7

7 8 10 9 6 10
12 11 11 11 9 12

159 137 155 510 150 152

Four Second Random Foreperiod

Foreperiods (Seconds)
2.5 3.0 3.5 ko 4,5 5.0

8 10° 10 8 5 7
8 10 11 8 9 -9
8 6 13 10 9 5
6 4 7 6 6 7
.10 9 10 7 10 9
11 9 10 10 8 9
10 12 . 11 11 8 8
8 12 7 9 6 8
L 6 8 L 8 8
10 8 10 6 8 7
6 10 5 6 . 8 10
7 11 8 10 ¢ 6 7
8 10 9 8 6 8
9 6 6 6 6 7
10 11 9 10 8 12
11 11 10 9 9 6

B
3

13+ 145 sk 128 120

w
\N

[
o

-~
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[
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The Following Tebles Present the Number of Correct Identifications
made by Each of the Group II Subjects, J.B., S.B., A.A, and A.B.
from Session to Session on each of the Seven Foreperiods compriéing
Each of the Two, Four, and Eight Second Rendom Foreperiods. A
Single Session,consigted of Fourteen Presentations on Each of these

{
Seven Foreperiods.
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Number of Correct Identifications made by J.B.

Two Second Random Foreperiod

Session Foreperiods {Seconds)
0.5 1.0 1.5 2.0 2.5 3.0 3.5
1 10 8 9 10 8 8 10
2 9 9 10 10 11 10 10
3 8 6 9 12 12 7 7
L 6 8 8 12 12 8 )
5 8 8 10 12 13 -8 « 8
6 8 8 10 13 13 7 8
7 8 " 10 10 10 12 9 8
8 8 9 100 11 12 10 6
9 7 8 10 12 12 9 7
10 8 9 12 12 7 9 8
11 9 7. 10 11 13 9 9
12 10 9 10 10 12 8 8
13 9 10 9 11 10 9 10
1L 9 9 9 11 12 10 8
TOTAL (922) 117 118 136 157 160 . 121 113
Four Second Random Foreperiod
Session .~ Foreperiods (Seconds)
2.5 3.0 3.5 4,0 4,5 5.0 5.5
1 8 T 10 9 10 6 7
2 7 9 10 11 7 7 7
3 7 6 7 11 1 .8 5
L 7 8 7 11 10 6 5
5 8 7 11 11 9 9 8
6 7 7 9 12 12 6 6
7 7. 7 9 11 11 7 7
8 8 7 9 10 9 9 7
9 7 7 .10 11 1l 6 8
10 T 8 10 11 10 7 8
11 8 9 9 10 10 8 6
12 9 7 9 11 0 - 7 9
13 8 7 8 10 12 10 7
1L 7 8 11 10 10 8 9 -
TOTAL (832) 105 1ok 129 149 2 104 99
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Number of Correct Identifications made by J.B. (cont'd)

Eight Second Random Foreperiod

Session Foreperiods (Seconds)
6.5 7.0 7.5 8.0 8.5 9.0 9.5
1 7 7 6 7 7 6 7
2 6 6 6 T - 7 6 7
3 5 6 7 10 11 L 7
L 7 7 6 8 l0 5 5
5 6 7 9 10 11 8 6
6 6 6 9 11 11 6 6
7 6 6 9 9 8 6 6
8 6 7 6 10 8 7 6
9 7 7 8 10 9 8 7
10 8 6 5 10 11 6 8
11 8 L 8 8 8 -9 7
12 7 8 8 10 10 7 6
13 8 5 7 9 9 9 7
1L 8 9 7 10 9 6 6
TOTAL (729) 95 oL 101 129 129" 93 oL

Number of Correct Identifications made by S.B.
Two Second Random Foreperiod

Session Foreperiods (Seconds)'’
0.5 1.0 1.5 2.0 2.5 3.0 3.5

1 1L 10 13 9 11 13 T
2 8 13 12 12 13 10 11

3 8 10 8 12 10 10 12

L 12 11 12 10 11 8 8

5 10 11 13 13 13 11 11

6 1L 12 12 1L 13 12 8

7 8 8 12 8 13 12 11

8 12 10 11 12 13 12 11

9 10 7 L 8 13 13 9
10 10 10 12 9 12 12 1k

TOTAL (762) 100 102 119 1ok 122 113 102
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Number of Correct Identifications made by S.B. (cont'd)

