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i.

ABSTRACT

This thesis is concerned with the problem of defining the 

processes by \ ',ch a subject selects a response to a stimulus. Initially 

certain topics in two areas of research, sensory scaling and threshold 

measurement, are revived. In relation to the first the conflict 

between Fechncr's law, which is derived from threshold measurement a, and 

the rnors reermt 'ncn.ror lav 1 given by 'direct methods 1 of scaling, is 

ex:: . It is shown that this conflict is due not to differences in

from which the laws are derived, but to differences in the 

assumptions underlying the treatment of the data, and it is suggested 

that the logarithmic function may prove more useful for explaining a 

number of the findings in experiments on scaling, and t .at the same 

central effect of the stimulus say be considered to determine the 

response whether scales are being derived or thresholds measured, 

short account of the development of models of the sensory discrimination 

process is then $iven, and crridcr.cc is reviewed which anaears sufficient 

to justify applying the theory of signal-detection to the sensory 

threshold, and rejecting the neural quantum theory*

To investigate the threshold isechanism further it waa decided 

to examine the effect of an accessory stimulus given in controlled 

temporal relation to a critical ntisailaa on the threshold for the latter. 

The first experiment was an attempt to confirm hotokawa^ finding 

(Gebhard, 1953) that sensitivity to an electric phosphene is affected
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a preceding flash of light, reaching a jaaxiraum 1-3 seconds after 

the flash, the exact time depending on the colour of the light. The 

absolute threshold for the electric phosphene v&v laeaaured ty the method 

of limits at intervals of 1-9 seconds after a flash of blue or white 

light, hotokawa found that sensitivity was icaximal when the interval 

between the stiouli was 2 seconds for the white light, or 3 seconds for 

blue light. Neither particular could be confirmed. There was no peak 

of sensitivity in the range studied, nor was there; any marked difference 

in the curves relating threshold level tc inter-atIjaulua interval for 

the two colours of light. Instead a aonotonic relation between 

threahold and inter-stimulus interval was found, for this range, the 

threshold falling as the inter-stimulus interval decreased, slowly at 

long intervals and more rapidly at the shorter ones. This raised two 

questions: why could AiOtokava's findings not be confirmed? and what was 

the nature of the effect which had been found**

The experimen&aj. . ;j.e of iiotokava and his colleagues 

is revieved, and it is suggested that thei^ "*^d tngp oay be an artefact 

of certain features of their procedure, ir. r-.articul.nr the use of large 

steps irhere a threshold change is not expected, ar.cl small steps where 

a threshold is expected to appear.

Two possibilities are considered for the threahold-lovering
s

effects it might depend on the use of two visual stimuli and reflect 

& peripheral interaction at the retina, or it might be a central effect,
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not specifiea!3y visual. To investigate this the light flash was replaced, 

in the second experiment, by the ring *of a bell of the sase duration 

and given at the saiae inter-stismltis intervals. The same threshold- 

lowering effect of the accessory stimulus was found as in th© first 

experiment, showing that ths effect could be produced by an accessory 

stimulus in another modality. Further support for this conelasion was 

provi cu *j£ experiment 3* in which bota tae JuLgnwi ias& ana tne oell 

were used, the former at the s«iae intervals as in Experiment 1, but 

the latter always preceding the critical stimulus fcy 1 second. Here 

the t* old did not vary significantly! there was little or no 

rep . effect of the light vh@n the bell was given at a shorter inter- 

stimulus intei-val. It appeared that it was the interval of time si 

the most recent accessory stimulus, whatever its modality t that mainly 

determined the degree to which the threshold fell*

In Experiment A the generality of the threshold-lowering 

effect vias examined further, using a visual accessory arid auditory 

critical stimulus th© possibility that the effect would occur on^y with 

visual critical stimuli was excluded.

These findings raised two questions* What processes underlie 

the chan^e in threshold? What determines the relation between threshold 

level ana inter-s'&iiiulus interval? Possible answers to the first 

question were suggested in terms of the analysis offered fciy signal 

detection the ory. In this theory it is assayed that the decision vhcther
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or not a stimulus has been administered is made by a process equivalent 

to comparing the afferent input with a criterion, and the criterion is 

computed in a way which may take account of the parameters, the variance 

(cr) ana mean (ii)» of the 'noise 1 and ! signal  «  noise 1 distributions. 

The possibilities considered were that a change war -:^:.cad in the 

functioning of the afferent paths at the time thc.t the ssessage from the 

critical stimulus was travelling along them, equivalent to a reduction 

in eC or K«, with a consequent change in the value of th© criterion, c, 

computed tjy the subject (a 'distribution effect 1 }, or that the 

computation of c was affected directly (a 'criterion effect 1 )*

Two hypotheses were proposed in answer to the second question 

(the relation between threshold level and inter- lus interval)! 

(a) The accessory stimulus might have an 'arousing 1 or 'alerting 1 effect, 

causing an iiaiaediate central change with a sssall latency, which then 

decayed with time, (b) The subject might rrake use of the accessory 

stiiaulue as a 'testporal reference point 4 or 'warning f . % virtue of 

temporal information which he might possess be-could use the accessory 

stimulus to determine when he could expect the critical stimulus to 

arrive* Here two subsidiary i^ypothesas might be suggested: (i) The 

subject lovers his threshold for the whole of trie 'waiting time 1 , 

(ii) He nay lover his threshold only when he e u the critical 

stimulus, 3ince his time-keeping ability is of limited precision, and 

the range of error will be greater for long tiices than for short, the



'range of expectation 1 , if he allows for this, will be smaller the 

shorter the inter-stiniulus interval* In either case, if the reduction 

in threshold is inversely related to the period for which it is reduced, 

a relation between threshold level and inter-stinulus interval of the 

sort found would be produced.

In Experiment 5 an atteapt was Mrf* to test the 'warning 1 

lypotheeis directly by using a small range of randorjy varied inter- 

stimLus intervals ins   ^r,d of a single fixed interval as previously, 

in order to see whether a fall in threshold daring t'. f range of 

expectation 1 could be cler.onst rated* Ranges of 0.5-1*5 seconds were 

used but no consistent effect was found. In Experiment 6 the same 

was used but the inter-stimulus intervals were varied at

random over a large range - 5 seconds -. to prevent t e accessory stisailus 

providing temporal information* Though it was foiind that the fall in

-viously shown o^er this range dis-' -ed, the possibility 

that tbJLs "'•  '£ r'ur to 'habituation 1 of an ';,r ...ai r -jnse 1 could not 

be excluded*

The exact relation between the fall in threshold and the 

inter-stiaulus interval was next considered. It y- ^suggested that a 

close and simple relation between the threshold ar/.' the 'just noticeable 

difference 1 for time ciscriaiBatlon vuuld be difficult to reconcile with 

the arousal hypothesis, and would constitute evidence for the hypothesis 

of a 'range of expectation 1 . ies of temporal die crimination were
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briefly reviewed; it appeared that few results were in agreeaent, save 

that Weber's lav had usually been found not to holr\ Since no reliable 

 easures of the temporal differential threshold were available two 

experiments were performed to measure the j.iud. in a situation as 

similar to "'xperiments 1, 2, and -4 as possible. In eacL. case Weber's 

lav was foaad to apply for a raage of intervals from 0,5 to 9 seconds. 

These experiments also provided new evidence on the causation of the 

classical 'irsdifferercr Interval1 , and this va^ ryr-nimd further in 

Experiment 9.

It was found thet the fall in threshold could be described 

as an inverse function of either the j«n.d« or the inter-stiiaulas 

interval itself, with the latter giving a possibly somswfaat better fit. 

This suggested that the 'range of expectation 1 ni^ht be a constant 

proportion of the inter-stimlus interval, thoT v;V the inverse function 

fwmd wae not necessarily incompatible with an arousal explanation.

A threshold reduction consequent on a .decrease in 'noise 1 

(and 'signal * nolseO variance should sho%* o r?orr«spending fall in 

threshold variance, whereas the variance might be expected to be 

constant if the threshold reduction were secondly to a change in >LT
*4

or directly due to a cb-m -r- in c. In Experiment 10 this was sxaminad 

using the method of constant stimuli. No significant decrease in the 

threshold variance was founfl? it a^^ared to be constant and there we 

evidence that rises might occur as the threshold fell, Explanations
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were offered for this finding. It was also shown th&t the fall in 

threshold could not be attributed to an increase* in f guessing 1 .

'distribution* and 'criterion1 hypotheses were tested, 

farther in Experiments 11, 12, and 14. On the Distribution hypothesis 1 

trie ^ore&nold curve would be expected to show a mi: 3 with a rise 

in threshold at shorter intervals, due to the latency of any reflex 

effec" ^ u " afferent natha evoked bv the accessory stimulus. Ino V ••

Experiment H inter-sticmlus intervals ranging front 0.%.!.$ seconds 

were used, but the threshold fell continuously to the zero interval. 

Experiment 12 tested the possibility that this was an artefact due to 

temporal inforaation or arousal orovided or caused by the pre-warning| 

but despite the use of pre warnings varied re. ly over a range of 

2-7 seconds the fall in threshold at the zero interval was eonfinaed. 

It reraained possible that the conduction of part at leaat of the 

afferent message from the critical etiiaulus might have been sufficiently 

slow to be affected by a rapid response to the simultaneous accessory 

stimulus. This was excluded by Experiment 14, show«d that an 

accessory stimulus administered as ranch as 500 msec, after the critical 

stimulus could lover the threshold for the latter. Thus it appeared 

that a direct effect was exerted on the computation of the criterion, 

and that stimulus traces could be kept in a short-term peripheral 

store for 0.5-1.0 seconds, and could then benefit by a lowered c .on 

criterion. Certain experiments in the literature bearing on the short-
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term store were discussed.

The 'warning' and 'arousal 1 hypotheses were teeted by an 

«p0*ii»&t for which the  arousal1 and 'waiting tL.x' hypotheses on the 

one band and the 'range of expectation 1 hypothesis on the other made 

different predictions. In I:xperi&ent 13 tore ined with 

fixed ijater-stiisttluis intervals were compared vita *ue uuxesholds given 

vh«n the inter-stimulus intervals were randomly vaH*?c! over a saall 

range, 1 second. On. the assumption that subjects lowered their thresholds 

for a range 01 tiae about the ejected tiiae of arrival of the stimulus, 

it vae predicted that the thresiioai; voulcl fall < ; longer intervals 

decreased, but would be relatively constant at t-   shorter intervals. 

This prediction, which vac not made by the 'arousal 1 or 'waiting time 1 

hypotheses, was confirmed.

Both arotisal aad warning hypotheses et a reduced 

threshold-louering effect of accessory stimuli v>.,±,; > are t 

within thp absolute threshold range* A review ov' rr^e relevant 

aents shoved that such an effect liad not been satisfactorily established. 

In Sxperiz&ent 1$ its occurrence was demonstrated and a model was 

proposed to explain certain features of these ana ovusr results. Changes 

in the intensity of supraliminal accessory stimuli would not affect 

their value as tenporal reference ->oints, but vrjulri Ee^m likely to alter 

the decree of ai*oussJ. caused by thesu In Lxperiment 16 the threshold 

chsjoges induced by a barely supral InicaJ. and a moderately intense
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accessory stimulus were eos^parecU Ko significant differences in the 

falls in threshold produced by them could be shown, though significant 

differences in reaction time were found.

Finally it vac assumed that the tciaporal reference hypothesis 

applied, and thai, the subject computed a criterion would tend to 

keep the probability of his making false positive responses vfaen the 

stimulus was expected at or below a adLnimal rate; this allowed the 

extent of the changes in frequency of response to a stimulus as the 

intcr-stinulus interval was varied to be predicted. When, these 

predictions were compared with the results of earlier experiments it 

wan found toat the agreement oetwen their, was j.n ;nost oases satisfactorily 

close. The agreement appeared slightly bett<?^ *.*•*?>. it was assumed that 

the 'range of expectation 1 was a constant pr of the inter- 

stinulus interval than when it was related to 1 : ; rexrtial threshold 

for duration*

It is concluded t>mt the evidence appeal's to b© sufficient 

to accept that the subject reduces his threshold about the expected 

time of arrival of the stimulus, for a period which is related to the 

inter-stinulus interval, and t! at the threshold reduction is produced 

by lowering i;ue criterion applied to threshold ju. v,, r;ts for that period. 

It also appears possible that th^ range of expectation aay be a constant 

proportion of the inter-stimulus interval, and th&t the subject iaay 

reduce Ms criterion to an extent calculated to IL, ;Ln the probability



of hie making a false positi^w re e to an input during the range 

of c ation at or b«Iow a limiting
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STIMJU *M;

1.1. Introduction.

One of the nost often used concents in Psychology is that of a 

atlaulus evoking a response, yet we know relatively little about the 

processes which intervene when this occurs. The work that follows is 

an atterspt to investigate tnese processes in human subjects. It seemed 

that the best strategy night be to frase very general hypotheses about 

the intervening processes in simple situations, set subjects siisple 

tasks in relation to stimuli, and see whether their performance confirmed 

or refuted the predictions of alternative hypotheses* Tasks of this 

sort have been used in sensory scaling end in the investigation of the 

threshold. This made it of interest to examine the^e fields briefly, 

in order to see both what hypotheses are coraoonly held, and which pro­ 

cedures can be considered more or less coiaplex,

1.2. Sensory scaling*

Fechner wished to determine the relation of 'sensation 1 to the 

physical stimul us. 31r.ce it could not be Bieat'ured directly he believed 

a measure of sensation Bust b© inferred, and that this could be done by 

postulating that just noticeable increments in th@ physical stimulus 

corresponded to equal increments on a scale of the corresponding sensation, 

He applied this assumption to Weber's law and found that the sagnitude 

of a sensation v*£ then a logarithmic function of the physical stimulus. 

However, in the last thirty years this view has been strongly opposed.



ProcedureB for ae&euring sensation directly have been developed (otevens, 

1955, 1957), and their application has prodaced considerable evidence 

for a different psychophysical lawi with these methods the magnitude 

of the sensation is given by a power function of stimulus intensity. 

These two opposing and apparently irreconcilable laws both have strong 

Reporters. Stevens (1957, 1953, 1959a, 1959d, 1960a, 1960b, 1960c) 

believes it can be demonstrated that the 'just noticeable difference 1 

is not constant and that this shows Jfechner to be wrong. He argues 

that "in terras of th©ir psychological magnitude, as measured "by the scale 

we first set up togr fractionation and magnitude estiiaation, the j,n.d, 'B 

get larger as we go up the scale, 4,E,D», the j,n,d. is not constant in 

subjective size". This depends on the claim that the direct methods are 

valid measures of sensation, but iConner's 'discriminability 1 scale is 

aerely "the transforming of unreliability, inconstancy, or confusion into 

units of memarare" (Stevens, 1957), Garner (195^, 1959) has defended the 

discrindimbility criterion. He argues that both scales have face 

validity, so that the conflict cannot be resolved by showing that they 

disagree. But the discrisdnability methods give reliable results while 

fractionation does not, therefore It is "the diecrisiinability criterion , 

, , which is directly meaningful to normal observers",

So long as this saajor conflict in scaling theory is unresolved, 

it will be difficult to construct a model of the psychophysical judgment 

process ti&t could appear valid for the vhole field of sensory scaling*



Thus it is of 8000 importance to attempt to clarify the nature of the 

dispute and see whether it can be resolved.

Both protagonists appear to agree that scaling is a process 

of describing the variation in an underlying 'sensory experience* ur 

'psychological nagnitode', that the t*/o types of procedure lead to two 

incompatible scales, and that th«y are disputing which is, in some sense, 

the 'correct 1 one. A possible source of confusion here nay lie in their 

retention of the term 'sensation 1 , or its synonyms, with the implication 

that subjects 1 reports must be interpreted as evidence about a unique, 

non-physical dimension* One alternative is to restrict the account to 

obrorvablei' - stimuli and. responses* The psycfeaplgrsical function could 

then be regarded as defining an intervening variable, in the terminology 

of KacCorquodale & Keehl (1946) • That isf the response would be a 

function of the psychophysical sc&le, which vould itself be a function 

of the stimulus, in a mathematical description of the relation betveen 

stimulus and response 5 it would be no more than a device for facili­ 

tating this description, with no reference beyond it. Is account 

could be amplified by introducing inferred intervening neurophysiolo^ 

processes. It is then almost tautologous to suppose that there is some 

laeue in the central nervous system at which the responses are selected, 

that the stimuli produce a central effect at this locus which varies 

along some c --iion relex*ant to response selection, and that this 

variation depends mainly ou bhe intensity of the stimulus. This



neurophysiological response-determining central effect is a hypothetical 

construct (MacCorqoodale & Meehl, 1948), and the psychophysical seal© 

becomes an inferred measure of it. xn terms of such a model sensory 

scaling would be an atteiapt not to measure 'sensation1 but to describe 

the transformations and operations on the stiisulus input occurring in 

the nervous system when the stimulus is determining the selection of a 

response. The 'psychopbysical law1 forms part of such a description.

It follows that at least two such 'lavs 1 would be re quired t 

the familiar function relating the magnitude of the central response- 

determining effect to the stimulus aiagnitude, and a second one relating 

it to the choice of response. This hae not usually been made explicit; 

the latter hae been treated tyr implication as simple and direct - a 

transition from 'Yes* to 'Ko 1 at some value of the central effect, or 

a linear transformation into 'magnitude estimates', etc, - and the 

former has been su. posed to be complex - a power or logarithmic function. 

There is a aathematical argument (Luce, 1959a) which would limit the 

possible psychophysical laws to these two, Assuming certain plausible 

principles for the construction of mathematical theories, Luce shows 

that if the derived scales are "co have interval or ratio properties 

(and are not log interval scales, which are not found in practice), 

and are functions of ratio scales oi physical stissuli, then they must be 

themselves ratio scales, related fciy a power function, or Interval 

scales, related by log or power functions.



One possible reason why both these functions occur might 

be that the "direct 1 and 'indirect 1 procedures which produce them draw 

on different central effects of the stimulus to determine the

(Luce & .bdvards, 1953) • /mother is that there might be a systematic 

difference in the mathematical assumptions i^aue VOB& scales are derived 

from t>,*» r^ata provided by the different procedures*

1*3* The tvo ggychophyaical lavfs«

Feehner's law can be written as R « c log ( c + a), and the 

power lav as E * c (S * a) , whert fS f is the stimulus value, 'R 1 is 

the psychophysical scale (measuring the hypothetical neural effect), 'c 1 

Is a constant related to the unit chosen, and 'a 1 is an empirical 

constant which has been found necessary to ensure a good fit to data 

for both functions (Stevens, 1957; Gregory, 195 65 Ekman, !„ , 1959; 

Stevens & Stevens, I960). 3inc© these laws do not specify explicitly 

hov values of 'R 1 are to determine responses, there is an interesting 

equivalence betveen thevs if we choose the approtiriate 'response
^*

function 1 (i.e, the law relating the valiies of K to some feature of 

response) to supplement the * stimulus function 1 (the psychophyslcal 

law), then both laws will fit the sarae relation between stiaruli and 

VMpenses* If a feature of response (e.g» meeting a criterion for the 

J.n.d., such as giving 75 per cent 'greater 1 responses) can be inter­ 

preted ae indicating addition of a fixed interval on an assumed log 

function K scale, it c&n equally well be regarded as indicating



inultiplication ty an equivalent fixed ratio on a power function scale 

of the ease variable, Th* two scale* would afford alternative and 

equally valid descriptions of the same situation, Just as a set of 

lights whose successive brightness differences are co.. i in log 

millilamberts could equally veil be considered to be separated b/ equal 

ratios in nillilamberts. This suggests that the production of different 

psychophysical laws by the 'direct 1 and 'discrisdnability f procedures 

might be due to their implicitly or explicitly aaanraing different 

'response functions 1 in deriving scales from the data. 

a) £iscrlRlnability seales.

In the case of echner'o law the assuaaption is, of course, 

perfectly explicit, Fechncr proposed that the Just noticeable increment 

in the intensity of a sensation was constant, ^'his aeons that when the 

feature of response which is taken as the criterion for discrimination 

is present, the difference, A R, between the R values corresponding 

to the two just discrisdnable stimuli, S and (S +AS), has a certain 

constant value, ^'his requirement (that a discriminative response will 

occur when A E a k) in effect defines the R scale for a given set of 

stiiauli and responses. The K value corresponding to a stiaulua is the 

noaber of j.n.d.s separating iL iron ^ae absolute iuresholdt and ii is 

given t&r the cumulated J.n.d. function, '/'hen weber's law holds this 

response criterion makes R a log function of S. (Luce i- r rluarda, 195B). 

Had Feohner chosen to say that the response was deternined by the
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occurrence of a given ratio between the R values, i.e. when A R/R = k 

(where k is a constant), this response function would have defined a 

different and equally valid R scale, h»n Weber's law holds R would 

have been a power function of S. 

b) The direct methods s ratio production

In fractlori*.tior the subject Is p"n?spntfif! vlth a standard 

stimulus £ f and is asked to adjust a variable stimulus to a value S 

which is to be subjectively a fraction p (e.g. ir) of the standard, S* 

The assumption made in deriving a power function from the. cata is thai- toe 

subject performs this task in terms of the R scale j as St evens & Tavls 

(1938) put it, "the response of an observer vho sa^c 'this is half as 

great as that 1 is one which , for the purpose of erecting a subjective 

scale, can probably b© accepted e. 4 ' its face value." These authors are 

assuming that the response is determined by the occurrence of a constant 

ratio, R /li « p, on the K scale, and they regard this not as an arbitrary

choice of definition on their part, but as justified tr)r the subjects 1 

beliefs about what they are doing. This 'response function1 isay appear 

natural anc. necessary ii oubjects are believee tc be producing valid 

introspective reports about their sensations. But if ~ Is a variable

in a .mathematical description, ST ar Ir^e^-r*^ measure of a hypotbf ti nal 

neural process, the choice of this function is arbitrary.

It was known to Fechner (-tevens, 1957) that if the constant 

ratio requirea»nt ( A 1,/H = k) is applied to difference threshold, date.



which accord with Weber's law this will give a power function* Another 

interesting comparison betveen fractionation and difference threshold 

data follows from the algebraic zaethod of deriving a pover function from 

fiactionation data proposed by Kkman (1958).

If a power function holds we can write R « c (S + a) ...... (l)

and Ep « c (S^ + a) n .......... (2)

Dividing (2) by (l) (and applying the constant ratio requirement^) we get

<S + a)n R

(S + a)n R

* a

O)

This gives
(S +a)

where k * p^ .......... (5)

or S «kS + (k-l)a .......... (6)

Therefore, as Eksan points out, S must be a linear function of S if we 

are to get a pover function* If equation (4.) or (6) holds for the data 

and we apply the constant ratio assumption this makes tht ... scale a 

power function* It is of interest that these en-aitions have the same 

form as Veber's law. T is suggests a very considerable similarity in the 

performance of subjects required to indicate stimuli 'just noticeably 

greater than1 or 'twice as grtfct as 1 a standard* Thus there is no 

evidence that the difference between the psychophysical laws reflects 

the utilisation of different central effects of thr stimulus in the
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different procedures. On the contrary the disparity can be attributed 

to the failure to assume the same response criteria in deriving scales 

from the different data, so that the conporison usually made is invalid.

If fractioaation data giv« a linear relation between ^_ and 

S (as they should if a power law can be derived from them), then 

applying Fechner's constant difference requirement (R -E »ARf = k) 

to them should give a log function (Luce & Edwards, 1958). This could 

then be compared with the log function that die crimination data for the 

same dimension would give if they fit Weber's law. If both procedures 

give the same value for the constant 'a 1 , and A R« is given a suitable 

value in terms of j.n.d. units, then the functions should be the same. 

To Illustrate th!0 point scales of lifted weight and temporal duration 

are shown in i igures 1 and 2,

In Figure 1 three curves are given. One was prepared by 

cnaalating the j.iud.'s (probable errors) for the discrimination of 

lifted weights given by Oberlin (1936). The other two are cumulated 

1 A Rf' curves derived from fractionation experiments ty liarper & 

i^tevens (1943) ana uuilford & tingcsan (1954)* To prepare these carves 

the relation between the standards and the weights judged half as heavy 

(which we' linear in each case) was plotted, the smallest half judgment 

was taken as aero, and the successive stimulus differences corresponding 

to an apparent doubling in weight were given equal value on the ordinate 

ana cumiated. The value given to A R. for -»•&• ' c harper's
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results was 5 j.n.d. 's, and for Guilford & Idngman 9 j.n.d» f s, 

vsJLues were cnosen oy eye; they do not necessarily give the best 

comparison. In Figure 2 the same procedure was followed, using half 

judgments of temporal duration given by Gregg (1951), - v -- j.n.d. f s 

from Experiment 7. A H* « 4, j.n,d* f s«

It is interesting to note how similar these scales are, 

despite their various origins* similar agreement wuuid be shown with 

loudness: in his review of loudness measurement Slovens (1955) 

concludes that loudness doubles for every 10 db, as scaled by direct 

procedures; this lap lies that if the constant difference assumption 

were used tJae loudness scale resulting would be linearly related to 

the decibel scale* Over mo it of the range the integrated j,n.d» scale 

(Riesz, 1928} Waver, 1949), and ou^er scales of loudness based on the 

discriminability criterion (Gamer, 195^), are approxiiaately linear on 

a decibel scale,

If f ractionation data arc scaled using the constant difference 

assumption, the parameter n will still be present, though not as an 

exponent, and it will serve tU» s&me purpose as in the power function* 

Equation (A) shows that when the subject is asked to select stimuli

representing a fraction p of ta© standard, he in fact selects a fraction 

k, .e can us* n to expr*»« the divergence between k anu p;k = p ), 

or we can raise both sides of the equation to the power n, (giving 

equation (3)), and so produce a function of the stimulus scale
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(R a o(S + a)n) in terms of which the variable stimulus if related to 

trie co&r d by the fraction, p, asked for in the instructions. 

Similarly, taking logs, equation (/<,) becomes

log(Sp + a) a log(S ^ a) + log k ................. (7)

If we were to measure the stimulus on a log scale, the equivalent 

version of the fractionation instruction would b© to ask the subject 

to aaa log p to the value of the stanoare stimulus. In this case tii© 

divergence between log p and the quantity actually added - log k - 

would be expressed fcy n (log k a «°JLB.) 0 jf we prefer to multiply 

through toy n we get

n log (3 + a) = n log ( «• a) + log p ............. (8)

i.e. we again have a function in terms cu. which the subject has followed 

the instructions.

It now se«sc that there is no essential conflict between 

the d-ixta produced lay the two approaches; either scale could be derived 

from the data of either proe&iiure. i*owever9 ci tiie direct metuoc.fi, 

only ratio production has so far been considered. 

e) Other direct.getUods

The procedui-es of absolute jud^sent (Garner & Hake, l?5l) 

or c ^ry scaling (Ctevea* & Galanter, 1957) and c ction are 

groaned a&o ng tue uii-ect isethoas by uarn^r (1953) but are placed in a 

special group of 'partition scales 1 by Stevena (I960a). Category 

scaling aight seen in soae ways very similar to nagnitudc r
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in Pfir»h ease the subject applies verbal labels (usually mashers) to the 

pree ^issuli. On© difference is that in the former the nusber of 

categories to be used Is prescribed by the experimenter, but in the 

latter the subject chooses hi a own responses. There is also considerable

and fraetionation; tu> ......in

here _> -hat ir» t.hf former the sensory rang® presented is bounded at 

both ent.s. However, on isdst perceptual continua be-,. V. , tit ion 1 

fte as convent ion&lly scaled, give log functions or functions of 

inarmed late form but not the power functions which ar© given fcgr 

aagnitude estimation or fractlon&tlon (Torgerson, I960; Stevens & 

(ialanter, 1957).

It is of inter* &:• that in both cat , scaling and magnitude 

estimation tlm aasie assi^ptions are made in deriving a scale from the 

data, namely that the instructions to tut subjects determine the operations 

on the K scale which ehotild be a©sOTt«d, and th/rt tbp. muabers used as 

responses ar© a linear function of the magnitude of K* Again this would 

b© plausible if subjects were giving valid reports on operations on 

their 'sensory experiences'* wui, ii i- is regarded as an inferred measure 

of a fc^pothetia&l ©distract f we could equally well vary the 're spoils* 

f \iactions 1 so as to get th« aase psychophysical scale fro® either type 

of procedure. Thus if in category scaling the number applied to a 

stimulus by a subject was supposed to approximate the log of its ae, 

the R scale would be a power function, while ffiagnitude estiiL would
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give a log function K scale if the estimates were regarded as eaq: b~ 

iall> x-ju.^u«Kl to the K values,

Although it appear® that the original conflict resolves 

into a trivial difference between alternative but equally valid oat he- 

antics! < ''Ration* of the data, three problems remain i .hy should 

category sealing ana toe 'direct 1 methods give different j* scales for 

the same response criteria (or require different redone© transformation* 

to give the same H scale)" ..is is found i^ith most dimensions; £tevcns 

(" calls these 'pro e» and he label:: t e fev di . . a on which 

aagr scales and cev -y scales both agree with the •, ated j,iud. 

funcuj.ui: f isetathetic ' » xty doe a wai^ difference CJCCUT? - ii.ajjy, ti.oagh 

n^ifth^r scale It 'right 1 or 'wrong 1 are there any reasons to -rr-fs^ to 

ose one rather than the other?

Before trying to ar.swer these tr^ere are tvo arguments for 

th€ 'validity 1 of the power function that most be consider' . An argument 

which would seem to imply a log ftmctlon (Gregory & Cane, 1955; Gregory, 

1956) will be discussed later.

1.4* Two argmaents for the power law 

a) Gros8~®odality

Subjects can be asked to equate the apparent strengths of 

stimuli on tvo different dimensions, such as hrl.«rhtr\ese and lotidTiess, 

to produce an equal-sensation function, Stevent (1959a, 1960a, 196Db,



1960c) has lir t weight on the results of a r r of such experi­ 

ments , be oeJLLeves, 'testify to v:e basic validity 1 of tue 

function scales. His argument is; if, given an appropri?*-*- <* V--^1^ 

,. for the tvo dimensions are H. » S. , and FU = so » 

t act equates subjective values at various levels (i.e. does

e nt of vriting E. a R~),then the re suiting function v»ill have<*> "
the ioriii v zs S 0 . Taking logs we get j. ^

log o a |^g S2 ............... (9)
A «* ^

T ore, in log-log coordinates the resulting function should be a 

str line with & slope given by the ratio of thn tvo exponents.

Thita prediction was tested e& i^,bctuji.g loud.ness and

vib^ti nn (Stevens, 1959b), loudness and electric shock (Stevens, 1959b), 

lou -d br. ess (^.tevens, 1957), and a r of eontinua with 

force of b ip ( tevens, r^^k & Stevecs, I960). In all cases linear 

plots with slopes near those predicted were found, -tevens (1959a) 

concludes: "%• predicting successfully frc® numerical estimations to 

crocs-modality natehlngs, ^nd frora one kind of matching to another, ve 

have in effect closed an iiaportant circle in a process of validation", 

though h« aleo notes (Stevens, 1959b)that this success is a sufficient 

rattier than a necessary condition for validating the subjective scales 

since it verifies only their relative forms. Eow*^*1 **, he considers 

that the similar procedure of ratio matching is more coiBpelling and 

does verify that the subjective scales are power functions. :s
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procciuur .lire s tiie auiijeou to match apparei;* rci.fca.os on S-I.Q co

if •->« ™e is alvays Batched by a ratio r on the otb^ r> • e

c . th psychological magnitudes are ^ . ^tions 

of their rt ,ive stimuli* Data in agreement with this were ol d 

¥: <-O8 of 1- se were Bfttched to ratios of br:. ;ss ( 

1957, X958).

The direct matching results arc evid^-^^ f ^ ++•>•• '•^\\^'^\tj 

of the it!L k; used, but they do not validate the power function as 

compared with the log function, since th© same prediction is given by 

tiie .--.roT/er. in this case the laws for the two dir us would be 

R_ = ^og S _, and K^ » n log 3«. If the subject laatchts tht 

R- - _ * k, the resulting function will have the fona log- £_ = - lo^r . 0 *
JL 1 u. «c

k/m, vhich gives the sane prediction as equ (9). us believes 

t is scales are ratio scales of subjective int 7, and it ie true 

that -.^ power function is used R. and K2 m*&*' Qc treated as ratio 

scales (i.e. we cannot write R. » Rg * k where k is an undefined constant)

if thr raatching prediction is to be given* This contrasts with the 

sitr ^ vhen the log fux^ d. In this case the prediction is 

given despite toe presence of 'k 1 , shoving that, here onlj ir;o 

^Aw^oi v.~ci;> aj*e required of K_ and R^*

The ratio matching data are also coirrratible vlth

the log function since they can be equally well it ,d as ii g 

that a separation 'log r 1 on one scale is always E h *n lo^ r 1



on thfl other*

to) Luce/r. aowr law,

Lace (I959a, 1959b) has suggested that the problem of the 

payr eical law might be solved by an axiomatic approach. Re accepts 

Stevena 1 argHMmts for the 'esspirical gaaerality1 of the power function, 

and finds that applying his axiom to t-Vher's law "leads to what appears 

to I correct form* - a power law. It is nc iry to examine ". 

i ; on that by applying a novel r to discriminability data 

he has produced independent evidence of the validity of the power 

function as a scale of "subjective sensation".

