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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 
I 

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 prior practice under 

a fixed foreperiod condition influenced the manner in which 

a subject subsequently performed under the random foreperiod 

condition. These results were discussed in terms of possible 
. I 

attentive strategies a subject might develop when exposed to 

these various foreperiod var~ables. 
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CHAPI'ER ONE 

INTRODUCTION 

This thesis reports two experiments concernedwith 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 tachistoscopic recognition of simple stimuli. Of 

central co~cern are the attentive strategies that subjects develop when 

exposed to various arrangements of the foreperiod conditions. 

The first experiment was designed to investigate the effects upon 

recognition performance of each of the foreperiod variables of length, 

variability, and presentation order; that is, whether random foreperiods 

were 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. However, performance under the fixed foreperiods was 
,, 

found to be superior to that obtained under those 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 conditions. When this was the'sequence, the subject did 

best on those median foreperiods ~n 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· longer or shorter 

than 'these medtan values. 

1 



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 continued to perform with this foreperiod, shorter ones 

were randomly introduced on five percent of the trials. The results 

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 been overtrained. 

The foreperiod effects demonstrated in these experiments are 

discussed in terms of possible attentive strategies a subject might 

develop when exposed to the various fo.reperiod sequences. Such strategies 

are assumed to be the result of a perceptual learning pr~cess 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 conditions 

occurs. immediately after the warning signal, whereas under a :fixed :fore-

period condition it appears tq occur at or immediately before the 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 of :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 because reaction time has been the most 

:frequently used task for the study of :foreperiod effects, and so the 
I 

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

2 

'' I 



Questions such as the length of the foreperiod required 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. 

3 

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 fo~vard 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 tachistoscopic 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 a 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 anticipate 

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"; that is, 

the reactive movement sometimes could be made to occur during or even 

before the reaction stimulus. 

James (1890) when discussing Wundt's experiments 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 w·i th whiGh we await it" (James, 1890, 

p. 429). 

Thus, it was relattvely early in the history of psychology.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 at1;ention 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 ext~erience was supposed to be something simply "given". 

Although James drew his empirical evidence, in part, from the reaction 

time studies carried out by Wundt, it should be noted. that the 

investigation of forE!period effects on reaction time and their 

theoretical interpre1;ation were in a sense a tangential area of psychology 

since the line of reE>ction time investigation most diligently followed 

was to ascertain the time occupied by nervous and mental events. 

As far as thE! concept of attention is concerned its later 

rejection by the BehE~iourists,·as being too mentalistic for a science 

of behaviour, resultE!d in an exclusion which only in recent years has been 

· rescinded. At the present time the concept of attention has been vested 
I 

with explanatory properties with respect to many: phenOI!lena in both 

·perception and learn:i.ng. Thus, in spite of its long history in psychology, 

the attentional formulations basic to this thesis are relatively recent 

in conception having been derived primarily to account for foreperiod 
I 

5 

effects observed on tasks other. than that of RT, for example, tasks 

involving sensory tht·eshold determinations (i.e. Treisman, 1958) and 

tachistoscopic lettez·-sequence recognition (i.e. Lake and Newbigging, 1970). 

Foreperiod Effects in Reaction Time 

On the basis of historieal precedence, any discussion concerning 

the effects observed when foreperiods are manipulated must of necessit,y 

include .a review of r·eaction time studies since this task has been the 

one most frequently u.sed· to study such effects. Such studies have raised 



questions that are r~levant to this thesis in that they are similar to 

those raised when for·eperiod effects are investigated using other 

experimental tasks. Questions such as the length of' the f'oreperiod 

required to produce Ctptimal performance, the relationship between 
I 

absolute length of' the f'oreperiod and performance, the relationship 

. between f'oreperiod veriability and performance and, finally, sequential 

ef'f'ects :which might c•ccur under condi tiona of' f'oreperiod variability. 

In the next f'ew pagee:, the general findings f'rom the areas of' reaction 

time research def'inecl by such questions are briefly reviewed. 

RT as a f'unc:tion of' the absolute length of' f'oreperio<t. 

The results of' one of' the earliest investigations in experimental 

psychology established that RT varied as a function of' the absolute 

length of' the f'oreper'iod employed, very long intervals being unfavourable. 

As f'ar ba9k as Brei t\'reiser (1911), the relations between f'oreperiod and 

RT were under analysi.s and f'or 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 interv·al 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 what stimulus will be presented and just what response he 

is to make. Thus,- it is almost a matter of' course that the quickness 

of' reaction will depe·nd on the adequacy of' the preparation. Early 

investigators such ae Telford (1931), Breitweiser (1911) and Woodrow 

(1914) reasoned that the.subject~s readiness to respond in the reaction 

6 



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 interval wears on, may fade away. Thus 

experimental 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. 

Brei tweis.er ( 1911) · found definite individual differences in the 

length of the qptimal foreperiod and reported a range of optima between 

1.0 and 4.0 seconds. Woodrow {1914) using three subjects investigated 

fixed foreperiods of from 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 data from only three subjects and that these data, as they were 

reported, do not allow for an estimate of tlE standard error of the 

means, the existence of.an optimum foreperiod of about two seconds has 

been accepted by most subsequent reviewers (Woodworth and Scholsberg, 

1954; Chocho1le, 1963; Foley, 1959). Freeman and Kendall {1940) 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 optimum 

actually may be best expressed as a range between 2.0 and 8.0 seconds. 

The results of a number of more recent studies have provided a 

more direct contradiction of Woodrow's widely accepted conclusion. In 
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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 a 0.5-second foreperiod condition are 

faster than those-obtained under a 1.0 second condition (Karlin, 1959; 

Botwini ck. and Brinley, 1962; Sanders, 1965; Lansing, Schwartz and 

Lindsley, 1959; 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 situation, with short constant 

foreperiods, one is faced with the problem of preventing the subject 

from reacting to the warning signal. Shorter 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 
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about 350 milliseconds. In fact, however, it appears that to study the 

time course of prepar!t.tion one must use constant foreperiods, since the 

use of variable forep~riods introduce range effects (Bertelson, 1965; 

Drazin, 1961). That :ls, the observed relationship between foreperiod . . 

length and RT appears t.o depend upon the range of the foreperiod lengths 

comprising a variable condition. Drazin (1961), for example, found that 

when the range of fort!period lengths exceded 0. 5 seconds, RT tended to 

decrease initially as a negatively accelerated function of the for.eperiod. 

This relationship became more marked as the range increased. 

Thus, at this point, one can conclude that as far as reaction 

time is concerned it ts not obvious what foreperiod 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: 

·individual differenceE:,- intensity and duration of th~ stimulus, sensory 

modality, kind of. instructions, and others. In fact, Teichner claims: 

. "No single value seems ac~eptable as 'the optiMum' since so many con-

. di tiona are eff'ecti ve" ( p. 138) • 

As stated above the investigators of stmp~e reactions, especially 

with short foreperiods, have long been concerned with the problem of 

subjects "reacting" to the warning signal rather than to the reaction 

sttmulus, such responses are seen as conveying no information about the 

reaction sttmulus. Tha P,resence of these premature .or false reactions 

also indicate that som~~ of the shortest RTs are spurious, so that the 

subject's average RT i:3 too small bY ·an undefined amount. However, a 

number of' procedures h13.ve been developed ·with the purpose of estimating 

the frequency of such c!rrors and/or. to ~educe as much as possible their 

occurrence. One such ];»roc~dure is to use "catch" trials. on which the 

I 
. , i w;; : 
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warning signal is ~esented but the reaction stimulus is amttted. 

Subjects are often practiced on a RT task, on which a certain pro­

portion of the trials are catch trials (10 to 2Q%), 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 then presented with the 

test conditions. Catch trials are also used to ~ovide 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 ignore de Another procedure sometimes used is to ami t '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). The 

·argument being that the increase in response speed is the result of 

reacting to the warning signal and thus disregarding the reaction 

· stimulus. In addition to the above procedures most studies dealing 

with simple reaction time give the subjects. specific instructions to 

respond only after tbe reaction stimulus is ~esented and not before. 

Most of the studies r~eported in this review of reaction time use at 

least one or more of the above ap~oaches to account for errors. In 

recent years a numper of mathematical models have been developed, 

primarily concerned with speed and accuracy trade-off in choice reaction 

time tasks, which hav<e emphasized the necessity of a measure of error in 

order to determine whether the observed responses are controlled by the 

critical reaction stunulus and thereby reflecting the outcome of an 

underlying recognition process or whether the responses are merely "fast 

10 

guesses" [i.e. the "fa.st guessn model by 011man (1966) andYe1lott (1967)]• 

According to the 01~~-Ye11ott model changes in reaction time latency as 
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observed in simple reaction tim~ 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. ( ' 

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 waul~ be surprising if the effects . . . 

of the warning signal in simple reaction time could be "explained'' solely 

in terms of random responding. 

RT as a function of the variability 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 lengths. Numerous studies 

have shown that reaction time is sensitive to both the duration and 

variability of the foreperiod (i.e. Mowrer, 1940; Huston, Shak.aw, and 

Riggs, 1935; Klemmer, 1956, 1957; Karlin, 1959; Botwinick,_Brinley and 
' 

Robl?ins, 1959; Zahn and Rosenthal, 1966; Bevan, Hardesty, and Avant, 1965; i 

Bertelson and Renkin, 196~; Botwinick and Thompson, 1966; Botwinick and 

Brinley, . 1962) • 

Two main results have been consistently demon~rated in these 

studies:- (1) Reaction 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 



vary randomly in length.l (2) A sequence of foreperiods of varying 

lengths is unfavourable to reaction time when com~aredwith 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 m~ need qualification for foreperiod 
lengths shorter than 0.5 seconds, since at these lengths some investigators 
report an increase in reaction time~ especially under random foreperiod 
conditions. Howeyer, down to approximately O.S second this relationship 
appears to be quite stable. 

12 

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 suc~ession the perception of the second may be delayed 
until the first is perceived. Empirical evidence for s~ch 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·proximtty, 
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 ratber 
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 ~ntral processor and 
the reception of the additional information provide~ 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 migbt well be, according to this interpretation 
that the time required to proce-ss the information provided by the w~ning 
signal prevents the perception of the reaction stimulus if the two 
stimulus events occur in close proximity. 



These variations of reaction ttme 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 that the warning signal ~cts as a time cue to start 

some preparatory adjustment. However, whether such preparatory adjustment 

prompts the subject to be maxtmally "prepared to respond" to the reaction 

stimulus or whether it. promotes a tendency for the subject to "anticipate 

the occurrence" of the signal is still very much a question for research. 

Earlier studies by Freeman (1937, 1938), Freeman and Kendall (1940) and. 

by Davis (1940) suggested that preparatory sets were, in·large part, 

muscular or motoric in nature as evidenced by' the variation in degree of 

.muscular tension occurring during the foreperiod. Mowrer and his 

13 

colleagues (Mowrer, 19'40; 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 interesting to note that a number of the later investigators 

such as Weiss (1965) and Botwinick and Thompson (1966) have emplqyed 

recordings of muscle action potentials (EMG) to argue Tor a central locus. 
, I• 

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 (mT). The duratiq_n :from muscle firing 

to finger-lift response was considered the motor (MT) component. Thus, 

RT = PMT + MT. After investigating an irregular series of foreperiods 

in the range of 1.0, 2.0, 3.0, and 4.0 seconds, Weiss "reported that MT 

was not a function of foreperi6d but that FMT was. In fact, PMTwas in 

the same functional relation to foreperiod as was RT. In this w~ the 



rariation in set due to foreperiod.was seen to be a premotoric process. 

Botwinick and Thompson (1966) extended Weiss' study by using a 

range of foreperiods 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. 14). 

It should also be noted at this point that a number of more 
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recent experiments have dealt with foreperiod effects on such "perceptual" 

tasks as sensory threshold determination (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 detect~on performance, for example, are, as in RT, best 

on the shorter foreperiods. 

As far back as 1940, Mowrer published three hypothetical curves 

showing possible ways jn 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 expectation 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 tachtstoscopic detection and recognition thresholds are 

attempting to accoun1; for such effects in terms of hypotheses such as: 

. "Fixed physiological arousal" hypothesis (Treisman, 1964), "attention­

distraction" hypotheflis (Newbigging, 1970), and "accuracy of time 

judgement" hypothesin (Treisman, 1964). Both the "fixed physiological 

arousal" hypothesis and the "attention-distraction" hypothesis predict 

maximum "readineSS II J.mmediately. after the Warning Signal fOllOWed by. a 

progressive decline. Alternatively, the "accuracy of time judgement" 

hypothesis would predict maximum readiness at the expected manent of 

stimulus presentation. (These hypotheses and their predictions will be 

discussed in detail :Ln a, later stage of this review. ) 

On the' other hand, Klemmer (1956) has charged that all this 

discussion of the foJ~eperiod effects in terms of readiness or set has 

led to a concentr_ation upon· the length of the foreperiod with little 

attention paid to foreperiod variability and to the most basic variable 

in RT, the degree of time ·uncertainty. By definition, the only 

uncertainty a subjec·~ has to face in simple reaction time is knowing when 

the stimulus will be presented. Thus, time uncertainty is seen by 

Klemmer to function 1Joth as a result of the subject's own imperfect time-

keeping ability and ·~he clock-time_variability of the stimuli. The 

first factor varies ,rith the length of a constant foreperiod and the 
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I 

second is defined by fore.period variability. Klemmer carried out two 

experiments to acilduc1~ evidenc·e that RT varies as a function of the subject's . 
time uncertainty o I11 the first experiment, Klemmer ·investigated the 



effect upon RT of manipulating both the length of a constant foreperiod 

and the Vfiriabili,ty of a random foreperiod. The first. manipulation 

was ~o provide evidence concerning the subject's own time-keeping. 

ability, the second the subject's uncertainty as to the timing of the 

stimulus. 