'Four Secoﬁd Random Foreperiod

Session - *  Foreperiods (Seconds) /

2.5 3.0 3.5 L.0 4.5 5.0 5.5

1 10 11 10 11 12 8 6

2 10 12 10 13 13 9 10

3. 8 10 8 11 13 9 8

L 5 11 10 10 13 6 11

5 9 8 11 12 13 11 10

6 9 10 12 11 13 9 11

7 9 11 9 11 13 5 10

8 10 10 10 1k 10 12 12

9 10 7 10 11 11 9 8

10 9 11 11 12 12 12 "9

TOTAL (715) 89 101 101 116 123 90 95
Eight Second Random Foreperiod

Session Foreperiods (Seconds) ‘

6.5 7.0 7.5 8.0 8.5 9.0 9.5

i 6 8 13 10 12 9 7

2 10 10 9 11 11 9 7

3 9 9 10 1o 1. 8 6

L 6 5 7 12 10 9 8

5 . 8 9 7 12 11 9 7

6 8 9 12 8 11 9 7

7 5 8 10 10 12 5 7

8 7 10 13 10- 12 8 7

9 6 12 8 8 . 8 10 7

10 9 12 6 12 11 9 7

85 70

TOTAL. (628) ™ 92 95 103 109
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Number of Correct Identifications made by A.A.
T§r0 Second Random Foreperiod

Session Foreperiods {Seconds)
0.5 1.0 1.5 2.0 2.5 3.0 3.5

1 8 7 12 13 12 10 10
2 10 10 11 14 12 9 6
3 5 8 12 11 13 9 10
L 9 8 11 12 12 9 7
5 8 7T 7 10 13 7 7
6 6 9 12 12 12 9 5
7 7 8 8 11 12 10 6
8 8 10 9 12 12 9 10 s
9 9 10 11 - 11 12 8 9
10 9 8 12 11 1L 7 11
11 9 8 9 12 10 10 8
12 10 11 8 11 10 8 9
13 T 11 10 11 10 7 7
1L 5 12 13 10 7 1 6 -
15 10 7 11 8 7 12, 9 !
TOTAL (999) * 120 13+ 156 169 165 -135 120
Four Second Random Foreperiod
Session Foreperiods (Seconds)
" 2.5 3.0 3.5 k.o 4.5 5.0 5.5
1 10 9 12 10 - 12 8 9
2 10 7 8 11 11 7 11
3 6 10 10 10 10 6 6
Ly 6 8 8 12 12 9 6
5 6 8 8 8 11 9 6
6 8 9 10 11 12 6 5
7 6 9 8 10 10 6 7
8 8 9 10 12 11 6 7
9 8 8 7 11 11 12 9
10 6 ' 8 9 12 13 7 9
11 9 7 8 9 13 8 6
122 7 6 9 1 10 -7 11
13 8 7 7 12 12 8 6 -
1k 9 4 11 8 7 10. 9
15 8 9 11 8 8 6 9
TOTAL (916) 115 118 136 155 163 113

116
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Number of Correct Identifications Made by A.A. (cont'd)

Eight Second Random Foreperiod

Session Foreperiods (Seconds)
6.5 7.0 7.5 8.0 8.5 9.0 9.5
1 9 5 7 7 8 7 9
2 5 9 10 9 10 8 10
3 7 6 8 9 10 y 7
L 7 5 9 10 8 6 7
5 6 6 .6 . 9 10 7 6
6 9 7 9 12 9 5 7
7 8 L 10 9 5 8 5
8 5 7 10 10 9 8 10
9 8 8 9 9 6 8 7
10 7 7 9 11 9 7 8
11 7 7 9 9 10 6 5
12 8 .7 6 7 12 8 7
13 7 .6 9 10 10 6 7
1h 8 9 8 5 7 7 10
15 . 9. 7 L 6 10 8 6
TOTAL (812) 110 100 123 132 133 103 111
Number of Correct Identifications made by A.B.
Two Second Random Foreperiod
Session " . Foreperiods (Seconds) :
' 0.5 1.0 1.5 2.0 2.5 3.0 3.5
1 13 8 12 12 . 10 7 9
2 11 12 10 9 11 ‘9 7
3 8 1k 9 8 10 9 12
L 7 10 9 8 8 10 7
5 10 10 10 - 12 10 9 12
6 7 7 9 6 9 13 9
7 10 7 7 11 7 10 10
8 11 10 9 12 - 8 6 10
9 8 7 11 9 11 12 11
10 11 9 10 8 10 11 7