His argument deals with the probabilities (?) of selecting 

an eler.ent (x) from a finite set (T) or subset (-') of alternatives 

(stimuli or responses). He proposes as an axiom that if the probability 

of selecting x froa x and y (where these are any elements of the set T), 

P(x»y) ^ %lj then P«,(K) - the probability that an element selected from

T win be in the subset II - is given by P_(R) = P, (3), and derivesr . j.
con: 3 from this. He finds that if certain conditions hold the 

elements of a set can then be given values on a ratio scale, tnc v scale, 

defiiw.-.. oy v(x) * k Pr,(^:)t where k is any positive constant. If his

axiom applies one advantage of this scalp is that P(x,y) is then gi\y€n
v /x\ 

tor P(x,j) = r 7**' / Y To aPP^ this to ths problem of the form

of the psychophysieal scale he suppose? that his axiom could apply to 

pr ' "• 1 data, that v is a continuous function of physical
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i 17, and th*t Veber's lav is true, and shows that then v(x) «

A^x. + C/ ', where A is a constant, x is ttie £ scale value of tne stimulus,

and c; is equivalent to 'a 1 in equation (1),

There are two iiaaediate difficulties to identifying this 

scale vith itevens 1 power function* Firstly, there is the variability 

oi1 c. exponent, B« Its value depends on the criterion used to define 

the j»^.d* Let an consider threshold data collected ty the a»tnod of 

eamitant stimulus Differences, vltfc the subject responding "greater" 

or "loss", and let us suppose that a normal ogive fits the resulting 

psychometric function* The threshold is cosmo \en as the st -,s 

giving 75>t or 84$ (one standard deviation), of "greater" responses* 

If tfc« ''eber fraction, (or rather Luce ! s cCTT))* is either 0,01f or 0»lf 

for the 84$ criterion, it is easy to show that the ralfe of the exnosent 

B given l^y his equations will then vary fro» 1$8 to 227, in the first 

case, and from 16 to 26 in the second, as we vary the threshold criterion 

from 51£ to 99«9»» Thus Lace's equations would generate not one but a 

fsmllKr of functions from the aaae data, depending on the arbitrary 

choice of t- old criterion.

The second difficulty is also indicated by these figures* 

as i.uce points out, his exponent is from one T/O two orders of magnitude 

biggp^* than those obtained by the direct methods, which are isostly less 

than 2 (Stevens, 1957, 1960a, 1960b>. His oaamrrt ist »The exact 

a»aning of this discrepancy is at the WMftat uncertain, and further
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w ' -h of it emui.ri.cal,, will be neeciea to unafcrju-iia iv 

1959b) .

However, the discrepancy mp&uure to be a necessary 

of the nay t-,.-i -:c6.1c is derived* I4ice*s v is best c-- :red as an 

int&rve ing variable: it is & function of the stimulus, and is int 

to £&eixi~WAte tue calculation of probabilities 01 selecting stimuli

from stimulus sets wher Weber's lav holds and Luce's axiom applies. It
»/x \ 

ia ( cd by Lace's requirsi^nt that P(x,y) * V y+ / \« Wh«a x and

y ar© two etiEroli separated by one j.n.d., then P(r,y), the threshold 

criterion, i& a constant, and consequently v(xx ' ' ' st be constant, 

iuinc,. .v/ is also constant, t?y Weber's law, the two scales oust be 

related by a omrt*r function. This is strictly parallel to applying 

R p to equation (-4) to get a similar function. It is nov ap it 

the exponents are so different* If we suppose P(x,y) = 0.75> a

co son threshold criterion, then v(x)/v(y) * 3» If p in equation (5)
»

is given this value, then since k will '-* *. little over 1, by Weber's 

law, n most obviously be large. In contrast, a ratio production scale 

is c ed to ensure that vhen the subject doubles the apparent st ,h 

of a stisrulua its K scale value should increase by a factor of 2» ^ince 

the subject in such an experiment will make an adjustment considerably 

greater than one j*n.d», the exponent ^ +-*-*» ^ suiting power function 

could not possibly be ae great as vhen the scale value mast be ar»Droxi- 

tr for each increase of one j,n«d.
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It la apparent that Luce's argument and fractionation lead to 

the ease type of function because in each the same rrrraireRetrt is applied 

to data as similar as ,:eber f s law and equation (4)- £ke difference lies in 

the reasons for choosing this requirementj it is here that Luce Hakes his 

Individual contribution* He considers a log function, u, but concludes 

that •'"• , a much more basic scale than FschnMer's, For exaaple, v relates 

to the probabilities in a particularly siiaple way, • • and it is a ratio 

scale, whereas u is only an interval scale.''1 

1.5 Gical .tiitap^t Is.

It is troe that for the calculations j/ ;,lanes to perform the 

power function is more convenient, and raitio sc&3.c!3 have an advantage over 

interval scales in that more statistical procadurce can validly be performed 

on them, though decibel scale s have all the m&e b«en soaetiffiee preferred 

to their ratio equivalents, in other fields. ii these xmre the only consi­ 

derations a choice between the two valid alternative descriptions might 

not seem to have much importioice.

However, it is possible to use the cotsplex input-output" 

relations provided by performance in psyehophysieal .-'tidf^oent teaks aQ 

evidence about the sorts of operations «^>pliea i Input information. 

Th« sabject acts as a computer of sorts, since ... .....:.i-.sure of the input

reliably determines a related output. If we were investigating a conpater 

of familiar type we would expect more errors anc failures to occur when 

long or complex calculations are required than \;L«n t.,ey are short and 

staple, ^ome tasks might require a complex operatic! if a log function
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sure is used but a i Lion of a power function, or 

vice versa. If our r performed veil when one f;mction, but not 

the uuut-r, required sisple operation, HJL.^ L>.L;UJ^ \ aui. V&^JJUL transforma­ 

tion '-1" the function vere necessary, this would be good reason for 

iK -bing it aa ©ploying that function. ^\ _ _ is analogy to the 

v ect, we can examine the. details of his ;,t. f or ance to see 

v •' coni s of tae onderl^'ing neural tr nsforsations best 

 atcu u:*t Applications of taking the log function or tuo power function 

a;~ ^ IP is of our tacxiel of themf i.«. vhether performance is in fact 

vai* - , ^.rone to error, and subject to failure v I ere they suppose 

o us that are difficult and involved, ano j.-.or-? reliable and 

rcii^ yr:ere simple operations arc i.. : ^& 9 v, . either aodel needs 

fever ai*i sispler operations to provide descriptions of the performance 

^, ,,ion rather than multiplication, sysimetrical rather than skew 

distributions, etc.), and whether th.e explanations the models suggest 

or require are gwieral, or ai-*./ ' ad hoc.

The firet problem ttiat muiL "w - »'   •*• is irty the power 

law deponents have the values found. It la .<vn ols-i --ifrw tliat sensory 

liad .^Eienta - reflect learning baaed on experience vLth stimulus intensities. 

This is isade aore precise in '.'arren's (195<>) £<v cion: "The

correlate theory of sensory intensity crmriders thai, jud^ents of sensory
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are based upon experience with the r .- in which 

Is Cf d with th© amount of SOBS physical attribute 

ed with t! 'jsulus, 11 e.g. eacperiemse of the relations

from the source on the oae band f end the lu .ice of a 

or oudress of a noise on the other. This does Tint. nerheps go quite 

far enough since ! attr s are known to us through the sensory 

e se, so that we hav® ft closed circle. However, ye 

COU.LC 02 learning to bave an important effect viwu dimension* such 

a» vlstial lengthy arsd area, which in otir early experience are frequently 

subject to additive operations* If the develo . al needs to 

be able to predict th€ extent and r' of t -?.s in external stimuli, 

he will be aost su<jeessfol with such dinter he can convert ta« 

uirml »wfciiare of the -ti&alas into a form on wiaieh he can perform 

s additive orseratior.s. Thus, to havw reva rd ing lutcractior^ 

with the envlroi^ent, h© Bsast coae tn think and act in terms of linear 

f s of visual length and similar dimenr ry 

excu-ai^i •• : 'ila oe eorreiat^sc witn "; ••••••..,

This view i:- supported by tb Vdlues of «any of the expoierts 

fou- , iis visual l^nglih, visual area, t^ar-cral duration (l-terens, 

1957) anc, when density is <. , Ten & War. >6) f or cues 

to the sis© of the v elir ^. (Joy, »*« Baker It Pttdek, 1955) f 

heaviness, all have expceente of oxim&tcly 1* inverse square 

laws for light and sound predict exponents of %5 for loudtoese and

t ^
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i«a 9 and values close to this are c ren & Warrci;,

-oen & Fores, 1958} Warren & Poulton, I960). e 

of .,;:„„. U x uixution on sapiQ suttswinces suggests a linear

~ for tastet exponents found range froa 0.8 to 1.3 (^tevens,

, . The concentration in air of art odorous sr. 

:g freely should obey an inverse square lav: t ... ..... ..
oj.*^cuJLon approximates 0.5 (^t>.''cns f 1963a, 1960bj i-..ee»e A -tevens, I960).

Though this hypothesis is compatible witn com BOUGIG, ana 
is ..c ,., , ,.._ , as a rationale for ..... ;. <f™*r functions,

(I960b) doer, not >t it, and pi

is reveal tke "dynamic operating charact the 
ini^,-..—^vitput relation^ of the R seasor^ vi-siisouccr1 '. ac. ••••-," '.

learning is implausible when applied tc .infajsdliar dlaeiiwj.uti 

•~ electric shock to the fingers, does not account for the

two similar d" oh as warnth (e^qponent 1.6) 

a. via. vejcponen^ x«0). He also objects t,ait the r of the sone

sea" '- ^.3, not .^., ae found by Barren, . eraen, ~ ; ores (1958). 

This is not ccncluslve, howrrer, as confidence limits are not usually 

g with ptibl esponents, there is c arable variation between 

the results of it e^eriasenters (Sterens, 1955), and the t

f ••• 3 own to oe subject to many biases ( r, 1953j 

i«An .\ Warren, 1956; Warren, 1958; «arrenf -jersen .* .ores, 19585

& Foulton, I960). This sensitivity to details of the experimental
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situation is clearly shown by tvo magnitude estimation brightness scales 

obt.r'rprf hv -"tr-TOP* & Galanter (1957). '.vith a 5° target the exponent 

was 0,36, bat when a source was used it vas 0.47»

Unfortr is no systematic e- ;e on the t 

of c ce on psychophysical j- ts traces, 194-v; -'wvens f j.v>/> 

i'«r.T ;arren, 195S) that might decide this issue. 

ft; magnitude scales
""** **" •*»*• ••* "^•••^^^^^••'••••••••••IHBWOTHIMHMWM'MMMMMMHP

To app3y the log fu el to tlie KU; estimation 

pr we Bust describe R as a log function of i»§ anti swjpose 

auu w ^er an exponential transfonaation of ^i/mioine the ru^-ui*^* 

to V-' --de as th*> magnitude estimate. "HNr. alternative rnorfpl. is siiaplrr: 

E ic r function of '•'.>, iind the re .e is linear^ related to '•:» 

The rion of siiaplicity favours the latter description, ii it 

could be argued against thi# that a de •" t,on 01 wiiis procedure ou^ro 

t r1 atiTely complex, since subjects sees to find it surprisingly 

difficult, giving variable results, and some subjects ar« unable to 

learn to do it ( ns, 1956). One may note too tU.t distributions of 

esti.- "• are skewed toward ti* ^iigher numbers, tevene prefers

via.c to arithaetj. j msan» f as the former t«nd to coincide with the 

M/mst (f'tevens, 1956; Reese & t.^^rs, I960). This suggests that 

di ions might be sysanet 1, and ari ,ic means v . be used, 

if a log function scale vere employed.

Katio production would be ibecl 8 the addition of log pf
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where p is the "utio, to the log fir n E scale value of the standard, 

or sit multiplication of u >vmr function value by p, the variable 
•tifnilr?* ."Ar-re spending to + *<» *" ffli ' r value then being selected*

b) T^e r . tic~E:

Stevens (1957) distinguishes two types of continue, On 

1 ic 1 continue, such as loudne«s, the magnitude scale given by 

tfr" ct methods is a power function, non-linear ly related to tli 

••nr- d j.n.d. nr-.^ie f so that the size of the j.n»d. , ^i ,Agnituce 
e , inc 28 as one goes tap the sealc. -m 'r . ... . etic 1 

c -•-! as pitch, both scales are the r :o that the size 

of u <•• j«n»c, is constant on the r«-,s;r.itude scale. The existence of 

tbr^ t-,-0 types of continue, is a problea for ai^" theory of scaling.

So far only prothetic corttiniaa have been discussed. If - r. 
IT r -ion model is s 1 to : • * ,ory learning h; is 
might explain vi'qr 1 -"--ect comes to app3y an il tr rsm-
tior f - •fv-^ * scale to produce BsstgnittKie estimates, or adds | ' - to

frac te. If thp-re vere no environa^ntal reward for some particular
t.i ion of R (as when the »n is not associated irlth any

ir ' physical attribute, nor subject to t LTS

oper 3), ve might assume thiat none would be tj asked to rm

a taslc such as aagaitude estimation or fractionation trie subject \ro-~
O£> directlv in the siaplest way on the It scale \ t .e. f the function 

given by the emeu ; j.n.d. scale, which
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ii ' ueiu>, ^xving a linear function, or the 

requested proportion, of it. He would behave, ir> effect, ae though 

j.n.d.*s were the units of his scale* This woulc then be a sastatiietic 

c .sun, with all pro SB producing linearly ed scales. The 

MOM f g might be expected in scaling diBtenr such as attitudes 

or coi.»pjLex jucigaeirfcs, to vuieii 110 pi^sical attriuuutts correspond siaply. 

This ^diction receives some confirmation froa vnrV by Ekman and 

Kacnnapae (I960y. , ney sc . the aesthetic value o.- . itiag 

*; '.ions tor tvo r a linear ., een a 'dii'ect 1 

8f " calculated frc«a ratio estimations, arid a ai£icrirtiirjat>iiity scale 

deri-*^ from paired eosiparisons.

If the power fur model is er . . 1 the description of 

the prothetic cc la is simpler: with the coi , ratio response 

re nt both fractionation and J«n.d. da'Ui v Q a paver function, 

viiic --• r e to have the ea&e index. The wj.:»-,-A-t;pancgr vill now 

appear ^" the metathetic continoa: to the extert t eber's law holds 

the _ tion of the v .0 as::a ,n.d.'s will give 

m power function, bat when tini& a&suaqption is a; to fractionation 

data (or vhen cr.4 *y scaling is employed) t proauce not this 

i-. but the eu&nlated j.n.d. curve (Stev?B>: jlkaann, 1940; 

sf 1959a). A power functior r-.-.-uid be reee- r--r! from thete data 

but we would need to assume a \ coxr^-l.:x :; - ,, iiircraent: 

t , is asked to make a half-jatgcrL he ts the
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s root x. e of the j? on t R scale*

Expressed V" terms of oiu.t

c: ftfctvon would statr- th«it rrVhir »i,-,f -f ! : Iscrepancy ^ uac 

EC the <:. . of t Le n rot he tic senlr: 
it .ve to describe the r ic square root ti 

basi the protnaiiic linear response tr as more cos^^lex 
anr1 -Tilt o" f«-- w lnfc» aad only tue power iunction za; " " ' '.s 
ac ., would t v;. arbitrary nrr •frilwiMiiblej it would be aost tmlir^v 
to d by the descrl ;.

3t " ted the di.. ce between the t\ : c 
grou ••• -•? scales as indicating urni "in a^ " • ' some !'• ^«s it ; 
ev that the PTistence of two baeic kinds of ^tvt»lologic&i s 
Is r -" in the behaviour of the psychological ??rr,lf.fl" f ons be in.;; 
acl , the other subatitutiTe^ at the , are is little 
ph^t-AUjiy^ical ev'. ? for this} and neural c is prob&bly c^ :- 
ably 7-nrr roi^lex tlia suggests (Werer, 1949; ~icJlijULiier > 1959)* ^ut 

it vere tha case, it would r^at ©xp>lain vhy the two scale types
>loy r" t response transformations. 

c)

Btevens piacee ca- y scalir ~ -ion in a c A 
class fVnm t>r ^t.^er. -liract aethoclg, as irivolving piii-'tition of V 

ps, ^1 co.c Tens, 19^>a), although procedurally o^^ 
sc; t seem in ; ..:c „ :re similar to a; r « estimation, and
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ion to T .ay are to one t . .. r 

,e scales nearly related to the ma : .a

I/ a log function of 

log ant; po-wer iunctione

, -i/;/i -on, I960"), Cntegory scalin^ ry 

to g, but / varied this \

;.e given by t t 

ior ^aeir at- t-ion L& 

a.. .r..-r to nartitior ->•.*•., + •; ^^^ ^. b ...

GO const

le to a prot t a

bias to TU in the st

d- __ .ries tend to h^ n.-r^m. ... Near u >.,•,., 

u , :.ven stimulus di ^e is less easy to detect, 
t; jorie.*; b: " .-.". i? ^ircr . v :,• r

v,. ^feCu j-a-uj, i-^^u-'^uuut, tt.- er Ituiction "i'or ti^ bajsic re.- a con 

th :lity to tell one magnitwie frost another vaiit,^ uvcj 

sc . -;cts the ',-icth of hi* t ;ries. ' '. ,e can easily 

tf . c. from 1,0 sec. he tends to put thea in c , ;--,. 

si c can only vith c ty tell 3»5 sec. from 4,0 sec, he 

. the same category ^-tevens, i '' "a ^.'

i; or i: , e
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than t.V.f-' nomm «-Mffi9T»r.T!r»i!i uf. t.hp. M ffh fcnr> of thj* srrlr11 f^t^t-firr., 1959&)* 

v ;' . alty with this ear tion is thiri no r is g.iren 

vtjy tut direct mr not be a. ^d in the same way ty * v 

gr ' : -•-•*' "398 of the lower end of the scale, ~f it leads to 

th«- jiy labels attached to SBMiller stimuli being too large, why 

--; it not bias est1r.atfi£ of thfilT T.n.-fintt!i^<s'> Tf thlr: imnrrssiT'enrr^

;»j subject to . r .. 0,1 to 6 sones at 0*8 3, 

it c. prevent hia selecting 3 sones as > an loud as 6 r „ 

The argmaenu aoout the confusion of nei ' Y*ing stimli ce :;nds 

on jeiog linearly spaced in the exsuaple, °-- + hat the greater stimuli 

are more closely spaced, oa a discrimination scale, than the lesser., is 

aakes tbe disorepancj a function of rtinuius : oor. ntly the 

ce' y scale should depart iwrb from the pover function when the smaller 

stimuli are well spaced an< tae greater ones boncnea, ^uu. the disparity 

betweer t-Vj<* two scales should disappear when the stimuli are equally 

spaced in tenas o£ a diBcriBdnation scale (i.e. Vfi.-Ln fv v are a cc, !it 

number vi j.n.d.s apart). But ^tevens & Galanter note that the 

disptti'icy is most mari;e<,,; (a log function is given; wi.cn uhe stimuli ar® 

logarithsaiically spaced y and it is reduced by bundling the stimuli at the 

end of the ranre.

An er- ^ by Torgerson (I960) L . on this 

wion. He asked subjects to scale a series of grays in four ways: 

ma cni^ude estimation, and by category scaling, for ' s 1 and
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d) I ir ̂ ctiopfll. »«* ̂  in g

-rcrson (196°) fonnd that cntc^oTT scale (loc function) value G for 

f l ess 1 were the revc :•'.-. of those for the ':. s 1 of t. : aai.v.c

ili (i.e,, '1 ess value 1 = k - 'd f ) but values on 

the t',.o ; fcui.jjiUibj.oii vpowtr imictio:. .j.fc.s were rejuiuec. 

another as reciprocalB. On the log function zsodel this change is

for by supposing that the subject ;es from !.„ .ess 

to darknttwi he 01; R values ty -1 lx the exponential 

function or a^ i^-nin.- c. y labels. The sis ar® linearly- 

related to equal interval© on the 1 seal©. The ^ative description 

is that the chants is acco. .ed b/ tnlcinr rr of all values on 

the f li, 3s 1 pov.'er scale. •,£•',• •___ . -.^ . ... _... j. of Inte'rvals 

constant 3,
e) The _ diacr ' ' ••-•••

The di scrifflinability of stimuli v -•roasBian, "•'•••'- Murdock, I960),

and thn r?f»t<*r!rin*ition of sf^ertntior levels (llelson, 1'^^^j appear *" ^*»
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This brief review of scaling theory has suggested that a 

similar central effect of the stimulus may determine response whether 

scales are being derived or thresholds measured. Since the rterrandg on 

the subject made by the latter procedure appear the simpler, the mechanisas 

underlying the determination of the sensory threshold are next considered. 

1.6. The sensory threahold.

The traditional view of the threshold judgment was that ft «^as a 

report by a subject about a sensation. Such rercrts night vary bat this 

was not attributed to variability of the sensation. The early experiments 

had shown that as the intensity of a . tizmlus or the sise of a stimulus 

difference was increased there was no sudden transition from failure to 

report it to reliable perception of it. Instead the probability of 

positive report increased in a way often approximated by the normal 

cunmlative distribution function. This variability in response was inter­ 

preted a^ erratic introspection. Ih&s in iiSlpe's (1901) account, sensory 

discrimination is described as being "the introspection of different 

contents [if consciousness] and the report of their difference". The 

reports vary because rt the many unnoticed fluctuations of the attention 

will lead to accidental errors of observation" of the sensation, and also 

because of expectation and habituation, described as "predispositions of 

consciousness", practice and fatigue. A further source of variability 

lay in the processes intervening between the stimulus and. "the nervous 

excitations running parallel to sensation51 since "the same stimulus may



produce different central excitations, different stimuli the saae central 

effect".

A more useful account of response at the threshold had its 

genesis in the work of Thurstone (1927a, 1927b, 1927c, 1927d, 1928, 194Sa). 

In his aodel of the psychophysical jud^ent the presentation of a stimulus 

to the subject resulted in the occurrence of a process, called by bin th® 

'fliscriininal process 1 , which was used by the organism to identify, distin­ 

guish or discrisdnate stimuli. These processes could be assumed to be 

psychic or physiological with ut prejudice to hie argument. They could be 

ordered on a psychological continuum, i.e, on a dimension relevant to the 

determination of the response. Thus if a stimulus 3 produced a discriml- 

nal process R , and a stimulus S, produced R,, and these ye re compared, 

the subject would report that is was greater than &, if the discrlmlnal 

difforence on the psychological continuum (R -&u) ^^ positive, and the

reverse if it was negative. Furthermore, if S was repeatedly presenteda
to the subject M would not necessarily be evoked each time* there woulda
be variation in the processes evoked, giving a 'discriminal distribution 1 

corresponding to each stimulus, Thuratone further assumed that this 

distribution was noriaal on the psychological continuum. Thus in a aeries 

of comparative judgments of two stimuli, each stimulas would determine 

a normal discriminal distribution, centred on its nodal discriminal process, 

and the result of each cosrparison would be determined by which of the tuo 

procesf-es evoked on that occasion atood hignor on the psychological 

continuum*
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The normality assumption has some empirical support; Thurstone 

(1927a) found that scaling by the method of comparative Judgments led, 

in most of his experiments, to consistent assijpaments of psychological 

distances when stiauli were scaled in alternative ways and normality was 

assumed, but not if other distribution assumptions were made; it is 

also very fre uently found that when thresholds are determined the normal 

distribution function gives a good fit for the psychometric function 

(Guilford, 1954-). Though Thurstone (1928) showed that if the threshold 

increases with stimulus strength, as in keber's law, the psychometric 

function should be slightly positively skewed, rather than the symmetrical 

normal ogive, the difference is so alight for the small stiBalua ranges 

covered by the psychometric function that it docs not appear possible 

to demonstrate it reliably experimentally (BlackweU, 1952),

The virtue of Thurstone's approach was that he postulated a 

minimal number of intervening elements, and defined their relations to 

stiimili and responses, rather than merely naming them, so that the aodal 

could in principle be tested. The features of response followed directly 

from the postulated relations rather than requiring additional assmaptions, 

He had provided the basis for a model in which the variability of response 

is attributed to variation in a response-determining central neural 

effect consequent on randonness in the afferent system (and lack of exact 

control of the stimulus),

ThuTEtone's interest was In scaling procedures, and his
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was developed for the Hethod of pair comparisons; however it has been 

extended by a number of authors to apply to the determination of thres­ 

holds (Mueller, 1950; -rnith & Wilson, 1953} Tanner & bwets, 1954? Cane, 

1956). It applies almost without aodification to the differential 

threshold. Here the subject is presented with two stimuli and asked to 

report whether one is greater or less than the other* Each is assumed 

to produce a central effect which may be taken to be normally distributed, 

and «aeh judgment is determined by the sign of the discriiainal difference 

on that occasion* If the central effects of the two stimuli are uncoaRl- 

ated, the distribution of discriminal differences is normal with variance 

equal to the sum of the variances of the two stimuli, and mean equal to 

the difference between their Bean effects. To measure an incremental 

threshold the subject is presented with a standard stimulus, to which an 

increment in the quality to be judged say have been added, and he is 

required to say whether an increment is present or not. The absolute 

threshold is measured in a similar fashion save that there is no standard 

stimulus. In these two cases the subject may give 'incorrect* responses, 

such as reporting the presence of an increment when none had been added. 

(The traditional explanation for such * false positives' was oi course 

that they were due to 'guessing 1 * the subject's attention had wandered, 

he had not observed his sensation correctly, and had guessed instead.) 

Two further assumptions allow the model to be applied to these two cases. 

The first relates to the way in which the response is determined. If the
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subject is presented with a stimulus which may b© S, or(S «• 

he has to decide which, the result my be considered to be determined 

not by a discriminal difference, as when a direct coraparison is made 

between two stimuli, but by the position oa the psyehophysieal continuum 

of the diseriffilnal process evoked on each occasion. It is supposed that 

the subject selects a 'critical value 1 or * cut-off point1 (see Figure 3), 

e, on the eontlmmmj when values of the central effect greater than c 

are evoked he reports that the increment is present, when the values are 

less he reports it absent. The rate of positive response, when (S +/\S) 

is presented, is then given lag that proportion of the distribution centred 

on (Ft + Ah) which corresponds to values of the central ei'fect greater 

than c, and the false positive rate is similarly given by the corresponding 

proportion of the distribution centred on E« The second assumption is 

that in the absence of a stimulus>random activity in the afferent system 

produces a variable central effect, or 'noise distribution 1 , which can 

be considered to plsy the same role in discrimination at the absolute 

threshold as does the variable effect of the standard stimulus in the 

determination of the incremental threshold.

fhese ideas have been raost fully developed in the 'decision- 

Baking theory 1 of the threshold (Tanner £ .vets, 1954; Sweta, Tanner & 

Birdsall, 19551 Tanner, ^wets & Green, 1956; Licklider, 1959J Green, I960) 

which is based on the 'theory of signal detectability* (Peterson & 

Birdsall, 1953| Birdsell, 1955). The latter applies the theory of
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statistical decision to the problem of distinguishing Is from noise 

in communication channels. Its application to psychophysics is based 

on the assumption that a threshold discrimination can be considered as 

a problem of this sort. It supposes that the result of each observation 

•ade by the subject ia a particular value of a variable, x, which can 

be considered as a isea-aure of neural activity, and vhich is regarded as 

continuous. At each observation either 'noise alone 1 (K) or 'signal 

plus noise 1 (SH) is presented. Each produces a distribution of values 

of x vhich is described by a conditional probability density function 

f«(x) or fc,T (x). The greatest amount of information is then transmitted 

when the a posteriori probability of the signal consequent on each 

observation is reported. This is a function of the likelihood ratio, 

l(x), i.e. the ratio of the probability density of x, when SK is presented, 

to the probability density when N alone is presented. If the stibject mist 

report in two categories? 'signal present 1 (symbolised by 'A 1 ) or 'signal 

absent 1 ('CA 1 ) the theory shovs that optimum performance is achieved ^ selec* 

ting a critical value of likelihood ratio and reporting the signal present 

for those observations vhich give a value of l(x) greater than this, and 

absent when the value is less. If x is monotonically related to l(x) the 

saae performance is achieved by taking the value of x corresponding to the 

ciitlcal likelihood ratio as the critical value, and applying the corres­ 

ponding decision rule. The probability of correct detections, P, H(A), is
~"i';

given by the integral of fr*r(x) for values of x greater than the
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critical value, and the probability of false positive responses, Pj.(A), 

ty the corresponding intregral for f« (:*:)• For a signal of fixed intensity 

the relation of PQ«(&) to PK(A) is determined by the value of l(x) chosen 

as criterion. The form of this relation can b® @xhiki,we<i bgr plotting 

" 5? (A) against PM (A) for different value e of the criterion? the re siting
'•• : 4" «

curve is known as the 'receiver operating characteristic 1 (R.Q.C*).

Thus the theory shows that an optimal decision rale vdll depend 

on selection of a critical value of l(x)j how an appropriate v&lue for 

the critical likelihood ratio should be determined depends on the defini­ 

tion of f optisnsa performance 1 used. A number of alternative definitions 

are considered and are shown to be similar in effect. The one most often 

applied in psychophysics requires that the total expected, value of the 

performance is to be maximised, where the individual values arc Vc« . 

(the value of & detection), 7, T rA (the value of a correct rejection),
i^ . L/A

K™ r . (the cost of a miss), and K.. , (the cost 01 a false positive),
C^rJ.bii llfji

For this definition the critical value of l(x), p , is giver by

* x, Fv.i«

vhere P(3N) and ?(R) are the a priori probabilities of SH and H. ^g win 

be the slope of the corresponding point on the R,C*C«

Of the different eignal^in-noise cases which have been 

considered by the theory (Feterson £ Birdsall, 1953), the one most often 

applied is the case of f th€ si^fial known exactly 1 in jauasian noise, nu 

it is asaumed that both R and SN distrilmtions are normal vith equal
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variances, so that <x. = «K~» The standardised difference between the
J3t k>f$

means of the two distributions, d 1 , is given by d 1 * (IIn;T-jO/W« As the 

intensity of the stimulus increases d 1 increases, and the shape of the 

R.Q,G. alters accordingly,

A number of studies have provided evidence of so»e wight for 

the view of threshold discrimination as a statistical decision process*

Smith & Wilson (1953) found that observers conld vary their 

thresholds if instructed to be liberal 1 or •conservative 1 . There vas 

a correlated change in false positive rate, but the threshold change 

could not be aad© to disappear by correcting for the false positives on 

the assumption that they represented f guesses' f Tanner & Svets (1954)> 

and Svets, Tanner & Birdsall (1955), using a visual incremental threshold, 

attempted to vary the critical values eiaployed by their subjects by 

altering monetary rewards and costs assigned to the four possible out­ 

comes. They succeeded in this and fro® the resulting R»0,C. curves were 

able to estimate, for each subject, the values of d 1 which corresponded 

to the different intensities of /\ » These values were consistent with 

independent estimates of d 1 obtained from a four-alternative forced 

choice procedure on the assuTrmtion that the subject selects the interval

not be accounted for by the correlated change in false positive rates. 

Svets (1959) found similar consistency betvreen estimates oi ci 1 given !$r 

forced-choice and 'yes-no 1 procedures for a 1,000 c.p.s. tone presented
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in white noise. Tanner, Swets & Green (1956) varied the a priori 

probability, ?(SN), of the signal, a 1,000 c.p.s. tone in vhite noise, 

and obtained R.O.C. curves, which, again, could not be accc * for by 

aseunung t&ut falne positives were guesses. Though )8 varic ?(SK) 

was altered the change in its value was somewhat less than is predicted 

by equation (ID) (Green, I960).