Using an auditory click as a warning signal and a 0.02 second 

light as a reaction stimulus, he found that for constant foreperiods of 

8,25 sec., 4.25 sec., and 0.25 seconds, RT decreased regularly (269 

millisec., 252 millisec., and 209 milliseconds). In the case of fore­

periods having approximately the same mean duration ('f .25 sec., 4.25 

. sec. , and 1. 25 sec.) but each made up of 11 intervals having a range 

of 2.0 seconds,. the a.verage RTs were slower (272 millisec., 259 millisec., 

and 259 milliseconds, respectively). A 4.25-second mean fareperiod 

having a range 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 fareperiods were separately increased. 

Klemmer also looked at the pattern among foreperiods within each 

run in order to determine the effect upon RT. The longest reaction times 

were found when a short foreperiodwas preceded by a long fareperiod 

(6 milliseconds a11erage increase). However, when a long foreperiod was 

preceded by a short foreperiod,. the shortest reaction times resulted 

(5 milliseconds average decrease). Two long foreperiods in a row or two 
I . 

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 
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1. Mowrer (1941) had previously demonstrated that the more irregular 
a given preparatory interval in ~ series of reactions (i.e. the greater 
its discrepancy fran preceding regular intervals), the greater will be the 
lengthening of the reaction time. He interprets the effect of irregularity 
in terms of wee.kening · the expectancy of a stimulus. Because of certain 
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the same direction, bat 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 intervals equal to the mean foreperiods of matched 

simple reaction tasks. Corresponding 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 

a 1. 0 secortd interval. The relationship between RT and the time uncertainty 

of the st~ulus plotted in terms of this informational measure was found 

, to be approximately linear. The slope indicated that for every bit of 

stimulus uncertainty, RT increased an average of 18 milliseconds • 
... l ' 

Karlin (1959) carried out an experiment in which he also investi-

gated the effect of foreperiod duration and"variability on reaction time. 

Eight subjects received an auditory warning signal separated from an 

auditor.y 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 fix~d foreperiods, during 

one session, was repeated in two blocks of 21 trials each, making up a 

total of 168 trials ~er 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 mare direct bearing on this 
thesis, the author has elected to discuss ·this experiment in detail else-' .. where in this review. : ' j • 
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the median foreperiocl of the three corresponding to one of the fareperiods 

of the constant condi.tion, while the other two foreperiods were 20% above 

and 2CY'/o below this meldian, respectively. ·For example, the 1.0-second 

variable condition WE>S c.omposed of the follOW'ing three foreperiods: · 0.8 

sec., 1. 0 sec., and L 2 second. 

Tbe results tndicated that mean RT under both the constant and 

variable conditions l1ecame progressively s~ower as the foreperiod lengths 

increased fran 0. 5 to 3 .• 5 seconds. Like WoodrOW' (1914), Mowrer (1941), 

and Klemmer (1956), J:arlin 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 
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variable foreperiod tncreased progressively the mean reaction time increased 
• 

progressively when C(~pared to the reaction time observed under a corres-

ponding constant fo~eperiod, Karlin found no such effect even though the 

range of foreperiod 1rariability in his experiment increased progressively 

from 0.2 to 1.4 seconds under the variable condition. It should be noted 

these ranges were smnll when compared to the ranges investigated by 

Klemmer (1956) and Mowrer (1941). 

Karlin also analyzed the RTs obtained on each of the three fore-

periods making 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 

shortest intervals· yjLelded the slowest RTs; whereas the median and longest 

intervals yielded tho fastest reactions. It is interesting to note that 

the RT levels obtainod on these median intervals were very similar to the 

RT levels obtained on the corres.~onding constant foreperiods: - Median RTs 

of 256 millisec., and 274 milliseconds, canpared to the 

\ 



respective constant RTs of 256 millisec., 271 millisec., and 280 

milliseconds. 

Karlin rejected the. idea that the resulting curves under the 

variable condition could be interpreted as empirical readiness curves 

·(Woodworth, 1938). According to such an interpretation, the subjects 
I 

in this experiment were least ready (longest RT) when the reaction 
' 

stimulus 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 sport 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, th~n, attempted to explain the resulting curves in terms 

of the effect upon R~' of the length of the immediately preceding fore-

period. He postulat~d, 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 wc•uld 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, ill.fluenced by the short foreperiod, would get ready 

more quickly and stay re~dy longer g In this way, the consistently longer 

RTs obtained under the shortest foreperiod.s on the 1.0, 2.0, and 3.5-

second blocks might 'be due to the fact that the shortest foreperiod was 

preceded more often 'by longer foreperiods. Karlin carr.ied out a 

sequential analysis lrhich suggested that this might be true for those 

particular foreperioo, blocks. ~~ever, to account for the 0.5-second 

foreperiod data, he w·as 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 was superimposed on specific tendencies resulting from 

the different preceding foreperiod lengths coupled with less ability to 

maintain a peak of readiness. 

Karl~n's experiment is outlined in same detail because a some­

what similar sequential analysis 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 examine the method of investigation 

as well as the experimental design (within-subjects) as a possible 

explanation 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 variability on reaction 

time . were investigated. Pronounced RT-foreperiod curves comparable to 

Karlin's were reported, although the foreperiod effect was distinctly 

greater when the preceding· foreperiod was short. Karlin's data would 

suggest that the gre&test effects occurred when preceding foreperiod 

was longer. 

On the basis of earlier .suggestions by Woodrow and Karlin that 

the RT-foreperiod relationship reflects progressive changes in the 

.subject's state of readiness, nrazin formulated an "adaptation" 

hypothesis. According to this hypothesis, the effects.of preceding 

foreperiods 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) 

suggested two mechanisms by which the point of maximum readiness might . . . 
be influenced: by errors in time estimation and by the degree to which 
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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 su,ch short foreperiods. The 

importance of such a "t.ime estimation" mechanism will be seen when the 

hypotheses that have been developed to account for foreperiod effects 

on both tachistoscopic detection and tachistoscopic 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 extensively investigated, relatively little has been done concerning 

the investigation of such effects on other tasks. The ·reason for this, 

as stated earlier, is mainly one of historical precedence. One such task,· 

however, on which the effect of fareperiod length has been investigated 

is that of sensory threshold determination. ~e importance of this small 

group of experiments to this review lies in the fact that the foreperiod 

effects observed have been somewhat similar to those obtained in RT 

studies. For example, as in RT, performance has been observed to vary 

as a function of foreperiod 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; Hot1arth and Treisman, 1958; 

Treisman and Howarth, 1959; Egan, Schulman, and Greenberg, 1961; Treisman, 

1964; Watkins and Schjelderup, 1967). 

We have seen that lengthening the interval between the warning 

signal and the reaction stimulus tends to increase reaction time 

(woodrow, 1914). Newhall (1923," ·a~ cited by H~arth and Treisman, 1958), 

in an investigation of attention under two rather complex situations in 
. i . . . 



which foreperiods of o.o, 1.0, 4.o, 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 foreperiods. 

Child and Wendt (1938) investigated the influence of a patch of 

light which could precede any one of five different intensities of a 

short duration tone by either 2.0 sec., 1.0 sec., 0.5 _sec., o;o sec., 

·Or appear after this tone by 0.5. second. The tone intensities, separated 

by 2 db steps, were such that approximately half of themwere below 

threshold. The level of tone intensity to be used was decided for each 

subject each da\v by a preliminary determination of the auditor,y threshold 

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 frequency with which the subjects 

reported the tone increased as the foreperiod length decreased down to 

0.5 seconds - 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 concluded 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 investigate the effects of foreperiods on electric 

phosphene and auditory thresholds, it was found that thresholds ·as 

determined by the method of limits rose monotonically as the interval 

between the warning signal and 11l!reshold stimulus increased· from 1.0 

through 2.0, 3.0, 4.o,: ·and 9.0 seconds. Hawever, this rise was not found 
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when randomly orderecl 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 what is generally found when foreperiod length 

is randomly varied in RT studies (e.g. Telford, 1931; Botwinick, Brinley, 

and Robbins, 1959; Karlin, 1959, Thompson and Botwinick, 1966; Nickerson 

and Burnham, 1969) and in tachistoscopic recognition studies (e.g. Lake 

and Newbigging, 1970 ;1 • 

There are a number of features of the experimental procedure 

which may account for these unusual results obtained on the random fore-

period condition.. In that particular experiment (Experiment V, Howarth 

· and Treisman, 1958) j~ive subjects were used which included the authors 

who had also served as subjects in a number of prior experiments using 

fixed foreperiods. In light of the results of one of the author's 

experiments to be reported, it may well be that performance under the 
' 

random conditions was affected by so much prior practice under these 

various fixed conditions. 

Egan, Schulma.n, and Greenberg (1961), in a "memory time" 

·experiment, utilized a confidence-rating response type of tone detection 

task where a 1000-cp;3 tone with a 0. 25-second duration had 0. 5 probability 

of occurrence on any trial. A 0.5-second light was used as the warning 

signal and could prec:ede the tone by intervals of 0. 25 sec. , 0. 5 sec. , 
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190 sec., and 0 second. Eight subjects averaged hi@tlest detection scores 

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

·scares averaged progressively lower in the order 0.5 sec., 1.0 sec., and 

0 seconds. 

In 1964, Trei~an repor~~d an experiment dealing with effect of 

manipulating the dur!l.tion 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 emplqyed; one served as a pre­

warning and the other as the accessory stimulus. ·The accessory stimulus 

was followed after a period of time by the critical stimulus to be 

detected. Thus, each trial in the experiment began when the pre-warning 

light came on and was followed one second later 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. At the beginning of 

·each session the subject's threshold was estimated by the method of 

limits, and two intensities of the critical stimulue, one ''weak" and one 

"strong", 0.1 db apart, were chosen near the threshold. The interval 

between the accessory stimulus and the critical stimulus was defined as 

the inter-stimulus interval and the subject's task was to detect the 

critical stimuli under a number of different fixed inter-stimulus 

intervals: 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 subjects involved in this 

experiment. 

Treisman reported the mean percentages of po~itive response to 

both stimulus strengths. When the critical tones, 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 percen~; by 1.75 sec., ,3.5 percent; by 2.25 

sec., 49 percent; and by 2.75 sec., 44 percent. 
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These studies concerning the effect of foreperiod length on 

sensory detection t~esholds are relevant to the current investigation 

for two reasons; First, they all demonstrate the effect of foreperiod 

lengths of short durations - that is, all pave demonstrated that a 

monotonic relationship exists between the number of correct detections 

and foreperiod lengths, even for those intervals shorter than two 

seconds; from 0.25 sec., (Egan, Schulman, and.Greenberg, 1961; Treisman, 

1964) up to 9 seconds (Howarth.and Treisman, 1958). Second, these 

studies, as the reader wil~ see later, differ from the method of invest-

igation used by the investigators of foreperiod effects on tachistoscopic 

recognition thresholds and are similar to the method emplqyed in this 

current investigation in that all the subjects used were tested under 

each and every forepariod condition. Thus, the method is characterized 

by relatively smallnumbersof subjects, but large numbers of trials per 

subject. Further, the task required of the subjects in these detection 

·experiments involved a minimum memory component, that is, there was 

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 Length on Tachistoscopic 
Recognition Thresholds •. 

Verbal ready signals have long been used in tachistoscopic word 

recognition experiments to alert the subject to the impending presentation 

of the stimulus-word (Soloman 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~etween.a precise ready signal and the 
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stimulus-word presentation has been. experimentally manipulate~ in order 

to determine its effoct on tachistoscopic recognition thresholds. In 

fact, the small amount of evidence that already exists has all been 

collected by Newbigg:Lng and his colleagues (Munoz and Newbigging, 1970; 

Lake and Newbigging, 1970; and Newbigging, 1970). It is from this set 
I . 
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of experiments, howe,rer, that the original conceptions· and rationale of 

this current investigation evolved, ~d thus, they require some discussion. 

However, as :Lmportant as the empirical evidence from these 

experiments is to th:Ls thesis, no less important is the theoretical 

framework used to aceount for this evidence.. As stated earlier in this 

review the concep~ o:r attention until recent years has received but 

passing notice. In 1965, Newbigging put forward the suggestion ~hat 

perceptual learning, as evidenced by the improvement of performance·that 

occurs within a limi·ced practice session on psychophysical judgements of 

all kinds, may well he mediated by the acquisition of attentional responses 

to cues relevant to "Ghe 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 effect:lveness of this instruction. This theoretical 

framework will be di:3cussed 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 investigtJ.te· and analy_ze the effects of fixed and random 

foreperiods on tachi1~toscopic ~ecogni tion thresholdS. The investigators 



established recognition thresholds for each of a number of "complex" 

alphabetical sequences by means of the "ascending method of limits". 

Each subject involveoL in a particular experiment performed his task 

under one of several foreperiod 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 law 

frequency '(1/3.6 million) nine-letter words. It was found that the 

recognition thresholds were a monotonically increasing £unction of the 

length of foreperiod. 

Lake and Newbigging (1970) described the results of two 
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experiments in which the effects of length and variability of fo~e­

period on tachistoscopic recognition were examined. The first 

experiment extended the above mentioned study (Munoz and Newbigging, 

1970) by u~ing 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 seconds). A random condition 

was 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 400 millisec. to 8,000 millisecs., the intervals differing. 

by steps· of 400 milliseconds. A tone of one second duration, 6o db 

intensity, and 880 cps served as the warning signal. 