TOTAL (665 ) 9% o 96 95 ok 96 o
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Number of Correct Identifications made by A.B. (cont'd)

Four Second Random Foreperiod

Session Foreperiods (Seconds)
2.5 3.0 3.5 L4.0 L.5 5.0 5.5
1 8 12 8 10 1L 7 8.
2 9 10 10 10 13 7 7
3 5 10 8 10 9 9 11
L 6 7 - 10 10 9 8 8
5 11 7 10 7 8 10 7
6 11 7 10 6 10 ) 10
7 8 8 8 12 9 12 10
8 8 8 9 12 7 9 8
9 9 8 7 8 7 7 6
10 9 10 10 9 13 6 7
TOTAL (620) 8k 87 90 ol 99 84 82
.« Eight Second Rendom Foreperiod
Session Foreperiods (Seconds)
6.5 7.0 7.5 8.0 8.5 9.0 9.5
1 12 9 9 10 8 .5 13
2 7 8 10 8 7 11 5
3 8 9 6 11 9 8 10
i -7 7 2 6 8. 5 6
5 5 9 9 10 9 8 9
6 4 7 8 9 11 9 7
7 8 12 9 5 9 10 6
8 9- 7 8 10 10 10 9
9 8 9 8 9 9 9 8
10 6 8 11 8 9 6 7
TOTAL (582) Th 85 87 86 89 81 80
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Results of the Chi-Square Tests on Various Foreperiod
Comparisons made under both Fixed and Random Conditions
by the Individual Subjects Comprising Groups I and II.

Group I Comparisohs Fixed Random
Subjects Made arf P af P
0.5 seec., - 1.0 sec. 1 .O06NS
Ww.S. 1.0 sec., - 2.0 sec, 1 .06NS 1 .02
- 2,0 sec. - 4.0 sec. 1 .ool 1 .001L
00»5 sec, = 1.0 sec., 1 .001
R.S. 1.0 sec, - 2.0 sec. 1 .0l 1 .00L1
2.0 sec., - 4.0 sec. 1 .o0L 1. .001
0.5 sec., - 1.0 sec. 1 .05
G.S. 1.0 sec. - 2.0 sec. 1  .06NS 1 NS
2.0 sec. - 4,0 sec. 1 .00l ° 1 .o001
0.5 sec., - 1.0 sec, 1 .01
B.S. 1.0 sec. - 2.0 sec. 1 001 1 0L
2.0 sec. - 4,0 sec. 1 -.001 1 .00l
Group II- Comparisons Fixed Random
Subjects Made ar P af P
A.A. 2.0 sec. - 4.0 sec. 1 .001 1. .01
4.0 sec. -'8.0 sec. 1 .00l 1 .00l
A.B. 2.0 sec. - 4.0 sec. 1 .00L 1 .05
4,0 sec. - 8.0 sec. 1 .o0L 1 .06NS
S.B. 2.0 sec., - 4.0 sec. 1 .00l 1 .02
,'I‘.o SEC. - 8'0 Sec. l .Ool l .001
J.B. 2.0 sec, - 4,0 sec. 1. .001L 1 .00l
)"'Qo SeC. -800 Sec. l 0001 1 .001
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APPENDIX B

DATA FOR EXPERIMENT II
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The Number of Correct Identifications made from Session to
Session by J.P. on 1100 Four Second Fixed Foreperiod Trials
of Practice I. Fach Session consisted of 200 Trials. The
Column Headed "Probe Trials" gives Data for those Four Second
‘Trials which occupy a Probe Position in a Particular Random
Sequency.