If an observer is allowed to make a number of observations 

of a signal of fixed intensity in vhite noise, and uses t n value 

in determining his respease, then statistical decision theory vrould 

require his performance to be limited, by th« variance of the corresponding 

aaspling distribution. ts, " hipley, McKey, & Green (1952) confirmed 

this prediction for a 1,000 c.p.s. tone in vhite noise* As the number 

of observations mode increased from 1 to 5, d 1 inert ••:! as uLc square 

root of this number, as expected.

It was shown by Hecht, :.hlaer, & Pireraie (1942) th: t a ea^or 

portion of the variability in the response to a flash of li ;ht near the 

absolute threshold could be attributed to qraar.tua fluctuation in a light 

stimulus of constant nominal intensity, am, ..one (194B) suggested thut 

the differential sensitivity of the eye was limited by ranr-^ fluctuation 

in the rnisaber of quanta absorbed from the stimulus. Sarlov (1956) 

Measured the absolute threshold for visual intensity by the: •:;'• t! od of 

constant stimuli. The subject used two criteria: the lajfer gave a 

considerably lover threshold, anc. vuv, lall could not be accountec for by
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the increase in the false positive rat® (from 0 to lyC). 3arlow showed 

that this result, and the results of Hecht, shlaer, & Pirenne (1942} and 

Bouiaan & van der Velden (1947), v?©re compatible with the hypothesis that 

the absolute threshold was liMted fcy a low level of intrinsic retinal 

noise occurring even in complete darkness*

On the assumption that visual thresholds were "efficient 

statistical judgments of constant fallibilityn (Barlow, 1957a), and that 

the incremental threshold was lisdted bgr statistical fluctuations in the 

number of quanta absorbed, he was able to predict the fora of the curve 

relating incremental threshold to background intensity. :" Lnce quanta! 

fluctuation follows the Foisson distribution, the assumption \...at the 

threshold increment corresponds to a constant multiple of the standard 

deviation of the variation in effect of the background Illumination gives 

the prediction that the relation between threshold increment and background 

intensity will be given bgr /^ 1 cC p". This vas confirmed, for stimuli 

of short duration and email area, td.tfa low background intensities, both 

for rods (Barlow, 1957a) and cones (Barlow, 195^}.

When standard and comparison stimuli arc presented simultaneously 

and the subject must report the presence or absence of an inci in 

the eoiaparieon etizaulus, the response can be considered to be determined 

both by the variance of the 'distribution of diseriminal differences' and 

bgr a choice of critical value. Gregory (1956) investigated differential 

sensitivity for light intensity in this fashion. ^ white screen was



divided into two areas, A- and A~ 9 which were viewed simultaneously and 

for the same duration on each trial. L~ was illirrd.nc.ted it'. li;;;--t of 

intensity I and A. with (I •* /\I)« He made tha &..sumption that the 

background and test field could each be regarded as providing a set of 

independent observations approximately proportional in number to the 

corresponding areas. If the variance of each observation is taken as V, 

then the variance of the mean for test lieId or background is proportional 

to V/j«_ or ^/&2» aad the distribution of differences has a variance 

proportional to V(l/A_ + V-O* *&&& gave the prediction that Al» the

threshold increment, would be linearly related to*/ (I/A., + V-U- 

which Gregory vas able to confira,

Gregory & Cane (1955) and Gregory (1956) present a theore­ 

tical equation for this discrimination* They as some that the judgment 

is based on central effects of the stimulus intencitiea I aiic (I +/\l) f 

which they suggest may be mean neural lispulse rates and they 

represent bgr r and (r *Ar)> an<^ Vhat C, the 'critical value 1 , is a 

constant, its constancy implying th&t w some fixed difference between 

iiapulse rates is required before discrimination is established, this 

difference being independent of the intensity P» Then, vi /\I meets 

the chosen threshold criterion (such as 8Q-* positive rer s),

— * const. ••»•••••• (11)
V 7
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Harriott (195&) has criticised this equation on the grounds that it leads 

to implausible consequences! 1) Although, for a threshold criterion 

such as SO,, of positive responses, /\I will decrease ?i? the area of 

the stimulus increases, this would not be true for a 5'3 criterion. 

For this case the threshold would b© independent of changes in area* 

2) For criteria of less than 5 /\ would increase as the area increased. 

It might be added that though the threshold would be i :. of 

cheui^eu in area i.or -ae 50f,« criterion, the iaise positive rawt would 

decrease as the area increased.

These difficulties arise from the assus^tion that 0 is a 

constant and so independent of the variance of the distribution of 

differences. If it were stjpposed instead that the critical value was 

0*lected to give maximum detection consistent with a limiting rate of 

false positives, then C would not be constant but would be a function

of the tern </(V-^ + ^^* (which will be referred to as <r). C can 

then be replaced by co^ in vhich case the value of c determines the 

proportion of false positives that will be obtained. Writing the 

'constant 1 in equation (11) as f b', the equation for the threshold 

becomes:

(r -• A.-) -r « (b + c)<r ......... (32)

This form meets both Harriott a objections. As the distribution of 

(r +^r) - r is a^susiea uo be approximately norsaal, b is ti-t normal 

deviate corresponding to the frequency of positive response required
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by the t iold criterion. ..en this in 50$, b = 0, and when it is 

less than this b is negative} but as long as the threshold criterion 

exceeds the false positive rate (b + c) will bo positive* Thus for all 

criteria the threshold increment will be directly proportional to o* , 

anr! in 11 be affected lay change In area in the saae way.

Gregory & Cane develop a further argument of sose interest. 

On the assumption that r is logarithmically related to (X + k), where 

k Is <sed to represent sensory noise, they derive Eicco's and 

Piper 1 s ISLV s for areal simulation at the absolute threshold from equation 

(ll). Their argument follovs equally veil from equation (12), so that 

Harriott's (1958) objection, that it depended on an implausible basis, 

falls away. It is of iisportance, since if correct it ~?rd both 

a parsimonious derivation of the laws of areal susaaation and a cogent 

demonstration of the advantage of employing a logarithmic rather than 

a power function to define the psychological continuum* The argument

la that if we tak» exponents in equation (12), ignoring A«, which is*.
the total visual field, and letting I « 0 at the absolute threshold,

we gets
/i~ +. ^wi'A'"fs"

.... (13)

Defining the unit of I as k = 1, anci writing (b + c)V2 = d, we get*

.... (U)

Gregory & Cane obtain Eicco's lav ty multiplying throughout by A, and 

Piper's law tv multiplying by A*-. In each case a c -it appears asang
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the terras on the right, and it is as^mmed that the other teres are 

relatively unimportant, i'owerer in the first case it is the * * term 

which provides the constant, ana in the second case the xirst term. 

This e.-^n^B the folloving difficulty: the values of the terms on the 

right _ ad on the values of both d and A* hile d and A can hare 

values such that the first tera is considerably larger than any other 

term, and decrease in the value of A will increase the size of the second 

term relative to the first tern, it will cause the values of other terns 

to increa.ee as well, and at no time vill the second tens be more than 

a fraction of the total value of /\I (for exas|3le, if d = 1, anri A = 10, 

the first teras are 0.3, 0.05, 0.005 • • • If A is made 0.1, the terns 

art 3*2, 5»0, 5»3 • • • )• Thus Kiceo's law ooes not follow siaply from 

the?5 " ^siiEptionsj taken alone, they appear to exclude it, so that they 

hold no implications for the fora of the psyehophysical law.

Although these studies provide cc :rab.lo evidence of the 

usefulness of applying the statistical theory an alternative view of the 

threshold mist also be cons id ©red.

1.7. The theory of the neural quanttua.

In 1926 Boring suggested that if the ph^ uxoxogical correlate 

of auditory intensity was assumed to be the number of fibres stimulated, 

as he preferred to believe, or, alternatively, the correlate of pitch was 

taken to be the specific f Lbre stimulated, this would inply a qu i 

theory of intensity, in the first case, or of pitch, in the second* '.'a
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believed that if the neural correlate varied in discrete jumps, each

de^eTuient on the stimulation of ar additional fibre, sn must the 

corre sensation and he proposed that this rdght show as 'critical 

poi in the response function, if the correct i * 

The xj.r~i cviuence Tor this hypothesis was provided in 1930 by van •&.. ;.„ 

(I960). He appears to have believed Fechner to have shown "that sensory 

aagnitude can change only in quantum fashion", and he SLV id that 

«ach such just noticeable difference for 1 ss might cor nd to 

the stiznulation of an extra cell on the basilar membrane. If no extra 

eeH was excited there would be no change in sensory aagnitude, if c^ 

response of the ear vas increased by a whole cell, a just noticeable 

sensory quantum would be added. He supposed that a stimulus, Sf would 

fully excite a certain number of cells, and might partially excite a 

further cell. The partially excited cell would ROT, be able to produce 

an increase in sensory oagnltude until fully excited. An increment, 

AS* - to the stissilus would produce no perceptible • if it 

were leas than the deficit in excitation of the partially excited cellj 

if however it was as big or exceeded this the extra cell would be fully 

excited and the subject would report a j«n»d. On this theory the 

psychometric function would be a step function, the chanf* ?™« n to 

100;i positive response taking f lacs at a value of /\S eaual to the 

deficit in the stijmlatior. of the partially excited cell. In order to 

ensure that the effect of - Iven increment vas c: it on e«ch
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presentation, he £ two tones, S f and (S /\ )» in 

»uc on and for on3y Q«3 second* «i . • *, n with 

precautions he did not obtain a step function, so he acsusec that the 

excitatory effect of S varied widely from presentation resentation, 

CfffflBifc!? p, the degree of excitation of the partially excitrrf cell, to 

take all possible values equally often* Then the probability that the 

subject would report the occur of a j.iud. of 1 /\ 

was a,x.ed to the stimulus would be the probability that A ^ (^ - q) § 

wher^ ie the total excitation required to excite a single cell, and 

this would increase linearly from 0 to 1 as S increased from 0 to Q« 

If •; t were to adopt a tvo-quantum criterion and perceive no 

change until at least two additional cells had been excited then the 

probability of positive response would remain at 0 as /\ increased 

from 0 to :-<9 and vonld then increase linearly to 1 as the stimulus 

increment increased to 2 :.,. As eT_ oe that this occurred von Beke^y 

pro; linear functions of each sort, obtained from well practised 

subjects.

Stevens, Morgan & VoUoaann (1941) produced more extensive 

evidence for the neural quantum theory. They ameaded it fcy making the 

quantum central rather than ral, and functional rather than 

anatonic. They felt the quanti.us could not be identified with the

UXc,.-&ion of an additior il cell at the basilar membrane sir.ce there

were more fibres in the auditory nerve than there were quanta in a sensory
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attribute, the size of the quantum aight vary from £ a to se 

aijd ix •a.l 1. , were ir^.-nsistent - >.t,- the 

L, is of a peripheral v .:. if using two ear* merely SVHBBE 

the proi>aiL>.LjUL&ies o^. siiiauiaviBg a fibre la out ear or cue ^ucr, 

with binaural presentation of the stimulus the size of the quantum should 

not alter, but the psychometric function would become curvilinear* 

yhat they found wa." that the aise of the quantum decreased to ab 

two-thirds of its isonaural value, and the .ometric iunction remained 

rectilinear. Otherwise their theory is little different froa that of 

von Bekesy* They state that in order to dtwoawstrate the neural quantum 

special experimental methods are necessary sine© any difficulty in the 

task, distraction, change of mood, or other disturbing factor may 

introc.LUie extraneous variability vnicu converts "wit* ps^'ccoac^ric function 

into an ogive. Their 'quanta! method 1 consisted in presenting to the 

subject blocks of 25 increments, either of pitch or of loudr^as, all of 

than known by the subject to be of the some size. These were , to 

a continuous tone at intervals of 3 seconds, the increment a 0,15 

second increase in intensity, or a 0,3 second change in frequency. The 

«ubject responded by pressing a key whenever he noted a change in the 

steaci/ tone, Ih^y assiaaed there would be large fluctuations in the 

t . t's sensitivity so that the number of quanta atimil&ted by t:.; 

•toady tone would vary frcn moment to moment, and all valueE of q would 

be equally probable. To avoid uie fluctuation in sensitivity caus.ing
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apparent changes whenever it increased or decreased ,•.-- effect of the 

continuous tone by a quantum thr*r supposed a well practised subject 

would use a two-quantum criterion, .-.is led to the predictions that

there would be a value of the stimulus increment, S , below which noo*

positive responses would be given, and a value, S.., at and above which 

only positive responses would be given* Between -_.• cm. w>. the psycho­ 

metric function would be rectilinear. 3 would correspond to oneo i
quantum, end --to two, so that the 'quantal index 1 (,orso, 1956), 

S-/(S. - S ), would be integral and equal to the number of quanta
*J» JL v

constituting the subject 1 a criterion.

So»e features of th@ theory are worthy of cement. By 

wcmosir? the quantum to be central and suggesting oiiat several fibres 

might be involved in producing a quanta! discrimination the hypothesis 

is made more general, since it can nov be applied to any sensory discrl- 

minatios, but loses some of the initial plausibility which was given to 

it, br its orifinal derivation froffi a rliscontiniionr, .f'n.r-tor<* r,f nr--n?ous 

iioning, the all-or-none re' .? of the i^ ._! cell ("orir-j, 

There is no reanon to suppose that the cer.tral nervous i 

not enfilflf continuous variables, such as is^pulse rate, to determine 

responses, Soee of the aesui^ptions made appear isiplausible. Is

t.^nt the number of o«fl.ntn e-rcit-pd by the steady torn varies 

from moment to moment because of large fluctuations in the 

ct's sensitivity. JvS this in not due to variation in the size of
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the quantum, which remains constant (though it say vary between sessions), 

it must presumably be attributed to variation in thr central excitatory 

effect of the continuous ?tir:ul:is. But it is al^o i. sary to suppose 

thr ml excitatory effect of an increment, /\S« oi" c it 

aooinal intensity, is constant, undergoing no variation whatever (since 

otherwise the psychometric function vould be an ogive). This is 

iwplausible when compared vith the evidence that in the erp irreducible 

variability in the stimulus plays a l^rge part in producing the response 

variation (liecht, Shlaer, & Pireime, 1942), or the evidence for random 

and spontaneous activity is the auditory and other afferent pathways 

(Galambos & Davis, 19Ul I uf fler, FitzHugh & Barlow, 1957; Granit, 1955a). 

In theory requires the central . ts of 3 or (S •*• As) 

to be located on a scale on which there ar© a number of c . ;:tant 

f qoantal point rl . If two suoc«68ively evoked valuta on thi:. ^cale are 

wmarat--^ by tvo or more f o^iant&l points 1 a positive response is given. 

Con *ed as a signal detection system this woulc wj-.-ear li":cly to 

give considerably less than optimal performance, nc to be ..j to 

account for the results of BU&ZQT of the experiments cuggested ^y statis­ 

tical decision theory (Tanner & \^ts, 195A| Svets, Tanner ^ ^rrasall, 

1955j Tanner, fwets A Green, 1956),

The first e: .1 evidence for the theory was provided 

Jay vow Bekesy (i960), who presented rectilinear functions for intensity 

discrimination but did not c * ^r how good a fit the norraal function
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would have given for the sane data, -tevens, Morgar "* '^toaann (1941) 

present rectilinear functions for auditory frecfn^trv tw? intensity 

discrimination. They c -:-ed the a of fit of •': .ilinear 

f 'on and the nona&l ogive for 15 psychometric functions, : the 

chi-square testj combining the results for all the curves they obtained 

strong evidence for rectilinearity: the probability ^r th« ^-eoti- 

lin, functions was 0.931, and for the nornal oH.vo 0.008. V'he results 

also support their other prerjietion: the intercept ratio (^-./S ) *&s 

close to 2, ranging from 1.89 to 2.34 for the 15 sets of rinta. An 

interesting finding was that the smbjectiv« aagfiitude of the ineraaeats 

varied* Increments heard 80* of the tiae appeared larger than those 

heard 20£ of the time. Thus t: csuaption of von ' ' ,y 

that a f . ry quantum1 corrc to the neural quantum could not 

be maintained. Using the f quanta! nothod 1 for the loutfneas incremental 

threshold Miller & Garner (1944) obtained rectilinc&i- functions from 

ti/o subjects (the experimenters) with intercept ratios close to 2. 

'hen they randomized the presentation of/N^S they ob ":.d K :iiore 

variable p^rchometric function, to \.-hich they fitted, three straight 

lines on the asfluoption that the variability was cm. uo fluctuation in 

the subject f s criterion betveen 1 or^ ? quanta. T-^,. T* A-m, v>im€nters do 

r /pear to have produced such strong ev: the qu :ry, 

Koester & cchoenfeld (1947) examined pitch sensitivity by the quantal 

oethod using the exp^ri -rs as veil practised *• Tliey found
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required bgr the theory, uoroo ^1951) obtained 70 psychometric functions 

from 20 subjects selected for :,h@ir good initial pitch and loudnesa 

ination. ospite the use of the quantal method only 9 curves 

did not depart sign: rtly from linearity on the chi-e ...::„, i 

of these 9 only one had an intercept ratio with a vala« close to 2. 

Blaekwell (1953a) Measured differencial brightness - - in £QUr 

veil nractined subjects. ' ach value of the luminance increment was 

presented in a block of 20 repetitions, lie foonr t>rt tK- ^r,suits,

as a vholc, did not confirm the predictions of the theory. 

Other studies reviewed Igy Jorso (1956) do not appear to offer much 

furt-'- ^ support. " :'eisaer (1957) obtained 52 p^yu. ne mr.cLions Troa 

4 subjects. He measured thr loudncss threshold by the q»oaAtal method 

and concluded that the results vere 'predominantly favorable* to the

n,atal " ^hesis since the ' oan intercept ratio i/a 2.15. ".s was 

based on lines fitted by eye to curves of which he soys "moot of thea 

are juiables of points vith no clear chfiracter".

Since the tb«ory a&kes its predictions for or.tir-.-T ^^ndition 

onJiy^positive evidence must be given such more weight thai: ive. 

This ESJKJS IT, iaportant to assess carefully the r ty of the positive 

sviaence produced. Lewis & Burke (1949) discuss i>i^ use of the chi- 

•aaars terrfc nntie. by ^tevens, Morgan & VoUonann (1941)• They consider 

6 of the functions in detail o ow that for th^^o cM-s^5are for the
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phi-gsama hypothesis is seriously over-estimated 3€ of two errors: 

theoretical proportions that were very i^rgu or aaall vere not 

eomMr»Af* i itv t>f> neighbouring proportions before applying the teat, 

ant 1 . -_:. , roportlons were omitted when calculating the theoretical 

cur-re but included when coiaputing chi-square, an incorrect procedure* 

Because of thene errors the normal function was rejected at the 3$ level 

«•? - •^^tdence whereas if ehi-square is correctly c •-^vilatec it is 

acceptable at the 30,* level of confidence. Blackvell (1952, 1953b) 

mea differential brightness thresholds lay presenting blocks of 20 

inc ts of a given magnitude and found an effect which he calls 

'po&Aujive channelization 1 . This is a tendency lev uue irequtncy of 

fYes' responses to increase to^^rds the end of a block ~, -,.*>?**'•. the 

stimuli elicit aore than $0:t of positive responses. AS he points out, 

positive and negative channelisation would tend to produce a spvirious 

increare in probabilities near unity and. decrease in probabilities 

near zero, wiilch would iaake an ogive te&<.. w ew^c-ai »«ci*o.xii../^u..r f so 

that straight line functions csi??ht be esmeerted as ~r -irtifpct of thr^ 

»qu, . '. Kei&ser (1957) ha^ deao..:-.,. ..ted th/it res 

('• cies are obtained when the qoantal rcethoc is applied to auditory 

intensity ciscrisdnatlon.

Thou^i the neural quantu® theory of reshold cannot be 

ciisnrorred "by nerativ* a^r^erimental results, in viev of th*- Lack of s.ry 

very compelling positive support for it, the possibly artifactual
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nature of t^ rretiPirienr cTmrr.s obtained, t>,* .lity of sotae 

of the a, _ . >ns require ',.. it, and its lr_. to a -t for 

the re of the e: suggested by s I decision theory, 

it vil b be <" " " -ed further.

rati ion.L . i.s«

The statistical decision theory of the Id can be 

eonaj..-.',--ed as a conceptual model not of the physio .LU^UUX ^i-yuvi»«Mi 

occrarrlnr i*he»n s sticiulus determines a response birt of the set of 

Ic l.al _:.: mathematical operations - dete :,: t r.ign of a 

cV .nal difference, application of a decision rule, etc. - which 

oroce .•:>-:•- ::•.: - ai2pro~'i."'.'te ior i/h© subject to ^crdeve the best 

possible performance. Confirmation of predictions siade by the theory 

c to show only that the functioning of the discrimination aecharilszs 

is such as to make its input-output relations ten towards the theore­ 

tical ' " -nn. The explanation for this might be that operations whose 

effect ^iiivalent tc computations prescribed by tht uu^ory most 

ofte- -roTe advantageous to the or.<rrjiisss and coRr to b^ retained.

If it is ac pattern of performance shown in 

B crimination tasks is what would be expected to follow from 

t; "' tion of the rules or statistical dec' ' ' 17, tras raises 

tvo main problems. The firtr*" :w uw uefinitlon of u.,c QiJtj.iiijj.ons ViU.cu 

we aay sruppose subjects actually to esploy to approsis^Lte those contained 

in the theory. This re 3 us to discover wh^.t ires, both of his
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own performance and of the external situation, the eubject takes, and 

how he applies th$a to the determination of his responses. For exasjple, 

the tiuioi-j< ^resoribes the choice c ~alu0 of likelihood ratio as the 

critical value. To apply a critrr?rm of this sort the distributions of 

both must be known* It oight be sinipler for the subject to 

•tlect ac a value of x, the measure of the centi'al effect of the 

stimulus, as the criterion, c, and apply t&e decision rule to this, 

chooe^- .? give a satisfactorily low rate of false positives over a 

period- of tire. This ^ould be equivalent to choosinr a value of likelihood 

ratio, ;•, -nee x is stonotonically related to l(x), an*.; it could be applied 

ig the natty instances in which features of the stimulus rsust be known 

>to th ject on^7 ver^ inexact^'. *b wouiu coi'i-c-,.onci 1x3 wne adoption 

of t**- -"f^-Tr^jQ-Pearson criterion by the eabject C-'- ; #*> -• earson, 19335

.all, 1955) in place of the *expected value 1 criterion usually 

assuned (Lickliriert 1959}* .%tion (10) specific;; an ideal relation 

between j? and P(^)« To apply thlf> relation tr j-ject must know the 

a UX-JLUI x probability of the signal, corapute fi ; .;. ...aired by th© 

equation, and employ l(x) = ^ as the critical v-nn^ either by
/

cdbulatin^ l(x) for each value of zf or by finding tl>: value of x, c, 

A'CU- v,'uich l(c) = /? y and 'ing t'ns appropriate citcision rule. Here 

again he could operate more simply by taking as ai.*; measure the response 

on one uj-iaj. only, and varying the V&AUW of c after each trial, 

reducing c if thr response was positive, incrr.nr.ing it after
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a negative n •-. 'hie woulu uave the effect of altering the 

critical value in a direction determined ty P(:>K) ar-' ^ approximating

the effect of c- . (rfl. The clo 3 of the ;-. :.:i-

r •••* on the function used to relate t

to '-"3 of the £• -':H-. <:...- lir,-" to c« Thus the occurrence of

rt_; :3uiti uu u-L^erstood as the expression of an

opemtir.r by which a requirement for optimal decision aaking is

£,_ . , ovarth & Bulmer, 1956).

Even when the operations the s be actually supposed 

to perrons have been ^jecified, we do not, . • •- hov "- " ' .r^at ions' 

hav?> K^^n carricsd out, by vhat 'digital* or 'analogt^' r^t>^^. This 

Is to the second main problem, that of ._ /siological and 

ana" -il idertity to the r processes postulated in ab- ' t 

fora \rj the m,odel. "* ' xwicnt for vnich - ' Ions of soae plausi-. 

bility -'.ave been offered is the 'noise 1 w&ich obscures the signal. <ome 

variability must alva^'S be present in th.* m*ornGti'-"n of thr ^h-nlcal 

: ; however v.. Llity in the r? :e of tLc afferert v-. ys 

may also play an iirrrjorbant role in limiting ' -irlty.

Fechncr believed that J ' 'Oftaschvars 1 constituted the 

limit to visual sensitivity at the absolute threshold (Guilford, 1954-5
ct

Barlov, 19571) > and the concept of variability r»f ---rronR resnnnse to a

r .ulna is included in the account of the th: Id given by 

Fulpe (1901). An implication of the all-or-none ? of the nerve
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is thrrt tWK?a!!m**ss iri thp r,rrfnrm*>ncp, nf thr- J 

:mnlfeot as a variable spontc ...... . rge in th© absence of

a £ ind v of the response to a ;. The 

occ o of an r tly sr ' >ns discharge has been " v •" 

in • "-rt pathvays from the retina, muscle Bpindlt*, . atur© 

rf.ccv 'oors, olfactory bulb, vestibular organ, vibrissae (Granit, 1955a) t 

.•:•.; ear (Galasbos & Lavis, 19^-)• In an ane of th« s? as 

air- ;e recorded from fibres in the optic nerve of the dec ere brat e 

cat ue dark, &a£fler, FitzKugh & Barlow (1957) showed the.t the 

intnrT-nl*? bp.tt;r»en successive imp.lses varied in an apparently ^•n/tom

.jia over a vide r.inge* & gaisma distribution . -ribution 

of intenmls. Buller, Klcholls & ..-trfto (1953) gacacdned the lov? frequency 

die :e found in the afferent fibre from the i'ro£ f s " Indie 

vhe*- '.*• i.* v-eld at a lov tension. They found that succcs*-*^- •-<•.—•••«• •''*• 

ap.--eared to constitute a raRdott sequence, ^irin.^ zr, ."•nrjroxi • •

>ial distribution. Fi i (1957) has -lability 

in response in the optic nerve fibre in the eat to 3 

oj. i*u~ feasfft intensity, tooa^a this shoula be attrioutea aii ^.u,::i, partjiy 

to quantum fluctuation in th^ stimultis (^•n*»n-.« i^.A.

Possible .ources of tb€ . ,y noise are thenaal agitation 

.; at the receptors or at synaptic junctions in the afferent path- 

ways, and the, arrival at afferent synapses of iiapulses o^ ' • •

t/ue ai'ferent eystc-n. r.arlov (1956) hae si.-. -:,&ca LH.-.L most of
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nay be attrib :.e to tb ssition of molecules of visual 

j t in the rec s, and Euller, fticholls & rtrfem (1953) showed

t' •••-•'• "o® aiseharfe in the afferent fibre from the fre ! ? :'jcc 

spir -nuld be attribut^r' +~ fluctuations of poter^ 1 "*1 

nerve ie resulting from thermal agitation of ions.

To invesr old w.- isn further it appeared 

t : be useful to have a reliable technique for varying the 

c^s perforiaancr J - sensory c; its crimination ta_.^»

.---".p.-sr^-f? nnt.^rt.1«fly US®fnl for this was tb* «T~nlojr-

ace .lation to wo&lfy sensitivity to r< • .3 at threshold 

level, "h considerable work lias been done on the-, interaction of 

Btiisuli, it li&a been siainly concerrred vith demonstrating that stisaila-. 

tior one modality may affect performance in anoth •-:, TT 

e:tnr, i~ir'^ts KSVG not usually' been in a farm allcy«t'ir,-'T' the results to be 

related directly to theories of the threshold » • v.tions 

have ticually been couched in terms of hypothetical processes such as 

'irrauittwicii 1 or " energy- flow 1 wuict. si-e difficult •*• • relate to the 

Ifr.^.'n r<»^t« ^* ••••^*i>«iology aiv' vT5<3ru.€ in their linn 1 ^ "^tlons (' n7 -^,, l^/.-^; 

Gilbert, 19415 Harris, 1(>50} London, 1954-J oynions. ,•>)• It seeaed

- a useful starting-^>oint might be to £ o to ;©e the relation 

between some re of the ac ry 8timilation9 such as its tes?>oral 

relation to one tcresiioia stimulus, ana wiie ^uaiigtu iriuuced in t-he 

subject 1 a sensory discrimination.
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ACCESSOR! STIKUU.TIGS AKE TH.i. PBCiSPHESE THRESHOLD

2,1. Introduction*

Although there has been considerable work on interactions 

between stimuli (Ttyan, 19#>! Gilbert, 1941; Harris, 1950} London, 1954-) 

the consequences of variation in the time interval between the accessory 

and critical stimuli has not often been studied systematically* In an 

investigation of attention, Mevhall (1923) included two experiments of 

interest in this regard. In the first he attempted to vary the degree 

of 'expectant attention1 by using situations "which feade the observer 

atmre of the tiae at which the stimulus would occur with three different 

degrees of completeness"• The critical stimulus was an approximately 

liiainal pressure to the pulp of the finger of constant magnitude, 

randomly alternated with an equal number of blarks, and the three 

conditions veret 1) A constant 4. second interval separated the stimli} 

2) A lever was visible through a slot in a screen 1,7 seconds before 

each stimulus was administered; 3) The lever could be observed moving 

through a path which took it behind a screen at the isoment the stiiaulus 

was administered* The percentages of positive response for the:« three 

conditions (combining the results of his two subjects), were respectively 

52, 76, and 86 per cent, and the corresponding false positive rates 

were 8, 7, and 6 per cent. In a similar experiment on a visual incre­ 

mental threshold the stimulus was a 0.1 second increase in the brightness
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of an area 8 on. (square, anu the three conditions were: l) A click 

preceded the stiattlus lap 9 secondsj 2) A train of 5 clicks at one 

second intervals ended 4 seconds before the stimulus came; 3) The 

train ended one second before the stimulnc. The corresponding percentages 

of positive response (combining the results for his four subjects) vere 

4&, 51f and 63 per cent, with false positive rates of 5t 5, and 4 P^r 

cent* These results are of interest for two reasons! an apparent 

threshold Change is shown without concurrent change in the false positive 

rate, and the differences between the conditions associated with the 

apparent variations in threshold suggest that the temporal factor may 

be of importance.

Child & Wendt (1938) studied the effect of a 0.1 second 

flash of light on the absolute threshold for auditory intensity. The 

auditory etimulue was a 1,000 c.p.s. tone presented for 165 msec, at 

one of five intensities approximately at threshold level. The flash 

preceded the ton© by 2, 1, 0.5, or 0 seconds, or followed it by 0.5 

seconds (the ! -0.5 seconds 1 condition), or was omitted. The order of 

intervals and intensity of stinuli were randomized. The combined results 

for their 11 subjects show the lowest percentage of positive response 

for the 'tone alone 1 condition and the highest when the flash precedes 

the tone by 0«5 seconds. There war; a clearly significant rise in 

response for the 0,0.5, and 1 second intervals, a "questionable" rise 

at -0,5 seconds, and little effect at 2 seconds. r ith the light the



6 1

average false positive rate was 3»3 percent, with the ton© alone 1.8 

p«r cent* Thus they appeared to show a facilitating effect of the 

flash for which 0.5 seconds was the optiml interval. They thought 

this to be most probably due to central susiraation of excitatory processes, 

but also considered other possibilities, such as the relaxation of a 

hypothetical tonic contraction of the intratyiapanic muscles in response 

to the visual stiisailiis, or ; coopiex phenomena of attention and judgment", 

such as an increase in alertness.

In her review of this and other studies on intersens ry
"t 

facilitation Gilbert (1941) concludes that a short heteromodal stimulus

momentarily reduces sensitivity in another modality, and then increases 

it after an optimal interval of about 0,5 seconds. Perhaps the moot 

extensive investigation of the effect of the interval between two stimuli 

on the threshold for the second, and one which to some extent conforms 

with Gilbert's conclusion for heteromodal stimulation, has been that 

carried out on the threshold for the electric phosphene by Motokaua and 

his colleagues (Motokawa, 1949a, 1949b, 1949c, 1949d, 1950, 1951*, 1951b; 

Kotokawa & Iwama, 19A9aj Gebhard, 1953) f though here the extra stimulus 

is also visual. In these experiments the absolute threshold for the 

phosphene consequent on the passage of a direct current through the eye 

is measured when administration of the current is regularly preceded by 

a flash of light. They found that the pre-illumination caueed a brief 

depression of sensitivity, which then increased to a maximum before
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returning to the resting level* The interval after the end of the pre- 

illumination at which the sensitivity was maximal (the "crest time") 

was independent of the intensity of the pre-illuminating flash, and was 

a function of its vsive-length. The duration of the flash had no effect 

for durations between 0,5 and 10 secondsj increase in its intensity 

increased the enhancement of sensitivity shown at the crest tine. When 

the pre-illumination field was red the crest time was 1 second, for 

yellow it was 1.5 seconds, white or green gave 2 seconds and blue 3 

seconds*

As well as being of isportance in relation to the problems 

of colour vision^ these findings apparently demonstrate an interesting 

temporal relation between an accessory stimulus and a threshold. It

•eeaed that it night be useful to attempt to clarity how the accessory 

stimulus caused the threshold to vary. A tentative hypothesis aiight be 

that the extra stimulus reduced sensory noise arising at the retina, and

*o allowed the critical value to be lowered without an increase in false 

positive responses. It might do this lay a direct effect of the light 

flash on retinal elements, or by a centrally mediated effect. ; otokawa 

believes tbe flash acts peripherally, since if one aye is pre-illmai 

no facilitation is shown by the other (Motokawa, 19/*9d)« However this 

would not exclude a centrally mediated effect elicited by the flash and 

acting on the saoe retina, perhaps through centrifugal fibres (Grar.it, 

1955b$ <;odt, 1956).
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A necessary preliminary to testing this hypothesis is the 

repetition of Motokawa's observations. 