The results shewed that the recognition tHresholds increased 

monotonically as the fixed foreperiod lengths increased; that is, the 

shorter the fixed foreperiod, at least dawn to two seconds, the lower 

the tachistoscopic rec<?gni tion threshold. Lake and Newbigging visually 

fitted a straight line to these data and put it forward as being 
' . 



suggestive of the form of the relation. For those fixed foreperiod 

lengths below two seconds, the recognition thresholds obtainedwere 

not significantly different from one another. 

The results obtained under the 4.75-second random foreperiod are 

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 takes into account the performances on all the 

intervals making up the 4.75-second random foreperiod. If a c~parison 

of the results of this experiment with the results for reaction time 

experiments is warranted, then one would expect that the performance 

under a randomly varying foreperiodwould be inferior ~o the performance 

obtained under a corresponding fixed foreperiod because of the increase 

in time uncertainty induced by interval variability (e.g. Klemmer, 1956; 

Karlin, 1959; Botwinick, Brinley, and Robbin, 1959; Botwinick and 
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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 performance. It should also be noted that information 

concerning the performances on the individual foreperiods comprising the 

4.75-second random foreperiod of this experiment was not reported. 

The second experiment described in the Lake and Newbigging stud¥ 

further extended the investigation of the effect of fixed and random 

foreperiods on tachistoscopic recognition thresholds. Using the same 

twelve, seven-letter alphabetical sequences as the stimuli to be 

recognized and ~he same one-seco~~ tone as the warning signal, fixed 

foreperiods of 2.0, 4.0, 6.0, and 8.0 seconds were investigated. In 
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addition, four random fareperiods 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, 

having a fange of variability of 3.0 seconds and a mean equal to 2.0, 

4.o, 6.o, or 8.0 seconds. For example, the random 4.o~second for~period 

was made up of the following seven intervals:- 2.5, 3.0, 3.5, 4.0, 4.5, 

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 

condi tiona and, as in the previous expe.riment, could be adequately 

described by a visually fitted straight line. Again there would appear 

to be no effec~ of randomly varying the length 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 variability may be 

due to the· small range of variability employed" (Lake and Newbigging, 

1970, p.457). Later in. this.theais the present author will also attempt 

.. 
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his own hypothesis aE to why no foreperiod variability effect was 

demonstrated in these two experiments. 

In summary, this set of experiments provides 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 of whether the foreperiod lengths are fixed or variable from 

trial to trial. 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 among themselves, thus demonstrating a range 

of optima from 0.5 second.to 2.0 seconds. The finding of most interest 

was the failure to demonstrate any significant differen~e in performance 

between fixed foreperiods and randOm fareperiods having co~parable mean 

values. 

Theoretical Attempts to Account for Foreperiod Effects 

30 

This section outlines the various hypotheses that have been put 

forward by investigators ~o explain 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 may 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 war~ing is suggested by the 

very similar curves f'ollowing the use of lights (Howarth and Treisman, 1958; 

Child and Wendt, 1938; Egan, Schulman and Greenberg, 1961; Treisman, 1964) 

and bells (Howarth and Treisman, 1958) and tones as warning signals 

·(Munoz and Newbigging, 1970; Lake and Newbigging, 1970; Newbigging, 1970). 



That it is not modality specific has been demonstrated by the auditory 

threshold experiments of Child and Wendt (1938), Howarth and Treisman 

(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 threshold experiment by Newhall (1923). 

Furthermore, the phenomenon has been found to occur independent of the 

particular psychophy~ical method used; for exwnple, Treisman and 

Howarth used both· the "descending method of limits" and the "method of 

constant 1;1timuli" (i.e. two near threshold strengths of a stimulus were 

alternated with ''blanks" in a sequence det~rmined from random number 

tables.), and Newbiggin.g and his associates employed the "ascending 

method of limits". Finally, ·the phenomenon has been found to occur 

across experimental tasks; detection tasks using 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 ~een 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 performance 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 warning signal. An "attention-distraction" 

hypothesis and an "accuracy of time judgement" hypothesis; both of :which' 

attempt to interpret these performance curves in terms-of a conception 

of attention that haa been deve4~ped 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 11 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 ~earning. 

Fixed Physiological Reaction: An ".Arousal" Hypothesis. 

In the last thirty years, work by physiological psychologists 
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such as the studies by Lindsley (1951) and Moruzzi and Magoun (1949) 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 (19~-9, 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 ' .. 

incom~ng messages. ~:'reisman (1964) put forward an arousal hypothesis 

as one possible explnnation of the phenomenon associatedwith foreperiod 

effects on threshold levels. The warning signal, according to this 

hypothesis, caused an immediate arousal or alerting response, one effect 

of which was a rapid increase in sensitivity to incoming stimuli (i.e. 

detection or recogni t.ion stimuli). The· threshold curves obtained were 
J 

supposed to be a reflection of the time-course of the decay of the 

physiological change underlying this. 

The postulates outlined in the above paragraph are strongly 

reminiscent 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 

stimulation increases the phenomenal intensity ot the ·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 have been performed by Russian investigators and are 

summarized in a revie~ by London (1954). 

The evidence suggests that auditory-visual interac~ions do occur. 
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Experiments by Kravko·v (1936, 1937, cited by London, i954), Hartmann (1933), 

Urbantschits_ch (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 in:nuenced by auditory stimulation. Conversely, 

experiments by Urb~t.:~chitsch (1;~80), Hartmann (1934) , Thompson, Voss 
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and Brogden (1958), Gulick and Smith (1959) have been cited a~ 

demonstrating the effect of visual sttmulation on auditory sensitivity. 

It 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 experim.ental design, 
I 

poor 7XPertmental procedures and instructions, and improper statistical 

treatment• 

In order to ~~valuate the relevance of the results of these 

experiments to the ":axed physiological reaction" hypothesis as proposed 

by Treisman, it is of crucial importance to ascertain the temporal 

relationships invol VHd in concomitant stimulations. In spite of the 

contradictory nature of same of the results of studies investigating 

auditory-visual interaction, it would appear, as stated before, that 

auditory-visual intel'action effects do occur. The crux of the matter 

is, however, that suC!h sensory interactions are generally found to be 

maxtmum 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 ~e concerned, the Child and Wendt (1936) stud;y is the one stud;y 

most quoted as demonstrating the possible form of these relationships 

(Gilbert, 1941; Gulick and Smith, 1959). As was stated previously in 

this review (p. ·. 22), this stud;y dealt with the effect of randomly 

' varying the interval (fareperiods o, 0.5, 1.0, 2~0 seconds or - 0.5 

seconds, negative pre<:::edence) between a visual stimulus (a patch of 

light) and an auditor.r detection stimulus (tone). HoWever, in spite of 

, being quoted by other:J; Child an.d: Wendt, in light of their CJim results, 

were unable to decid~ whether the·facilitation which occurred was 
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interpretable "in te:rms of the .summation of irradiated excitations in 

the central nervous system" or "to higher-order proces.ses of judgement 

and a~tention" (Child. and Wendt, 1938, p. 124). For one thing, al;.though 

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, facilitation 

was no greater than that which occurred on·the one second foreperiod 

condition. This is not what one woilld expect in the light of other 

sensory interaction studies, where facilitation, if it occurred, did so 

with greatest effectiveness when both the accessory and prima.rYstimuli 

. were presented simultaneously. 

Munoz and Negbigging (1970) addressed themselves to the problem 

of sensory interaction. In one experiment these investigators ~aried 

both the length of the fixed foreperiod and the intensity 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 occur :in g 

on the shortest of the fixed foreperiods, in this case the 1. 0 second 
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foreperiod. When the intensit~ of the warning tone was increased to 90 dbl 

performance remained identical to that obtained when the 60 db tone was 

used, with one important exception. Performance under the 1.0 second 

foreperiodwas now observed to be no better than that obtained under the 

longest foreperiod. That is, performance under the 1.0 second foreperiod 

on the 90 db condi ti,Jn was so obviously inferior to that obtained when · , 
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the same :roreperiod 'tlras used under the 60 cib 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 thr"ee seconds since performance under :roreperiod 

lengths at 3.0 seconds and longer was identical for· both intensity 

conditions. It should qe noted that Kravkov, in his experiments on 

facilitation and inhibition of visual acuity with white-on-black figures, 

:round that "the effect of auxiliary stimulation lasted for four or five 

minutes" {Gilbert, 1941, p~·394). 

In summary, tnese experiments indicate that if there is a 

facilitative (arousing or sensitizing) or an inhibiting· (disruptive) 

process due to audito1~/visual interaction, the temporal aspect~ of it 

appear quite short. This interactive process, when :round, occurs 

maximally when the accessory ( i.:e. auditory warning signal) and primary 

{e.g. visual detection stimulus) stimuli are in close temporal proximity; 

in fact, when they occur' simultaneously. Furthermore, the process 

appears to be effective only over a relatively short time span, probabzy 

not longer than four seconds. On the other hand, t,he monotonic relation 

:round to exist between :roreperiod 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 due to s,ensory interaction are di:rt'icult to demonstrate" 

(p. 29). 

Thus, it would appear that this one demonstr_able "temporal" 

process, based on neuro-physiological concepts, is neither explicit 

enough, nor, from what is known; . .long enough in duration to be the basis 

o:r a fixed physiological hypothesis like the one proposed by T.reisman • 
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In fact, as the MUnoz and Newbigging experiment would indicate, once 

the interactive 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" 

hypothesis for the sake of other hypotheses. 

Treisman rejected it because the 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 above 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" h;y-pothesis have their roots in the general area of 

psychology designated by the term perceptual learning. 

Perceptual Learning and the Role of the Foreperiod. 

The term percept·1al learning, for present purposes, refers to the 

improvement with practice~ of performance 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), peripl:eral and foveal visual acuity (Bruce and Low, 
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1951), hue and pitch discrimination (Wyatt, 1945; Werner, 1940), 

· pattern and word recognition from brief tachistoscopic displays (Hay, 

1963; Newbigging and Hay, 1962; Newbigging, 1965), and repeated 

judgements of some s1;imulus dimension such as on the Muller-Lyer 

illusion (Parker and Newbigging, 1963; Newbigging, 1965). All these 

studies, regardless of the nature of the psychophysical task, demonstrate 

that the subject's pElrformance improves as he continues to make repeated 

judgements within a limited practice session, the nature of this 

improvement being in the form of 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 twc1 theoretical formulations specifically addressed 

to the problem of im1~oved 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 e~vironment, of 

discovering new prope;rties of the world by discriminating new variables 

in the stimulus flow. Thus, granting the assumption of a rich stimulus 

flux at the receptore, perceptual learning becomes a matter of differen­

tiating the i~put (Gibson, 1955 a). According to this position, 

practice serves to re;duce generalization among the stimuli, to increase 

precision of discrimination and to improve detection of relevant 

variables or distinct.i ve features not previously noted~ Thus, this 

information claims that the ~ff~qtive stimuli for perception are changed 

0 

38 



by learning such that the end result is an increased correspondence· 

between response and stimulus properties. Perceptual learning, the 

Gibsons emphasize, is not a process of enriching the sensory core 

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

Postman (1955) argues that because stimulus response .correlations 

change with practice, the Gibsons' theory assumes there must b& changes 

in effective stimulus variables. In a very real sense, this theory is 

little more than a re-statement of the empirical facts, since it 

proposes no mechanism (a) by which stimulus specificity central to 

.their theory comes about through practice. In another paper in the 

·.same year, the Gibso:1s (1955 b) reaffirm that they are indeed primarily 

concerned with the q1iestion of "what is learned in perceptual learning", 

deferring for the time being the mechanism ( s) by which the l~a.rning 

comes about. 

In opposition to the Gibsons,. Postman (1955) formulates the 

problem of perceptual learn~ng in traditional association terms. He 

points out that mean:Lng often appears to involve enrichin.ent and that 

the skilled performru1ce 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 place when the relative frequencies of responses 

undergo significant c:hanges under controlled conditions of practice. 

Descriptively, perceJ,tual learning is the attachment of new responses or 

a change in the frequency of responses to particular configurations or 

sequences of stimulL ~.' (p. 440-441). For example, in the two-point 

cutaneous threshold e'xperiments .b_Y Mukherjee (1933) and Alluisi et al, 

(1963), it is found that a certain degree of separation of· the two points 

l•" 
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elicits the response "one" from the subject. However, with practice 

this same degree of .separation comes· naw to elicit the response "two". 

It is such changes iil S-R correlations that constitute the basic data 

from which perceptual learning is inferred. 

These two th•:~oretical formulations, however, both fail to give 

an adequate explanat:lon of just how perceptual learning takes place. 

As was noted previou13ly, the Gibsons' stimulus specificity theory does 

not propose any mech11nism to account for how specificity comes about 

with practice, nor, u.s we shall see, how improved discrimination 

resulting from pz:act:Lce on one task may be positively transferred to a 

different task. It Bhould 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 meroly refers to, but does not elaborate .on this. 

Association theory, using chaining devices and anticipatory responses, 

can discuss the percoptual 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, oj• scanning and focusing mechanisms, and of attentional 

constructs designed 1;o handle changes in discrimination based on selection 

from a complex input. Pick (1964), for example, has found eye movements 

important for childre!n, but Abelson (1963) found· tnat they lose importance 

once the stimulus cee.ses to be unfamiliar. 

As the basic .mechanism of perceptual learning, however, 
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Newbigging (1965) has ~ade a str.ong case for ··learning ·attentional 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 in 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-recognition responses or guesses less frequently occ.urring 

words, thereby increasing the probability of being correct at progress-

ively shorter durations over the list of stimulus words being presented. 

This hypothesis would also predict.a relatively small practice effect 

for high frequency stimulus-words, as compared to tha~ found for low 

frequency stimulus-words, since subjects were assumed more likely to· 

give high frequency guess words as their initial responses. 