Session Random Number Correct-on Four Second Foreperiod
Sequence .-
Regular Trial Position "Probe Trial" Position
N = 1045 N =55
1 LA ' 60 ' 3
4B 67 2
2 1A - 63 3
1B 65 L
3 2A 61 k L
2B 63 1
4 2A \ 60 et 3

5 3 66 4
- 3B | 70 5
6 1B 73 N

TOTAL N ¢ - 37
Percent - ‘ : 6849, . 67%
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- The Number of Correct Identifications made from Session to
Session by J.P., on 1000 Four Second Fixed Foreperiod Trials
of Practice II. Each Session consisted of 200 Trials. The
Column Headed "Probe Trials" gives Data for those Four Second
Trials which occupy a Probe Position in a Particuler Random
Sequence. ‘

Session Random Number Correct on Four-Second Foreperiod
Sequence -
Regular Trial Position "Probe Trial" Position
N = 950 N =50
1 1A 75 b
1B (I b
2 © 1A 73 ) 2
1B 7 3
3 La H - 5
4B o 78 3
L 2A 7h I
2B 75 5
}

> 3A 70 >
3B 78 L
TOTAL - ‘ | 749 39

Percent E 79% 78%
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The Number of Correct Identifications made from Session to
Session by J.P. on 1100 Four Second Fixed Foreperiod Trials
of Practice III. ZEach Session consisted of 200 Trials. The
Column Headed "Probe Trials" gives Data for those Four Second
Trials which occupy a Probe Position in a Particuler Random
Sequence, ‘ *

Session Random Number Correct on Four-Second Foreperiod
' Sequence '
Regular Trial Position "Probe Trial" Position
N = 1045 - N=55

1 1A 76 2
1B 82 4
2 (1A - 78 L
1B 81 . L
3 24 82 o 5
2B 80 L
4 3A : 81 3
3B 80 5
5 ha 8l . 5
4B 1 78 . 4
6 14 81 5
TOTAL 883 : s

Percent . o _ -84q, 829,
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The Number of Correct Identifications made from Session to
Session by L.P. on 800 Four Second Fixed Foreperiod Trials

of Practice I. Bach Session consisted of 200 Trials. The
Column Headed "Probe Trials" gives Data for those Four Second
Trials which occupy a Probe Position in a Particular Random
Sequence.

Session Random Number Correct on Four-Second Foreperiod
Sequence
Regular Trial Position : "Probe Trial" Position
N = 760 N = Lo
1 2A 66 L
2B TL 3
2 1A 67 3
1B 80 5
3 3A 58 3
3B 62 3
L LA TL ' L
4B Th o 1
TOTAL ' 549

\ 29
Percent . 72% 73%
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The Number of Correct Identifications made from Session to
Session by L.P. on 1000 Four Second Fixed Foreperiod Trials
of Practice II. Each Session consisted of 200 Trials. The
Column Headed "Probe Trials" gives Data for those Four Second
Trials which occupy a Probe Position in a Particuler Random
Sequence. . . ‘

Session Random ! Number Correct on Four-Second Foreperiod
Sequence E
Regular Trial Position "Probe Trial" Position
| N = 950 A N =50
[
1 Y. o 73 2
LB . 83 5
2 2 73 L
2B Th . 5
3 3A 73 4
3B 86 N
LI 1A 78 : )
1B 82 >
5 3A 78 L
3B 85 >
TOTAL . 785 - ho

Percent . 83% 8l
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The Number of Correct Identifications made from Session to
Session by L.P. on 1000 Four Second Fixed Foreperiod Trials
of Practice III. Each Session consisted of 200 Trials. The
Column Headed "Probe Trials'" gives Data for those Four Second
Trials which occupy a Probe Position in a Particular Random
Sequence. ' ' '

Session Random Number Corr;ct on Four-Second Foreperiod
Sequence .
‘ ' Regular Trial Position = "Probe Trial" Position
T N = 950 N =50
1 o 87 . 5
© 1B 82 - L
2 2A » 81 L
2B ' 79 ) L
3 3a S 69 5
3B . 78 o L
b 2A 75 5
2B 7 L
5 La 71 2
LB 67 3
TOTAL, - 766 : 4o

Percent - 81% 80%



The Number of Correct Identifications made from Session to Session

by J.P. on 2850 Four Second Fixed Foreperiod Trials and on 150

One Second Probe Trials.

Session

TOTAL ,
Percent.

10

11

12

13

14

15

Random
Sequence

1A
1B

2A
2B

3A
3B

LA
4B

1A
1B

LA
4B

2A
2B

LA
4B

3A.
3B

2A
2B

1A
1B

24
2B

3A
3B

1A
1B

La
4B

Number Correct
Four Second Foreperiod

T2
7L

70
76

80
69

73
T2

75
70

n
! 73

70
73
75

69
L

73
65

71
70
I
79

81
66

72
76

73
75

2181
7%

Each Session consisted of 200 Trials.