2.2. The effect of a flaeh of light on the phosphene tbreahold.

In the technique used by Motokava (Gebhard, 1953? liotokawa, 

1949a, 1949b, 1949c, 1949d, 1951b) the subject is usually dark-adapted, 

though weak light adaptation was sometimes used (Motokava, 1949c), and 

the stimulus is a constant current, 100 msec, square pulse administered 

fcy means of two electrodes, which, are usually placed on glabella and 

occiput. To determine the threshold a modified form of the 'method of 

limitr* is used. The applied voltage is decreased step by step 

(descending series, only, ar* used) until discrimination becomes difficult, 

when the subject is allowed to compare the stimulus with a blank. To 

investigate the effect of a previous light-flash on this threshold a 

patch of opaque glass, usually about 2° in size, is illuminated for 0.5 

to 10 seconds, at an intensity of up to H70 lux, before each administ­ 

ration of the .^nultts. For each threshold determination the interval 

betveen the end of the pre-illumlnation and the stimulus is kept constant. 

Well-trained subjects were used. 

Experiment 1

This experiment was an attetapt to reproduce the main features 

of Motokawa's experiments. 

and Procedure

A constant current generator, which has been described
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(Howarth, 195A)» was used to give single 100 msec, square 

pulses. These were administered through a large aluminium electrode, 

padded vith saline-soaked cottonwool and applied to the subject's 

forehead, and a saline-soaked cottonwool electrode lieId in the hand. An 

electronic tachiatoscope (Humphrey, 'Dave, & Mandell, 1955) was used to 

provide a light flash lasting 750 msec. The spectrum of the light from 

the shortedecay phosphor fluorescent tubes used is continuous and, 

compared vith daylight, so&evhat deficient in red, appearing a faintly 

bluish white. The interval from the end of the pre-illumination to the 

closing of ^he relay which administered the stimulus was determined lay 

a standard timing circuit employing a Mallard Z803H cold cathode trigger 

tube. A metronome beating once a second was present and audible to the 

subject throughout. The arr .ent of the apparatus is shown in Figure >U

The experiment was conducted in a darkened but not completely 

dark rood, as a low level of illumination gives sore stable and reliable 

thresholds (Hovarth, 1954)• The walls of the rocm, where they were 

viaible to the subject, were dimly illuminated by the experimenter's 

viewing light; however at no point did their brightness exceed 0.0125 

milUamberta as measured with an SEI photometer. The tachistoscope box, 

which filled approximately 90° horizontally and A5° vertically of the 

subject 1 s visual field, was considerably darker than the walls; its 

luminance could not be measured on the photometer. ..~ flash was produced 

illuminating a screen 6 inches square 3 feet from the subject, so that
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it suDtezxeti aoout 9 30' horizontally ana Yert,j.cal3y. Its brightness 

was 75 alllilaffiberts. The pre-illuraination could be Bade blue by inter­ 

posing an Ilford Tricolour blue filter^ this reduced the brightness to 

about 5 millilaiaberts and the area to 3 it :'ies square (approximately 

4°45* across), A similar reduction in brightness and area could be 

achieved by interposing a neutral density filter.

The subject sat facing the screen. Each trial was begun tjy 

the experimenter saying 'coming 1 ! this was followed about one second 

later by the flash. After a fixed interval the stimulus was administered, 

and the subject reported 'Yes 1 or 'No 1 , Trials were ordered as required 

by the 'inethod of Units 1 ! starting at a randomly varied stiamlus strength 

veil above threshold a series of trials would be given with the current 

reduced each time lay an equal linear step until the subject failed to see 

three successive stimuli. The veake.st stimulus strength to vhich a 

positive response was given ¥as taken as the threshold. If reversals 

of response occurred the threshold was determined as described Its? 

Guilford (1954), Only descending runs were used.

Thresholds were determined in this way for the intervals 

1> 2, 3, 4-, and 9 seconds, in that order. Such a block of five threshold 

determinations wa* repeated i'our times in a session, i ach session began 

with a short practice period to make the subject familiar with the 

phosphene and procedure and give a preliminary estimate of the threshold. 

When this vas found to be greater than 100 mieroas^js. the step size used
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in decreasing the current was 20 microanrps, , vhen it was less than 100 

a step siie of 10 jaicroaimps. was used* A session laetcd about an hour*

The subjects included the experimenters, who were veil 

practised, and members of the department -Jir/ergraduates, many of 

whom had no previous experience of this type of experiment. Four 

subjects did four sessions with no filter, two subjects did two sessions 

with the? neutral density filter, end five subjects did six sessions td.th 

the blue filter. 

Re au It 3«

na the results ~or T>he owo subjects with the neutral density 

filter fell within the range of the re suit 0 given without a filter they 

were combined in Condition (a), the sessions with the blue filter 

constituting Condition (b). In combining the results from different 

subjects the logarithms of the threshold values were used to avoid a 

bias arising from individual differences in absolute threshold level,

and the standard deviation ms taken as S.D.= \/2Xx -x «,) /N(n-l), wheres s

x represents the individual threshold readings, x the mean of the n
0 *»

threshold determinations in each session, and N the mraber of sessions. 

The mean threshold (in log. ^icroanps.), standard deviation and standard 

error for each time interval in each condition are given in Table 1, and 

the thresholds for both conditions combined, with standard errors, are 

shown as curve B in Figure 5»
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Condition

TABU: i
Yi«e Isterral (seconds) if

i
at white Mean 2.1000 2.1562 2.1653 2.1733 2.1903 6

S.D. 0.0606 0.0366 0.0688 0.0491 0.0528

S.E. 0.0124 0.0075 0.0140 0.0100 0.0108

bi Blue Mean 2.1796 2.2167 2.2&T9 2.2646 2.2800 6
light

S.B. 0.0670 0.0840 0.0730 0.0671 0.0518

S. . 0.0137 0.0172 0.0149 0.0137 0.0106

a + b: Mean 2.1398 2.1864 2.21#7 2.2190 2.2352 
white or 
Blue light S.D. 6.0639 0.0643 0.0700 0.05"" 0.0523

S.E. 0.0092 0.0094 0.0102 0.0085 0.0076
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The threshold is lowest at the shortest interval, one second, 

and rises, rapidly at first and then more slowly, as the interval lengthens* 

This result does not agree with those reported by Motokava, who finds 

a peal': of sensitivity at two seconds, for white light, or three seconds, 

for blue light, with higher thresholds at times shorter or longer than 

these. A possible explanation for the divergence with the whit© light 

might HP-VP been that the subjects used la this experiment had shorter 

crest tiises, falling below 2 seconds, but in this case a peak should still 

have appeared with the blue light* As it is, the relation between 

threshold and i 1-- rval is isach the same for both conditions, except that 

the thresholds are all higher with blue light than with white. This is 

most probably a consequence of the use of different subjects in the tiro 

conditions*

The failure to obtain Motokawa's curves will be discussed 

later* ** probl^a o^' iaaedlate interest is whether the relation founc. is 

due to peripheral interaction at the retina or represents a centrally 

sedlatad effect.

2*3. ?hc c of a bell on the pho.8pb«ne tlircghold. 

2.

The aim of this exp< riment wao to see whether the effect 

found in Experiment 1 would be shown when the accessory stimulation vac 

given in a different modality.
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Apparatus and procedure

In this experiment the tachistoscope was not used to provide 

a flashj instead a loud ring from an electric bell was eu^lcyed. The 

duration of the ring was controlled by a relay with a condenser and 

resistance in the coil circuit so that the relay opened automatically 

after 0.75 seconds. In Condition (a) the metronome was present, beating 

once a second, in Condition (b) it was not used. In all other respects 

the apparatus and procedure were the same as in xperiment 1.

Five subjects did five sessions in Condition (a), and five 

subjects did six sessions in Condition (b). There were eight subjects 

altogether, of whom two served in both conditions. 

Remits

The mean thresholds for each condition and for the experiment 

as a whole are given (in log microaiaps.) in Table 2 and as curve C in 

Figure 5. Tins intervals are iseasured from the end of the ring. 

Ciscussios

These results are very similar to those of ilxperiaent 1. 

Thus it appears that the effect shown there can be produced by an 

accessory stimulus in another modality. This makes it very unlikely 

to be the same, but with a much earlier peak, as that described by 

Motokava, since the latter ie considered to represent an action of the 

light flash on colour-sensitive elements of the retina.

The analysis of variance shows significant effects of the
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at Bell «• Mean 
metronome

S.D.

BeU 
alone

a * b:

TABU: 2

Tine interva^ (seconds)

i I i 4 i
2.0211 2.0781 2.074X 2.0764 2.0990

0.0613 0.0625 0.0651 0.0512 0.0562

session*

S.E. 0.0137 0.0140 O.OU6 0.01U 0.0126

Mean 2.0594 2.0908 2.1050 2.1269 2.1365

S.D. 0.0750 0.0652 0.0756 0.0470 0.0577

S.E. 0.0153 0.0133 0.0155 0.0096 0.0118

Mean 2.0420 2.0850 2.0911 2.1040 2.1194

S.D. 0.0716 0.0640 0.0711 0.0489 0.0571

S.E. 0.0108 0.0096 0.0107 0.0074 0.0086

II

Analvsis o£ variance <~<f the thresholds

Intervals 

Conditions

Between subjects (Condition
(a))

Between subjects (Condition
(b))

Intervals x Conditions

d.f. Mean square £

0.00928

0.01560

0.14040

0.03560

0.00058

18.20

30.59

275.29

1.14

Significance 

p<0.001 

p < 0.001

p < 0.001

p < 0.001 

N.S.

Residual 36 0.00051



time intervals, the subject?, and the two conditions. The higher 

thresholds in Condition (b) can probably be attributed to differences bet­ 

ween the two groups of subjects. However, the lack of any significant 

interaction between intervals and conditions Indicates that the presence 

or absence of the rnetronorae has had little effect on the relation between 

threshold and time interval.

A possible reason for the failure to find Motokawa's effect 

might be that the interaction between the light-flash and the colour- 

sensitive ele&ents is obscured by the oonotonic relationship between 

threshold and delay interval shown in this and the previous experiment. 

If the latter effect could be neutralised, the former isight be revealed. 

Another possible explanation depends on a feature of Hotokawa's use of 

the method of limits. He does not use a constant step size, but decreases 

the applied voltage in large steps initially, when the phosphenes are 

readily perceptible, and toy small steps when he is near the threshold. 

Kohata, Konatsu, & Motokawa (1956) suggest that this saves the retina 

from a depressing effect produced b(jr an excessive number of strong stimuli 

They found that if they used equal steps, or administered a number of 

strong stiiBUli before the threshold determination, the variability of 

the threshold response increased and the colour-sensitive effect 

disappeared. However the effect could be demonstrated when a constant 

size was used provided thresholds were determined with the use of 

•pee ' runs only, so that no strong stimuli were given*
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These possibilities are examined in the next experiment,

and bell combined,

Eyperigient 3,

In this experiment the light-flash was given as in Condition 

(a) of -Experiment 1, If the threshold change shown in experiments 1 

and 2 was a function only of the fixed time interval between a recent 

accessory stimulus and the critical stimulus then the addition of an 

auditory accessory stimulus coning after the flash but a fixed interval 

b*fore the electric stimulus should make the threshold constant, and 

this might allow an effect of the light as such to be shown aore clearly, 

Apparatus and procedure,

A second delay circuit of the saiae type as the first, and the 

bell, were added to the apparatus of Kxperjjaent 1, as shown in Figure A* 

The ~ ce of events on each trial began with the experimenter saying 

'costing 1 and about a second later pressing a switch which siaultaneously 

started the first delay circuit and the 0,75 second flash. After an 

interval the delay circuit closed a relay which started the bell r.. .. ..ig

for 0,75 seconds and also closed the second delay circuit, &fter 1,75 

seconds the second circuit administered the stimulus, The first circuit 

could be adjusted so that tht interval between the end of the .lash and 

the stimulus was equal to 1, 2 f 3, 4, or 9 seconds. In each case the 

ringing ended one second before the stimlus, Ko filter was used with 

the flash,



In Condition (a) thresholds were determined by the method 

of limits, using descending series only, as before. In Condition (b), 

hoi/ever, only ascending series were used. Each series started veil 

below threshold and the stimulus strength was increased in 10 zaicroarip. 

steps until three successive positive responses had been given* ISight 

subjects did ten sessions in Condition (a), and slz of these subjects did 

six sessions in ondltion (b). 

Results.

The thresholds, in log. microamps., are given in Table 39 

and the results for both conditions combined are shovn as curve ~ ia 

Figure 5. 

Discussion.

In both conditions the rapid rise in threshold shown in the 

earlier experiments has been reduced to negligible proportions by the 

introduction of the bell. The threshold at 9 fteeonds is slightly higher 

than at the shorter intervals hit this effect is not significant on 

analysis of variance. It appears that it is the interval of time since 

the most recent accessory stimulus that mainly determines the degree to 

which the threshold is lowered; any residual effect of the earlier 

stimulus, if present, is very slight. Tteas this experiment confirms the 

effectiveness of auditory accessory stimulation shown in Experiment 2, 

The analysis of variance significant effects of subjects and 

conditions. The K - thresholde in Condition (b) might be due to the
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TABLE 3 

CoBditicm Tige interval (seconds) !»s£ -

£ 2 4 2
at Ing Mean 2.0535 2.0425 2.0&29 2.0633 2.0728

S.D. 0.0628 0.0688 0.064! 0.0547 0.0737

S.E. 0.0099 0.0109 0.0101 0.00&6 0.0117

b: Ascending Mean 2.1223 2.1422 2.1111 2.1255 2.1564 6

S.D. 0.0449 0.0299 0.0473 0.0662 0.0407

S.E. 0.0092 0.0061 Q.OT-r' 0.0139 O.OOS3

a * b: Mftan 2.0793 2.0799 2.0810 2.0866 2.1041 16

S.D. 0.05&7 0.0574 0.0564 0.0601 0.0634

S.E. 0.0071 0.00731 0.0073 0.0075 0.0079

ysiu of variance of the threshold.3.
Source

Int- 3 

Conditions 

Between subjects (Condition (a)) 

Between subjects (Condition (b)) 

Intervals x Conditions

d.f.

1

9 

5

Kean Scruare

0.00155 

0.09920

0.15401 

0.03162 

0.00148

F 

1.58 

101.22

157.15 

32.27 

1.51

.*.. . .... JS 

SS (p«0.2)

p -0.001

p< 0.001

p ̂ 0.001

No

Residual 56 0.00098
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use of ascending rather than c> series, or to the absence of 
some ^.f the subjects used in condition (a).

This experiment provides a control tvo features of the 
c earlier e . seivfcs vhicb misrht h:-vr canned part at least 
of •;. .;.;o In t 'uxleU Thr< 'Is were always . ..ned for the 
into;-Scvlfa 1, 2, 3, 4-, and 9 seconds in that order; if there had bean 
a tx. .;y for the threshold to rise gradually during tne course of a 
««. _, Is vouLd have resulted In ar- ^n^i-^-t v.^se of threshold from 
1 to 9 sr ;. Furthcnaore r th£ interval?: t: u successive 
tions 01 tiie Etiiaulus were not controlled, ao that it was given 
jCreqiicii'.tly at the shorter Intervals* If this raore rapid preaeEtation 
had in soae way lo^ier^rl thr- threshold, an apparent fall at the shorter 
ii.. would have r-een produced, Hontver both those factors should. 
have been 01 ; at full str . in the p, . 
lack oi ' "*ifleant effect shows they < n

Despite the eff ••-•' -^pressicxi c-" '. r- ; id rise in 
threshold found earlier, the rolnnjr-sensitiv^ ^-"f-^ot is not &hown« In 
Condition (a) tht t old at 2 seconds is slir. lover than at 1 
or 3 & " 9 but not tiijnif leantly so. In Co Ion (b) f in which, 
since strong stimuli Iiave rjeen avoided by the use of ascending runs only, 
Motokava's effect should be most clearly ©xpect^a, u ,e -threshold Is 
higher at 2 seconds than at either 1 or 3 seconds.
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2.5. The status of the colour-sensitive o

The failure to find the effect described by Kotokawa in either 

Experiment 1 or • ^periment 3 requires explanation. One reason for this 

could be that some essential feature of his method has not been accurately 

r- :d. In designing the experiments care was taken to choose the 

intent *vr aijo auration of the flash, and the area illuminated, to be 

within the ranges used fcy Motokava. Although in most of his experiments 

the subject is in the dark, he has also obtained his effect with weal: 

bac' d illumination (Motokawa, 1949c)j this condition was prefer. 

in the present experiments a© it gives a jiiore stable threshold. ii.c : "a 

ttMd a small group of veil-practised subjects; both trained and naive 

sableeta yere used in these experiments but no systematic difference 

between their results was found. Another feature of his procedure 

( a, 195lb) is the administration of a click, 0.5 seconds before 

toe stxisulus, in order to reduce the suspect's variability. The r.r.rtr^-oin*; 

in Sxperiiaent 1 was intended to serve a similar function. However its 

b«at was not coordinated with the initiation of each trial, so that its 

relation to the time of arrival of the stimulus was not fixed, it is 

p«rhaps for this reason that it had so little effect in Experiment 29 

However, the bell in J&qxsriBe&t 3 should have had tu .c effect as this 

click. The main divergence in method appears to lie in the manner in 

which the method of limits has been applied* ..otokawa uses a large step 

size at the beginning of a descending series and makes the stimulus
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g

c<~ -h smaller vbon he is near the threshold. VAicn the subject 

finds wiio judgments >.,irncult he is allowed to change to a procedure in 

which each stimulus is compared with a blank. The technique used ^ o 

has employed ecual steps throughout* I'ohata, Kooatsu, & liotolcava

that this method results in the <.•. listration of too many stron 

i, which produce a state of retinal fatigue in which the eye ctoes 

not respond to w«ak ctiaruli, and consequently tne effect cannot oe 

shown. They conclude that descending series with large Initial steps, 

or accenting scries only, must be used. However Condition (b) of 

Er • t 3 used aec g series only, and provided no indication of 

the c ciGar- sensitive effect*

A possible explanation for the dependence of the effect on 

the variability of etup »ize in ; fotokawa*s method derives from the form 

of t 'lOHsetric function, -ince the probability of response 

gra<? "" over a transition »one thf tire 'hold fr.'inc- by the method of 

limits will deper.d to some extent on the step size used; where steps 

are small the nunber of re&ponses will be large and t. « ^robability of 

fi of responses which is the exr .. Uer's criterion 

for tersdnating the series, and which defines the threshold, will be 

increased. Therefore the use of small steps where the threshold is 

expected, anu larger steps before tiiat stage, will in itsejj. cr&utc a 

probability of finding the threshold where ^ * * ^^(pccted by the 

c\ r» This probability may have been increased by some other



78

features of Kotok&wa's technique. The use of well-practised subjects 

only, very often the experimenters, who may have hac some knowledge of 

the results to be expected, may have increased the c r, often present 

in psychophysical experiments, of influencing the subject's responses 

fcgr unintended suggestions* The concept of 'multiple thresholds' is 

also important in this respect* liotokawa (1951b) believes that each 

light-sensitive process stimulated will determine a different threshold; 

if, for exaE5>le, a descending series 01 jucvaernis is :aade, each stimulus 

coming 0.5 seconds after a blue flash, a point will be reached at which 

the positive response* become Negative. He would take this to be the 

threshold for the blue process. If the descending series is then 

continued he vould expect positive responses to recur; these ^ould be 

attributed to the red process, which has also been stimulated and is 

more sensitive at this time interval, aisd if the series is continued 

further the tun* ahold for this process would then be reached. Kotokawa 

attributes so: iilures to repeat his results to thi. phenomenon; the 

experimenter, ' '.ing an apparent threshold, is siuxsiied, and does not 

continue the series until he reaches the true threshold at its lower 

level. Kotokawa avoids thie in some cases by taking large steps to skip 

over the apparent thresholds, vhere these are to l~ expected. This 

account of the variability of response which is found in a continued 

series of judgments is unattractive. It supposes responses will become 

negative when the blue process, for instance, ceates to respond, although
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the red process is so sensitive that at still weaker stimulus strengths 

it if ill produce positive responses on its own* A zone of variability 

of response is found in all threshold determinations, even in cases 

where it would seem less plausible to postulate a number of independent 

sensitive processes; this variability my be better accounted for by- 

statistical variation in the central effect of a stimulus of constant 

intensity. The 'multiple threshold 1 hypothesis isiplies that the

- "chometric function given vhen the method of constant stimuli is 

employed dbuld not be the usual smooth curve, but should show a series 

of maxiraa, corresponding to the thresholds. However, when this 

experisrcnt is performed, a function without notable discontinuities 

is produced (Eiggs, .ornsveet & Lewis, 1957).

An iaiportant consequence of this account is that it seeas 

ftlm-'-"T' to require a co^scieru/iouo experimenter vac rsacces the criterion 

for the threshold, but considers it may be no mor« than an apparent 

threshold, to wartime the series further in seare'L of th© true threshold 

at a lover lc-. cl« As a check that this does not ;\,•r.tematically alter, 

for whatever reason, the relation of threshold to tiae interval, some 

of the data given above were re-scored, the weakest stimulus eliciting 

a positive response in a series being taken as thr threshold, without 

regard for the number of negative responses given to stronger stimuli 

in the series. However this prod.uc.-d no notable change in the relation 

of threshold to interval. For example, the resu.lt.irr-; thresholds for
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3, Condition (b), for the intervals of 1 to 9 seeones, in 

that order, are 2.109, 2.123, 2.085, 2.108 and 2.124 log, microajsps. 

The rise for thn 2 second int^rvn! is still in <*vir>roe.

A feature of the subjects 1 training is that they are 

encouraged to attempt to see stimuli which are as weak as possible. 

These are described as ^sossetifses very similar in ranee to intrinsic 

light of the retina, but have a characteristic th?t they appear in 

definite relation to ths electric Btimlus, while Intrinsic light appears 

at random" (Motokawa, 1951b}« In view of this the precision achieved 

by the subjects is remarkable; their variability is considerably less 

than is usually found, being of the order of 1 per cent of the stiaul~ 

atiag voltage at the Absolute threshold. Kohata, r'omatsu & Kotoka^a 

(1956) reported thai:, if they used equal steps on a logarithmic scale in 

their descending scries variability increased to about 10 per centj by 

ccspariiMon the standard deviation of ten values detendtaed by their 

routine method was 0.27 per cent of the mean. They conclude that ualog 

eaual stqps incit*c@s variability and thus obscures i; eir effect. They 

found that some subjects could not be trained to f^ive this low variability; 

in such caeec the results were not used, toother interesting finding 

ia reported by Hotokaim, F*be, Arakawa, & Olkava Uv>ij. They used a 

test patch of 2 1 of arc an<1 an equal energy spectrum of an intensity such 

that only the diddle of the range vs visible? "the other parts of the 

spectrum evoked no light sensation. Jfever the less, the responses to
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MUM degree of accuracy as those to the superthreshold lights", the 

usual curves being given. This is surprising in virv of the small number 

of quanta required at the absolute threshold, and the corresponding 

importance of the quantum reliability of the stlsalas v-echt, Shlaer & 

Pirenne, 1942).

A number of attempts to confirm Lotokawa's findings have been 

aade* idchaela (I957af I960) has investigated the phenomenon of retinal 

induction reported by Motokawa (I949oj 195f3a) and confirmed its occurrence. 

He used two subjects in each experiment, and a rather complex training 

process was necessary to get positive results. Initially the subjects 

"tended to discriminate a diffuse brightening as a new , but with 

this criterion their results showed a variability of 10-20 per cent, and 

he concluded that "these shifts ana inooneieteRcies vrere due to an unstable 

frame of reference". This was dealt with by a four nonth training period 

to "motivate th. s to search for different cues ar,o criteria for judgment" 

which reduced t threshold to a low level at which the subjects "used 

&• A criterion sore of a recognition of a change in state rather than an 

actual perception of light". H« found the method ol constant stiauli, 

the Dethod of limits, and Motokawa'p method of allot ring comparisons with 

blanks were all unsatisfactory, and developed a nc johysical method, 

the f method of successive approximations 1 , with which h® WEE able to 

obtain positive results, in this procedure be started with a stiwilaa
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"well above threshold (10-30/-i arap.) n and reduced it;- intensity in steps 

of 4 laieroamps. until the range in which the thre:.;. eld lay was detenained. 

The threshold was then "bracketed* by presenting stimuli alternatively 

above and below it, reducing their separation eacn -w^se, until they were 

2-4. microanps. apart and three successive, or four out of five, positive 

responses vere given to the larger, and a corresponding nuaiber of 

negative re es to the smaller stimulus. In this way it was possible 

to estimate the thre hold to within -3 per cent*

This technique might be criticised, in experiments 1 and 2 

the vmri^tion in threshold between the 1 and 9 s«cort^ intervals was of 

the order of 20*^0 microarsps. 5 to determine the thre ahold it was thought 

advisable for the starting point of the descending series to be 100-150 

microasps. above the expected threshold* A starting-point only 10-30 

microamps. above the expected threshold may in ".t^-lf have tended to 

determine where ^nat threshold vould be found* In the experiments reported 

above stanxiard , iations are of the order of 10-20 per cent of the uean. 

The finding tr ver a range of 2-4- Bicroaraps, the probability of response 

of Michael* 1 subjects regularly changed froa 0-20 t^s. cent to SO-100 per 

cent is surprising* Again, it seeme possible that thp. operation of 

response dependencies (Verplanck, Jollier & Gottor, 1V52) could have 

resulted in the experiBeater's criterion being met. Thas if the stimdi 

are being alternated and the subject has a tendency to alternate responses 

this might result in an apparent "bracketing" of tht threshold. Some of
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been present. ... as he notes that if & run of three or four stimuli 

just above threshold give positive responses, tht third or foui'wu will 

teiio to give u negative response, and this 'reversal tendency 1 is so 

strong that a stimulus coming in this position may have to be increased 

considerably in strength to irive a positive response, ;:c MotokawrJs, 

this procedure is nt on the subject's re, . ..^chaels H957b) 

notes f! I feel uneasy about an experiment controlled by the subject 

rather a or*e =r.uaeiT&er, The nature of the aiacriiain&tion is DUCU, 

however, that I think it is the only way I was able to get stable 

thresholds"*

Korzun (1957) lias also repeated ; 'a work. He used 

four subjects, and presents results for two. Re confirmed the colour- 

sensitive effect and investigated the consequent. ,.if using Tery intense 

flashes. These caused the crest timeo to be D,5-1*0 seconds later than 

usual, though i*b.& author refrains from claiming v precision betiuuse 

of the "fat ux the subject and ••« fluctuations of the threshold". 

He gives little information about his psyehophtysicu^. procedure. The 

exDeria^nter's criterion for the threshold was thri, of two stiamli, the 

•abject did not notiee one and "barely register**'.' L, o other, but he does 

not report in what order, or at what step sizes, the stiiauli were presented* 

Lackir Is information we mat asr i^e that the x -TC was similar 

to taaL 01 .-otokava, and subject thereior® to tnc same
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and carefully controlled series of experiments to test Motokawa's results* 

fhey used a very similar technique, the onlv import ?:rt differ-., ^n being 

that equal steps on a logarithmic scale were used, a rigid protocol was 

follovcc! in siring the stiBttli and t of termination of 

the series, anc no data were discarded on tine grofOBdB 01 variability. 

The r?Ti-h^-M ATI for the stopping point, which involved comparisons between 

th VG.I.V; stimulus and a blank, war similar to that of Fotokawau Using 

red, blue, green and white flashes with dark-adapted subjects they were 

able to confirm the reduction in sensitivity inane ̂ i»tely after the 

flash* ! ithin one second excitability returned to normal in some subjects 

and became supernormal in othem. This enhancement often persisted for 

wrveral sec , but it showed no clear peak nor the specific wave-le: r$h 

effects reporter? by T iwa, nor did they fine1 the very small variabi­ 

lities he reports. They believe that his wave~length «ffecta »ast be 

attributed to his use of different step sizes and a flexible protocol 

modified in accc ;e with the responses of the . _ ?.t,»

An impressive though incirect degree of sa--}port is given to 

Motokaw&'s fi- 3 by the results of & number of T n ; ical cxperi-

' - in which the response of the optic nerve or ;-ebj.na is examined 

direct^ (Motokawa, 194-9&5 ""otokawa, Iwama & Fbe, 1952 J Fotokawa & Iwania, 

1949b, 1949c, 1951? Motokawa, Iwama c Tukahara, 1951). In the«» 

exr»eri an c Q was passed t ! eye at a fixed
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interval after a flash of light and the response observed with a c-r 

ray oacillc ' and lo aker, " ! th the excised frog's eye Motokawa 

and his colleagues found a peak in the optic nerve response at 

minutes after a red light, 2.5 "inutes after a green light and 4 ainutec 

after blue. r-. dlnr; Lrectly from th*: retina of the decerebrate cat 

they found, red, yellow, green and blue creat tijaes of 1, 1.5, 2.25, and 

3 s»eonc!s respectively. The responses were very r t on the 

physiological state of the animal and could readily disappear, in these 

eamerimerts imich longer el«ctric pulses w®re t*s«d to stisailate the eye 

than in the humani 1,0 second for the frog and 0.5 seconds for the cat.

It is interesting though somewhat surprising that the responses 

in t ~og should be so very much slower than in t'tv: cat. An important 

point ^ M r^K "• uatin" f.v-«. esxperiments is +*••*> -«+ u '-- used to determine 

the response curves. This is by observing what stimulus strength is 

n*e«ssary to give a threshold response, i.e. one just perceptible to t '•>--. 

observers. >jfoto*«.wa, Ivam. & Tukahara (1951) describe their techni: 

as *it wae trieo to adjust the intensity of each ctrical stimulus to 

just the threshold value at eaefe «o»ftiat in order to obtain a just 

perceptible response ... For a ti experl.. r it vas cot so difficult, 

as it appear, to adjust the intensity of each ctiaailus to the 

threshold strength". This technique stay not have ~een very dissimilar 

from setting the experimenters a difficult threshold discrimination with 

a fl*rrihtr! nr^tocol arr? full krtovl^d^e of th» e^r-Tt.-rl rennlt.
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until these results are coBiirmea vita ^ae use of an objective

for distinguishing faint signals from neural noise and avoiding observer

bias, : ich as the superimposition of t j f they Bust remain »,

Thus consideration of both the psyc al and physio- 

lo^ :. " ^riaents of 1-otokava and his colleagues suggests that their 

results could have been produced as artefacts of fault, .servational 

method F% ?»Vpr with the fact that it has not proved possible to obtain 

the effects when reliable psycliophysical procedures have been , 

their 3 must be treated with grave reserve. 

2«6» " sion,

In the experiments described in tliis chapter an atteinpt was 

node to demonstrate the colour-sensitive effects of a I lash of light on 

the phosphene threshold first described fcy I4otokawa. This was not 

s.r \ Instead an effect on the threshold v \Msh was nonotoric 

error uat range investigated, the threshold being lo-^er the shorter the 

interval bcttmen the aeeaasory stiEmlns and! the elerrt~ical pulse. Thin 

was not to ue due to a aoecific after-effect of light on sensitive 

aechardaas at the retina, since it was equally well t^ auditory 

acceot; -rj stiaolation* ironside ration of the teci^xouc 01 i^ae experiments 

which have produced the colours-sensitive effects eu^gosted that their 

results say veil be an artefact of the use of faulty procedures. This, 

taken r with the present inability to demonstrate .awa's effect, 

•Digests that it would b« better to direct further £ .^Jientation to the 

problem of the proper explanation of tris nono^onxc effect found.
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R 3

Tin:- tiA?tr :* OF .^ i,».