Hay (1963) t2sted this hypothesis in an experiment where 

different groups of subjects were given practice on either a list of 

nine, seven-digit nwnbers; on nine, seven-letter low frequency words; 

on nine, seven lette:r high frequency words, or simply became adapted to 

the tachistoscopic s:Ltuation. Following this practice all groups were 

transferred to the ta.sk of recognizing a common ·ust of eighteen ·low 

frequency words. 

Hay found high positive transfer from the high frequency word 

. condition of the pre·~raining perioQ. to the l'ow frequency word test 

condition; in fact, regardless of the type of pretraining received, 

there W$S no differential effect of it on the recognition thresholds.of 

the low frequency tent words. ~ese results are quite inconsistent 

with a response probnbili ty 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 pretraining), the amount of transfer 

was a positive and di.rect 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. assumpt:bon the,t such an attentive response was gradually acquired 

during the course of the session, probably replacing other irrelevant 

attentive responses, 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 determined 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 ·stimuius pattern in cases where perceptual 
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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 a corresponding decrease~" (p. 312). 

Most import~t is the fact that these attentive responses would 

be independent of the stimulus displayed and thus could mediate the 

positive transfer fram·one type of stimulus material to another. Thus, 

Hay's finding, that equal transfer occurred regardless of the type of 

pretraining 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 

Recognition Thresholds", (p. 25), a number of experiments carried out 

by Newbigging and his associates were outlined in which the. effects of 

fixed and randomly varying foreperiod lengths on tachistoscopic word 

recognition thresholds were investigated. All these experiments demon~ 

strated t~at, whether the foreperiod lengths were fixed or variable, 

the recognition thresholds were a. monotonically increasing· function of 

the foreperiod length (Munoz and N~bigging, 1970; Lake and Newbigging, 

1970; and Newbigging, 1970). In fact, the results indicated that 

thresholds on corresponding fixed and random.foreperiod.lengths of 2.0ll 

4.o, 6.0, and 8.0 seconds were statistically equivalent; that is, 

randomly varying the foreperiod length had no significant effect (Lake 

and Newbigg~ng, .1970). To account for these results, Newbigging farm-

ulated what is· now called the "attention-distraction" hypothesis • . . 
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This hypothesis assumes that the warning signal (a tone, in the 
• 

case of the experiments referred to above) acts as an instruction to 

the subject to atterid to the place where the visual stimulus to be 

recognized will be displayed; this attentional response persists until 

the occurrence of a distracting stimulus, or the stimulus to be 

recognized, whichever comes first. The poorer performance (i.e. higher 

threshold levels) observed on the longer.foreperiods are accounted·for 

by the further assumption 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 attempt to account for the somewhat surprising finding 

that performance on .corresponding fixed and random foreperiod lengths 

were identical, this hypothesis appears to be most effective. According 

to the "attention-distraction" hypothesis, it is not whether a foreperiod. 

length is predictable from one presentation to the next that is important, 

but rather the absolute length of the foreperiod on any given presentation. 

This hypothesis assumes the subjec~ to be maximally attentive immediately 

after the warning signal, but as the interval between the warning signal 

and stimulus presentation increases the likelihood that the subject will 

·.have been distracted 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 (predictable) 

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 preceded by a long 



interval, the subject was thought to be calfght "nappi~g" 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 foreperiod·conditions of Newbigging'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 

making up a particular random foreperiod condition. One of the problems 

tackled in this present study was to develop a more sensitive procedure 

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 ~he e~fects 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 resul~s, 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 performance 

(recognition thresholds) obtained under.the 60 db condition. However, 

performance on the ~fo longer foreperiods was identical under both 

intensity conditions with the shorter foreperiod of the two yielding 

the lower recogni tior1 thresholds • . . . 
I 
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Newbigging attempted to account for these results in terms of 

his "attention-distraction" hypothesis. He argues that because of the 

intense nature of the 90 db tone, it compels the attention of the 

subject, distracting him from the recognition 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, however, time is available to make such attentive 

· readjustments and thE! disruptive effects disappear. 

While the "ai;tention-distraction" hypothesis makes no formal 

statement about recmrery 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 seconc~. Under this foreperiod, the performances of the 

6o and 90 db groups . e.re indistinguishable. It must be assumed that 

distraction attribute1ble to other stimuli also shows recovery. Not 

only does the above experiment demonstrate recovery from distraction, 

it also indicated the.t the effect of a distracting stimulus lasts for 

some time, at least t.p to one second following ·the presentation of the 

disruptive 90 db warLing tone and possibly even longer. The problem is 

that at this stage ir,. research, therce is. no specific empirical evidence 

as to the rate of recovery from distraction and its possible relationship 

to factors such as.t~e physical characteristics of the distracting 

stimulus (i.e. intensity, duration), the modality concerned, and so on. 

However, the assumption is made in the "attention-distraction" hypothesis 

that as the :foreperic1d increases in length the probability that a dis-
~ . 
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tracting stimulus will have occurred also increases, thus predicting poorer 

• 



performance on the longer foreperiod lengths. 

In order to provide further support for this hypothesis, as 

opposed to a.n "arousal" hypothesis, Munoz and Newbigging (1970) 

studied the effects of 60 and 90 db warning tones in combination with 

the continuous presence or absence 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· poiilt. Again the results indicated that poorer 

recogni tiqn performancle 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 intense tone was greatly attenuated. 

A logical assumption :f'ollowing from the "attention-distractiontt 

hypothesis is that one way to maintain high.performance 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 fixa·i;ion point, like the 60 db tone, acted as an 

instruction to the ~ub~Ject to attend to the place where the visual 

display would occur. 

The "accuracy crt time judgement", the third hypothesis that has 

been formulated to acccunt for foreperiod effects, is in one sense 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 
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the experimental events occur with regularity fr em trial to trial. That 

is, those tasks where the interval between the warning signal and stimulus 

presentation is constanii or fixe!i. from one presentation to the next. 



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 second& 

This increase was not found for the variable foreperiod condition. 
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(Note p. 22 of this r·eview for a more complete outline of this experiment.) 

Treisman (1964), in an attempt to interpret this result, formulatedwhat 

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 len€~h in order to anticipate the arrival of the 

critical stimulus, ano. to· lower his threshold when he expects it. 

Since he cannot determine the end of a time interval exactly, he will 

came to expect the stimulus over a range of time centred around the 

actual end of the inte~~al. That is, the ~xpected 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 than t:ais period, and to lower his threshold only 

during this one second ~:oange. It is assumed that the threshold is 

lowered to an extent in,ersely related to the length of this range. 

Central to this hypothesis is the ass~ption that the monotonic 

function generated by fixed foreperiod conditions is related to the 

accuracy of time judgement. Woodrow (1930) had eight subjects reproduce 
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empty temporal intervals varying from 0.2 ~o 30.0 sec~nds. 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 ·(jime judgement" hypothesis, the accuracy with which 

the subject can anticipate the moment at which the stimulus will occur 

will be less 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 (191~-) attempted to explain his results with reaction 

times in terms of ade~ptation of attention. He claimed, on the basis of 

his results, that a E:ubject could be maximally attentive for a finite 

period of time - up t.o two seconds, but at greater foreperiod lengths, 

since these ·longer intervals were estimated, the average level of 

attention would be less and thus the average reaction~times would be 

longer. 

Newbigging (1970) reports two experiments which demonstrate 

transfer effects on tachistoscopic recognition performance following 

different amounts of practice on various types of RT task (i.e. simple, 

discriminative 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 factorially with foreperiods of 2.0, 4.0 or 8.0 

seconds. Different ~·oups of subjects were administered each of these . - . . 
I 

conditions. Following. reac':tion 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 swne 

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 the tachistoscopic recognition task where the forepe~iod is 

of the swne length for both. The data also indicated that the amount 

of transfer was dependent· upon the type of reaction time training • 

choice resulted in the greatest transfer, followed by discriminative, 

and finally by simple. 

The second experiment investigated the effect of the amount of 

reaction time practice on transfer to a tachistoscopic recognition task. 

The 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 the amount of transfer depends on the 

amount of pretraining. It was also demonstrated that fewer choice than 

simple reaction trials are necessary to demonstrate transfer. 

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 stimulus to be recognized (or reacted to) will be displayede 

This attentional response, it was assumed, persists until either a 

distraction 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 re~~arity inherent in such a condition in 

order to anticipate the moment of occurrence of the critical stimulus. 
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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 posit~ve 

transfer that will be achieved, migllt well be due to the fact that the 

time adjustments necessary take time to be acquired; 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 occurs 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 a·foreperiod and thus be better 

prepared for the stimulus presentation, 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 :('ound the standard deviation in per­

centage to be 8.6. Hawickhorst {1934) with further training reduced this 

to 3.&/o. Renshaw {1932) using five subjects for 159 days for a total 

of 19,o80 trials reduced it further to· L2$. 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 that practice 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 the 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 any effects of an extraneous stimulus that might have 

occurred within the interval would thereby be reduced or eliminated. 

Thus, one would expect a higher performance 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. 
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A somewhat 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 

preparatory intervals is unfavourable to reaction time as compared with 



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

the irregularity affected 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 cwne 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. Lake stated, " ••• learning is not 

as great in the case of long intervals as compared to short intervals 

because, since the long intervals 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 and his 4.0 second fixed foreperiods yielded the swne performance 

level- a fact reaff~rmedwhen a later experiment found similar perf~­

ance levels on fixec. and random foreperiods of 2eO, 4.0, 6.0 and 8.0 

seconds. Newbigging and Lake (1970), as w~have seen, accounted for 

this fact by claiming it is not the predictability of the foreperiod 

length that is important, but the absolute length.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 tqr such a formula~ion exists in the form 
of a temporal condi t.ioning of an attentional response e Thus, with 
practice "an attentional response to the temporal interval (foreperiod) · 
is acquired" (p. 4~!). · 

• 
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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 resulting data might 
• 

not have been sensitive enough to demonstrate this attentive behaviour. 

In other words, there would be no way of knowing for sure whether the 

subjects under the fixed foreperiod conditions had utilized an attentive 

strategy as described by the "attention-distraction" hypothesis ~ a 
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strategy like that described by the "accuracy of time judgement" hypothesis, 

since both hypotheses make the same prediction concerning 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 

hundred 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 .imme9iately 

49 additional trials (making 69 in all), which also came at 12.0 second 

intervals, except on the 21st, 27th, 35th, 41st, 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 calculat.ed • 

. . 
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It was found on the 3.0 second interval that the reaction time 

was longest, as the t.est intervals approached the standard 12.0 second 

interval the reactioL times became progressively shorter, until at the 

12.0 second test interval the reaction tim~ was not only fastest, but 

the same as that obts,ined on the 12.0 second interval when it was the 

standard. As the test intervals varied beyond 12. 0 seconds, up to 24~.0 

seconds, the average reaction time again increased progressively. 
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These data were interpreted by Mowrer in terms of time judgement ' 

(expectancy) • Accorcl.ing to Mowrer, under the preliminary practice 

session, the subjects' had came to anticipate the reaction stimulus to 

occur every 12.0 seconds, thus, they were maximally attentive at that 

time. When shifted.to the test situation, 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 giYen both constant and variable foreperiods, as 

generally happens in a reaction time task, the order of presentation 

is 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 investigate 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 deve~~pwhen .exposed to the various foreperiod 
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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 judg,~ent" strategy.-
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CHAPTER THREE 

EXPERJMENT I 

Lake and Newbigging (1970) in a series of experiments, which 

were discussed in the previous 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 as 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 perfo~ance on each of the seven foreperiods comprising one of the 

random foreperiod sets. One would expect that the amount of info~ation 

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 final recognition. .These experiments all utilized the ascending 

method of limits Ln which recogni~ion of the letter sequence is gradually 
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built up over a series of successive presentations. 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 random foreperiod effects on tachistos-

copic recognition was to utilize a procedure in which such information 

under the random foreperiod conditions could be 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 length 

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 a 

given tachistoscopic recognition task under various foreperiod arrange-

menta, adapt their attentive behaviour in a manner 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 P.resentation as described by T.reisman's 

(1958) "accuracy of time judgement·" hypothesis, which was discussed in 

• 

58 



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 i~ detail only for Experiment I. 

Differences in procedural detail of,the second experiment will be· 

described in its appropriate Method section. 

Subjects 

Eight students, four males and fou~ females, ranging in age 

from 19 to 23 years and having good non-corrected vision served as 

, subjects in this experiment. 

Apparatus 

Two test stimuli were presented for recognition, one 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 maintained 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 via earphones to each subject and initiated every 

trial. 
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The apparatus was so set up that after once being initiated by 

the experimenter, the following recycling sequence was set in motion: 

a one second tone whose ter~nation marked the beginning of the fore­

period which could be either constant or variable from trial to trial 

depending on whether the foreperiod condition being investigated was 

fixed or random. ~is was then followed by a b~ief exposure of one of 

the two test stimuli md, finally, by an interval of three seconds 

duration in which the subject was to respond. 

The duration of the tone, the various foreperiod length~, and 

the response interval, were timed by means of a bank of nine Scientific 

Prototype Time Interval Generators. 

On any on~ complete trial (from tone to tone),.the particular 

test stimulus exposed and the foreperiod length presentedwere pre­

programmed on paper 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 were recorded both by hand and by means of a 

Gerbrand 1 s Pen Record.er which was activated by the subject 1 s pressing 

one of two respon~e 'buttons corresponding to each of the two test 

stimuli • 

. Stimulus Material 

The test stimuli to be recognized in this experiment appeared 

to the subjects as ~70 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). In one circle these lines 

were sloped 36 degrees to the. u:P:Per left (LEFT STIMULUS) and in the other 

circle, 36 degrees t1) the upper right (RIGHT STIMULUS) • 
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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 diameter, 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. Thts 

stimulus pattern was attached only after the shaft had passed through 

a hole, 1/4 inch in diameter, in the centre portion of a four by five 

inch index card mounted in 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 upright lines 36 degrees left or 

right. In an attempt to mask any noise the motor might make when 

1 · activated, the stepping of the motor was synchronized such that it 

occurred only during the one-second tone. The motor was also enclosed 
I 1 

in a sound-proof container. Since stimulus-field one remained dark 

(during ~hich time the blank-field was illuminated) until the mOm.ent of 

test stimulus presentation it was impossible for the subject to detect 

visually any change in line orientation while it was occtlrring. 