Number Correct
One Second Probe

= W ww [l \V] NN O WwWH =W onN o

= WP ww or

=
O

33%

- 148
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The Number of Correct Identifications made from Session to'Session
by J.P. on 1425 Four Second Fixed Foreperiod Trials and on 75
Two Second Probe Trials. Each Session consisted of 200 Trials.

Session Random Number Correct Number Correct
Sequence  Four Second Foreperiod Two Second Probe

1 1A ' 79 3
1B 65 4

2 3A 78 ' 1
3B 75 5

3 LA ' 73 3
" 4B 81 2

4 ‘2 73 ‘ 5
2B 8. . 2

5 ha - 73 3
4B A 82 2

6 2A 72 1
2B 81 2

7 1A 77 C, 0
1B 76 o 3

8 3A 82 3
TOTAL L 21151 39

Percent E : 819 . 52%
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The Number of Correct Identificationssmade from Session to Session
by J.P. on 1520 Four Second Fixed Foreperiod Trials and on 80
Three Second Probe Trials. BEach Session consisted of 200 Trials.

Session Random Number Correct Number Correct
Sequence Four Second Foreperiod Three Second Probe

1 2A 4 , L
2B | 83 ' : L
2 3A 79 -3
3B 79 . L
3 “ha 7T 3
4B 8L 4
L 1A : 83 i 1
1B 7 _ 2

5 on. 81 3
2B 82 4
6 3a - 82 4
3B 81 3
| 4B . 78 3
8 1B 81 L
2A 79 2

. {

TOTAL ' ' .1276 © 53

Percent : 849, 66%
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The Number of Correct Identifications made from Session to Session
by L.P. on 2470 Four Second Fixed Foreperiod Trials and on 130
One Second Probe Trials. Each Session consisted of 200 Trials.

Session Random Number Correct Number Correct
Sequence Four Second Foreperiod One Second Probe

1 3A 69 3
3B | 75 0

2 1A 8l 3
1B 85 3

3 2A 61 1
2B 70 2

4 . 1A 82 1.
1B 8L 2

5 LA 82 1
‘hB 80 3

6 3A 64 2
3B 79 1

7 oA 68 2
. 2B 71 3
8 ha 75 0
. 4B -82 3

9 LA i 2
LB 75 1

10 3A 73 1
3B 7 1

11 1A 69 1
.ZLB 73 2

12 1A 73 2
1B 75 3

13 2A 61 2
2B 79 2

TOTAL . .. 1940 L7

Percent 79% 36%
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The Number of Correct Identifications made from Session to Session
by L.P. on 1900 Four Second Fixed Foreperiod Trials and on 100
Two Second Probe Trials. Bach Session consisted of 200 Trials.

Session Random ) Number Correct Number Correct
Sequence - Four Second Foreperiod Two Second Probe

1 - 1A T3 3

1B 79 2

2 LA : 88 2

4B 86 2

3 3A 84 L

3B 85 2

b 2A 75 ‘ 3

2B 80 2

5 1A 65 2

1B 78 4

6 3A 83 3

3B 86 1

7 1A 3 .88 3
_ 1B 88 3 i

8 LA 81 1

' 4B 92 1

9 2A . : 79 x

2B 80 1

10 La : 79 3

4B Q0 3

TOTAL 1639 48

Percent ; 86% 487
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The Number of Correct Identifications made from Session to Session’
by L.P. on 1900 Four Second Fixed Foreperiod Trials and on 100
Three Second Probe Trials. Each Session consisted of 200 Trials.

Session Random Number Correct Number Correct
Sequence Four Second Foreperiod Three Second Probe

1 1A 76 3
1B Th L

2 2A - Th 2
2B 8l 4

3 3A 78 3
3B 82 3

4 ba ' 87 1
4B 85 L

5 LA 72 1
4B h 3

6 33 . 79 2
3B ' 88 3

7 28 59 2
2B 76 1

8 ST U 70 L
1B 7 3

9 LA | 64 1
4B ‘ : 70 L

10 " 3A | 78 . 3
3B 80 4

TOTAL 1527 55.

80% :55%
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