3.1 Introduction

In the last chapter a relation between the accessory stimulus 

and i'i> r.bsolute phoe ' old was found in the threshold fell 

as tf ir-terval of tine between the accessory and critical stimuli \ 

aade ^orter, over the range of intervals tz. .-.Lued, so that a laonotanic, 

negative-.' accelerated curvo TJT.T obtained t.'V-^ t> ;- t* TV -v^* •^•P-I v.-.." 

plottt..." .;,t the time inten*: ,'.. It was also b this efffcct was 

not :t on the accessory stimulation in the same modality as 

the critical stimulus. Thus we nov ha^e the problem of framing hy;;ot;-c 

to exr^-'-^.r this 'threshold-lowering effect* •.-••> ; ™-- stimulation*

In signaL-detection theory terr-ri t ;i in threshold would 

corr d to a downward shift of the 'critical '• This could be 

due to a direct effect on the 'criterion ce r 1 , or it could be

Bfcuuiiiuu to a chanprc In fs .(3c) or r' f ^.}. . .... -,r., at* 1-L wouldiii it K

alter f^M an^, ^IncP It t- hnt cc, & <r f 1 r^t affect fOM (x)
.^ .U u)i«

too. A plausible e ' nation for the threshold ~ is offored by the 

hypothesis that the accessory sti -aces an I; , refle^ 

change in the subject, analogous to, or part of, the "alerting 1 or 

'aroui-^tj. 1 response, causing a teiaporary general w.jtC--ca^e in the responsive- 

ness of all t!-r. sensory systems. This n-ffprt. T.-nn^r? V.P. .^RGumed to be a 

'ballictic 1 physiological change, building up, ..,. _ roprlate latency, 

to a isaxiBUffi, and then gradually decking, so that the extent to which
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tha threshold Is lovered, at a given interval after the accessory stimulus, 

woulc w^j a E3et*:.ure 01 the strength of tiie effect remaining after that 

interval, and the form <,.-,•_ w^. t-i.,.rwt>uoxu u--u vc . uoj.u represent the time- 

cour;:c o; the physiological change. The effect oJU'ht hp central, a

In the nsural iu. ,,s vhlch deal vrith t.v. afferent input, or 

.. «1, an effect on the receptors, me os by centrifugal 

fi- it, 1955b; .ocit, 1956; Ualaabos, i-»oj *.err & Hagbarth, 19555 

Loewenstein, 1956). It might correspond t, «. uen^porary suppression or 

redaction of physiological zioise in the afferent > \vs, or some other

iing in an enhanced signal/noise ratio.

The 'arousal hypothecis 1 postulates a ; :.;er.*?rai effect acting on 

ft 11. t r,:..ouji'j ^steins, ,ui u.iu^.iL-i Jiiu-^v«j *iiaafet..jLti"trt tu^tc;o - iy^othesis is tiiat 

thi. ct f3tir,d in sjoficific to the threshold >— .< modality which. hnr» v ^en 

x . >, either bec....-L it reflects the workings of a sensory mechanlssi 

peculiar to the eye, or because it is an artifact - .t the technique used, 

such as ti side-effect of sosnc ra^er.Liaily non- \ ./siological change* 

For ezarple, the accessory stimulus might tmve ,.., ..».-.. o.^arges in the 

vasctiLs.r bed about the eyes, ^incc a constant cu generator \;aa 

used . - -;. DiJja ar.d tissue resistaiice should have had no effect

ults, but a redistribution of blood in i', •:. vessels, due to 

differe. tis.1 v^soconstriction or dilatation, . ve so altered ihe 

paths '•••** "orrent flow in the eye and surrounding tissues that the proportion 

of the current actually massing through the sensitive elcrrrerrta of the
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critical value is in part determined by the a rriori probability of the 

stimulus, P(SK) f which we may take to correspond to the subject f s 

assessment of the probability of his receiving the stimulus, this latter 

vill be greater at the moment that the stimulus is expected to arrive 

than at other tiiaes, so that we may suppose that the critical value with 

which the input occurring at that tiae is compared vill be correspondingly 

lover.

Both possibilities require an extra assumption to account for 

the form of the threshold curve shown in Experiments 1 and 2. This is 

supplifcc ay uhe known imprecision of u subjective estimation ox tiae 

intervals (Woodrow, 1951) • If we can suppose that the measure of time' 

used b .c. sensory discriisdnation sechanism ir, determining the moment 

when the stimulus can be expected to arrive has similar characteristics 

to that illustrated by subjects 1 judgments of temporal duration, then the 

subject wiH not be able to determine the moment of arrival of the 

stimul .- with /ibsclnts precision, the best he can do vill "be. to deterrdne 

a range of time over which he may consider the arrival of a stiisulus 

highly likely. ~ince differential sensitivity to time is approximately 

described by uebe^s law, thie range of time uoulct ir with the 

length of the time interval between the accessory and critical stimuli. 

For the preparatory* hypothesis thie \*oulrt irmly that the threshold— 

lotferi:-_ jt would have to be exerted for longer as the inter-stimulus 

interval increases, if it is begun at the beginning and continued to the
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end of :he 'range of expectation 1 . It is plausible to suppose that it 

is 'costly 1 to the organism to produce this effect, since otherwise it 

could be done continuously, so we 3*ay suppose that the longer the effect 

isust be saintained the less intense it will be, and accordingly, threshold 

reduction will be lees at longer intervals,

A similar argument applies to the 'jud tmental* hypothesis. If 

we conEi> each, 'range of expectation1 as made up of eqnal 'moments 1 

during which the stimulus might be presented, then for short ranges the 

subjective probability of the stimulus arriving at any one 'moment 1 

would be greater than for longer ranpes constituted of a greater number 

of 'noiaents'. Correspondingly, the critical value could be lowered more 

for inputs occurring during a short range than for those from a long 

range, so that some inverse relation would be expected betvpRn the extent 

of the threshold fall and the length of the time interval between accessory 

and critical stimulus. As a first approximation, we might suppose that 

simple Inverse proportionality would obtain between thorn,

The different implications of the 'immediate effect 1 and 

'warning' hypotheses can be illustrated by supposing that we could observe 

the threshold continuously during the period following the administration 

of the accessory stisrulus. On the first hypothesis we should find an 

immediate fall in threshold to a minisaan at some tirae less than 1 second, 

followed ^r gradual return to an asymptotic level along a course similar 

to that illustrated by curves A, B, and C in Fipure 5, On th<? second
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hypothesis the threshold would remain constant at the asymptotic level 

from the moment the accessory stimulus is administered until some time 

before uie expected time of arrival of the critical stimulus. Her® w© 

should find the threshold fall to a lainiimm, remain at this level for a 

greater or lesser time, and then return to the asymptotic level. This vould 

reflect either the time course of the inception oi preparation 1 at the 

beginning of the 'range of ©jactation1 , and Its decay at the end, or the 

corresponding 'judgmental• change as the subjective probability of the 

vtiaulus verifis.

A second important difference in their implications is that 

in the iirst ease the threshold fall should be found v&ether or not the 

subject Is told in advance what the length of the time interval will be, 

but in the second case withholding this information should disrupt the 

effect.

These implications will b© tested in two experiments later in 

this chapter, and further implications vill be pointed out and tested in 

later chapters, in an endeavour to obtain evidence allowing us to choose 

between the various possibilities that have been discussed. Before 

considering these experiments, however, it is necessary to examine the 

question of whether the effect is peculiar to vision, or, indeed, the 

phosphcne threshold, or can be obtained when the critical stimulus is in 

another raooality and the mode 01 stimulation is different.
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3.2» The effect of visual aceaiaory stimulation on on L ?ry, t

The object of this experiment was to sec whether the rnor c 

threshoiu would be obtained, if a different modality, hearing, was used 

for the "-^tical stimulus, :oid an incremental, rather than an absolute 

threshold was determined*

.,- procedure..

The apparatus was designed to administer to the subject a 

constant tone at 60-70 db.SL, to which a short increment of intensity 

could br 'ir-c»ed« A 500 e.^.s. tone fro* a Muirhead audio-oscillator was 

passed througb a OR® stage aaplif ier using a Mafcda 6F33 pentode. The 

t^)lif ication was governed by the suppressor grid voltage which could be 

switched between two positions on a potentiometer to give an increase or 

decrea ^ **> ?1 «* intensity of the tone. The accessory stimulation was 

provided bj a neon bulb lighting tipj it stayed on until the response had 

been aa<*^» The time interval between the neon bulb coming on and the 

stimulus being switched in was determined by the 2803D timing circuit 

used in the earlier experiments. The switching was done by a relay closing 

a circuit} after ^on asec* a second "80?!! tlning circuit broke the circuit, 

restoring the constant tone to its resting intensity. The rise and decay 

of the 300 iisec. intensity increment had a time constant of about 100 msec* 

so that the1--- -'ere no audible clicks. The form of the pulse was monitored

oscilloscope. The tone was administered to the subject through



94

Brovn Tjrp« K moving coil earphones,

The subject sat in n darkened ro<aa facing a screen 3 feet 

square, in the centre of which was the neon bulb. The pro .?* was 

similar t t of * It thresholds were <" by the method 

of limits, asiag descending series oixly, at intsrvala of 1, 2 f 3, 4, and 

9 «*carv** *f*t«--T. the beginning of the accessory stiml&tion. The stimulus 

lias c" d by equal intervals on a decibel scale* Four such blocks 

of threshold determinations constituted a session* Fo pre-warning was 

given* tijjoe sessions were obtained from 7 sisbjects* 

g-asults,

*Sse asean thresholrls in decibels are given in Table 4 ^f* &s 

curv« A in Figure 5*

Discussion*

It will i>e seen that these results show much the same fall 

in threshold level as th© time interval shortens that was found in 

Experiments 1 and 2. As the critical stimulus tised here is in a different 

modality it appears the result is not peculiar to a particular modality, 

such as vision, nor is it an artefact of the use of an electric stimulus. 

!Fh» generality of the effect is further supported if the results of 

lawhall (1923) with a cutaneous pressure stimulus, described in Section 2*1, 

are taken to represent an effect of tht same sort* The experiment also 

confirms the effectiveness of heteroiaodal accessory stimulation shovn in 

Experiaents 2 and 3» It is interesting that the accessory stimulus was
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Means

s.p

(seconds)

0.262 0.296 0.302 0.320 0.331

0.0456 0.0450 0.0424 0.0410 0.0313

0.0076 0.0075 0.0071 0,006ti O.u)52
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effective despite being kept on continuously during each trial. This 

is in accord with the hypoiriiesis liuat i~& I'uiictions oy aariiing the 

beginning of a fixed interval known to the subject. However it is not 

strongly against the 'arousal* hypothesis since sensory adaptation 

might prevent a continuous stiaulua L>eing continuously aroiising.

Since a modality-specific effect has thus been excluded, we 

have now to discriminate between the 'general sensory arousal 1 and 

'warning 1 hypotheses. 

3«3* The use oi ranges of ti&e intervale.

The two hypotiiesea isply that if one could examine a small 

section ci the i^gp*8&old curve about/ LUC expected *nae ox arrival of the 

stiiaulus in detail it would be different in each case. If the •arousal1 

hypothesis vere correct the threshold vould rise gradually over the range 

as th© tiae interval increased} on the 'warning 1 hypothesis there would 

be a dip, with the uitreshold lowest at about the- expected tine of arrival 

of the stimulus, and rising, at intervals longer :r shorter than these, 

to the asymptotic level. In the following experiment an attempt is made 

to see whether any support can be obtained for one or other of these 

predictions. 

Jtoeriaent 5.

In this experiment an attempt wae uade to map the form of a 

•nail section of the threshold curve by using inter-stimulus intervals 

randomised over a small range of times. One difficulty, in principle,
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with this procedure, is that if the performance previously found depends 

on the use of a known fixed interval by the subject, then presenting 

stimuli at discriminably different times Bay alter his expectations, and 

cone. .tly the function which i» is desired to observe. Thus, although 

a clear positive result, if obtained, would be of great interest, a 

negative result will not require us to reject the 'warning 1 hypothesis.

In thin experiment the constant current generator used in the 

first three experiments was again ei. d to pi an electric phosphan© 

as the critical stimulus. The subject wore ©an 1 , and the accessory 

stimulus, a 50 c*p«s. tone at about 30 db.SL, wae administered through 

theffi, continuing until the subject had re£r>o»ted. Faisdomisation of the 

intervals bet een the inception of the tone and the administration of 

the phosphene was achieved by an arrangeawat of tvo Z803U timing circuits 

and four relays* VJhen the experimenter pressed u;t. operating button the 

first relay, which was self-holding, closed, »i»u'taneously starting the 

ttteinistration of the accessory stimulus, a bank of Dekatron counters, 

and the first tiiaing circuit. After a pre-e«t ' urn' interval this 

timing circuit closed a second self-folding rslay. Bo stimulus could be 

ailainistered before this relay had closed, so that this timer determined 

the shortest possible inteivsttsailTic interval. .» cccond timer operated 

continuous^ throughout each session, L. -il r̂ closing a third relay, 

which re-set the tiaer, at a re pre-selected interval, the 'range 1 *
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When all three relays were simultaneously closed, a fourth relay, which 

«as self-holding, then closed, triggering the electronic stimulator and 

stopping the bank of Dekatrons, thus recording Uie time interval to the 

nearest millisecond* With this arrangement the shortest nonsible interval 

between the beginning of the tone and the administration of the electric 

stimulus was determined by the 'minimum1 setting on the first timer, and 

the longest possible interval was the sum of 'minimum1 and 'range 1 . The 

actual interval on any trial depended on the moment in the second timing 

circuit's cycle at which the experimenter pressed uie operating button* 

To ensure that the experimenter's operations we : ent of the 

cycling, he wore earphones giving a continuous 90 c.p.s. masking tone which 

prevents i.4.s hearing the relays clicking, so that a random distribution 

of intervals, of rectangular form, was achieved.

The experimental situation vas as in . . t 1, save that 

the tachistoscope was replaced by a white screen feet square, which the 

subject faced* Each trial was preceded by the experimenter saying "Coming", 

Since the time intervals were randomised the &v of limits could not 

be used, so instead the changing probability of response to a stimulus of 

constant strength was meed as an index of change of threshold* Tach 

session began witu «x practice period during which a number of fairly strong 

stimuli were given to accustom the subject to the- range of tise intervals 

to be used, and an approximate threshold reading vas taken by the method
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of Halts* This was used to select tvo stimulus strengths separated by 

20-4Q BiicroaHps. which "., it was v ", give f .Lcs of positive 

response just above and just below 50 per cent,. In the course of each 

session aboat 2/£) stinuli were administeredj they varied in Intensity 

I .-ee v;.. . , ' strong 1 (S), 'weak'Ov), &L ro, randomly ordered 

by reference to random number tables (7isher & Yates, 1943)* There were 

about 40 per cent, each of 'strong 1 and ! yeak' stimuli, and about 20 per 

cent, *».t- ^f-ro intensity.

The aidpoint of the range of tiae Iru ^ls given was always 

3 seconds, but three different ranges were used, in the expectation t: 

sosae r might show the effect, if it existed, more clearly than others, 

Only one or two well-practised subjects who bad shown the aonotonic change 

clearly in the earlier exp."ri»ente were used, in the hope of thus getting 

more reliable and stable performance. In Condition (a) a range of 

1,5 seconds wat us intervals being rec : " " distributed bctvreen 

2,25 and 3«75 seconds, the stiiaulus wa a 100 mse. . square pulse, and 

3 sessions were obtnirnd fr«a two s-jblccts. In vrr ition (b) the rrm^-G 

was 1 second, from 2,5 to 3«5 - is, the st~ is was a 30 msec, square 

pulse, and 4 sessions were spent on one subject. In Condition (c) the 

range was 0,5 seconds (2,75 to 3«25 ?< ~ ii), the stimulus was a 30 msec, 

pulse, and one subject did 7 sessions, 

Results,

In treating the results each range vac c ;1 into five equal
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subdivisions and for each sub-range th<* nroportior. nf the W and S stimuli 

given which had been seen was calculated* Since the time intervals were 

not tinder the experimenter's control there was some unavoidable variation 

in the ntiE&er of W and i stimuli falling in each sub«range. In combining 

the results from the individual BOSSions in each condition they were 

treated as follows: for each sub-ranfre the total number of W (or S) 

stimuli given in all the sessions was recorded, and the percentage of this 

total seen, P, (or PS ) was calculated. The standard error was taken as

j -oi- /PoQs/$s , In this way the contribution OA each session 

to a sub-range is weighted in accordance with its reliability. Since the 

total number of v; stimuli, k,f for each sub-range, did not always equal 

Hg, the arithmetical mean of the two percentages was taken to give a mean 

vain* i'or t,;ie percentage been (P., * •JKiyi-jrg)) for both stimulus strengTiaa 

which would not be affected by the random variation in the distribution 

of the W and S stimuli. The standard error of F was estimated as

S.E. = i* v . , CH» which is a slight onusr-estimation* The
J. 91 V 4 T^ T S *Z^

proportions of the W and S stimuli seen in the sub-ranges in the individual 

sessions were normalised by an angular transformation (Fisher & Yates, 

19AB), and an analysis of variance perfonsed on tnfim. For this ntirro&e 

the random variation in the number of stimuli falling in each range and 

intensity subdivision in each session was disregarded*

The values of ?M for the three conditions are plotted as 

curves A, B, and C in Figure 6, arid the results a- c ^iven in Table 5»
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position (a)

Sub-rang©: 1(2.25-2.54) 2(2.55-2.84) 3(2.85-3.14) 4(3.15-3.44) 5(3.45-3.75) 
(seconds)

(and L, f . f j

Py i 31.3 - 8.2 23.9 - 6.3 40.0 1 6.9 36.2 t 7.0 43.8 I 7.2

Ps s 69.1 I 7.1 72.6 - 6.3 78.0 I 5.9 67.9 * 6.4 66.0 I 6.7

PKI 50.2 - 5.4 4B.2 1 4.4 59.0 1 4.5 52.1 I 4.8 54.9 - 4.9
False t ... 3*7 pfer cent.

'/ariancf

Kean square F Significance

Times (f) 4 42.71 0.64 U.S.

Intensities (I) 1

Sessions (S) 2

T x I 4

T x S 8

S x I 2

	S

3497.04

32.46

51.75

16.23

6.88

66.S3

52.33

0.49

0.77

0.24

0.10

p<0.00

H.S.

K.3.

H.S.

M.S.



TABLE 5 (contd) 

;.edition (b)

1(2.50-2.69) 2(2.70-2.89) 3(2.90-3.09) 4(3.10-3.29) 5i3.30-2.50)
iseco
______seen (and g.l'.

r : 35.3 - 5.8 25.4 - 5.5 34.7 - 5.5 34.3 - 5.6 35.8 1 5.9 

PS J 77.9-5.0 80.6^4.8 73.5-4.6 68.8-5.2 71.4-6.0 

PM * 56.6 - 3.8 53.0 1 3.7 56.6 - 3.6 51.5 - 3.8 53.6 I 4.2 

False _PQ;.: it lyee: 2.7 r>er cent.

_;f!j._;: ,:ice

Source djf^ Mean Square F .•-nificance 

Intc-r;Loics (I) 1 7606.6 98.40 

Tines (T) 4 32.5

S*s (S) 3 233.8 3.02 R.S.(p<0.1) 

T x I 4 67.2 0.87 U.S. 

T x £? 12 109.4 1.42 K.S. 

I x S 3 43.8 ^7 K.S.

77.3
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TABLE 5

Condition (c)

Sub-iv ^ A2.75-2.B4) 2(2.35-2.94) 3(2.95-3.04) 4(3.05-3.1/0 5(3.15-3.25) 
(seconds)
Percentage seen (and ;>....,

V
V 
V
False >

Analyst i

Inter^itiee (I)

Tiroes

;-.3 - 4.4 45.5 - 4.5 U.6 - 4.0 46.7 - £.5 51.2 1 A.A 

72.9 I 3.9 77.4 - 3.8 71.0 - 3.9 75.5 - 3.7 73.7 - 4.1 

65.6 I 2.9 61.5 - 2.9 56.3 - 2.8 61.1 - 2.9 62.5 - 3.0

* 1.9 per cent, 

arisnce

s (S)

T x I 

T x S 

I x S 

Residml

4

6

4

4742.95 

73, IS 

393.73 

85.20 

67.09 

28.32 

42.45

111.73

1.72

ffitmificance

D< 0.001

D< 0.001 

2.01 K.S.(p<0.2)

1.53
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Discussion

As in each condition there was n '; interaction

between Tinrs and Ir' " " P.,, the &ean frr T of resDonse forH*

both stirulus rbrsngths, provides the best indication of the threshold 

ehansrr** *.r<. each case,

In Condition (a) the results shov a rlc-c in the probability 

of seeir stimulus in the middle of the 0,3 compared vith lesser 

or great >F intervals* iiovsvcr this is not ;: • _ilc;u.t, f only the 

two stir:." v-T>3+,hn •'•™<*ucing a significart *•****••? ~f n« ^alysis of 

var , These preli 7 results su^pjested tr •<-. _ ity that a 

•varnin- 1 effect was p ah might l>€ more ly shown if a smaller 

ranf;e o - intervals were usedj but Condition (b) does not support this, 

^koijjgu v -.r T^^^^ ^s approxiuiately equivalent ! ^ub-ranges 2-4- in 

Condition (a\ ' ~r 'tion of a 'yarning effect 1 curve is not repeated, 

and t ' :."x'.n no significant effect of tinac L?:rval. In the ever 

gaaller used in 'tion (c) the a1 •- of a r 'icant effect 

of time i.\:'-i: rval is e.gain founo., viiixe itis shape ;:^.. tne cui*ve given vrisii 

the frequency vith which th<? ^^".mulue if ^-^^^ <• T^t-c ainst time 

interval ( urve C in Firurc ^ is just the oc^ of what would be 

expected on the *varnin^ effect 1 hr. Is,

The failure to find, in these L4 sc , &ny significant 

effect of warning interval ?, \ -/rstcd tnat ifc wotlLa oe unprofitable to
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continue the experiment further. It may be th&t no drop in t 

in the - ity of the mean tiae of arrival of the stimulus could be 

soown bee&ose no such drop occurs, or because the experiment was not 

well designed to reveal it, the variation in time interval necessarily 

required by the teftfanique used so altering the form nf th<* threshold- 

depre that a detectable fall did not occur over the range of times 

used* s it appears that the direct ap; h tried in this experiaent 

is unli-r ^ to prove useful in investigating «i,c ^- tieal threshold 

drop; -re indirect procedure* Bust be sought.

On the 'arousal response 1 hypotuesi^ t:JL5 ex^ ent shon 

have shown a fall in threshold at the shorter end of each range. Have 

as this wu-m not have oeeii very ^reat wi^h the^a short ranges, the 

failure t i'ind it may reflect no more than the insensitivity of the 

technique

Though the use of a ra ::cd range .,1 tiae intervals has not 

proved successful in testing one difference between the implications cf the 

two hypotl^ses, it provides a technique for testln- the second difference 

»§Btioned in Section 3*1, namely that a 'warning -ct 1 should be d.i kid, 

but an 2 :>al response' unaiiected if the subject were not informed wliat 

interval wouJju iniiervene oetveen &ue stimuli on eaca irial. In the 

experiments in which a «onotonic change of threshold has been found, 

Information about the length of the inter-stimulus interval has been
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aval to the subject, since he war inforiaed of the interval before 

each t' old determination by the method of limits, which also afforded 

him in» ouj-ues of the time interv&j. JLO. ^fis presentation oi ^nc mr&ial 

suprat -Id stimuli v 1--'. t/rvv*n^r>^ +>,*.- ^escwsu*^ series used,

major part of the fall in threshold shown in curves A, 

B, a Lgure 5 takes place between 1 and 4 seconds, randomizing 

tne ai ' n of time intervals over a : 1 to or greater tH. 

thie *•' .\AiUc,' '-uvt w:iufci«tt much the Bane monotonic changing 

relation ?ld int«r~stimiliis interval, ~ . v-'-rr-.hold curve docs 

no aor< < record the decay of a change in the st&ie of tl.. 

8yste®8 r*-.!iltiug iaBiedlately from the onset of the accessory stimulus, 

Howeve; ,ue effect foiaia is aue to -&he judiciour ••"^Iqyr^.snt hjy i^ae 

subject information about vhen to erpect the stimulus, depriving his 

of that ii-i onaation shouJ.d result in a constant t: ,.ld level at all 

intervals, i.e. the accessory stimulation should become irrelevant to his 

performance,

T'<-T. object of this ejcperis^nt vae to sr*p '/Hither the thresiiold 

obtained in xperiments lt 2, and 4, would be shown if the inter-stiaulus 

intervals were randomized over a suff icient range instead of being knovn 

to the subject, in view of the relation between alertness and reaction 

v-'uoUvorth & Schlosberg, 1955) it seemed plausible v^u i* u^y

--iiange w«rc due to an 1 arousal response 1 a parallel effect on
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reaction ttae might be found, so this was recorded as well*

ratos used was the same as riiaent 5> with the addi­ 

tion 01 . cone, oaru; 01 ^rone, i^icr. \:&% started Iffy the closing of 

the fourth relay, and stopped -^* f.he subject preesing a reaction key, thus 

.3 reaction time. The procedure was aleo similar, .e stimulus

wae a

5 sec

O.f

j. square was 0,5 the

fable 6.

e intervals were rectangularly distributed between 

Five subjects did 10 sessions, one doing the

>, ar"~t,h#=:T" three tiaec, and thr- rt^ers once each.

ilts vere treated as in riment 5» They are given in

the analysis of vai*ia.nce showed nc teji ant

between Ti- GJ. and Inteneities, the ?»ean percentage of positive response

(P..) and Itu atcJidard error were calculated, and ai*e plotted as curve D in w
Fig-ore 6,

The mean reaction times, " . are jjiven for positive ref % s

-- we-* e c^

ex

order of r.

ieu uy averaging the mean values r -- the sub-ranges in the

vithout weighting; the standard error calculated 

ject va lity, »al r m times were of 1

in doratlon; presuraably they v ?:nted second.

* 3 or false positive re -ss. Any reaction time longer than 1 

cecona vu arbitrarily omitted when calculating tht ^^oxiS, TViese are bated 

on 1,075 :>onses, 11 having been omitted.
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Sak-~"-i.i 1(0.50-1.49) 2(1.50-2.49) 3(2.50-3.49) 4(3.50-4.49) 5(4.50-5.50) 
(sec , . ^ .;

e seen (&nd S.E.)

Pw t 37.3 - 3.5 47.4 - 3.4 53.0 1 3.5 39.4 - 3.6 34.0 - 3.3

Ps i 64.8 I 3.4 78.3 - 3.0 72.9 - 3.2 69.1 - 3.3 65.6 1 3.5

PM J 51.0 1 2.5 62.9 - 2.3 63.0 I 2.4 54.3 - 2.5 49.8 I 2.4

False PosltJTest 5.6 per cent.

(seconds). 3.E.. and masher of

Wi 0.453 0,014 0.406 0.008 0.414 0.007 0.421 0.008 0.467 0.014 

70 100 104 69 71

S: 0.455 0.009 0.415 0.009 0.400 0.006 0.412 0.008 0.423 0.007 

123 148 140 133 117

rsis of variance of an angular transformation of the percentage of

_

Times (T) 

Intensities (I) 

Sessions (S) 

Residual

&&.

I 

9 

85

. t- jn Snuaj^

284.40 

7857.05 

755.4B 

67.f8

F 

4.18

115.53 

U.n

response,
Sismifieance

p<0.01

D.< 0.001

D< 0.001
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UBl£ 6 (contd)

of variance of a lorarltbmic trair ..tion of the reaction timeg

Source d.f. Mean Square F

Times (T) 4 0.00874 11.68 p< 0.001

Intensities (I) 1 0.00292 3.90 li.S.(p<0

cessions (S) 9 0.02774 37.07 p< 0.001

T x I 4 0.00147 1.96 N.3.

TxS 36 0.00123 1.64 H.S.(p<0.1)

S x I 9 0.00105 1

Residual 36 0.00075



In the analysis of variance of an angular transformation of the 

percentages of response, the first order interaction terms showed no 

suggestion of significance. Their suras of squares and degree© of freedom 

were therefore combined with the residual to give an improved estimate of 

the remainder variance for testing tuc significance of the; main factors.

Disc ri

If the 'arousal 1 hypothesis were correct the threshold should rise 

aouotonieally fro® 0.5 to 5.5 seconds after the inception of thp accessory 

stimulus, and the reaction time become, perhaps, progressively longer 

across the same range. This, however, is not found, so that the result of 

this experiment provides evidence against this hypothesis and in favour of 

the assumption that information about the length of the inter-stimulus 

interval is necessary for the monotanic change in threshold to occur. This 

evidence is not conclusive, however, firstly, the range used goes down 

to 0.5 seconds, while in the earlier experiments no interval of less than 

1 second was employed. It is conceivable that had smaller intervals besn 

used previously the threshold sight have been found to rise sharply below 

1 second. If that were the case, the curve found her© might be considered 

compatible with it, at least for the strong stimuli. To exclude this 

possibility the form of the threshold curve for intervals of less than 

1 second must ce determined, ^econdly, j.u might be argued that informing 

the subject that randomisatio^ would occur might have induced a 'set 1 ttaring 

the effect of preventing an arousal reaction thai would otherwise have L-een



made* To sake this more precise, It might be supposed that the initial 

f aronsnl reopens^ 1 to the accessory stimulus vould nornally tend to 

habituate and disappear (Humphrey, 19335 Pavlov, 1927), but that this is 

prevented, vhen known inter-stiaulos intervals are used, "by & 'reinforcing' 

effect of having tbe stimulus arrive at about the expected tiiae. When this 

reinforcement is absent,as in the present ezpertBei:ty the habltuation would 

not ;-© opposed, the response vould disappear, r>.nd the threshold-louring 

effect of short Intervals vould y therefore, not be found. This sequence 

could be compared with the habitation of the cochlear nucleus response 

to a repeated auditory stismlus described by Hernancte»«Peon, Jouvet, & 

Seherrer (1957), and the reversal of this habituation when an event of 

significance to the animal, a shock to the forepav, was made to follow the 

auditory stinrulus regularly. If this were happening it might be expected 

that the smaller the range of Intervals used, the less the habituation 

would be, arid the more the result would approximate the appropriate segsent 

of the threshold curve. Ko effect of this sort is shown by the results of 

Experiment 5, but this could be due to limitations in the sensitivity of 

the method. TV.as, though the experiment favours the 'warning 1 hypothesis, 

it needs further support.

Though the ssonotonlc effect lias not been obtained, it is of 

interest that another effect is shown, both hy thresholds and reaction 

timesj the percentage of positive response is higher, and the mean reaction 

time lover, toward the centre of the range, than at the tvo extremest In
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both cases this effect is significant on analysis of variance. Variation 

between sessions affects both probability of response and mean reaction 

time, and variation of stimulus intensity affects the former but does not 

have a clearly significant effect on the latter.

Thus it appears that in this experioent occurrence of the accessory 

stimulus has favoured stimuli towards the middle of the range, tending to 

give both lover thresholds and reduced reaction tiaes there. An explanation 

for this effect on the threshold can be suggested which is an extension of 

the presuppositions of the 'warning 1 hypothesis, We need suppose no more 

here than that on each trial the subnet's expectation of vhen the stimulus 

will occur is based on his experience with the isaaediately preceding trials, 

and that after each trial on vhieti h© has detected a stiiaulus he alters his 

expectation in the direction of his last error| thus, if he expected the 

stimulus too soon, he will now expect it later; if too late, sooner. 

Sines the intervals used were rectangularly distributed, if his expectation 

on any trial is not at the midpoint of the range (3 seconds here), and is 

thought of as dividing the range into two parts, the stimulus is more likely 

to come in the larger subdivision of the range which includes the sidpoint 

than in the lesser subdivision, and the more extreme the subject's 

expectation ttc :,;ore likely this is. Thus he will more often adjust ids 

expectation towards the midpoint thwavay from it, so that it should tend 

to vary about that region. If threshold shifts reflect c ? s i& the 

critical value used in a decision procedure, and thet>e changes can be the
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consequence of changes in the subjective probability of the stiiaalus at 

different tiaes, the threshold will be lover when the stismluc is expected* 

Or if a preparatory adjustment' is made when the stimulus is expected, 

this will have the saae effect. Thus the threshold curve found in this 

experiment would reflect the distribution of the subjects* expectancies 

or subjective probabilities during the experiment. It has been suggested 

that reaction time is affected fay the subject's expectancy (Mowrer, 1940, 

194L; itowrer, ltayiaan & Bliss, 194&J Hick, 1952) so that the same variation 

in subjective probability that is assumed to account for the threshold 

changes could be related to the very similar changes in reaction time found. 