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 mechanica1 braking system; thus, even without the above noise­
control precautions the motor's activation could be described as 
exceptionally· quiet. · 
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Experimental Design 

T,Pis 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 stimuli had been presented during a brief exposure and 

' to register his choice by pressing the appropriate response 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 two groups such that 

each group consisted of two males and two females. 

In Group ·I 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 foreperiods varied randomly around a mean of l.O, 2.0 or 4.0 

seconds. Following this, these subjects repeated the same task, but 

this time the foreperiod lengths remained constant at either 0. 5, LO, 

2.0 or 4.0 seconds. 

For Group II, the two types of foreperiod conditions were 

presente.d in reverse order. Here the recognition performances of the 

four subjects A.B.·, S~B., J .B. and A.A. were first investigated 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, 4.0:.or 8.0 seconds. 

Each of the random foreperiod conditions mentioned above con-

sisted of seven for.eperiods whose average length was ·either l.O, 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 another 

by 0. 5 seconds and had a range of 3. 0 seconds. On4;! of the seven 



foreperiods comprising a partic~lar random condition was equal to the 

mean, three were shor'~er and three were longer. For e~ample, the 
I 

rand~ 4.0 second condition comprised foreperiods of 2;5, 3.0, 3.5, 4.0, 

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 subject was to perform the experimental task under 

all the foreperiod conditions represented in his group, it was necessary 

to establish for each subject an exposure duration for the two 

recognition stimuli that would r~main constant over all the foreperiod 
I 

conditions. The duration of the stimulus exposure selectedwas such 

that it yielded a relatively stable 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 range on the 4.0 second 

fixed foreperiodwas selected. Such a performance level on these two 

foreperiod lengths was selected because it allowed roam to move 

upercentage-wise" when the other shorter and longer foreperiods were 
' 

investigated. 

The a~opriate exposure duration for each subject was determined 

in the following maru1er. First the recognition thresholds for both test 

stimuli were estimated using the ascending method of limits. E~ch 

subject was instruct,3d to put on the earphones througb which a tone would .. 
occur, followed by. an interval of two seconds which would terminate in 
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the presentation of either of the two test stimuli. It was explained 

that, at first, the exposure of either test stimuli would be subliminal, 

but that the exposure duration would be increased until he could make 

three consecutive correct identifications of the particular test 

stimulus used. Blanks were used to assure that the subject was 

actually recognizing 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, the follow-

ing stable durations of exposure were found for each subject: 9roup I; 

G.S. 14 millisec., W.S. 10 millisec., R•'S. 21 millisec., and B.S. 9 

milliseconds. Group II; A.B. 10.5 millisec., S".B. 15 millisec., J.B. 

13 millisec., and A.A. 12.5 milliseconds. 

Under the actual test situation each subject was run 

individually and was read the following instructions: 

"The task that you are required to do is 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 o£ 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 sue}\ .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 wait for the tone again. Remember, 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, 

regardless 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 14 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 mJre than four left or four right presentations 

could occur li1 a row. From session to session the tln·ee trial-blocks 

corresponding to the three random foreperiod conditions were presented 

in a different balanced order. Under the fixed foreperiods the 

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

trials per session under each of fixed foreperiods represented in his 
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group; the first 10 of which were discarded practice trials.l Randomized 

throughout the remaining 100 trial-illock 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 making 

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 (tvdce) 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 three random foreperiod conditions by the four subjects of 

Group I. These subjE!Cts received the random conditions prior to 

receiving the fixed. It is apparent from Figure 1 that regardless of 

whether the foreperiods are fixed or random, the percent correct is a 

function of foreperiod length. The shorter the foreperiod, the larger 

the percent correct. This relationship between the absolute length of a 

foreperiod and performance is similar to tliat demonstrated in RT (i.e. 

Klemmer, 1956, 1957; Karlin, 1959) and in tachistoscopic word recognition 

(Le. Lake and Newbi15ging, 1970); thus, it yras also predicted in this 

1 
experiment. Figure :2 demonstrates that the above relationship holds for 

individual subjects .:~.nd thus, is not a consequence of the summary 

procedures used. 

The results of the chi-square tests, shawq:in Table I, performed 

to determine if the differences in the frequencies of correct responses. 

between the various.foreperiod lengths made by the above subjects, both 

individually and combined, were statistically significant. In the com-

bined situation, the comparisons between the fixed foreperiod 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 

a.nd 2.0 and 4.0 secconds all yield frequencies of correct responding 

which differ signifi.cantly in the direction predicted. However, there 

are a small number of comparisons, such as that between the 0.5 and 
.. 

1.0 second fixed foreperiods for W .s. and the 1.0 and 2.0 second fixed 

foreperio~ for both w.s. and G.S., in which the differences. in 
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TABLE I 

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 df p df p 

0.5 sec. - 1.0 sec, 1 .001 

1.0 -sec. - 2.0 sec. 1 .001 1 .001 

2.0 sec. - 4.0 sec. 1 .001 1 .001 

Group II Subjects (Combined) 

Comparisons Fixed Random 
Made df p df p 

2.0 sec. - 4.0 sec, 1 .001 1 .001 

4.0 sec. - 8.0 sec. 1 .001 1 .001 
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frequency were found i10t 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 'ffhich 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 exrunple, of a total. of ten sessions run by W.S. under the fixed 

conditions, nine of these sessions individually demonstrated the 

predicted relationship between foreperiod length and performance level. 

This is shewn 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 .01 level. 

A similar r~~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 rc:!specti veiy that this relationship holds for the 

group as a whole as 1-1ell 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 .001 level; with the shorter foreperiod length of the 

two compared yielding the.greatest frequency of correct identifications. 

From Figures 2 and 4, it can also be noted that for seven of 

the eight subjects t:.sed in this experiment, the fixed foreperiod 

conditions resulted in signifie~tly higher percentages of correct 

responses than did the random foreperiods of the same mean length. This 
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finding differs from that reported by Lake and Newbigging (1970). In 

their study of foreperiod effects on tachistoscopic recognition, they 

found that randomly varying 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 thes<3 subjects, who received the random conditions 

first, it is the shorter of the foreperiods which yield the highest 

percentages of correct identifications. Figure 6 shows that such 

performance curves are also generally characteristic at the level of 

individual subjects.1 In Figure 7 the percentages for the co~bined 

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 foreperio~with respect to its random condition is ignored. 

This Figure illustrates that the relationship between performance level 

and foreperiod length can be adequately described by a 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 consequence 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 Gro~p I on each of the seven foreperiods 
comprising the three random foreperiods of 1.0, 2.0 and 4.0 seconds. 
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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 fact, under each 

of the three random foreperiod conditions, the foreperiod length 

resulting in the greatest number of correct identifications is the 

one immediately folla~ing 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. Figure 9 demonstrates that these curves are also 

generally characteristic of the individual's performance under the 

random conditions.1 

Tables IIa ancl IIb 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 levelf: under the shortest foreperiod length when it 

78 

was preceded by each c~ the longer foreperiod lengths (Table IIa). The same 

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

1. See Appendix A for a table summar~z~ng 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. 
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TABLE II a 

Summary of Sequential Analysis 

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

~roup I Subjects (w.s. & R.S.) 

Random Shorter ~ Foreperiod Length ~ Longer 
Foreperiod 1 2 3 4 5 6 7 

1 sec. 89 76 81 77 86 85 80 

2 sec. 66 85 75 .76 67 73 80 

4 sec. 63 77 72 67 79 66 65 

TOTAL 72 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 49 63 54 54 61 67 

8 sec. 44 46 56 50 50 37 59 

TOTAL 52 54 64 57 53 51 63 

.. 
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TABLE II b 

Summary of Sequential Analysis 

Percentages of Co:rrect Identifications made under the lenge~t 
Foreperiod (7) of a Random Foreperiod Set when Preceded by each 
of the Shorter Fareperiods. 

Group I Subjects (W. S. & R. S • ) 

Random Shorter +- Foreperiod Length ~ Longer 
Foreperiod 1 2 3 4 5 6 7 

1 sec. 74 70 62 74 64 59 83 

2 sec. 64 69 57 58 77 6o 74 

4 sec. 64 57 53 72 64 55 53 

TOTAL 68 65 57 68 68 58 70 

G:roup II Subjects (J .B. & S.B.) 

2 sec. ~)9 63 58 73 60 66 74 

4 sec. 60 6o 47 58 60 62 63 

8 sec. 60 40 53 44 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 the shortest or longest foreperiod. 

DISCUSSION 

The results of this experiment indicate that the subjects may 

well be assumed to he,ve adapted their attentive behaviour in a manner 

responsive to the eJqJerimental conditions under which they had to 

initially perform this recognition task. In addition performance under 

the different 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 ~rcentages of correct identifications decreased as 

the foreperiod lengths increased, regardless of the random condition in 

which a given forepe~iod might be contained, is consistent with the 

"attention-distraction" hypothesis. 

However, the:re is nothing in the "attention-distraction" 

hypothesis which would predict that these subjects would perform con­

sistently better whe~ a given foreperiod is fixed than when it is a 

member of a random B'3quence. It would appear, on the basis of this .and 

other empirical evidence to be presented, that under the fixed fore­

periods Group I subjects 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 foreperiods concerned and were maximally attentive at the 

expected moment of test stimulus·presentation. Why this strategy should 
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result in superior performance is at this stage highly speculative. 

One might postulate that 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 SWJject 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 decreased as the fixed foreperiod length increased is 

accounted for in this hypothesis by its assumption that time estimates 

decrease in accuracy as the length of the interval to be estimated 

increases. Thus, a ;3ubj ect' 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 conditions 

they received, in or,d.er to anticipate the moment of stimulus presenta-

tion. However, the performance curves obtained under the random 

·conditions, unlike t~ose for Group.!, 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 obtain,ed on identical foreperiod lengths under the fixed 

conditions. These rresults would indicate that when the Group II subjects 

were shifted to the random conditions they, instead of attending over 

the entire foreperio~d., appear to have retained their previously learned 

strategy of estimating those median intervals upon which they had 

received so much pri,or 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 inves~igators of foreperiod effects. This 

has fostered attempts to explain the shape of the perfprmance curves 
I 

obtained under the random conditions in terms of the sequential 

effects of immediately preceding foreperiod lengths (Klemmer, 1956; 

Karlin, 1959). This will also be discussed in greater detail in the 

final chapter of thin thesis. 

In summary, ~jhe results of this experiment seem clearly to 

support the view tha1j under the fixed foreperiod conditions the subjects 

developed an attenti,re strategy as described by the "accuracy of time 

judgement" hypothesi:~; 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 adopt1~d. However, when practice on the fixed foreperiod 

conditions preceded ·bhe presentation of the random foreperiod conditions, 

instead of adapting ·bo 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 wbich they had received so much prior 

practice under the f:ixed foreperiod conditions. 

The second' e:x:periment to be described in this thesis was carried 

out to investigate in. a 'more direct manner the developnent of a time 

judgement strategy. 

. . 
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CHAPTER FOUR 

EXPERIMENT II 

This second e:JtPeriment attempts to investigate more directly 

how attention develop;:~ within a foreperiod by utilizing a probe 

techniquee 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 trials would be better than that obtained on 

the longer regular pra,Jtice foreperiod but that the shorter the 

interval between the warning signal and the probe, the better the 

performance. This, beeause the shorter the interval between the warning 

signal and· stimulus presentation, the less likely it is that a dis­

tracting stimulus will have occurred. How~ver, if th~ 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 1iould expect that performance would be superior 

on that foreperiod compared to performance on the probe trialso In 

fact, it would be predic!ted that the closer the probe was to the expected 

moment of presentation, the better the performancee 

In view of this difference in the points of time where the 

subjects are assumed maximally attentive a probe technique should 

provide further information on the use of such strategies under.fixed 
.. 

foreperiod condi tiona. · 
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METHOD 

Subjects 

The subjects in this experiment were two experimentally naive 

undergraduate studen1;s; 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 Experiment I, a within-subjects design was employed. The 

subject's task was to ;3~mply identify which one of the two test stimuli 

had been presented durj~ng a brief exposure and to register his choice 

by pressing the appropriate respons"e 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 millisecc•nds 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 series of 

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

.. 
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given block of trials, five percent had the recognition stimuli 

presented prematurely at 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. For both subjects each of the three 

probe series was separated by approximately 1000 practice trials under 

the regular four second fixed condition. 

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 

·foreperiodwere completed. Each 200 .trial-block consisted of equal 

numbers o~ 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 different 

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 trials on 

which the left stimulus was pres~pted and five were right stimulus 

presentat:Lons. The pofli tion of each of the ten probe trials within a 
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given trial-block waB determined by random selection. Once the 

positions were select.ed, however, they remaine.d constant for the 

particular trial-block throughout the entire experiment. B~th subjects 

received approximately 2000 trials on each of the three probe 'conditions 

of which 100 trials involved premature presentations. 