In instructing the subjects no stress was laid on the reaction time; they 

vere not even informed that it was being recorded. This vas to avoid the 

possibility of reducing the accuracy of their threshold judgment** This 

say be related to the failure to find significant evidence of the customary 

effect of stimulus strength on the length of the reaction time (Voodvorth & 

Schlosberg, 1935), and adds to the interest of the significant effect of the 

tias iin,erval shown.

3*5 Conclusion

In this chapter possible explanations for the monotonic change in 

threshold found earlier have been considered. An effect peculiar to the 

phosphene or to vision was excluded by using an auditory critical stiisulus 

This left two main alternatives: a 'ballistic 1 physiological effect or 

•arousal response 1 , or a 'warning effect 1 , dependent on the subject making
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use of the information about the length of the time interval given him. 

Two differences between the implications of these hypotheses were pointed 

out: Locperiraent 5 attempted to discover whether a "threshold depression1 

about the tjtae of arrival of the stimulus or a aonotonic change, could be 

shown, but this effort was unsuccessful; possibly because the dispersion 

of the intervals in this experiment altered the phenomenon it was desired 

to observe; . xperiment 6 tested the effect of not giving the subject exact 

information about the length of the inter~stiniulus interval. As expected 

on the second hypothesis this resulted in ilat aisappe&rance of the curve 

previous 3y foundj however this result is not conclusive and more evidence 

is required if one of the hypotheses is to be rejected.
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TK;'. •Ul.-i'UujJMlJ.- ixi^l* ui1 '

4.1 Introduction,

The atterspt made, in Experiment 5, to record directly changee 

in threshold level expected to occur about the time of arrival of the 

stimulus - roved unsuccessful, and while Jixperiaent 6 provided some evidence 

for the 'warning 1 hypothesis, it wa» not conclusive, so that it is 

necessary to test further eerier: -memoes :>f the hypotheses. The 'warning 1 

hypotiiesis would account for the threshold curve by referring to the 

inexactness of time judgments on the, ascusr tlon that the fall in threshold 

at a given inter-stiiaultis interval m^ ot a function of the accuracy viHh 

which the subject can estimate the moment at vM.r> the interval vrill end* 

If the data which have been obtained could be shown to exhibit a siople 

relation of this sort, this vould tend to support the 'warning 1 hypothesis, 

v £.(•••' .::.': ^-lilure to iina tais vrouJui cast some uouot on it; it is therefore 

of interest to examine this possibility. It seens initially plausible to 

assume that the variation in the accuracy of tlae estimation which may 

underlie the effect of the inter-stimulus interval on threshold juci,;jaents 

will not be very different from the variation which is shown in experiments 

on temporal Discrimination* Thus the prou-ieia utccne: one of seeing vnevu 

the threshold cus^ves can ^ '-elated to the 'Just noticeable diff-^-^ce 1 

for teuiporal duration,

One difficulty in doing this is that the exact relation between
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the differential threshold and the length of the time interval does not 

seem clearly established, various experimenters having obtained conflicting 

results. The early investigators wished to establish r-het.her Weber's law 

applied to differential sensitivity to temporal duration* In some cases, 

hovever, they found a minimum value for the \ieber fraction at a short 

tise interval* Thus Hach obte^ined a sdninaaa of 5 per cent, at 

0»375 seconds, and Vierordt a minimum of 3 per cent, between 1 and 1.5 

seconds (Boring, 1942)» Glass, on the other hand, found that Veber's lav 

held for intervals between 0,7 and 15*4 seconds (Wootirou, 1930), Fraissc 

(1957) criticises the early investigators for using tmstandardiaed' stethods 

and too few cuujects. Hovcver a miniisus value for the .,-eoer fraction 

appears again in an experiment by - oodrov (1930). vho used the net hod of 

reproduction for durations between 0,2 and 30 seconds. He found a eber 

fraction of 10-11 per cent, for 0.2 seconds} this fell to a ainimuffi of 

7-6 per cent, for 0,6 seconds and then increased for duration® up to 

4 seconds, re&aining constant at a value of 16-17 per cent, for tis© 

intervals greater than this* Although there is some support for this 

finding (l oodrov, 1951), Gilliland & liuaphr^y* (1943) found that their 

subjects 1 variability declined as duration increased over a range of 

9«1<#) seconds, while Fraisse (1948) reports that the ,.eber fraction passes 

through a mazisnim towards the; middle of the range of tines presented and 

decreases towards the extremes* He used tvo rnn.ires, 0,2-1,5 seconds and 

0,3-12,0 seconds; in the first the variation was between 12 ar,d 14 per cent, 

in the second between 12 and 20 per cent*
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Tarious divergences may possibly be due to procedural 

differences, vhich rea ily affect temporal judgments. It is not clear, 

therefore, what function should be taken to hold in considering the 

experiments in Chapters 2 and 3, Thus it seems necessary to determine 

the relation between the just noticeable difference and time interval 

in an experimental situation as similar as possible to those in vhich 

the effect of the inter-stimulus interval on threshold level was examined.

Reproduction of tiac intervals. 

Facperiiaont 7

The experiment wan designed to be similar In procedure to 

Experiments 1, 2, arc! 4-, save that instead of being required to report 

whether or not a stimulus had been presented, the subject 'r,ad to terminate 

a cor-parison time interval after a standard had been presented. This was 

based on the a eunption that the use of descending series of the method 

of limits had had the effect of providing the subject with information 

about the time interval on those trials in vhich the accessory stimulus 

vas followed by a suprathreshold critical stimulus, and that he could 

later make use of this information to estimate the end of the interval 

when the critical stimulus was at threshold level. The same set of times 

was used, with 0,5 seconds added in order to include an interval in the 

region of Uoodrow's ralniisuia, and because it was intended at a later stage 

to examine the threshold curve for tines belov 1 second. In order to 

avoid any artefact resulting from the particular stimuli chosen to bound
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an empty interval 0>oodrow, 1951? Kowalski, 19A3), a continuous stin-iltits

was used.

Apparatus and procedure,

,~ach trial was begun by the experimenter pressing the operating 

button. Thia closed a self -holding relay vhieh simultaneously caused a 

aeon bulb to light up, a bank of Dekatrons to start counting 1,000 c.p.s. 

pulses from an oscillator, and triggered a £803i[ timing circuit. At the 

conclusion of the standard interval this timing circuit extinguished the 

light, stopped the Dekatrons, and started a second timing circuit, .ii'ter 

an interval of 2 seconds this switched th© bulb on again, and simultan­ 

eously started a second bank of Dekatron counters. The light could be 

switched off and this bank of Dekatrons stopped by the subject depressing 

a reaction key. The Dekatrons recorded the standard interval and the 

rep rod act ion on each trial to the nearest millisecond.

The subject sat 18 inches in front of a white screen, 18 inches 

by 20 inches in size, with the neon bulb at its centre. The experimenter

each trial by saying 'coning 1 . The neon lamp then went on for

the standard interval, off for two seconds, and on again, and the subject 

terminated it by tapping the reaction key. Six intervals were used, 0,5, 

1, 2, 3, 4> and 9 seconds, in that order. A series of eight successive 

presentation of each interval was given before passing on to the next 

interval, A block of 6 intervals given a times each was repeated 3 times 

in a session of about an hour, so that the subject reproduced each interval



i 1 9

times in the course of the session* . ight cessions vore obtained, 

from eight of the subjects who had taxen part in the earlier experiments.

The length of the standard presented on each trial was recorded, 

and as a check on the accuracy of the apparatus the ECSE standard, and its 

standard deviation, for each aeries of 8 trials was calculated, and these 

were averaged for the 8 sessions. The average means and standard 

deviations lor tne eXj-*~.:,. ...nt a# a whole, in seconds, vc • ; 

Means: 0.505 1.007 2.000 3.004 4.010 9.001 

S.D.: 0.0003 0.0025 0.0053 0.0037 0.0067 0.01^2

As the standard deviations are less than 1-2 per cent, of thoas 

given by the subjects 1 reproductions they are ignored in considering the 

latter.

The mean and standard deviation of each eeries of 8 reproductions 

were calculated and the average values for the eight subjects are given 

in Table 7. They are given separately for the first, second, and third 

blocks of judgments and for the sessions as a whole, -he mean values 

of the standard deviations for the whole session were taken as the just 

noticeable differences ^T), and leber fractions were calculated as the 

ratio of the j.n.d. to T , where T-, T^, T~, and T represent the mean 

reproductions for the first, second, and third blocks, and i'or the session 

as a whole. The percentage increase of the ise&ns uswweea the first and 

third blocks was calculated as 100(T, - T-)/T.., The best fitting regression
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line for the '"/eber function 1 A'f/(T+a) = k, vas fitted to the nean 

Standard deviations and reproductions for the whole experiment, and its 

goodness of fit tec ted by analysis of variance* The constant errors of 

the subjects 1 mean reproductions for each block were expressed as 

percentages of the standard and their variance analysed. ^*n analysis of 

variance vas also performed on tiie standard deviations, after they had 

been expressed as proportions of the corresponding tiiae intervals* This 

was done since if Weber's law in its classic form fitted the results 

exactly, no significant effect of time interval would men ise found*

The Weber fractions do not fall to a minimal valus at the short 

intervals, as was found by Mach, Vierordt, 1 oodrow, Blake ly, and otott 

(Boring, 19A2j ooarov, 1930, 1951). They are smaller for the longer 

intervals and larger for the shorter intervals than the results given by 

Woodrow (1930), and they show no tendency to decline below A seconds, 

Instead they tend to increase as the time interval decreases, producing 

a significant effect of Times in the analysis of the variance of the 

standard deviations* The Weber function relating the standard deviations 

to the mean reproductions is highly significant on analysis of variance 

while- the deviations from linear regression are not significant. These 

results axe very similar to those found with many sensory continua: an 

increase of the Weber fraction for snail values of the stimulus to which 

a u-eber function which includes the constant 'a 1 can uu ixoted. The



TABLE 7 

. ^productions of tjga? intervals

12 1

S'fcajtda.rd

First Block

0.555 0.94Q 
0.090 0.1U

3.914 8.545
0.204 0.363 0.406 0.743

Mean
S.Ii.

Third T :lock
Mean
£*Jk

..hole .->£&£ Ion

3.0.

0.593
0.102

0.625
0.122

0.591
0.104

Weber fractions (per cent.

Increase of I eaiis
seconds:
Per cent.:
Vtber function:

An- .'.a of VariaE

17.6

betveen
0.070
12.6 
A T = 0.

ce (^e^r

1.137
0.113

1.105
0.149

1.061
0.125

)i
n.8

First and
0.165
17.6

068 (T +

'esslon) s

1.971 3.
0.259 0.

008 3.974
316 0.378

2.037 3.086 4.130
0.241 o.

1.937 2.
0.235 0.

12.1 10

Third Block
0.235 0.
13.0 fiS 

1.268)

287 0.343

977 4.006
322 0.376

.8 9.4

SJ

250 0.216
.8 5.5

-l23iF$e d.f. heaXi r-quare F ,,i/n
Linear regression?
Deviations from 

linear regression:

Residual:

1

42

1.6460 

0.0080

0.0260

63.31 p<

0.31 !

„.

S. 837
0.614

9.055
0.619

8.812
0.661

7.5

0.510
6.0

ii icance
0.001

cs

(15)
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analysis of the variance of he sta -ations also shows significant

•ffeet3 of uljects, and of the interactions which include Jubjeets, but 

no effect of the Bloc!.IT.

The appearance of a Edbniiaal value ^i v,uo *<.u±r fraction in con© 

tKperiments but not in others suggests th-t thir might depend on ao&e 

feature of the experimental procedure. A factor which Eight possibly be 

BI.-. . is tae moue of response required. In the aethoti of reproduce Ion, 

as used byWoodrov and '/ierordt, the subject atui co ceiiaaii. an interval ~qy 

making tvo taps. Possibly a fairly rapidly repeated movement may b« 

o. K..J by the motor syntem as a * rhythmic unit 1 vith less variability 

than is contributed to the reproduction by tvo separately organised

s separated t$ a longer interval. In the present experiment '

interral began independently- of the subject, and he was only 

to tenainatc it, so thrt the occsnrence of favoiared rhythms of 

response could not affect the result. However a minlsrom has been found 

using the a»thod of coi^>arison (tvoodrow, 1951), and is not always shown 

waen «.-c subject is re-.uii-ed to i&a/..^ tvro taps V1 'raisse, 194B).

The means of all the reproductions show tvo classic related 

features of temporal estimation (Boring, 1942} oodrov, 1951): there is 

a tr ..ion point, the Hnc 3€ interval 1 , between intervals wh 

are over-estimated and intervals which are under-estimated, and it is the 

shorter interval- waico. are ovGr-^esiiiaaw':. ..,,-ci ^ae jjs^^r VLLLCU are unuor-

•stiaated. If we disregard th« small over-estimatior '^t 4, seconds, this



point T-*m,!ld appear to lie bffr r^n 1 .-nd 2 seconds hers.

Although early st., provided widely' differing values for the 

i -e interval ( ooclrov, 1934.), most weight vaa :dven to studies 

susgesting values between 0,6 and 0.6 seconds (Fraisse, 1957). > : undt 

believed that this interval represented a specific physiological unit of 

tine, corresponding to the time required for the process of association 

or for the movement of a leg in rapid walking, fiollingworth proposed 

that it was a consequence of the 'central tendency of jud foment 1 , the 

shorter intervals in a presented range being over-estimated and the longer 

under-estimated, with the indifference interval lying approximately at 

the median (Fralsse y 1957), However Woodrov (193A) tested this explanation 

"by a separate group of subjects for each time interval in a ran,.c, 

He obtained a value of approximately 0,6 seconds, with over-estimation 

of shorter and under-estiiaation of longer intervals, ,s no subject *«.-..• 

presented vith more than one interval he considered this excluded 

Hollingsvorth's explanation, Fraisse (1948) presented a range of intervals 

in *a order for reproduction by the subject. He used ranges of 

0,2 -1,5 seconds or of 0,3 - 12,0 secondsj wr&n wit lirgt he obtained 

an indifference interval of 1,138 seconds, with the second 3«65 seconds, 

with the familiar pattern of tinder- and over-estimation in each case. He 

believes that this finding can be explained in ter&s of the central 

tendency of judfpaent, and that this does not conflict vith Voodrov's 

finding, provided it is aasuaed that in wee aosencc cu a ruiige o* pry a...
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intervals the indifference interval is determined by the average effect 

of the durations "percus dans toutes les occasions de la vie". This is 

consistent vith the value of 0.6 seconds obtained by oo-irow since 

Fralsce believes that only durations of about 0.4 - 2 seconds ar« 

"perceived".

i-joae support is given to this explanation biy a number of 

«tperau~cnts vhici. employ longer durations and find values oi tne irjcjuier- 

enc€ interval which greatly exceed that found by Woodrow. Thus Gilliland 

& Hunpi:reys (1943), using a range of 9 - 1^0 seconds, found over- 

estiiaation of short and undar-estimation of long intervals, wlaueen (1950) 

founc u*at his (schizophrenic) subjects over-estiaated 5 seconds and 

under-estimated 10 and 15 seconds, and Hirsh, Bilger, and Deatherage (1956) 

obtained an indifference interval of 8 seconds vith a range of 1 - 16 

seconds. To explain this last finding ><oodrov reverts to the hypothesis 

that the indifference Interval may tend to be in the- r. of the range 

of intervaJU used (Hirsa, ^aiger, ana ^eu^nerage, 1956). Weber (1933) 

notes that Swift & ficGeoch, using time intervals from 30 seconds to 

ID w-imrfcfts, and the method of estimation, found a tendency in all 

indiv. .. '^o over-eetiinatc the times between 30 seconds and 5 minutes.

-.-• preeent experiraent affords an opportunity to test

iiollin^orth's eaplaiur&ion, since each session consists of three similar 

blocks. If the range of durations presented was exerting a systematic 

effect on the jvAgMiitc in the a. sug^ U bjr the 'central tendency 1
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hypothesis there should be an increased tendency to over-ei::

snort,, iuia unuer-e:;-t,iLiate the long intervals in successive blocks.

However, when the mean reproductions for each block are considered, the

bgrpc i.s is not eapported* ' c near, reproductions of thn three

e st intervals do increase in successive blocks, as required by tae

hypothec is, but so do the reproductions of the longer intervals.

only .,.,x...^ui-;;nc6 is LV.^ the rate of increase is apparently greater for

the r;hnrter intervals. ?he effect of this tendency for reproductions

to ; ase at different rates is that vhereas the indifference interval

in . irst block lies between 0.5 and 1 second, in the second block

there is such a po Lrrb between 1 and 2 seconds (with an over-estLaation

at 3 seconds), acd in the third block all the intervals are overeat lifted

That thin tendency for the reproductions to lengthen Lc highly significant

is .... bjy the effect of Blocks in the analysis of the variance of the

constant errors. The greater rate of increase for the shorter intervals

is cQniinaed by the significant interaction between ^.imes and clocks. .»n

incresee in response tijae during the course of the session, resulting

perhapo from fatigue, could cause a proportionatelv -«r rate of

1 ^ for shorter intervals. However this doe: not seem 1

be the explanation for the results found uere, since it would tend to add

a cc rt quantity to each reproduction, whereas uut- absolute increases

in the ciean reproductions are not of the same order for Hfferent time

intervals, but increase with the time interval*
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If this pattern of •.. ,c should yjrove to be ,1 ~sreral f pat tire 

of ,ted tiffie J wS it might provide a simple account of a nunbor 

of tiiG features of * ^al discrimination experiment,:, assuming only 

thai v<-c:re is ai; iii.ib.uijL usiicency uo unaer— e&Limcite all intervals, trie 

ler.. :~--'."~ning of reproductions as the session -croc^eds, at a greater rate 

for shorter intervals, voalci fairly soon result in the shortest

s being over-estimated, and as the session continued 

ina.j_-.._i;rence interval vould shift towards the longer intervals. T :xperi»

long time intervals are. usuu -UO.JUL i^nu 'ow uake lon^ ',;rt 

to prot^ticfi larger values of the indifference interval. 

Thus the ubiquity of the finding that it is the shorter intervals that 

are o^r-estimated and the longer that are under-estimated, and the 

var.uiijle values of «ue indifference interval shown in ^iizorent experi­ 

ment*? -should both be results of this sane pattern of eh.^^. Indiv^ ..<..-,.,. 

subjects might vary in the rate at which their re etions leii^ 

or in hhe degree of their initial under-eatimstion, which wold be 

cor -rit vitii the fr< t f'inding taat eoae :;ubj'jcts onder-estlmate 

others over-estimate all tat; j-ii^-i-^ao v-wodrow, 1934.; -

4.3 iuctlon of tiae i a Is,

A poosibls objection to relating the results of Ezperiisents 1, 

2, and A, to the U'eber function obtained in aperiment 7 is that utie 

conditions of the latter esq^eriment nay have favoured reproductions of
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greater accuracy tuan was posoible in t^e earlier experiments. In 

Experiment 7 the subject was asked to reproduce time intervals, which 

vas not the ostensible task in the threshold expcrinrrts* the interval 

between standard and reproduction was 2 seconds, vbiereas the intervals 

betv^en successive trials were usually f'reater than this in the threshold 

esti- ••it-ion experiment a 5 and in the latter case, if" the subject missed 

or wars uncertain of the critical stiisulus ttiis in effect deprived the 

next trial of an immediately preceding standard. This raakes it nece;: :,'L.ry 

to der whether using less favourable conditions vould produce any 

iaportant deterioration in the subjects 1 perforaance.

If the standards were, omitted altogether, the subject beln- 

tol length of the interval only, w© would have the method of 

production, -iilliland & Humphreys (1943) compared the methods of production, 

reproduction and estimation using the same subjects and tisse intervals, 

The/ dia not find, a clearly significant effect 01 w:o net hod used anu 

conclude that reproduction "ii? perhaps easier1' than the other two methods, 

but thev do not give the exact differences found, .... ir results s 

much i?x>re variability tlian was found here: the "per cent error" for 

9 seconds was 31,2 per cent for adults and 47,5 per cent for children. 

It Is possible that a significant effect could nave been obscured 'oy the 

variability, Clausen (l95r;) coisparcd: these three laethods, using 

schizophrenic subjects. He found thr,t reproduction :*ave less consistent 

resaltu than the 6thar tvo methods, but he considered the means only and
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did not riv© the standard deviations*

Since t . experiments offer no clear indication of the 

prc ect of omitting the standard time intervals in the present

situation, it seeded necessary to investigate tni • .ally,

Thia experiment was intended to be as sinil.,, -w -j^ris&ent 7 

aa p<~ ie, save th:.'t the method of production was ure£ instead of 

method of reproduction.

The apparatus UE©<i in Experiment 7 vaa

first timing circa.it was ^--passed. a.ch trial begff^ ^Ith the 

•£]: ; v ing 'coming 1 . Two seconds later the neon light v:^ c, 

on . bank of ,rons simultaneously t iggered. ?he light vas 

switched off .u.u the comiters ^uuppea vneji wnc su^jtcw ciepr«»a«i tue 

reaction key,

i;^ach sc-Dcion consisted, as in the previous experiment, of three 

blocks of 8 productions of «ach of the eix intervals (0,5, 1, 2, 3, 4, and 

9 soconas, in Lri,t order). Before e©eh series of b tisio productions the 

subject was told what time interval Lt wiAW uu uuwoiaf;t to procuce. e 

sessions vev*s obtained froia 3 subjects, tvo of who..; ^^,. served in u.,-. 

previous

The results of this experiment iriave been ti-c&.ted in the same way
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Produc

YABUS S

later^U 

(seconda);

I 4
First Block

M»ftn
S.D.

Sacoad Bloek
Me&n
S.D.

Thfod Bloofc
Mean
3 D

Whole Session
ilcaa

^

Weber fractions (i

Increase of Heane
Seconds:
Per cent i

0.616
0.087

0.709
0.133

0.725
0.140

0.683
0.120

>er cent!
17.6

between
0.109
17.7

1.223
0.166

1.2H
0.233

1.454
0.221

1.292
0.207

-

16.0

first and
0.244
20.2

2.017
0.211

2.397
0.229

2.370
0.250

2.261
0.230

10.2

3.446
0.315

3.399
0.353

3.611
0.303

3.4B5
0.324

9.3

4.4*6
0.322

4.526
0.323

4-625
0.328

4.546
0,324

7.1

10.420
0.821

10.715
0.806

10.554
0.513

10.563
0.715

6.8

third blocks s
0.353
17.5

0.165
4*8

0.139
3.1

0.134
1.3

* » * (16)
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TABLE 8 (coatd!

An^i. pf TOriBaee
Source 
Linear Regressions 
Deviatione from

linear regression*
Reaidual:

Ap^lysis of variance
Source 
Tis«8 (7) 
Subjects (S)
Blocks (B) 
T x S 
T x B
S x B 
Residml
Mean Constant Error i

Anal/sis of variance
Source 
Tims (T) 
Subjects (S) 
Blocks (B)
T x S 
T x B
S x B
Residual

(He stress ion!
d.r. 
i

4
12

(Percentage
&L 

5 
2
2 

10
10

4
20

* 20.9 per

(Standard -'<
<yr,

5 
2
2

10 
10
4

20

1 1 
i K§iau '~-*Qiaiar®

0.6399

0.0027
0.0094

CoB,st&Bt Srrors) t
, Mean 3attar«

827 
166

138
801 

93
cent.

Triftl^mf) s
L

l/ia«i»i '"-^ /*»««» •*»**. ijwCfJStJl i^ J1' fTfrt ̂ ^ f ̂?

0.04178
0.01675 
0.0043S
0.00721 
0.00217
0.00046
0.00271

H significance 
6S.08 D< 0.001

0.29 HS
-

8.89 u< 0.001
1.7S !$ (p^0,2)
7.57 o^O.Ol
3.92 p<0.01
1.4S NS
8. 61 o<0.001
*

? Significance 
15.42 p* 0.001
6.18 o<0.01
1.62 m
2.66 p<-Q.05
0.80 IS
0.17 SS

•to
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TABU. 6 (cftatd.) 

Data of Sacperiasyvts 7 and 6

Goaooa ^slmy Fractions A? s 0.0&L(T + 1.571)

of Tariaace (Regression for ooiabiiffid data)*

102.76

Source
Gossoon 

linear regression
Disparity of th« 
coaaaon regr©s«lon from 
the two indiTidual 
regressionst

2.0#75

Q.OU4 0.72

• *.

Significance

(17)

0.001

Residuals 0.0201
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nt 7. , A. ,T+a)=k, has been calculated, 
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is

or function

to thst In the er

c to those obtained 

. ;,.u:e those previously 

-,., interval shortens, 

...rov (193\.

.. . . rvals 

j mainly in

having a. "^ r v^lue for 'a 1 , ,r, n tner^ : ,:u.in no evidence of

from linearity of re^Teesion. AaaJysic v^ variance ehovs no

evidence that t eber functions for the tvo er ts differ
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signi_- lce,ntly from the combined function calculated for both sets of 

data taken together. Though it is possible that a difference might :. 

been n had more subjeetr baen examined, it r?o«?F seem that the 

su , variability in not very di nt wl. are repr,, 

str - tervals or pr ' ' b a e/ .ixU ' his 

result serves to • • .mrcrate tnat the temporal infom ' ' -• available to 

th^ -••^-•'•••cte in Fxperiaaents 1-4- probab^r provided ^ iifficient basis 

for -:-al discrimination bfy them.

Th© mean --ctions show the same tendency to increase in 

wwcer-riTC blocks that was fotm^ 'v;hen the ssethoci of r: 'action was •, ., 

and -;.'....•.':•: ti'uu i^.vo of increase is greater for short inocrv^jLi; unaji ior 

lon!~, ..lysis of the variance of the constant errors shove a significant 

efi' Blocks, vldch is due to the len, ing of the productions, 

^hc --e also significant interactions of Subjects with Times and v 

31oci:c t out i;ae greater rate of increase for the shorter intervals va- 

not rrifficient to ^reduce a significant interaction of Time and Blocks, 

pe- ,-ecause too few subjects were used. There is again a significant 

effect of Times, due to the proportionately greater c it errors at 

the shorter intervals,

All the intervals vere over-e^iaated in this experiment, wiio 

difference betveen the mean constant errors here and in experiment 7 being 

: ^ , .;nificant (p<0,001), I'hls suggests that the most important 

effect of pr ing the standard may be not to increase accuracy, in
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sense of reducing variability, but to reduce constant errors. This can 

be no more than a suggestion, however, since the same group of subjects 

vas not used for th« two experiments. If the results for the two subjects 

wfeo served in both experiments are compared they show greater productions 

than reproductions in every case. However the possibility of a practice 

effect as the cause of this cannot be excluded, so that this finding 

requires confirmation.

These two experiments have provided the information about the 

subjects' temporal discrimination which was needed for the further 

consideration of the results of the threshold estimation experiments. 

However the> lave also revealed an unanticipated pattern of change in the 

lengths of reproductions or productions during the course of a session 

which could, if it were found to be general, provide an account of some 

of the features of the classic problem of the f indifference interval1 . 

The design of these experiments was not veil adapted to investigate this 

effect, however, since the order of presentation of the tixae intervals 

was not counter-balanced* If the tendency for reproductions or productions 

to lengthen were greater at the beginning of a session and decreased 

during its course, the intervals presented first would appear to lengthen 

most rapidly, so that the greater rate of increase which has been found for 

the shorter intervals could be an artefact of the design. This suspicion 

is strengthened by finding that whereas the scan increase between the 

First and Second Blocks in Experiment 7 is 8.0 per cent., and in
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Experiment 3 is 6*1 per cent., t.e corresponding increases between the 

Second and Third Blocks are 2.5 and 4.7 per cent.

The experiment W&K interrupted, for non^experiiaental reasons, 

before a larger number of subjects could be examined, and when it was 

resumed it seeiaed that, in view of the interest of the f lengthseiag 

effect 1 , it sight be more useful to re-desigiK it to exclude the 

possibility of an artefact than to continue it as it was,

4*4 A further experinent oa temporal discrimination.

Besides the use of a counterbalanced order of presentation for 

the time intervale a number of other changes were made in the design of 

the next experiment. It vas decided to use a different range of times. 

On Hollingworth's hypothesis the indifference interval is determined by the 

range of times. This was not supported by the increase at all time 

intervale shown in the two experiments, but another test would be provided 

by using a range froa which the longer tiaes are omitted, and seeing 

whether this results in lower values being obtained for the indifference 

interval than have been found with the longer range.

It is of interest to consider whether the increase in the means 

is like 'fatigue 1 , presumably showing a slMlar course in repeated sessions, 

or a !practice 1 or 'adaptation* effect which night show changes in 

successive sessions. In the hope of throwing some light on this it was 

decided to study a small raaber of subjects in a series of sessions.

Iii Sxperisente 7 and 8 a visual stimulus vas used to fill the
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time interval. In the threshold experiments both visual and auditory 

accessory stimulation was used, vhich raises the question whether this 

oould hare an effect on tiae estimation* Goodfellov (1934) investigated 

the difference Haen for a duration of 1 second presented as an espty 

interval bounded by two clicks or by two dim flasbes. Using the laethods 

of limits, of reproduction, and of constant stimuli he found in each case 

that the differential threshold vas smaller for auditory than for visual 

stimuli* The method of reproduction gave a small positive constant error 

when the stimulation was auditory, and a fiaall negative error when it vac 

visual, Clausen (1950) presented intervals of 5, 10, or 15 seconds filled 

with a boszer or a dim laajp. He ssployed the methods of production, 

reproduction, and estimation, but in no case found a significant effect 

of the stimulation used on the means. Rlrsh, Bilger, & Deatherage (1956) 

used intervals of 1-16 seconds filled with auditory or visual stiarctlation 

and the method of reproduction. They found that the me&n reproductions 

did not Indicate a difference in the subjects 1 responses for the two type* 

of stimulation, Hovever Goldstone, Boardaan, & Ihaeon (1959), investi­ 

gating estimates of a second obtained ly using the method of limits 

without a standard, found that a significantly saaller estimate was 

obtained vhen a continuous auditory stimulus was used than was given with 

continuous visual stimulation; and this has been confirmed by Golds tone, 

Jerni^an, Lhaaon, £ Boardaan (1959) using a whole wall as tb© visual 

stimulus. These results suggest that tfe© differential threshold say be
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affected by the stimulus used but that the constant error will not bs 

much different, if a standard is used. Bat in the absence of a stardard, 

it it possible that auditory stimulation say result in a considerably 

•nailer estimate of the tiae interval. This made it seen advisable to 

use an auditory stimulus in the next experiment, to see whether any major 

feature of the judgments might depend on the stimulus used, and especially 

whether the increase in the means would occur in the absence of visual 

stimulation*

Finally, it seemed desirable to aee whether the large constant 

error found in ^sqperisent 8 was a feature of the ffiethod of production 

which vould be shown if this method was compared with the method of 

reproduction used by the same subjects in the same sessions* 

9

In this experiment the methods of production and of reproduction 

wero both used, with a range of times from 0,25 to 3 s«conns, 

Igp-Hiff tus and procedure

Four 88038 timing circuits were used to provide the standard 

tlae intervals for the f Reproduction Series 1 (RS) condition, When the 

experimenter pressed the operating button a self -holding relay closed, 

which started the first timing circuit, and switched a neon light on* The 

light served as a warning to the subject, and it stayed on until he had 

responded* Two seconds later the timing circuit switched on a 500 c,p.e. 

toae at 60-70 db SL, provided by a Muirhead audio-oscillator, which was
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heard bgr th* subject through Brova. Type K moving coil earphones. The 

tone lasted for a preselected interval of 0.2§, 0,5, 1 or 3 seconds, 

and was succeeded t§r & silent interval which varied randomly between 

0.5 and 2.5 seconds. The random interval was produced by the two timing 

circuits described in Eaqperi&ent 5. It was followed by the tone 

commencing again, and a bank of ^ekatron counters was simultaneously 

triggered. The subject tenainated the tone and stopped the counters by 

pressing a reaction key. In the 'Production Series 1 (FS) condition the 

first two tiaers were fc@r«f)ass©d and the standard omitted. In each trial 

the warning light was followed, after a random interval of 0.5-2*5 

seconds, by the commencement of the tone which was to be terminated by 

the subject.

Tine subject sat In a darkened, sound-shielded room, wearing 

earphones and facing a white screes, 3 f@«t square, with the neon bulb 

at its centre. Two conditions wer^ used, th«s 'Reproduction Series' in 

which a standard time interval was presented, and the 'Production 

Series 1 in which it was omitted. Each series consisted of ID trials \ 

the subject was informed of the time interval he was to produce or 

reproduce at the beginning of each series.

Two subjects were used* each for four sessions* After a 

preliminary practice session the four sessions were given on successive 

days, each lasting about an hour* The order of the time intervals was 

counter-balanced both within and between the sessions. For each time
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Interval a series of trials with the standard would be followed by a series 

without, or the reverse, and this order was constant throughout a given 

session. Thus one subject had the following series of trials in the 

first session* 0,25 see. R3f 0.25 see. PSf 0.5 sec. Roj 0.5 see. PSj 

1 soc. .'.•-$ 1 sec. P3j 3 sec. tuif 3 ®ec» PSf 3 see. aSj 3 see. PSf 1 sec. 

RSf 1 sec. PSj 0.5 sec. ESj 0.5 sec. PSj 0.25 sec. RSf 0*25 sac. PS. The 

second session began with 3 sec. FSt the third with 3 see. K£» and the 

fourth with 0.25 sec. PS. The second subject had the same four sessions 

but in the reverse order.

The mean and standard deviation of each series of judgments 

were calculated, and the average values for the tvo blocks oader the two 

conditions at the different standard intervals are given in Ta&ke 9. »eb«r 

Ftmctioas were calculated for the two conditions, and also for the combined 

data, a»d analyses of the variance of the standard deviations and constant 

errors are also given. IB theee an&lyees of variance all interaction® 

which had a probability greater tfeam 0.2 on the first arrivals were ccsnljined 

to give an inprovod estimate of the residual variance. In half the sessions 

each 'I-eproduetioa series 1 at a given standard interval was followed by a 

'Production Series 1 , wad in the other half the order was the reverse. 

Product-jsooent correlations between the seans oi such successive series 

for each standard interval are given in the table.
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TABLE 9
Productions and Reprod^ti rmp of stftfljyd intervals (Means antf 
fteviations):

Standard Intervals (seconds)}

c.2} 2si i 1
itean S.D. Mean 3.D* Mean 3.D. Mean 3.P 

auction

0,302 0.057 0.534 0.066 1.029 0.110 2.954 0.223
0.333 0.058 0.578 0.078 1.055 0.113 2.950 0.228

ession} 0.317 0.057 0.556 0.072 1.042 O.n2 2.952 0.226
Productloo

, -locks 0.295 0.065 0.501 0.079 1*034 0.144 3.031 0.236
Slocki 0.324 0.055 0.545 0.095 1.101 0.148 3.17:? n 

Vhole Session} 0.309 0.060 0.523 0.087 1.067 0.146 3.105 0.241

actions (per cent.)}
First -essioni

RS*
gSs

All Sessions}
Ej,}

P3»

Increa c of Me*m>
RSi Seconds}

Per cent}
PS} Seconds}

Per cent}

Sessions}

Per cent}

24*3
19.5

1B.1
19.3

Between First
0.031
10.3
0.029
9.8

I

15.0

13.0
19.0

12.9
16.7

and Second
0.044
8.2
0.044
3.8

2

-3.6

13.9
18.4

10.7
13.7

p^ocks:
0.026
2.5
0.067
6.5

1

-1.0

9.1
8.8

7.6
7.8

-0.004
-0.1

0.147
4.3

4
19.7
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TABLE 9 (contd)

Mean Constant Errors (per

Seesionsi J

Reproduction
Series

FJfst. Blocks -0.1
Second Block t 7.8
yfrole . sasiont 3.9

First Block* -5.4
8«eond Block i 14.7
Wljole -cssio^nt 4.6

Hear, tandard Deviations!
Session?* i j,

11^: 0.135

jr£x 0.153 

Vebcr Function (K3) : A T

Analysis o£ Variance d'.'j ;••'.«
jiManrce • d.

Linear regreaslon 1
Deviation* froa 

linear regression 2

Residual 60 

Weber Function (PS): A T *

Analysis of Variance (PS He
gourac; £4.
Linear regression 1
Deviations from 

linear regression 2

Residual 60

2 1

8.5" 12.6
9.4 16.4
8.9 14.5

10.4 16.3
1.2 9.8
5.S 13.0

i. 1
0.130 0.110
0.126 0.122 

« 0.064 (T * 0.614)

sressioB) :
eX A *^vflw* ^ Q vliip I^^P

0.27924

0.00063

0.00264 

0.061 (T * 0.923)

pr;ssion) »
f . Mea» Satmre

0.29487

0.00679

0.00309

4 J&l

7.4 7.1
18.9 13.1
13.2 10.1

1.0 5.6
28.5 13.6
14.7 9.5

4
0.092
0.133 

.......... (IS)

F <,.

105.77 D< 0.001

0.24 KS

-

H Significance
95.43 D^O.OOl

2.20 &S (p^ 0.1)

„.
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TABLE 9 (eontd) 

Wtybtr Function (Combined tfatfjs AT * 0.063 (T + 0.75S)

Q$ yariance (CosasQn re^rcs-Qion) i
Mean £

Common linear 
regression 1

Deviations of the two 
individual regressions 
from the coamon 
regression 2

0.58238 201.69

0.00204 0.71

Rceidual 124 0.00289 

of Variance, (standard deviations)»

«•«..«••• \20/

Significance 

p* 0.001

Source
Times (T)
Conditions (C)
Sessions (Se)
Sttbjectfi.(Sa)
C x 3e
C x Su
T x C x 3e
T x 3e x -Su
C x Se x 3u
Residual.

Analysis of Variance
Source
Times (?)
Conditions (C)
Blocks (B)
Sessions (ie)
Subjects (Su)
T x G
T x B
T x Se
T x Su

fcla,
3
1
3
1
3
1
9
9
3

94

(r ere ̂ nta &e
d.f.

3
1
1
3
1
3
3
f
3

Mean ^croare
0.136046
0,012680
0.005226
0.0037U
0.010164
0.007907
0.004762
0.003214
0.004074
0.002000

Constant trror) :
Mean Square

0.36060
0.00103
0.15645
0.0744&
0.1S720
0.02289
0.01497
0.018Q&
0.02696

I
66.02
6.34
2.61
1.37
5.08
3.95
2. 38
1.61
2.04
-

F

57.24
0.16

24. S3
11.32
29.71
3.62
2.38
2.37
4.28

cjisnifie^ce
p < 0.001
p^O.05
US (p<0.1)
SS (p<0.2)
p^O.Ol
BS (p<0.1)
p< 0.05
srs (p<o.2)
SS (p*0.2)

Significance
v* ^^ f^ ^^T^ •
rr ^^ *" A ''•^\^«L

HS
D<- 0.001
p^ 0.001
p^ 0.001
D^ Oa05

SS (p<0.1)
D * 0.01

p<0.01
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4»alysis of Variance (rereentaae Constant £rror)i (contd)
Source
C X 3tt 
B x Se 
T x u 
T x a x v>e 
T x B x Sti 
T x ~e x Su 
C x e 
3 x :.'U x Se 
T x u x 
Resi ...

ff -~$fq®»i

1 
3 
3
9 
3 
9 
3 
3 

S» 9 
57

it Correlation* 1

i-%543 Sou&re
0.0^340 
0.10668
0.03&7 
0.02095 
0.02U9 
0.02096
0.03975 
0.03387 
0.01129 
0.00630

fetwMa. tlie Heai

£
6.89 

16.93
5.80
3.33 
3. S3 
3.33 
6.31 
5.38

Significance 
P < OfpJ
p<9f poj.
D^O.Ol

P ^ o.o;
p<0.05
P^QtP^
p^O.Ol
D ^ 0.01

1.79 HS (p< 0.1}

33 of 3nMM8iv« Series at

the aarae : tr.sdord Intervl!

S&aclard Intervala? O.ffif

RS PS

PS preceding RSt

All:

D.75 

0.78

0,5 

0.82 p * Q.Q2 0.12

0,63 ®S -0.19 HS 0.11 
(p^O.l)

0.76 p^O.OOl Q.74 p^ 0.01 0.22 BS 0.12 BS
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Discii L-ion

A* in Fjqperina&ts 7 and 8 the Weber fractions Increase as the 

tiae interval shortens, so that no miniiaal valus is found, even though 

the shortest standard Interval is now 0.25 seconds. The Weber fractions, 

and the corresponding standard deviations, are sonewhat aaaallsr than the 

values obtained for the saae time intervals IB the tvo earlier experiments. 

However there is a decrease In the standard deviations in successive 

seesions, giving a significant interaction between >c ^ong and Conditions* 

Since the subjects in the earlier experiments did only one session each, 

this ; -sts that only the results for the first sessions here should be 

used in sisJcing the ee«$>arison. The Weber fraction* calculated for the 

first session alone are all larger tn&n the correspo::,, :.r-rj figures for une 

four sessions, and are of approximately the saute orekr as the values 

found in Experiments 7 and 8 (being, on the average, 0,15 per cent less), 

so that there is no evidence that any iiaportant cim: T in the accuracy 

of time estimation was brought about by using auditory rather than visual 

stimulation* The decrease in the standard deviations in the successive 

sessions is greater in the '^ervroduotton Series'. Tbo".~h the decrease 

does not give a significant effect of Sessions in the er^lysls of variance, 

there Is a significant interaction of Conditions aiu ^ions* This iiaplies 

that practice has an effect on at least one of the cor- itions. Thus it 

seems .ajsu the effect of repeated sessions Is to decrease the subject's 

variability in reproducing tiae intervale, though any decrease in
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variability of the productions is leas. The Weber fractions are 

slightly larger for the productions, giving a significant effect of 

Conditions. Weber functions were calculated for the standard deviations 

«Bd -»D.G meanc obtained from the experiment as a vhole. The regressions 

are u±*+u significant with no evidence of departure from linearity. The 

slopes of the two function* are very similar, the main difference again 

bei~£ .hat the value of 'a 1 is greater for productions than for repro­ 

ductions, A Weber function calculated from all the data gives a 

satisfactory fit.

Both the mean productions and the mean reproductions show an 

increase in the course of the session, producing a highly significant 

effect of Blocks in the analysis of variance. The rate of increase 

appears to be greater at the shorter intervals, though the Times by 

Blocks interaction does not quite achieve significance. However the 

interactions of Times and Blocks with Sessions, and v'th Subjects, are 

both significant. The indifference interval lies between 1 and 3 seconds 

with the Reproduction Series, and is greater than 3 seconds when the 

thod of production is used. In each case the value i»nat would be given 

interpolation increases from the first to the second block. This is 

in substantial accord with the results of tbe earlier experiments, and 

does not show the aarked decrease in the indifference interval that rr.i^ht 

have been expected on the ! central tendency* bypothesis. A aignific mt 

Tines effect, due to the different constant errors at different intervals,
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is present* The analysis of the variance of the constant errors show* 

no significant effect of Condition** Thus ia this experiment there has 

been no tendency for th© use of one or other method to affect the average 

slae oj. tiie constant errorj the difference Detween the constant errors 

found in Lxperiaents 7 and 8 is not shawm here, However the constant 

errors show & number of significant Interactions. . table of mean 

cor errors illustrates the significant effects of Blocks, 3«s , 

the interaction of Blocks and Jessicas, the interaction of Blocks, 

SaBfcj^.ii, and Conditions, and the lack of effect of Conditions. There 

is .1" ^.-<vrmuM in the means, in the fir«t three sessions, which is ^v, tr^, 

in a ..udlar way, both by productions and lay reproductions, and occurs in 

both blocks. The interaction of Blocks and Sessions reveals an Important 

effect. IB the first and fourth sessions, time intervals in the first 

block were presented in ascending order, from 0.25 seconds to 3 seconds, 

and in the second block in descending order, from 3 seconds to 0.25 seconds, 

In the second and third sessions this order was reversed t in the first 

block the time intervals vers presented in descending order, incl in 

second block in aee*ndizig order. This appears to have modified the 

tendency for means in the second block to be longer than those in the 

first block* In the first and fourth sessions the rate of increase of 

the means ie greater than in the second and third sessions. This can be 

naderstood in terms of an effect sloilar to the *assimilation 1 effect 

that ie produced by an extra stimulus interpolated between standard and
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comparison stiaaili (Woodworth & Schlosberg, 1955). IT the interpolated 

stimulus is larger than the standard it tends to tnc the point of 

subjective equality, if smaller, to decrease it. Here the previous 

series appear to exert a similar effects vnee they are larger than the 

time intervale being presented or produced they increase the mean 

reproductions or productions, when smaller, they decrease them. If the 

series were randomly ordered such a 'series effect 1 would produce a

•ce^-'-riil tendency of judgment 1 , since the smaller series vould more 6ften 

be preceded by larger series, and the larger by smaller series. In the 

present experiment the counter-^alancing allows this elTect to be seen 

superimposed on the significant overall increase in -.e^r.s during the 

session. The use of a standard reduces the effect; it is more narked 

with Oi.iv Production Series than with the Reproduction ..• cries, and this 

diffp-nnce is significant.

In the aethod of production we say ascrjic v-at the subject

•aploys a ! stored standard 1 or system of * traces 1 derived from bis 

previous experience with tiiae intervals. Vbsn the ,,d of reproduction 

is applied it is usually assumed that the subject i& Copying 1 or 

'reproducing* each standard presented, Hcwever, with a very well learned 

skill it might be more economical for the subject Jk> use the presented 

standard as an * instruction 1 identifying the appropriate f trace 1 , and to 

use this 'stored standard 1 in aaking the reproduction, in the present 

experiment the use of a standard resulted in slightly snaller standard



deviations, a greater decrease in the standard deviation with practice, 

and greater resistance to the f series effect 1 . But it did not produce 

any significant effect of Conditions, nor did it prevent the constant 

error becoming greater in successive sessions, at approximately the aamc 

ratr Ir both conditions* This suggests that the 'stored standards 1 iaay 

havs played a part in determining the reproductions, .jj alternative 

explanation for the similarity between productions ai:d reproductions is 

that the presented standard might not only determine the subsequent 

reproduction, but raigkt also affect later productions, making thea 

esc. i!3or 'delayed reproductions 1 . If the latter is true there should 

be soiae similarity between the mean of a reproduction aeries and the 

sean of an iaaediately following production serie®, but not between the 

aeans of series presented in the reverse order. if, however, the 

1 stored standards 1 aaialy determine performance the rr.intion would be 

relatively unaffected Joy the order in which the two series are given. 

This can be tested in the present experiment, sincr o series were 

always given in pairs, one of each sort at each tir.c interval. In half 

th© sessions they were given in one order, and in the other half in the 

other order. The correlation coefficients calculated between the neans 

of successive series in t&e tvo order: are sioilar 10 both orders for the 

two shortest intervals, but are not significant for uL: two long intervals. 

In no case did the two order© give significantly iliiierent correlations* 

This is against the assumption that the production* were really ! delayed
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reproductions f j it favour a the hypothesis that the * stored standard 1 

may play an important part even in determining reproductions, toad s'^-^ 

that It Bay undergo changes at a rate suffieiently slow to allow a high 

correlation between successive series of 10 reproductions or productions 

of a .•.,-;? second interval, but vhich greatly reduces the correlation for 

intpT-p-r.Tg of more than a second.

In this experiment the increase in the meaus during the coars 

of iseian found in Experiments 7 ana 8 has been confirmed* It 

a; *.~t the greater rate of increase for the shorter durations ..: 

not -" artefact of giving the shorter intervals earlier in the see?' 

since? it, is again found (though not significantly) c -e the use of a 

counter-balanced order of presentation*

The marked decrease in the indifference interval expected on 

the ' tral tendency 1 hypothesis was not found. However a 'series 

effect 1 vas shown, of a sort vhich would produce a '^rtral tendency of 

judgment 1 ia an appropriately designed experissent, c its effect was 

subject to the counter-balancing*

Practice was found to reduce the standard. deviation* t vx^ii a 

staiiv-^iXi was used, auu 1*0 cauae a similar increase in the means in both 

conditions. There did not seem to be awch change in the rate of increase 

of the means in successive sessions with the saiae ordering of time 

intervals; the change from the first to the fourth session is froa 15.0 

per cent, to 19«7 per cent. This suggests that th© efiect is recurrent,
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like fatigue, but so very certain conclusion can be drawn here, because a 

r 3 say be obscured by the interaction of the 'series effect 1 and the 

counte r-balane ing*

Despite the use of auditory rather than visual stiamlation to 

fill trie tine intervals there vas little change in the differential 

th Id, when the first sessions are coispared with the earlier expert- 

r -o that Goodfellov's (1934) result was not confirmed. Similarly, 

r s do not support the finding of under-ej3tiSkxi.ion vith auditory 

stimulation in th© absence of a standard reported by ^oldstone, Bop.r- 

St \. (1959}» Yhe mean constant error for the first session reproduction 

ttr' 's slightly greater than that for Lxperioent 7, in which a vir il 

stl - va& used* Neither in the production nor in the reproduction is 

there ^ ,L)«neral tendency to under-estimate, and orer-estiaation increases 

in sticcessiTe sessions. This does not exclude thp nor^lbilitgr that u.rrcr­ 

est J.on vould have been shown had the aethod of production only t 

used; but if intermittent presentation of the standard can prerent this 

under-eistijaation it does not sees necessary to consider it in interpreting 

th© tliresbold experiments.

Taking this experiment vith the two previous ones, the feature* 

of temporal discrimination now seem sufficiently veil established to be 

applied to the interpretation of the threshold experiments.

- c indiffer nee interval*

In the la-t three experiments it has been found each tiise that
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the subjects 1 productions or reproductions lengthen during the course

of the stMio&yi and t -,at the rate of increase is greater for saall Intervale 

tnan targe, inouga this last finding was significant only in 

fcjcp«*"?vfrt 7, it appeared in each experiment and ca. * ̂ refers probably 

be at ,--d. It had the effect that vhan the indifference interval lav 

vi 1 i range of time intervals used, it got larger in successive 

blocks.

This augge&ted a possible ecxplanation for ;.-otie of the i cat-res 

of '--difference interval which have been found by previous expp - ' ters, 

If we urne that there is an initial tendency to ancier-estiBtate all 

in. is, a tendency for the means to increase of the sort foxtnd hc= r: 

wtnliG F' suit in short intervals being over-estimated sooner than long 

intei-vals, so that the iudtfferen.ee interval obtained vould be a fw+ Ion 

ef the intervals used, the length of the session, and the initial ©t 

of t ; ;jeets. This would be In accordance vith t, ubiquity of the 

fir that it is the shorter intervals vhioh are over-estimated and the 

lor u.tervals which are under-estimated, and vitu u;i& varied values 

of the indifference interval which have been reported.

These findings cotild also be explained j() the 'central tendency 

of judgment S and a * series effect 1 of this sort wac To and in Experisicnt 9. 

However when this effect v«s counter-balanced the means still increr 

to a significant extent in the second block, and the tendency for th:

^ ir«t<?r^ale to increase more rapidly than the 10ftf *ms still shown*
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The 'lengthening effect 1 vouia provide the readier erplanatioa for the 

finding of an indifference interval when no range of intervals is u^a, 

as in the ea^eriaent by Woodrov (1934) in which h« wanloyed a diffe •-'-+. 

grou of subjects for each ti»e interval* Probably both effects 

conti Lcute to varying extents to any result, deper on the way the 

exptrx-.xint is designed.

Why do the means of short intervals lengthen store rapidly 

Thi. be accounted for, in ^xperisients 7 and 8, IT," the 'series

•ff. , .In those experiments the short intervals nt Vhe beginning "i." 

the second and third blocks followed directly after tiie long intervals at 

the -?f th© first (jtid eecond blocks, while the lon^ intervals were

•Iwi. acceded b&" shorter serifs* Because of this lack of oountGr-

bal * the •series effect 1 would have tended to increase the short and

decree. :c the long intervals. It might even be possible to extend this

to ^xperiment 9f despite the cotmter-bal aiicing, if sose extra

arbitrar5r aesnE^tions wer« made, such as that the I s^'*^- effect 1 acts 

aore strongly on snail than on large intervals, and pro aces larger 

increases than decreases. This is not very plausible, however, and trtlll 

leaves the increase in all means in successive blocks to be accounted for.

Another explanation which could be offeree;. . .or both tbe 

incr^ .^ in the means and th© more rapid rate of increase at the short 

intervals, ie that a change takes place in the 'stored standards 1 during 

the course of a session. It has been suggested that the basis of the
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appreciation of tiae might lie in sooe regular process in the nervoas 

: •!, such as a repetitive arge from pace- Baker cells, which 

could constitute a 'psychological clock 1 and evidence has been pro­ 

tend in." to shov th&t tiae judgments depend on the velocity of an uode. 

cont.: cheitical reaction 0 ieron, 19521 Boaglarc, 1932). Whatever 

the nature of the 'psychological clock 1 , the production of u time interval 

tyr '„..,-... .jject must presumably require that, on one occasion, a 

of _ock's output during the period separating two events must I. 

tcu stored, and that on another occasion this me:.ire must be 

appli .t an equivalent output lap the clock is wee to determine trie 

le:: the subject's reproduction, un this model a change in the 

subj ;jer£or£a&ee could be due to a change in the process of EC :..ng 

the ' '^rd, or in the 'stored standard', or in ttu it is used t:; 

L . „ ..$ duration of the subject's production. irre the ®©ar^. --rr»r 

founc to increase vben the method of production only vas used, in 

Experiaent S, it appears that the change is not an alteration in the 

reception of the stanciardj thus it s«ay be a change LH u;e J stored c'o-j'.-j.i.rd 1 

or in the rroccas of applying it. Thes* alternativeo cunnot be distir: uished 

on t ta available* Jince the **eber function, A U*a) * %, has been 

found to hold for the data in these experiments, tac ; , .aological scale 

for tl;x. couxu £>e taken as being fc » log(f+a), and t!•.•••• subject's stored 

knowledge of time standards can be thought of as though it were in c^e 

form of isarks or note GS on a ' meas\a"ing-stick1 , marked vith unite of this
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teale. The assumption w Bust then ^drt Is thrtt ? "taring the course of a

a positive quantity, 'log q 1 , U au.od to the r-ieasuring-stick, 

so as to alter the origin of the seal©, increasing each point on it by 

tiit amount. This quantity, 'log q 1 , could p ' > be supposed to 

cor ;nd to an increase in the level of relevant neural 'noise 1 .

pro- 
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TABLE

Percenter Increases

A « 100(T*—T.)/Tn | B

standard Intervalgt
ISasmrifKWit 7

At
Bt

Eaoaerlaent 8
A:
Bi

Experiment 9
vitslvdard Xnt©TV&lB ?
Raoroduction Series

As
Bt

If induct ion Series
At
Bt

In the means be twees, the First

= 1C»(VT1)/(T1^.

o^$ i i 1

12.6 17.6 13.0 8.8
3.8 7.5 7.7 6.1

17.7 2Q.2 17.5 4.S
4.6 S.2 9.3 3.2

Q 25 ^^5 i

10.3 8.a 2.5
3.4 3»S 1.6

9.8 8.S 6.5
2.4 3.1 3.4

and Final Bli

4 2

5.5 6.0
4.2 5.2

3.1 1.3
2.2 1.1

i

•0.1
-0.1

4.3
3.7
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the increase is greater at the shorter intervals in the Reproduction -cries, 

bat at the longer intervals in th© Production -Series. Tfeese differences 

Bight possibly be due to the 'series effect', which is not controlled by 

counter-balancing in ExperioMmt0 7 and 8, and th® error involved in 

estiaating 'a'. The residual differences are greater in Experiment 8 

than in Experiment 7, vhich is in keeping with the finding that the 'series 

effect' modified the Production Series, in Experiment 9, more than the 

Eeproduction Series. Thus the figures in this table are not incompatible 

vith the model*

If v* take 'log q1 to correspond to neural 'noise 1 resulting 

froa 'fatigue' during the course of the sessions, then we might suppose 

that the processes involved in making temporal estimations or reproductions 

are adjusted for the 'resting level1 of 'noise 1 obtaining in the everyday 

circumstances in which the subject usually estimates durations* At the 

beginning of an experimental session the subject would be in an unusually 

favourable situation, rested, protected froa distraction, concentrated on 

the task* thus 'log q' sight be dataller than usual, giving the initial 

tendency to under-estinate intervals previously assumed. In successive 

sessions, as the tusk becoaes less novel, asd the subject more bored, the 

initial concentration and interest aay become less, giving a larger 

initial value of 'log q* in each session* This would account for the 

tendency for the mean constant error to increase on successive days which 

was noted in Experiment 9> and it is in keeping with the finding that the
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increase appeared to be present in the first block, with little suggestion 

of an increased rate of lengthening of the means froa day to day.

This explanation is speculative and requires considerable 

experiment to evaluate it* However, as this would constitute a divagation 

froB the original object of the investigation, it was decided to leave 

the problem at this fttage, ar.d return to the consideration of the 

threshold experiments*

Temporal discrimination and threshold level*

In Section 3*1 the hypothesis that the accessory stimulus 

functioned as a * warning1 , aarking the beginning of the time interval, 

was discussed, and it was suggested that, in this case, the fall in 

threshold would be & function of the precision with which the subject 

could predict the raoment of arrival of the stimulus* Since he can at 

best determine a range of time over which the stimulus ia probable, and 

not an instant at which it ia certain, his adjustment of the * critical 

value* determining the threshold would be related to the size of this 

range* At the larger intervals, where the range will be wider, the 

reduction of the critical value would be correspondingly less. The 

subject sdght, of course, vary the critical value continuously, as the 

subjective probability be attaches to the occurrence of the stimulus 

varies, or in some other fashion, but as & first approximation we will 

assume that the critical value is either at an 'asymptotic 1 resting level, 

corresponding to the threshold that would be given with a very long
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inter-stiffiulus interval, or drops rapidly to a lover level which is held 

constant during the range of time that the stimulus is considered probable, 

OB the assuiqption that the temporal discrimination function obtained in 

Eiperiments 7 and 8 gives & sufficiently close estimate of the degree of 

the hypothesized uncertainty in the use of the inter-stisulus interval to 

determine when the critical stimulus is to be expected, and that the changes 

in threshold in Esperiswmts 1, 2, and 4, can be used as estimates of the 

corresponding changes in the critical value, ve can now examine whether 

the falls in threshold, on the log ndcroaap. and decibel scales used in 

those experiments, were inversely proportional to the 'range of expectation* 

of the sti»ulas.

To estimate this range of expectation we can take it to be 

equivalent to a constant number of j»a»d*s« As the j«n*d«s the values of 

A ̂ given lay equation (17) will be used, these being derived from the two 

experiments most siiailar in design to the threshold experiments. One 

feature of this Weber function vas the fairly large value, 1.57 seconds, 

of the additive constant 'a'. This constant is souetiaes taken as an 

expression of the 'background noise 1 which, it has been suggested, is the 

liaiting factor at the absolute threshold (Gregory, 1956; Cane & Gregory, 

1957 j Ekaan, 1953, 1959). Hpwrrer * noise 1 could arise not only ia the 

process of 'receiving1 the stlmlus, bat as variation in a 'trace 1 , or 

in the processes involved in applying the trace to a task, such as 

reproduction. Thus the value obtained might reflect, at least partly, the
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*ubject f 8 response variability, aad in the rather different use of the 

'stored standards 1 which sight be taking place in threshold discriaination, 

toe valtie might be different, and possibly considerably less. In view of 

this possibility it seemed of interest to nee what relation would be 

given if the range of expectation was estimated on the assumption that 

the value of 'a' is negligible, i.e. if tfa© range were taken as a constant 

proportion of the tins interval, T.

An inverse relation between the fall in threehold and the range 

of expectation can be expressed by the theoretical equations:

UwL)AT»k .................. (21)

and (^-L)f * k« .................. (22)

where the range is derived from the temporal discrimination function found 

earlier, or taken as a constant proportion of the tine interval, 

respectively, A is the ' asymptotic' thre hold level when there is no 

temporal information, X* is the level to which the threshold falls, and k 

and kf are constants. The results of fitting these equations to the 

thresholds determined in Experiment 1, Conditions (a) and (b), Experiment 2, 

Conditions (a) and (b), and Experi&ent 4, are given in Table 11. The 

equations were fitted by the method of least squares, and an analysis of 

variance perforaed to determine whether there was any significant departure 

from linearity of regression for either equation Igr coaparing the variance 

due to departures froa linearity with the residual variance after the 

effects of Tiaee and oubjecta had been extracted. In each case the
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TABI£ 11

Regression on (3/A?)* L » 2.226 - Q.

Regression on (3/T); L » 2*200 - 0.099(1/T) 

Analysis of variance (thresholds)
Source
Linear regression 

(2/^t)j
Deviations from linear 
re gre ss ion { l/7\ T ) i

Linear regression (l/T):
Deviations froa linear 
regression (lA) !

1

3 
1

3

Kean Souare

0.025990

0.001157 
0.027701

£
326.76

5.64 
135.13

2.85

S^gnificj

D< 0.001

0*0.01
D< 0.001

NS (p-cQ,
20 0.000205

Regression on (l/A^) 1 L * 2.327 - 0. 

degression on (l/T) J L « 2.294 - Q*

of vejriiiaee (thresholds)
oource
Linear regression

(VAt)>
Deriations from linear 
regression (1/A^) J

Linear regression (V^)j
Dwri&tioaa from linear 
regression (l/T)i

d.f.

1

3 
1

20

Me&n oquare

0.039025

0.002540 
0.0395S3

0.002354 
O.Q006&7

F

58.51

3.B1 
59.34

3.53

Significance

D< 0.001

D < O.,05
p<O.Q01 

D< ̂ .05
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TABLE 11 (eontd)

2(&)

Regression on s: 2 12*5 - 0*•* fc»JLC^> «•» '--/•

Regression on Wt)i L « 2.10$ *

of variance (thresl^olds)

&£L
Linear regression

Deviations fr«» linear 
re^xession (l^Ax): 3
Linear regression (l/T)t 1
Daviations from linear 
regression (l/^)s 3

Eesiduali 16

0.013940

0.001088

0.015321

0*0002^7

Regression on (X/A?)* L * 2.167 - 

Regression on (l/f)i L » 2.142 - 0, 

analysis of variance (tbreafypMe)

Linear regression
(VA*)t

Deviations from linear 
regression (l//\T)i
Linear regression (lAl
Deviations from linear 
regression (2/T}<

uesidual:
3

0,021625

0.000421 
Q.021194

0.0005^5 
0.000677

I 

56.U

A. 40 
62.03

2.54

31.94

Significance

e^o.os
p< 0.001

SS

0.001

0.62 SS 
31.31 D^ 0.001

0.83
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BU: n

Experiment A

Regression on (I/A?)* L * 0.360 - 0.015(1^ T) 

Regression on (l/T)« L « 0.337 - O.Q75CI/T) 

of variance ( thresholds)
Source
Linear regression

(I^AT) t
Deviations from linear
re •*?(>. s sion ( 1/A T) :

Linear regression (l/T)j
D«T iat Lass from linear
r: , don (3/^)i

Residual!

d.f.

1

3
1

3
32

Kean Saaare

0.025092

0*000509
0.024021

0.000866
0.000452

? Sianificance

55.51 u^O.OOl

1.13 »S
53. 1A o^O.OOl

1.92 HS (p^0.2)
•

r-,- ,rriffien"fcB

A::

T: 1.129

1

1

0.001

8S
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equations detox-mined are given in the foras L = A-k(l/A?) or L = jUk'(!/?)< 

The corresponding curves are plotted in Figures 7 and 8.

Both equations provide highly significant regressions for 

each experiaent. Deviations from linearity of regression are significant 

in three out of five regressions on (2/A?) but in only one of the 

regressions on (lA) f though in some of the cases where the deviations are 

not significant their probability levels are nevertheless fairly low*

On inspection of the figures it can be noticed that for each 

set of dataf the experiaental points at the two extreae time intervals 

fall below tbe A T regreaeion, while they appear to be more randomly 

distributed in relation to the T curves* To test whether there was a 

significant tendency for the deviations from the regressions to be in the 

fane direction for corresponding time intervals in the different sets of 

results, a chJUsquare test was performed, the 2% aean thresholds shown in 

Figures 7 and 3 being grouped into two classes, according as they fell 

above or below their respective regressions, for each tine interval* The 

1 and 9 second points, and the 2 9 3, and 4 second points, were grouped 

together, to ensure adequate expected frequencies. The values of chi- 

squaro which were obtained are highly significant for tbe A T regressions, 

bat not for the X regressions, suggesting that the deviations of the data 

from the best-fitting curves in the different experiments are randan in 

the latter ease tout not in the former* The propriety of this test can, 

however, be considered seswhat dubious, since it does not take note of the
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extent of the divergences, siaall deviations being given as auch veight as 

large, and because the grouping of the points in 'post hoc 1 . However, 

taken with the greater tendency for departures fro® the AT regressions 

to be significant in the analyses of variance, these results do provide 

sons slight evidence that the regressions on (1/T) tend to give th© better 

fit.