The percentaf;es of correct identifications made under the 

regular 4.0 second fixed foreperiod of 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 

Table III shows the percentages of correct identifications made 

under each of the thr,3e ·probe series by the two subjects in this 

experiment. It is qu:l te · 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 trialf!!·might be due to the position 

of such trials among the four-second foreperiod trials of the probe 

series, the performance under the four-second fixed foreperiods of each 

practice session was :parceled into two parts; the percentage of correct 

identifications when euch 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 described in the 

method section, the same recycling sequences of test stimuli presentation , 

.. 
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.TABLE III 

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 Sc:!ries for each Subject. 

Probe 
Series 

1 sec. 

2 sec. 

3 sec. 

1 sec. 

2 sec. 

3 sec. 

.. 

/ 

Subject J.P. 

~rotal Number 
Presentations (N) 

Four-Second 
Foreperiod 

2850 

1425 

1520 

1900 

1900 

Probe 
Trials 

150 

75 

8o 

Subject L.P. 

130 

100 

100 

0 • 

Percent Correct 

Four-Second 
Foreperiod 

77 

81 

84 

79 

86 

8o 

Probe 
Trials 

33 

52 

66 

36 

48 

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 quite 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 correct identifications. 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 particular 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. Specifically, 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.: 4o%, 39% and 30%, for the subject 

L.P.: 47%, 31% and 20%, and for both subjects combined: 43%, 34% and 
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TABLE IV 

The Percentages of Correct Identifications made under the Four 
Second Fixed Foreperiodwhen 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. 

Practice 
Session 

1 

2 

3 

1 

2 

3 

Subject J.P. 

Total Number 
Presentations (N) 

Regular 
Position 

1045 

950 

lo45 

760 

950 

950 

Probe 
Position 

55 

50 

55 

Subject L.P. 

40 

50 

50 

Percent Correct 
Four-Second Fareperiod 

Regular 
Position 

68 

79 

84 

72 

83 

81 

Probe 
Position 

67 

78 

82 

73 

84 

80 

92 
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24%. However, in the case of the four-second foreperiod trials of the 

three probe series combined, the total numbers 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 the assumption that had the subjects responded on the missed 

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, using the total number of probe trials presented on a 

given probe series, but adjusting the number of correct and incorrect 

responses by the addition of this assumed chance performance on the 

missed presentations 9 the adjusted percentages of correct identifications 

that are reported in this table were calculated. Even when the misses 

are accounted for in this manner the adjusted percentages 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 srune probe series (Note Table I). Statistical tests also 

indicate that when such an adjustment is made, the total numbers of 

correct identificati,ons (actual numbers correct plus the numbers assumed 

correct if the subje,cts 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 ex]ected to occur 

by chance, whereas none of the performance levels on the three probe 

series for subject L.P. differed significantly from chance. 

In order to determine whether the presentation of a probe trial .. 
had any effect on the performances on the regular four-second foreperiod 
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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. 

Probe 
Series 

1 sec. 

2 sec. 

3 sec. 

1 sec. 

2 sec. 

3 sec. 

1 sec. 

2 sec. 

3 sec. 

Total 
Number 
Probes 

150 

75 

8o 

130 

100 

100 

280 

175 

180 

Subject J.P. 

Number of Errors 
Number Number 
Correct Incorrect 

49 61 

39 22 

53 19 

Subject L.P. 

47 

48 

55 

44 

36 

36 

Subjects J.P. and L.P. 

96 

87 

108 

105 

58 

55 

Number 
Missed 

4o 

14 

8 

39 

16 

9 

79 

30 

17 

Adjusted 
Percent 
Correct 

46 

61 

71 

51 

56 

60 

48 

58 

65 
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trials immediately following it, the number of errors made on the three 

four-second foreperiod trials immediately following a probe trial was 

compared to the number of errors to be made on the three regular trials 

immediately preceding it. Such a 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 followir:.g it. One might expect, for example, that the 

probe presentation cc•uld "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 more attentive on the trials immediately 

following, Table VI f:ummarizes this analysis. It should be noted that 

not all the probe pof:i tions were included in this analysis, since there 

were a number of prol>e posi tiona (15%) which due to random selection, 

were eithe:r 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 requirE!d three regular four-second foreperiod trials 

preceding or following the probe position. Only those probe posi tiona 

separated by six ~r JllOre regular trials were analyzed. It can be seen 

from Table IV that a~_though in certain cases the first of the three 

trials following a probe yields the largest number of errors for that 

group, there are cert;ain features of the data which when taken into 

account would indica~;e that the effect of a probe trial on the regular 

• 
trials immediately £:ollowing is negligible - if there is an effect at 

all. The numbers of ·~rrors made on the first trial of the three. 

following trials on llQY. 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 
Forep·eriod Trials Preceding and Following a Probe TriaJ. of a 
Particular Probe Series by Subjects J.P. and L.P. 

Subject J.P. 

Probe Number of Errors 
Series Three Trials Three Trials 

!receding Following 
3rd 2nd 1st (Pr.) 1st 2nd 3rd 

1 sec. 26 34 22 35 31 34 

2 sec. 1'"' c. 15 12 11 13 8; 

3 sec. . ~i 15 15 17 7 13 

Total 4:;: 64 49 63 51 ·55 

(156) (169) 

Subject L.P. 

1 sec. 20 30 25 25 24 24 

2 sec. llf. 10 15 17 13 9 

3 sece lB 21 20 19 17 15 

Total 5:~ 61 60 61 54~ 48 

(173) (163) 

Subjects 9'-'} 125 109 124 105 103 
J.P. & L.P. 

(329) (332) 

. . . 
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than the numbers occ~rring on some of the individual trials preceding 

the probe. In addi ti,:>n, the total numbers of errors on the second 

trial preceding the p:robe for the two subjects both individually and 

combined are practically the same as the total numbers of errors on the 

first trial 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 the 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 immediately 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

second probe series to approach the four-second foreperiod performance, 

the impressive point is, in fact, the great difference in the two 

performance levels. For example, the combined performance level on the 

probe trials for both subjects under the three-second p~obe series is 

65 percent - if one a.ssumes 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 stimuli 

prematurely results i.n approximately a twenty percent decrease in 

performance • 

.. 
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DISCUSSION 

The results of Experiment II, like those obtained on the fixed 

foreperiod conditionn of Experiment I, are clearly what one would 

expect had these subJects acquired an attentive strategy having its 

basis in the regular:L ty inherent in the four second fixed foreperiod 

practice condition. The continued use of an attentional response, 

acquired to this tem:;>oral interval during practice, would account for 

the obvious superior:L ty of the performance observed under the regular 

fore periods after th~ 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 regular. 

presentation to occur. 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 trials, 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 heM" precisely the subjects 

adapted their attent.ive behaviour to this temporal condition. 

Although performance under the probe trials improved, as evidenced by 

increases in the nunmer of correct responses and decreases in the 

number of misses as the probe foreperiod approached that of the length 

of the regular forei~riod, it is, even under the longest probe fore­

period vastly infertor to the performance obtained under the regular 

four second forepertod • 

.. 
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CHAPTER FIVE 

SUMMARY STATEMENTS OF RESULTS AND DISCUSSION 

In this final chapter the main results of these experiments 

are presented as a se1ries of brief summary statements and their 

implications are discussed as they relate·~to the deveiopment and use 

of attentive strategies in this and other experimental tasks, such as 

those of reaction time, tachistoscopic letter-sequence recognition and 

sensory threshold determination, in all of which various foreperiod 

arrangements have. been studied. 

Summary Statements of Results 

1. Recognition perfo~ance on this tachistoscopic task is found 

to be influenced by ·jhree foreperio!i variables in the following manner: 

(a) Foreperiod length. Recognition performance under fixed fore­

periods as well as the averaged performance under random foreperiods is 

a function of the ab:~olute length of the foreperiod investigated. The 

shorter the foreperi,Jd, the better the recognition score. This same 

relationship also holds for the foreperiods making up a random fore­

period when the rand•Jm condition is the one first presented. When the 

fixed conditions are presented first, the performance curves for the 

foreperiods making u:~ a random foreperiod display a well defined context 

effect. (Experiment I) 

(b) Foreperiod variability. Performance under the fixed fore­

periods is·· superior to that obtained under those foreperiods in the 

random condition havlng the same. p1ean length. (Experiment I) 
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(c) 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 gc•od under both the longer and shorter foreperiod 

lengths. (Experiment I) 

On the o~her hand, when the random foreperiod condition 

precedes that of the fixed, performance under the foreperiods making 

up the random set is related to their absolute length as in (a) above. 

This relationship is adequately described by a straight line. 

(Experiment I) 

If a subject is given extensive practice under a particular 

fixed foreperiod prior to receiving additional numbers of these regular 

trials mixed with occe.sional fore periods of shorter lengths, perform­

ance on such short foreperiods.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 sequ1:!ntial effects; that is, performance on any given 

trial is independent of the length of the for~perXod on the trial that 

precedes it. (Experiment I) 

3. When a small number of short for~period (probe) trials are 

randomly dispersed among 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 foll~ng it. 
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(b) is missed completely a much greater proportion of the time than 

when such a trial, in the same location within the recycling sequence, 

is of the regular foreperiod length. The proportion of misses is 

inversely related to the foreperiod length of the probe. 

(c) is responded to correctly more often as its length 

approaches that.of the regular foreperiod. (Experiment II) 

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 performances are suggestive 

of an adaptation appropriate 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 performance curves suggest an adaptation appropriate to 

the length of the foreperiods being investigated. Although such 

results demonstrate that subjects can, and' do, adapt in a manner 

appropriate to the various 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 confrontedwith at that time. For example, 

the performance of the subjects.~nder the random ~oreperiods, 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 c·ontinued the mode of 

responding that had developed under the prior fixed condition. 

In this section the author will attempt to interpret the 

foreperiod effects demonstrated in these experiments ~n terms of 
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. 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 acquisitj~on of attentional responses to the warning interval. 

In Experiment I, the data obtained 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 subjeets.having acquired an attentive strategy like that 

described by the "at·Gention-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 length, 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 certainly 

in keeping with an attentive strategy in which effectiveness is determined 

primarily by the absolute lengtn of the foreperiod rather than the pre­

dictability of its length from one trial to the next. Further evidence 

suggesting that Group I subjects.had acquired an attentive strategy like 

that described by the "attention-distraction" hypothesis can be deduced 
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from the performance on the individual foreperiods making up the three 

random foreperiod setf:. The results show quite clearly that the shorter 

the foreperiod, the le~ger the number of correct identifications that 

are made, regardless c•f the mean length of the random. set within which 

. a particular foreperic•d is located. This relationship between per-

formance and foreperic'd length is what one would expect had the subject 

adopted the strategy d.escribed above. This strategy's emphasis on 

length leaves no room for 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 forep3riods as well. This was reasonable in view of 

their finding that rec,)gnition thresholds under the 2.0, 4.0 and 8.0 

second foreperiods of ·~he fixed and the random conditions not only 

varied in the direction predicted by this hypothesis, but were also not 

different for a given fixed 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 fc,reperiods. was found to be consistently superior 

to that obtained under the random foreperiods of the same mean length. 

This superiority of the fixed 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 attent1ve 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 predictability {regularity) 

from presentation to presentation. 

It is the author's contention that when the foreperiod is fixed 

the subjects develop a 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 a temporal reference point in order to estimate the 

arrival of the critical stimulus presentation. That 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 wh~n the subjects are shifted to conditions involving 

different foreperiod arrangements, for example, as when 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 making up the three random foreperiods for Group II 

subjects differs markedly 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 foreperiods 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 m1der the median foreperiods of the three random 

sets for the Group II subjects combined are almost identical to the 

percentages found wh:m 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 longer 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 expected 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 II, in which subjects were given 

extensive practice on a4.0 second fixed foreperiod also suggests that, 

in view of the poor performance on the probe trials as assessed in terms 

both of the numbers correct and the number of misses, the subjects did 

not become attentive until near the end of the foreperiod on which they 

had been overtrained • 

.. 
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Data similar in nature have also been reported for reaction 

time. In 1940, Mowrer carried 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 ~spersed 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 performance curve was very 

similar in shape to.the three obtainedwhen the percentages of correct 

identifications were plotted as a function of the length of the seven 

foreperiods making up each of the three random foreperiod sets, for 

Group II subjects. Reaction time on the 12.0 second test interval 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 above 12.0 seconds, the average reaction time increased progressively.' 

These results are not surprising in view of the fact that 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 displ~ed. 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 r~ght time. The 

·evidence cited above is meant to show that subjects do, in fact, make 

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 terms 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 likely to be maximally attentive at the right time on 

the longer foreperiods. 
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However, why this attentive strategy, developed under conditions 

where the foreperiod lengths are uniform from presentation to presentation, 

shouldresult in a superiorperformance 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 providing 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 interval, such that, as soon as the expected 

moment of stimulus presentation.occurs, the subject becomes maximally 

attentive. Such a highly conditioned attentive response might have one 
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of two effects on reducing a subject's susceptibility to distraction, 

either of which would account for the superior performance 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 able 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 effect 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 response to 

the temporal interval is so strong, that is, attention becomes so 

strongly associated with the place 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 

performance of the task, the other is that extraneous stimuli are less 

likely to·be distracting. As stated above, such alternative explanations 

at this stage are purely speculative. 

In summary, it would appear· that under the fixed foreperiod 

conditions of these experiments the subjects do develop an attentive 

strategy as described by the ''accuracy 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, probably the most . 

interesting finding was that upon being shifted to the random conditions, 

as were the Group II subjects in Experiment I, or placed in a probe 



situation, as were the subjects in Experiment II, ~hese subjects 

continued to use this previously learned strategy by anticipating 

those foreperiods which were of the swne 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 conditions 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 Klemmer (1956) that if a short foreperiodwere 

preceded by a long one, the subject is likely to be caught "napping" and 

this would ha.ve a.n adverse effe_ct upon RT. On the other hand; a long 

109 



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 shortest foreperiodwas 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 terms of what was learned on the fixed foreperiods. 

First, out of a total of eight curves1 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 the 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 respective fixed RTs of 256 millisec., 

271 milli~ec., and 280 milliseconds. 

These features of the performance curves are very similar to 

the features of the performance curves for the seven foreperiods making 

up each of the random foreperiods obtained from Group II subjects in 

Experiment I of this thesis. These subjects had received the fiXed 

forepe~~ods 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, 

RFRF.R. Thus it may well 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 subjectts 

inability to estimate the median foreperiod length precisely, he tends 

to maintain his high degree of attentiveness until he is satisfied the 

median foreperiod is over. 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 interpretation 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 of others reviewed in this thesis, there seems 

good reason to believe that attentive behaviour is, in many cases, adap-

tive to the particular foreperiod conditions under which a subject must 

operate. Indeed, if attentional responses are tope considered, as .. 
Newbigging (1965) has proposed, the mechanism which mediates the changes 



in stimulus-response correlations observed in judgemental tasks they 

would 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 make 

use of the regu~arity inherent in a fixed foreperiod 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 from a fixed foreperiod situation to a 

random foreperiod situation they appear to retain their ola 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 of speculation. However, part of the answer may be that during 

the fixed foreperiod practice attentional responses becomes very strongly 

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 merely 

to anticipate those intervals close to those on which he has had so 

much prior practice. 
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Regarding attention f'rom 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, f'or example, be 

obtained f'rom noting changes in the shape of' the performance curves 

as the f'oreperiods making up a random set are moved closer around a 

prior practiced f'ixe~d f'oreperiod. Instead of' 2.5, 3.0, 3.5, 4.0, 4.5, 

5.0, and 5.5 secondf'oreperiods one might use 3.7, 3.8, 3.9, 4.0, 4~1, 

4.2, and 4.3 second f'oreperiods. One might also gain information of' 

how this precision is built up by varying the amount of' practice a 

subject receive& on a prior f'ixed f'oreperiodi It is questions such as 

these which may serve to guide f'urther research on the role of' attentive 

strategies in tasks initiated by a warning signal. 

' . 
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APPENDIX A 

DATA FOR EXPERIMENT I 
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The Following Tables Present the Number of ~orrect 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 • 

• 
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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 

1 

2 

3 

4 

5 

6. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

TOTAL (1500) 
Percentage 

.. 

Presentation 
Order 

.5-1-2-4 

2-.5-1-4 

2-1-4-.5 

1-2-4-.5 

4-.5-1-2. 

4-1-2-.5 

4-2-.5-1 

2-1-.5-4 

1-4-.5-2 

2-4-1-.5 

4-1- .• 5-2 

.5-1-2-4 

4-.5-2 ... 1 

4-2-.5-1 

.5-4-1-2 

Number Correct 
Foreperiod (Seconds) 

.5 

72 

81 

73 

71 

78 

76 

81 

80 

82 

85 

83 

89 

86 

70 

92 

1202 
80$ 

1 

64 

89 

68 

81 

78 

74 

71 

72 

84 

77 

76 

83 

81 

66 

86 

1150 
77% 

(3) (3) 

2 

61 

90 

68. 

8o 

77 

68 

66 

71 

8o 

75 

68 

8o 

78 

68 

79 

1109 
74% 

(7) 

4 

60 

80 

65 

61 

72 

62 

61 

64 

79 

64 

64 

67 

70 

57 

75 

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 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TOTAL ( 1000) 
Percentage 

Presentation 
Order 

2-1-.5-4 

4-1-2-.5 

.5-1-4-2 

1-2-4-.5 

4-2-1-.5 

1-2-.5-4 

2-.5-4-·1 

1-.5-4-2 

.5-1-2-4 

4-2-1-.5 

.. 

Number Correct 
Foreperiod (Seconds) 

.5 

89 

89 

87 

94 

98 

90 

97 

94 

91 

92 

921 
92% 

(2) 

1 

87 

88 

88 

90 

96 

88 

96 

90 

89 

87 

899 
90% 

2 
., 

86 

87 

87 

85 

92 

86 

94 

87 

86 

.83 

(3) 

4 

77 

79 

87 

78 

90 

81 

89 

83 

83 

70 

(5) 
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The Number of Correct Identifications per Session made by B.S. on 
each of the Four FIXED Foreperiod Conditions. Each Session 
consisted of 100 Trials. 

Session 

1 

·2 
l· 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TOTAL (1400) 
Percentage 

.. 

Presentation 
Order 

4-2-1-.5 

4-2-1-.5 

·5-1-2-4 

.5-1-2-4 

2-.5-4-1 

1-.5-4-2 

.1-.5-2-4 

.5-1-4-2 

4-2-1-.5 

.5-1-2-4 

1-4-2-.5 

2-1-.5-4 

2-4-.5:-1' 

.5-2-4-1 

Number Correct 
Foreperiod (Seconds) 

.5 1 2 4 

79 76 76 67 

85 85 83 76 

84 78 75 69 

90 85 77 72 

82 79 68 .6Q 

95 85 77 73 

79 76 71 66 

88 82 72 61 

89 79 77 68 

76 70 • 65 60 

86 82 75 74 

82 78 69 61 

88' 84 77 66 

92 87 83 79 

1195 1126 1o45 952 
85$' 80$ 75$ 68$ 

(5) . (5) (7) 
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The Number of Correct Identifications per Session made by R.S. on 
each of the Four FIXED Foreperiod Conditions. Each Session 
consisted.of 100 Trials. 

Session 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

TOTAL (1500) 
Percentage 

Presentation 
Order 

4-1-.5-2 

4-1-.5-2 

.5-1-2-4 

.5-1-2-4 

4-2-1-.5 

1-.5-2-4 

2-4-1--.5 

1-.5-2-4 

1-2-4-.5 

4-2-1-.5 

2-4-1-.5 

4-1-.5-2 

2.;.4-.5-1 

2-4-.5-1 

.5-4-2..;1 

Number Correct 
Foreperiod (Seconds) 

.5 . 

79 

84 

76 

70 

85 

77 

72 

79 

81 

78 

81 

76 

78 

71 

79 

'1166 
78%. 

(6) 
. . . 

1 

79 

72 

69 

68 

74 

71 

72 

70 

'74 

73 

76 

72 

68 

72 

75 

1085 
720/o 

2 4 

73 67 

70 61 

66 57 

62 55 

69 61 

66 59 

70 63 

. 65 65 

68 55 

63 6o 

69 68 

64 53 

63 57 

65 61 

71 65 

. 10o4 907 
67% 6o% 

(5) (7). 
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The Following Tables Present the Number of Correct Identifications 

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

from Session to Session on 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 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TOTAL (1400) 
Percentage 

Presentation 
Order 

4-2-8 

8-2-4 

4-2-8 

8-4-2 

4-2-8 

4-2-8 

4;;.8-2 

2-4-8 

2-8-4 

2-8-4 . 

2-8-4 

2-4-8 

8-4-2 

8-2-4 

Number Correct 
Foreperiod (Seconds) 

2 4 

75 74 

89 70 

81 69 

76 72 

79 73 

83 74 

86 77 

81 76 

84 . 75 

79 72 

81 74 

72 68 

72 74• 

75 69 

1113' 1017 
8o% 73% 

(7) (11) 

8 

55 

55 

57 

59 

67 

69 

67 

60 

66 

63 

56 

62 

68 

65 

869 
62% 
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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 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TOTAL (1100) 
Percentage 

.. 

Presentation 
·Order 

4-2-8 

4-8-2 

2-4-8 

2-8-4 

. 4-8-2 

8-4-2 

8-4-2 

4..:2-8 

4-8-2 

2-4-8 

8-2-4 

.. 

Number Correct 
Foreperiod (Seconds) 

2 

85 

83 

89 

80 

88 

81 

86 

92 

89.· 

82 

88 

943 
86% 

4 

75 

68 

79 

62 

75 

78 

73 

82 

8o 

74 

84 

830 
75% ' 

(11) (7) 

8 

71 

62 

67 

55 

65 

71 

62 

73 

78 

68 

71 
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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 
consis~ed of 100 Trials. 

Session 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TOTAL (1100) 
Percentage 

Presentation 
Order 

4-2-8 

4-8-2 

2-4-8 

2-8-4 . I 

4-8-2 1 

8-4:..2 . 

8-2-4 

4-2-8 

4-8-2 

2-4-8 

8-2-4 

Number Correct 
F.oreperiod (Seconds) 

2 

72 

65 

76 

73 

84 

86 

86 

87 

74 

87 

·80 

870 
79'/o 

4 8 

74 56 

67 54 

58 59 

70 66 

59 81 

80 74 

80 72 

82 64 

72 61 

77 66 

72 63 

791 716 
72d/o . 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.lOO Trials. 

Session 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TOTAL (1400) 
Percentage 

Presentation 
Order 

4-2-8 

4-2-8 

8-4-2 

4-2-8 

8-4-2 

4-2-8 

2-8-4 

4-8-2 

4-8-2 

8-4-2 

4-2-8 

2-8-4 

2-4-8 . 

2-8-4 

.. 

Number Correct 
Foreperiod (Seconds) 

2 

93 

95 

76 

83 

84 

85 

83 

79 

80 

78. 

81 

91 . 

78 

80 

1166 
83% 

(7) 

4 

74 

85 

74 

78 

73 

73 

73 

77 

82 

73 

75 

80 

76 

73 

1066-
76% 

(12) 

8 

66 

68 

70 

58 

6o 

59 

6o 

62 

66 

62 

61 

68 

69 

64 

893 
64% 
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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 Foreperiods 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 1.25 1.5 1.75 

1 11 11 11 9 5 10 9 
2 11 9 9 10 11 11 9 
3 11 10 10 9 8 ,10 9 
4 8 8 11 . 5 7 9 11 
5 12 10 14 8 13 13 10 
6 9 13 14 12 11 10 14 
7 10 12 •11 13 10 12 8 
8 10 14 9 9 12 10 10 
9 10 9 9 11 11 13 12 

10 12 13 10 12 12 12 12 
11 12 14 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 1.3 14 12 11 13 11 

TOTAL (1143) 166 173 167 156 156 167 158 

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 
4 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 11 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 ]..1 10 

' 14 13 13 12 12 12 11 12 
15 14 13 13 12 12 12 10 

TOTAL (1o84) 154 164 •. 143 162 151 155 155 
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Number of Correct Identifications made by W.S. (cont'd) 

Four 'second Random Foreperiod 

Session Foreperiods (Seconds) 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 

1 6 10 8 8 10 9 7 
2 10 10 10 8 11 8 9 
3 11 11 9 8 8 10 6 
4 9 9 3 7 8 8 9 
5 10 12 9 11 8 10 11 
6 12 8 10 10 11 10 10 
7 8 9. 10 9 6 6 11 
8 11 9 10 11 9 9 7 
9 10 11 11 8 11 7 12 

10 11 7 12 10 9 12 7 
11 10 9 9 10 6 5 6 
12 8 9· 11 12 7 9 7 
13 11 10 11 8 10 11 9 
14 11 10 13 10 11 ·9 12 
15 10 11 8 11 8 11 12 

TOTAL (980) 148 145 144 141 133 134 135 

Number of Correct Identifications made by R.S. 

One Second Random Foreperiod 

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

1 12 13 6 9 10 10 10 
2 14 12 11 11 9 11 10 
3 11 12 12 9 11 11 9 
4 13 10 9 9 9 10 10 
5 12 14 9 7 13 9, 9 
6 13 10 12 12 9 9 8 ..) 

7 10 12 14 10 7 12 7 
8 10 12 11 10 7 7 9 
9 11 13 12 10 8 7 8 

10 12 12 11 10 7 9 10 
11 13 12 10 8 6 9 9 
12 10 11 10 9 9 10 9 
13 12 10 12 11 8 8 8 
14 12 12 11 9 10 10 12 
15 10 12 9 10 9 11 8 

TOTAL (1066) 175 177 159 144 132 143 136 

.. 
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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 14 8 5 7 J 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 16o 151 126 •126 130 115 

Four Second Random Foreperiod 

Session Foreperiods {Seconds) 
2.5 3.0 3.5 4.0 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 
4 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 4 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 10 ·9 7 8 10 8 8 
15 9 9 7 8 8 6 7 

TOTAL (831) 144 131 120 116 115 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 1.25 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 
4 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 (1o4 3) 178 173 161 146 128 127 130 

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 
4 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 11 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 
14 10 10 9 4 9 9 8' 
15 6 12 11 11 10 5 7 

TOTAL (969) 160 1.62 142 143 130 112 120 
.. 
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Number of Correct Identifications made by B.S. (cont'd) 

Four Second Random Fore~riod 

Session foreperiods (Seconds) 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 

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

TOTAL (836) 145 131 141 107 110 94 108 

Number of Correct Identifications made 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 
4 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 11 11 8 10 10 5 
14' 9 7 11 9 10 6 7 
15 11 11 14 10 11 99 10 

TOTAL (1056) 164 159 
.. 

162 142 148 141 140 
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Number of Correct Identifications made by G.S. (cont'd) 

Two Second R~ndom Forepe7iods 

Session i Foreperiods (Seconds) 
0.5 ·, 1.0 1.5 2.0 2.5 3.0 3.5 

1 6 10 ·11 . 10 10 10 10 
2 12 6 11 10 7 12 9 
3 11 7 7 10 11 6 7 
4 9 ' 8 7 11 9 8 8 
5 11 5 10 7 11 9 9 
6 8 9 11 9 10 11 11 
7 14 12 12 10 10 9 5 
8 9 8 7 8 12 10 9 
9 11 

' 
9 10 7 7 6 9 

10 9 8 7 9 10 11 8 
11 7. 8 10 10 11 11 .10 
12 I 12 9 8 8 8 8 10 
13 11 7 '12 9. 8 7 8 
14 7 8 10 9 6 10 6 
15 12 11 11 11 9 12 10 

TOTAL (1042) 159 137 155 510 150 152 139 

Four Second Random Foreperiod 

Session Foreperiods (Seconds) 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 

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

10 10 8 10 6 8 7 7 
11 6 10 5 6 8 10 7· 
12 7 11 8 10 6 7 10 
13 8 10 9 8 6 8 7 
14 9 6 6 6 6 7 7 
15 10 11 9 10 a· 12 7 
16 11 11 10 9 9 6 11 

TOTAL (918) 134 145 144 128 120 127 120 
.. 



The Following Tables 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 comprising 

Each of the Two, Four, and Eight 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 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 
4 6 8 8 12 12 8 6 
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 10 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 
14 9 9 9 11 12 10 8 

TOTAL (922) 117 118 136 157 16o 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 .7 10 9 10 6 7 
2 7 9 10 11 7 7 7 
3 7 6 7 11 11 8 5 
4 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 11 6 8 

10 7' 8 10 11 10 7 8 
11 8 9 9 10 10 8 6 
12 9 7 9 11 10 7 9 
13 8 7 8 10 12 10 7 
14 7 8 11 10 10 8 9' 

TOTAL (832) 105 1o4 129 149 142 1o4 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 7 7 6 7 
3 5 6 7 10 11 4 7 
4 7 7 6 8 10 5 5 
5 6 7 9 10 11 ·a 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 4 8 8 8 ,_ 9 7 
12 7 8 8 10 10 7 .6 
13 8 5 7 9 9 9 7 
14 8 9 7 10 9 6 6 

TOTAL (729) 95 91 101 129 129" .93 91 

Number of Correct Identifications made by S.B. 

Two Second Random Foreperiod 

Session Foreperiods (Seconds) 1 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

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

10 10 10 12 9 12 12 14 

TOTAL (762) 100 102 119 lo4 122 113 102 

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

Four Second Random Foreperiod 

Session Foreperiods (Seconds) 
2.5 3.0 3.5 4.0. 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 
4 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 14 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 

1' 6 8 13 10 12 9 7 
2 10 10 9 11 11 9 7 
3 9 9 10 19 11 8 6 
4 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 1(} 12 8 7 
9 6 12 8 8 8 10 7 

10 9 -12 6 12 11 9 7 

TOTAL. (628) 74 92 95 103 109 85 70 

.. 
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Number of Correct Identifications made by A.A. 

Two 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 
4 9 8 11 12 12 9 7 
5 8 7 7 10 13 7 7 
6 6 9 12 12 1a 9 5 
7 7 8 8 11 12 10 6 
8 8 10 9 12 12 9 10 I J I 

9 9 10 11 11 12 8 9 
10 9 8 12 11 11 7 11 
11 9 8 9 12 10 10 8 
12 10 11 8 11 10 8 9 
13 •7 11 10 11 10 7 7 
14 5 l2 13 10 7 11 6 
15 10 7 11 8 7 12, 9 

TOTAL (999) 120 134 156 169 165 135 120 

Four Second Random Foreperiod 

Session Foreperiods (Seconds) 
2.5 3.0 3.5 4.0 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 
4 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 11 10 7 11 
13 8 7 7 12 12 8 6· 
14 9 4 11 8 7 10 9" 
15 8 9 11 8 8 6 9 

TOTAL (916) 115 118 136 155 163 ll3 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 4 - 7 
4 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 4 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 
14 8 9 8 5 7 7 10 
15 9. 7 4 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 14 9 8 10 9 12 
4 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 ) 96 94 96 95 . 94· 96 94 
. . 

.. 
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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-~ 4.0· 4.5 5.0 5-5 

1 8 12 8 10 14 7 8. 
2 9 . 10 10 10 13 7 7 
3 5 10 8 10 9 9 11 
4 6 7· 10 10 9 8 8 
5 11 7 10 7 8 10 7 
6 11 7 10 6 10 "9 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) 84 87 90 94 99 84 82 

. , Eight Second Random 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 
4 7 7 9 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) 74 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 Comparisons Fixed Random 
Subjects Made df p df p 

0.5 sec. - 1.0 sec. 1 .06NS 
w.s. 1.0 sec. - 2.0 sec. 1 .06NS 1 .02 

2.0 sec. - 4.0 sec. 1 .001 1 .001 

0.5 sec. - 1.0 sec. 1 .001 
R.S. l. 0 sec. - 2.0 sec. 1 .01 1 .001 

2.0 sec. - 4.0 sec. 1 .001 l. .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 .001 1 .001 

0.5 sec. - 1.0 sec • 1 .01 
B.s .. . 1.0 sec. - 2.0 sec. 1 .001 1 .01 

2.0 sec. - 4.0 sec. 1 ..• 001 1 .001 

Group II· Comparisons Fixed Ran dan 
Subjects Made df p df p 

A.A. 2.0 sec. - 4.0 sec. 1 .001 1 .01 
4.0 sec. -·8.o sec. 1 .001 1 .001 

A.B. 2.0 sec. - 4.0 sec. 1 .001 1 .05 
4.0 sec. - 8.0 sec. 1 .001 1 .06NS 

S.B. 2.0 sec. - 4.0 sec. 1 .001 1 .02 
4.0 sec. - 8.0 sec. 1 .001 1 .001 

J.B. 2.0 sec. - 4.0 sec. 1· .001 1 .001 
4.0 sec. -8.0 sec • 1 .001 1 .001 

. . 

.. 
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APPENDIX B 

DATA FOR EXPERIMENT II 



The Number of Correct Identifications made from Session to 
Session by J.P. on 1100 Four Second Fixed Foreperiod Trials 
of Practice I. 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 
Sequency. 

Session Ran.dam Number Correct·on Four Second Foreperiod 
Sequence 

142 

Regular Trial Position "Probe Trial" Position 

1 

2 

3 

4 

5 

6 

TOTAL 
Percent 

.. 

4A 
4B 

lA 
lB 

2A 
2B 

2A 
2B 

3A 
3B 

lB 

• 0 

N = lo45 

60 
67 

63 
65 

61 
63 

60 
64 

66 
70 

73 

712 
68$ 

N = 55 

3 
2 

3 
4 

4 
1 

3 
4 

4 
5 

4 

37 
67$ 



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 occup,y a Probe Position in a Particular Random 
Sequence. 

Session Random 
Sequence 

Number Correct on Four-Second Foreperiod 
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Regular Trial Position 
N = 950 

"Probe Trial" Position 
N = 50 

1 

2 

3 

4 

5 

TOTAL 
Percent 

lA 
lB 

lA 
lB 

4A 
4B 

2A. 
2B 

3A 
3B 

.. 

75 
75 

73 
77 

74 
78 

74 
75 

70 
78 

749 
7g;/o 

4 
4 

2 
3 

5 
3 

4 
5 

5 
4 

39 
78% 



The Number of Correct Identifications made from Session to 
Session by J.P •. on 1100 Four Second Fixed Foreperiod Trials 
of Practice III. Each Session consisted of 200 Trials. The 
Column Headed 11Probe Trials" gives Data for those Four Second 
Trials which occup,y a Probe Position in a Particular Random 
Sequence. 

Session Random 
Sequenc~ 

Number Correct on Four-Second Foreperiod 
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Regular Trial Position 
N = lo45 

"Probe Trial" Position 

1 

2 

3 

4 

5 

6 

TOTAL 
Percent 

• 

lA 
lB 

lA 
lB 

2A 
2B 

3A 
3B 

4A 
4B 

lA 

76 
82 

78 
81 

82 
80 

81 
80 

84 
78 

81 

883 
84% 

' N = 55 

2 
4 

4 
4 

5 
4 

3 
5 

5 
4 

5 



The Number of Correct Identifications made from Session to 
Session by L.P. on 800 Four Second Fixed Foreperiod Trials 
of Practice I. 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 
Sequence 

Number Correct on Four-Second Foreperiod 
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Regular Trial Position 
. N = 760 

"Probe Trial" Position 
N = 40 

1 

2 

3 

4 

TOTAL 
Percent 

2A 
2B 

1A 
lB 

3A 
3B 

4A 
4B 

.. 

66 
71 

67 
80 

58 
62 

71 
74 

4 
3 

3 
5 

3 
3 

4 
4 

29 
73rt/o 



The Number of Correct Identific~tions 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 Particular Random 
Sequence. 

Session Random 
Sequence 

Number Correct on Four-Second Foreperiod 
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Regular Trial Position 
N = 950 

"Probe Tri.al" Position 
N = 50 

1 

2 

3 

4 

5 

TOTAL 
Percent 

4A 
4B 

2A 
2B 

3A 
3B 

lA 
lB 

3A 
3B 

.. 

73 
83 

73 
74 

73 
86 

78 
82 

78 
85 

2 
5 

4 
5 

4 
4 

4 
5 

4 
5 

42 
84% 



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 11Probe Trials" gives Data for those Four Second 
Trials which occupy a Probe Position in !iJ. Particular Random 
Sequence. 

Session Random 
Sequence 

NUmber Correct on Four-Second Foreperiod 
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Regular Trial Position 
N = 950 

"Probe Trial" Position 
N =50 

1 

2 

3 

4 

5 

TOTAL 
Percent 

lA 
lB 

2A 
2B 

3A 
3B 

2A 
2B 

4A 
4B 

87 
82 

81 
79 

75 
77 

71 
67 

766 
. 81$ 

... 

5 
4 

4 
4 

5 
4 

5 
4 

2 
3 

40 
80% 
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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. Each Session consisted of 200 .Trials .• 

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

1 lA 72 1 
lB 71 0 

2 2A 70 2 
2B 76 0 

3 3A 80 1 
3B 69 3 

4 4A 73 1 
4B 72 1 

5 lA 75 1 
lB 70 3 

6 4A 71 1 
4B 73 0 

7 2A 70 2 
2B . 76 2 

8 4A 73 2 
4B 75 1. 

9 3A 69 3 
3B 71 3 

10 2A 73 2 
2B 65 3 

-
11 lA 71 1 

lB 70 1 

12 2A 74 1 
2B 79 0 

13 3A 81 3 
3B 66 3. 

14 lA 72 2 
lB 76 3 

15 4A 73 1 
4B 75 2 

TOTAL I 2181 49 
Percent 770:0 330:0 



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 

1 

2 

3 

4 

5 

6 

7 

8 

TOTAL 
Percent 

Random 
Sequence 

lA 
lB 

3A 
3B 

4A 
4B 

2A 
2B 

4A 
4B 

2A 
2B 

lA 
lB 

3A 

Number Correct 
Four Second Foreperiod 

79 
65 

78 
75 

73 
81 

73 
84. 

73 
82 

72 
81 

77 
76 

82 

1151 
81% 

Number Correct 
Two Second Probe 

3 
4 

1 
5 

3 
2 

5 
2 

3 
2 

1 
2 

0 
3 

3 

39 
52$ 
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The Number of Correct Identificationsqmade from Session to Session 
by J.P. on 1520 Four Second Fixed Foreperiod Trials and on 80 
Three Second Probe Trials. Each Session consisted of 200 Trials. 

Session 

,. 

1 

2 

3 

4 

5 

6 

7 

8 

TOTAL 
Percent 

• 

Random 
Sequence 

2A 
2B 

3A 
3B 

4A 
4B 

lA 
lB 

2A. 
2B 

3A 
3B 

4A 
4B 

lB 
2A 

Number Correct 
Four Second Foreperiod 

74 
83 

79 
79 

77 
84 

83 
77 

81 
82 

82 
81 

76. 
78 

81 
79 

·1276 
84% 

Number Correct 
Three Second Probe 

4 
4 

3 
4 

3 
4 

1 
2 

3 
4 

4 
3 

5 
3 

4 
2 

53 
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 lA 84 3 
lB 85 3 

3 2A 61 1 
2B 70 2 

4 lA 82 1· 
lB 84 2 

5 4A 82 1 
4B 8o 3 

6 3A 64 2 
3B 79 1 

7 2A 68 2 
2B 71 3 

8 4A 75 0 
4B 82 3 

9 4A 74 2 
4B 75 1 

10 3A 73 1 
3B 77 1 

11 lA 69 l' 
lB 73 2 

12 lA 73 2 
lB 75 3 

13 2A 61 2 
2B 79 2 

TOTAL 1940 47 .. 
Percent 7CJ/o 36% 

.. 

·151 



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. Each Session consisted of 200 Trials. 

Session Random Number Correct Number Correct 
Sequence Four Second Foreperiod Two Second Prob.e 

1 1A 73 3 
1B 79 2 

2 4A 88 2 
4B 86 2 

3 JA 84 4 
3B 85 2 

4 2A 75 3 
2B 80 2 

5 1A 65 2 
1B 78 4 

6 3A 83 3 
3B 86 1 

7 1A .88 3 
lB 88 3 

8 4A 81 1 
4B 92 1 

9 2A 79 ·3 
2B 80 1 

10 4A 79 3 
4B 90 3 

TOTAL 1639 48 
Percent 86% 48$ 

.. 

• 
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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 

lA 76 3 
.lB 74 4 

2 2A 74 2 
2B 84 4 

3 3A 78 3 
3B 82 3 

4 4A 87 1 
4B 85 4 

5 4A 72 1 
4B 74 3 

6 3A 79 2 
3B 88 3 

7 2A 59 2 
2B 76 1 

8 lA 70 4 
lB 77 3 

9 4A 64 1 
4B 70 4 

10 '3A 78 3 
3B 80 4 

TOTAL .1527 55:. 
8C>Ofo .55~ 

.. 
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