This finding suggests that the value of the additive constant 

'a 1 , in the Weber function properly describing the temporal discrimination 

vhich nay be occurring in the threshold judgment situation, may be sousewhat 

saaller than the estimate obtained froia the tsssporal production and 

reproduction tasks* Should th© limiting factor in the threshold fall 

prove to be the accuracy of teiaporal discrimination, and should the lesser 

value of f a f be confirmed, this would suggest that f a f represents, at least 

partially, variance resulting from the functioning of the mechanisms 

involved in the tasks by which sensitivity to duration is determined, and 

that when the tine interval is used as a 'warning 1 , and treated centrally 

only, this extra source of variation is by-passed.

Had no simple or close relation been found between the fall 

in threshold and ttoe discrimination of tine intervals, the 'warning1 

hypothesis would have been acre difficult to maintain, and the 'arousal 

response 1 hypothesis would accordingly have been supported. Had the 

relation to AT been clearly closer than that to T, this would have seeiaed 

good evidence for an hypothesis based on temporal discrimination, since a
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close relation of this sorb would not appear a very likely consequence 

of 'arousal 1 • However, the best fit appears to be given when the falls 

in threshold are related directly to the tiae interval* This could mean 

that the temporal discrimination function which properly applies here is 

close to eber's lav, in its classic formulation; but it is not implausible 

that change in the degree of the state consequent on arousal might be 

inversely related to the passage of time. Thus the finding that has 

emerged does not decisively exclude nor markedly favour either hypothesis.

4.7 Conclusion.

As the relationship which has been found between the fall in 

threshold and the time interval fails to indicate clearly whether the 

underlying proee.es are of an 'arousal 1 or of a 'warning* type, we are 

left ¥ith the probles of deciding between these hypotheses* In order to 

do this it is nseesaary to find predictions which are in conflict and 

which can therefore be used to sake experimental tests of the fcypotheees. 

SOB© of their consequences which aay prove useful for this purpose aret

1) Different mechanisjiis of threshold change aay have different implications 

for threshold variability,

2) The effect of randomising the inter-stimalas intervals over a small 

range may have different effects on the threshold when this range is 

Miller and when it is larger than the 'range of expectation', if the 

'warning' hypothesis holds*

3) If the fall in threshold is a consequence of some physiological change
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vhich must have been effected at the tiae that the critical stimulus 

arrives, the latency of this process should produce a point of inflection 

in the curve relating threshold level to time interval, if this is plotted 

for short tin© intervals, and the effect of the accessory stimulation on 

the threshold should disappear vfeen the inter-stimulus interval ifi aero. 

A) 4 fortiori* in this case, if the accessory stimulus follow* the 

critical stimulus it should have »o effect on the threshold. 

5) An 'arousal 1 effect aay vary vita the strength of the accessory 

etiaalus, but if the latter serves only to convey temporal information its 

strength should be irrelevant to ite effect, provided it is itself abcwe 

threshold.

Theee predictions vtll be elaborated and experimentally 

evaluated in the following chapters.
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THRESHOLD V 

5.1 Introduction

This chapter vill consider the changes in the standard 

d«v m and in the false positive rate that say occur as the threshold 

vario.. , If we suppose t&ut a process of distinguishing signals from 

noi" '>teroines the level of the threshold, then there are a maatx^* f 

vtiys in which variations .in this process could alter the threshold, r •":, 

the ;uld have different effects on the threshold va lance. If, 

however, the older theory of the threshold is asserted then changes in

^u^u level oust presiisHnbly be attributed to changes in the subject's 

^r.rjy to "guess 1 , increased guessing lowering the threshold at thr 

cost of increasing both its variance and the false positive rate.

In th© account given Toy signal-detection theory the threshold 

at oiv vita« is deteriLined by the vales of c, the cut-off point or 

criterion, and this value depends both on ths features of the H and ;/J? 

distributions, and on th« procedure for cospatlng the optimal criterion. 

In statistical decision tfieory the criterion confuted is a valtie of 

likelihood ratio, ft , vhich corresponds to a criterion value, c, of x, 

that meastire of the central effect oi ou« stJbsulus which is used to 

determine the response. The distribution of l(x) on x depends cm both 

the h and SS distributions, so that the value of x which corressponds to 

Is affected by any change in these. Thus the threshold could be nsade
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to vary by a chacge in 1^ or M^, the isenns of the two distributions, 

or in d^ or cwf their standard deviations. j& will also, of course, 
be affected by changes in the quantities fron which it ie computed, 

«teh as values, costa, and §, priori probabilities of signals and noise. 

It follove that any process which affects the thresholds, each as those 

postulated by the 'arousal 1 and 'warning1 hypotheses, must, in terms of 
this model, correspond to a change in one or aore of these factors, io 

see what changes to expect in the standard deviation as the threshold 
falls ths implications of the different hypotheses must be worked out 
in terms of the signal-detection model*

Equation (10) gives the formla far calculating the critical 
likelihood ratio when the optiaaal criterion is taken to be that wiu^u 
aaxirdses the total expected value of the subject's performance. If an 

equation of this sort ware found to fit it would not ijsply that in i,:d 
threshold decisions the subject makes unconscious Eathsaatical inferences 

exactly equivalent to working out tfa&e equation, onl^ chat whatever 
processes underlie his performance are equivalent in their effects to 

the consequences of the equation* ?he expected value criterion is tiiat 
which has aofft usually been assumed in the applications of signal^- 

detection theory to the threshold (e.g. Taimer «St Svets, 1954} Tanner, 

Swets & Green, 1956} Licklider, 1959} Groan, I960), bat it is not the
only oDtietal criterion which could be applied. An ia^>ort&nt alternative 
(Birdeall, 1955), based on the work of Heyjaan & Pearson (1933), requires
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that Iw(i) should be maximized, subject to P«(A) not exceeding a constant~-*-. Ix

limiting value, € . In this case th© criterion is thai, value of l(x) 

for yhich

PBU)=« .............. (23)

reyman & Pcarson did not vish to weight their criterion ^ the g. pri--.. 

probabilities, but Peter son & Birdsall (1953) present a Bodification of 

this criterion in vhlch it is weighted by P(I), They require that 

p(S.A';f - o, where PO limits the false positire rats, and that P(3£»*)

should be MflflBal. The condition for the criterion c^r be expressed "^

and ti.i: criterion is then that Talne of l(x) for which P«(A) = k.

Eovevcr it is not necessary to soppose that, the subject 1 c 

•opitoriois computer 1 (Sveta, Tanner & Birdeallf 1955) confutes one of 

these formulae or a close approximation to it} the subject aight m-e 

MM other system of \ " or values than they- allow for, and this 

most be remembered in considering actual cases. Though Tanner & Swets 

(1954.) found that variation of the laonetary rewards and coats given to 

subjects for their p«rfonaancet and Tann*r, Svets & 'irecn (1956) that 

variat-ion in P(^lO led to variation in the value of fi determining the

responses, this do© a not allow us to conclude that the 'criterion 

employs the expected value criterion; the exp licit values, 

costs, and a, priori probabilities prescribed ty the experimenters could 

used to affect a criterion not usually calculated fros equivalent
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'subjective' terae. It might be noted that though Green (i960) found 

that the variation in f was in the expected direction, it was not of 

the expected extent*

However, whatever oeasures the subject ®sgr be supposed to 

eocpute the criterion from, they will b« subjectiv in uo© sense tha* 

are not necessarily the same as the values prescribed by the •aqperimenter, 

the . ct will be uain^ bis own approximations to or estimates 01 thoa, 

Thus though the objective valoe of r>(Sli) will change from 0 to 1 at 

sxacu sad of the Inter-stimulus interval this will not be troe of the 

•abjective value, which will at best rise to a sowsvhat lower value wv^r 

a , . of time about the end of the interval. Similarly, even thm. rh in 

tbfi : '. of limit e ?(£$) =1, and this may be known to the subject, he 

is better considered as working with a subjective a. priqrjl probability 

of atiaulu£ which is less than this (on the 'expectad value 1 cric.vri.on 

F(w } = 1 would give p » 0). In considering hcv th© threehold may 

chai~,-e, the various ways in which the criterion aight be computed East 

be borne in aind.

If the arousal hypothesis is maintained, th* effect of the 

accessory •tiimzlus is to cause an almost iaasdiate reduction in c, \ rr^cn

then gradiialiy return* to ita 'asyi^totic 1 or resting level, c . This 

i& not readily compatible with the 'expected value 1 criterion! the latter 

iraplies that, if the values and costs are taken to be constant, ? will 

vary with changes in F(K)/P(SR). Unless the subject is denied all ability
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to estia&te teusporal duration, which fl**ras mureafjonable, the subjective 

value of P(3ft) most be supposed to vary ctoing thfc course of, say, a 

5 t inter-stimulus interval, from a value close to zero at the

ig of the interval to a value near unity towards its end, with 

correspondingly initially very high ana later very low. It would 

seen to require very considerable changes in the K »nc! £8 distributions 

to o.iv.oigh this, so that it seems more plausible to ;., ...... .JL

r. v . is with a criterion suea as that of Ueyaan & rearson, which ;,. • 

the a vantage of being independent of P(3I) f and of th& fora of the 

distribatioa,

Uhen the asethod of constant stimuli is used tfee standard 

de\ - -vn of the subjects 1 responses can be taken to be directly r d 

to the standard deviation of the 'signal * noise 1 distribution. The 

relation of tfee standard deviation of threshold estiiastea obtained by 

the LreUiod of limits is rather more complex; however, it can probably 

be taken to be approximately linearly related to (£„({. ; an«, 1956), T 

•wggeols that in any investigation of changes in variance it would be 

totter to use the method of constant stisulij this would also allov ,- 1st 

positive rates to be measured, so it is of cone interest to consider 

the features they might show*

Signals-detection theory assumes that & shift in tfaresi. 

stust be accompanied by a change in the false positive rate, as shown by 

the R»G»C. curves which relate £,.,..(A) to r»t*0« However, the theory was
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developed for situations where it could be assumed hat each response 

Bade by the subject was based on one decision. In the present situation 

this expectation must b® issodified. Curing an inter—-tiaulia interval in 

which the subject is watching for the critical stimulus the 'noise 1 

could exceed e at any tiae. While it remains belov tl c criterion, no 

response is aade until the end of the trial is reached, but if it exceeds 

c this will cause a positive response, '^he decision laeohanisn that 

relates the continuous afferent input to c cotilrf on prate continue &ly, 

or it could ba 'quantal*, dividing the time that passes into 'units' or 

'•osxmts 1 , for each of which a threshold decision Is isade. If it were 

assumed to be intermittent this would make it easier t-.) calculate possible 

effects on the false positive rate. Can this aMuption be supported?

It has been suggested that minimal sampling tines may be 

in a ntmber of types of perceptual analyses. : '>.> • Attnewre & 

nolda (1950) studied the maadiam perceptible L frequency between 

two flickering lights, and obtained a value for this of 5 c*p«s» Callaway 

& Alexander (19^0) presented regular trains of flar.;f ;:, or clicks, or 

both to their subjects, who vere instructed to re to the eessation 

of the train. When the reaction times vere plotted M clnst

frequency the curves showed perturbations, and fr< rely aaxiaa, at 

about 10 c*p.s«, which the authors interpret as evidence of a discontin­ 

uous saEnnllne: of sensory data et about this rate. Oheatha® and White 

(1952) presented short trains of flashes to their & ts, at 10-30 c.p.s. 9
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found that the subjective flash rat© did not exceed 6-8 flashes per 

second. They concluded that the Tipper Halt to the number of flashes 

that CDtil<* be perceived was about one per 1DO msec. In a similar 

ssperiaent using sound pulses at the same ratee, they again found a 

limit to the subjective rate for perception of the pulses, at about 

9-11 pulses per second (Oheatham Si white, 1954.)» and Uie finding has 

been extended to trains of touch stimuli. They conclude that there is 

approximately the same upper limit for all three senses, about 80 msec. 

per perceived stimulus (White fa Cheatham, 1959). Pros bent (1958) 

considers that work on the intelligibility of inter * speech suggests 

a sensory sampling tiiae of 1/3 second. Hirah (1959) found that the 

order in which fcwo sounds vere initiated could be distinguished with an 

accuracy of 75 p«r cent when the interval separating them was about 20 

msec.; if this vere interpreted in terms of a cent al sampling time it 

would indicate a rather siaall value. Broadbent & ace iogcd (1959) suggest 

however, that practice and optimal experinental conditions may have 

alloyed the subjects to use a feature of the stiimlus -ralysed at the 

periphery in Baking the judgmentj they quote evidence suggesting that in 

the absence of such conditions & tiae of 150 msec, is r^cessaxy to 

distinguish temporal order at the 75 per cent level* troud (1955) has 

presented data on the apparent brightness of seoosrices of flashes at 

different rates, and reviewed a number of different studies which lead him 

to sTisreeet that the sensory sampling or integration tiae can vary between
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0,05 and 0.20 seconds, with a value of about 0,10 seconds vben there is 

no feature of the stimulus input tending to aodii^ its length,

Though th«s« studies suggest the possibility that a sampling 

tine nay play a part in a number of perceptual-motor tasks, they do not 

justify the conclusion that sampling necessarily occurs during the time 

that a subject may be watebing for a stimulus. Host of these observations 

are difficult to interpret unambiguously and might quite veil have other 

•Kg*lunations| and if sampling occurs in eoiae eases it docs not necessarily 

occur xii others, iiowever tae assumption that the intcr~stimulus interval 

is divided into sampling times makes it easier to calculate possible 

chafes in false positive rate, and in this respect >ably supplies a 

reasonably close approximation to what might be expected front a continuous 

function, therefore it will be tentatively a a sussed, s a natter of 

eonver.ieace, t&at the time intervals are divided up -.^o 'moments 1 of 

about 0,1 seconds each, for each of which a threshol ~?cision is tede,

la each trial the inter^timulus interval oilers a number of 

opportunities to make a fal&e positive response durlr a period in vhich 

the stioulua will occur only once, oince subjects miwt often, in the 

course of their daily activities, watch for stimuli wnose appearance is 

uncertaxii, and whose tiae of arrival is indefinite, ve nay si^jpose that 

c is usually given a value sufficiently high to oakc -, occurrence of an 

<Mll)ai lailliiL nuaoer of f&l&e positives unlikely, even v hen watch must be 

maintained for some time. One consequence of this is taat for any fona
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of the 'arousal 1 hypothesis the false positive rate should be lees the 

•barter the inter-stinrulus interval* -ince c undergoes the sane change* 

whatever the tine at which the trial is terminated, the false positive 

rate for an interval Tg will alwatys equal the false positive rate for 

the interval T. plus the rate for the added duration (T^-,!-), where 

T« > T-. When the value of c is initially such that the false positive 

rate will be low for periods of observation of the ,- we have used, 

differences between the rates for different interestinulua intervals are 

unlikely to be detectable without large mashers of -vation*, Ihaa» 

if we suppose that the value of c i& such as to giv- . raise positive 

rate of 1 per cent for an inter-stimulus interval of 10 seconds, and 

disregard the fact that subjects may wait sostevhat . .r than the length 

of the interval before ending a trial, then, if P«GO is kept constant, 

the false positive rate should b« 0,5 per cent for ,u- .uiterual of 5 seconds, 

and 0,1 per cent for 1 second* Percentages as saa.1. theae would 

probably be indistinguishable in practice. However ,-•,., -jotall Maintained 

increase in x'g(A) Eight produce a relatively large 1: ,;• ease in the false 

positive rate, since each 'aoaent* would provide an increased opportunity 

for a false pO6i^ive to occur. For e;xaaiple, if tut value of c giving a 

1 per cent false positive rate for er interval of 10 c eoonds were reduced 

by -JtJj, for that period, iV(A) would increase from 0,0001 to 0,0006,
I ?

causing the false positive rate to increase from 1 per cent to 6 per cent. 

The ways in which 'arousal 1 might affect t:ie threshold include:
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(a) The effect of the accessory stimulus might be to reduce variability 

in the? afferent pathways, and other sources of 'noise 1 variance, with 

the ot of reducing d*> vhlch would then gradually return to the

resting level. If th® value of c Is altered as Cv c .3, so as toi'*

F|f(A) constant, as wuld be the ease if the Meyaaa-Pearaon

is being applied, there womld be a fall in unrosnold for short

Intervals* ^here should be no effect on the false 

positive rate, as coispared vith a hypothetical 're ^ rate 1 , i.e» 

th© rate that vould b© given dtiring a period of e tial : - < la which 

th© • "-^ct operated In th© same fashion, but vhic;,- -'I: 5 not begin vith 

a& j^-^tial stirsolix*. Soeb a 'resting rate" might o^- obtaiowl from a 

vigilance task if the subject's p«rfo.na«ii©* could tr- ronsider«d to be 

cc ,.:t tbrougJaout th© period of vateh# It saaj be ju/uaci tjoat in this 

case, since PN(A) is conetant, false positives are equally likel/ to 

occur at any tiiae during th® inter-stimulus intex-v^x. t-inec tli« variable 

central effect of th© stimulus is at least partly atie to its being added 

to the 'noise 1 distribution, ve can suppose that if d is reduced oV« 

will also undergo a reduction, iherefore the thre variance would 

decrease a« the threshold fell* (b) Th© effect of the accessory stimtlus 

migiit oe to cause a redaction in %, toe mean of t'-c., 'noise 1 distribution, 

vith a corresponding dowisward shift of c. Here the falws positive rate, 

and thf; variability of the threshold response votild be tmaffected. (c) 

That part of the decision process vhich computes or .aaintainB the
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value of c could be affected, re stilt ing in a dovn t of c, with 

the tvo distributions remining unchanged. This VQU.JUU a«v© the effect 

of lowering th€ threshold without causing ax$r change in threshold 

variance, and of increasing the false positive rate as cos^ared with 

the resting condition* It would also have the effect that the false 

positive rate vould increase disproportionately - ly for the short 

intervals, the increase from, say, 1 to 2 seconds being greater than that 

fror, r to 3 seconds. Thus the false positives would be more likely &* 

occur in the earlier parts of an interval than in tb-; later, despite the 

fact that the stimulus IB not probable until the end of the Interval. 

Hovovor, since false positive rates are usually frvirly low it is difficult 

to confirm predictions of small differences betveen thorn.

If the first two alternatives are consi,v --jd as ways in vhieh 

a 'reflex 1 change might operate, the third could bo described as an

effecti there is no change in the sfficiei.ey of the afferent 

uixs, instead th© response is a change in the cri^i ._on for threshold 

decisions, with an increased tolerance of false positives.

These are not th© only assumptions that could be aade « for 

in 3, one could suppose' that oj, and H^ are both reduced - but they 

the simplest arid most plausible alternatives. >s they stand, they 

that the tlireshold variance WGUJUI eitner ste;; constant or fall as 

the threshold falls.

The possibilities suggested by the warning
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(d) During the 'range of expectation 1 t*n-~ -nreparatcry effect might 

produce a reduction of cc. If c is varied to keep P,T (A) constant it 

will be correspondingly reduced. Here we need e e no criterion 

aore complicated than that prescribed bgr eqtlation (23). The 'criterion 

coaputer 1 would take account only of ?«(*), VL,9 and cc,. The subject 

makes an adjustment for the increased P(SJ-) by lowering j*uf but we need
a

not ...;. i:.ut it also enters into the computation of the criterion* 

The effect of this would be to lower the threshold, or.d to reduce its 

T&T.UU-oc correspondingly, dince *^i*) regains con - *wbe false 

positive rate should not be affected, (e) M« is lowered by the 

preparatory effect, acd c correspondingly reduced, ihla aliould not 

afreet false positive rate nor threshold variance, (f) A Jadf^ntal 

effect would correspond not to an alteration of the state of the 

afferent pathways but to a change .in the computation ^f the criterion, 

dur i.-> thr. change in the subjective probability of" thr ^tijiulus, ?C '. 

in the range of expectation. Here ve _^ . H-SIBEC a criterion such ^.,. 

that in equation (lD) f or that prescribed by equation (2A>« However 

the first prescribes a likelihood ratio, which can only be used to 

a value of c if both fjjW and fs$(x) are known, whereas the latter 

criterion can be used when the subject does not know the exact form of 

the ^K distribution. This makes a criterion such a& "i^e latter more 

pi ,-le for experiments such ae these, where the subject is not given 

extensive preliminary practice vith a limited range 01 stimuli, and
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especially when procedures such as the method of limits are used* 

Curing the range of expectation P(SK) will increase for each 'zaosent 1 in 

the rin e, P(K) will decrease eorrespor-aingly, ana *,-v.-0 can be raised 

mecott^r^ly, giving a redact?*™ In c which will be greaLer the greater 

the ii••.;... a in ,, i.e. the smaller the range. ince there will be 

an inv, e relation between the 1 of the rar.je u;id the increase in 

P«(A) will Je little effect on the false positive rate, and the 

uuj_.., \i__iaiice will, of course, not c- e»

Thus hypotheses (a) and (d) appear to predict a fall in tb--

• ? r.c (b), (c), (e), and (f) constancy, a^ the tiiresbold falls. 

5«2 -^ ation ci the e. _ ^ _ _.

in ijq>eriaents 1, 2, and 4 the st. " iation appears to

• • '~ Ime interval decreases, but not in Experiment 3, in which w 

did not fall. To teat ar the increa es were significant, 

the re ions of the • ~irtl deviation (?) of i : Id on inter- 

BtiKulas ir,terval U) were calculated ancl tested bj -iiUiiysis of variance 

in eacb. c^.se» The results, in Table 12 f show onao u^c;, : r oaion 

coeffic'--^ I? negative* In '.xperisients 1 and 2 neither equation is 

eignif Lc r.t, though the probability is less thar. 0.1 when their data are 

combined. t 4, however, is ldgh]y signif . Thus these 

three ex-.eriLients r '-t that there caay be a s3 Increase in 

Tariancc; as ttte trj-esuold falls. The ,:;tiui-ou oi li^i.'^, w:.;ica gi^- •' / 

variance not very simply related to o'>; (»ane, 1956), was used, so that
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it IB of interest to examine the tkr&«oold variance ucinj the method

of constant stimuli. This vould also allow th© false positive rate to be

Lie d»

5, -• .singes in threshold varj

It wms thought that significant differcncrc in the variance 

Bi^ht be more likely to appear if a sisall nunher of experienced subjects 

were used* The experiment was designed in two parte. To make sure 

that argr difference between the result® that Bighi* ^ obtained witu u:e 

•ethocl of constant stimuli, sr»d thos* vhich vere ob l^od earlier, should 

not be attributable to the difference of procedure .. , the two latt.uoda 

wre red in the first part of the experiment.

procedure

Th« aaaie apparatus was used as in Experiment L to provide the 

This wae a 30 msec, increase in the ir ty of a constant 

tone of 500 c.p.s. at 60-70 db. Ji.. The rise a- ;/ of the pulse 

had a time constant of 25 msec. The subject sat in a ..oaerately 

illuminated sound-shielded room 18 inches frrtw ». ^h't.^ screen, 20 inches 

2/v inches in size, at the centre of vhich were tw> neon bulbs, hen 

riaenter pressed the operating button this sv itched on the upper 

gut, providing a pre-varning, and started a tiding circuit which 

•vitched on the second bulb one second later, to provide the accessory 

stimulus. The inter-stimultic interval, vhich w»s 1, 3, or 9 *econdsf was
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determined by a second timer; at the eod of this time the amplifier 

was switched in to start the too® pulse, vhich was jnated by a 

third ttaer 30 msec, later. The form of this was monitored on 

a wosaor Oscillograph. The two neon bulbs stewed on until the subject 

had responded 'Yes' or 'No 1 .

E*e& session began with & few practice runs. Then three 

de ; series of ctiasili at intervals of 0.1 cb. were presented l%f 

the method of limits ('H.'), on® for each of the three time intervals 

as ^, xperiiaent 4* These were followed by three series of stimuli, one 

for each intor-stisnilus interval, presented by the rp.thod of constant 

stinuli ('M€£'), LAok of these series consisted of 22 stimuli vhich were 

pr .!d in a random order determined with the help of r&ndoa nuoixr 

tables (Fisiier 1 lates, 194B). rhere were 10 'strcu 5 , ID 'weak 1 and 

2 'blank 1 stimuli* The values for the 'strong 1 and 'weak' stimuli were 

chosen r.t the beginning of each session, on the basis of the 1IL series* 

Tbe interval between them was 0.10 - 0,15 db., and 3 were selected 

that were Judged likely to be just above one just oelor the subject's 

th1 ' 'u. :.ach block of three KL series and three i«Jo series vas 

repeated 4 times during the course of a session, vhich lasted 1J--2 houre*. 

Tuo eaqpcricnced subjects vcrc used, the one doing 4- and the other 5 

se .->. In 6 sessions the series were presented in the order 1, 3 9 9 

tec , and in 3 sessions in th& order 9, 3, 1 secom .
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la each session -., a v*r* four ML t .,/.< determinations for 

each of the three tinse internals. The sse&ns and st -d Aviations of 

these were calculated for each session, and for the 9 ^^tons, as i& 

the e.-jr3J.er experiments* tfee proportion of positive responses for the 

'veak 1 and 'strnr^1 stimuli at .<* given tiae interval in each session ver© 

cor d into probits and a straight line fitted; the 5^ per cent point 

r, trJ:en as the threshold air the reciprocal of the probit regression

cient as the standard deviation (Finney, 195^), and avera^s values 

were calculated for the 9 sessions* The false positive rate was 

calculated for the 72 'blank 1 stiissili at each time interval. Analyses 

of variance were performed on the standard deviations obtained vith each 

method. The order in which the tiae intervals were ^rsserted had no 

apparent influence on the results, so that this has been disregarded in 

presenting the re salts, which are given in Tnfcle 13.

The fall in threshold as the inter-*stimiiTiic interval decreases 

confirmed by these results for both psychopiiyEical raethods, "the KGS 

fci-itfxlda are all lover than the corresponding ML thresholds. This 

difference might possibly not have been found hac! r ing series also 

teen used for the latter. The L. deviations ~ned bgr the method 

of limits are considerably smller tlian those given bv the method of 

cor - stimuli. This is in ke ^ vith th© fact tlvit the HL thresholds
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are determined by a set of th© subject's re«eons«st so that their

sight be c er®d as a sort of saiapli . _' Mon variance 

KL st r f^ard deviations shov a slight fall aa the threshold 

standard deviations a sosfcewoat greater rise, riowrcr in 

T^t.'-r-i- ease does the aatOyeis of variance show a significant effect 

«f Tiises on the stancard deviations, BO that there IE no erlrfenee th-t 

the ; "^ deviations are not constant for the di , interval?. • 

The -re of the fairly large changes in the MQS st tj deviations 

to ignifiectBt reflects iue c«B«5ia»rai>l© resio i. ., -\riability. 

po^" 1 ": -- reason why this experiment should liave produced no significant 

efi'»"ct of Tisies might be that ths repeated «... ... _es j.'roa oae procedure

to 'oli.:- other ve e disturbing to the cts and increased the va 

Of -ineir perioruir.cc. ..rc-thcr reason for this varlability nay bav® been 

the rather long sessions, Tbase were rocess&ry to obtain all the thres- 

ho ^ , but they may h&v© bees rather ''ling to the 

en .-,, and so laay liave induced variability. Th- ,;>. oi only two 

at -.3 strengths in the !-:'CS series is also im&r ^ory; more 

re"' '"..o resultii i iiave oeen given ij. i---«-er ..••... —j^i- 01 stimulus 

strengths bad been used.

The false positive rates provide a test uf the hypothesis 

that the inereased t^'._iioi.^ at the shorter intervals are due not to a 

;e in a si^ial-detection procedure bat to an increased rate of 

3 t If this were true it would be shown fcgr an appropriately
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r false positive rate at tins shorter time intervals, yet the false 

o^itive rate actually decreases as the interval shortens. The total 

number of positive responses to *v©akl or 'strong1 stismll is 317 out 

of 7*w '-jresentations at 9 seconds, 519 out of 720 at 1 eeeond. Gtxe^in 

wou_.. neount ^or this differ*-"** if the false positive rate were 0 per 

cent at 9 seconds and 50.1 per cent at 1 second. From the results 

•'., this explanation can clearly be rejected.

In the first half of the experiment it -. ,.. found that the 

aethod of constant stissuli could be used to shov the i'all in threshold 

at , time intervals and tfcur- vh«n it was used a corresponding increase 

in the " -"iability was shovn, which, hoirev:-r f was not si leant. 

The ;.:. ; ;r,d half of the experiment was designed to < - •" the v^r^abLlity 

of ••...-. icaalte fcf^ using onlj one method (*.,~ ^;v tvo tiae interrals, 

and so being able to use saore stisalus at. : to preseat more

:li, avoiding possibly disturbing changes of ire, and aosnewhat 

^ the sessions.

ure

aamc apparattis was used as in the fir;.:t part of the escperi- 

aent. The aethod of constant stijmli wae & '^ >d only tvo tisse

re used ,in each *e*aion. Each c Lsted of 5 series 

at tiae interval, p ; bed alternately. For each tiiae interval 

four stimulus strengthe, spaced 0,1 db. apart, were ua&d* A series of
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<i of 4 • ' 'H at eaeh of the four stizralus strengths

and 4 'blanks 1 , rar^o-.ly ordered with the - 1.." of random nnaber tables. 

• «;-> ™<aee. increscent in the intensity of the 500 e.p.s. tone served as 

the ilus. Pour sub.lects each did 3 srRstora, vlth time intervals 

of 1 - - conds am a pre-warr-ing of 2 c ... . . of the 

subjects utre «perier>eed, the fourth, who ms r. -?ti0ed-f was giren 

& prelii?dr.ary practice eeesion, IK, addition tvo at t;,« veil-practised 

«*b'' each did two sessions with, tiae intervals •"'" 7 and 6 s0co;*i» 

and a p re-warning of 1 second* 

lie quits

The r-. "ults of each subjeet for one pair of int@r-stiimiliis 

in-..._'v_j_6 vere pooled QJOU subjected to probit sjica^ii: (Finiwgr, 1952),

Thn -^rallelieB of the r.rnhit regression HZM^ *^^ -'"•- two time intervals
2ms ad l^" perfo-roiag an analysis of X in •• - .--.; a significant

dc from parallelism woold indicate a P' difference

be-,-.. -MI the st^-.ndard d©viatioas, Tbe-se results are t;iven in fable
2 In cacii case X ^or departams fnm parallelism Ims 1 d©grea of

2 fr>--~ . I« no ease d id the analysis of )( show nl'nn -if leant

L, ;ieity of the dt_ -.-.--s of •'. . :. _r.. .1 z*©s\ilts from the 

re ̂ ro SB ion line, cc iiin^ that tin* r " ' -ion provides a good 

fit i'or these aat-a. The standard deviations are the reciprocals oi" &h@ 

probit regression coefficients. aeh false positive rate is based on 

t>,/> >-,rtni.«d 'blanks* at that time interval* 240 for 1, and for & seconds, 

and SO for 3 and 6 seconds.
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In each of the six corsparisons the threshold _._ lover u

BL . interestisulus interval. The £sdse» r>o-!+-lvr -rnt^s a®a,in n-rr-r-'ej 

nc ce that this could be ac. for fcy . In 5 of the 

6 "re is no significant difference loan 

at ,VQ tise intervals} in the sixth case the ;•;,;.-• :ara deviation ia 

si .nt,"k- great*^* -t 1 second than at 8 seconds.

-...,._ to or three . .^ns 

vi 'j tvo tim© intervals ir* an c •.; to .1 >ility; 

for coat of the * ' the st • •• ' ler than -l.:e 

obtained vith the method of constu.!^. ,^.1 in saper 

e results een forr nrob^hly be ,. TS & fairly •••i^ 

ir: . .... . ... ,.i in 1 . .... ....„• Lc ucc,:- _ ^ "b^ ;. . . . 1

cc of the threshold v. :e.

iiowever one subject ciit snow a signiij.c^,;:u rise in t ..tv stan-v v*

dard '..aviation a u whe -shorter interval. This could ,:/e disregarded, the 

ai .sance of thin one result * disappear in * vhen ^':v five other , 

si .cant re ... are taken into c , ;i it i 

cc. '.-son with the siEiilar rises shown in the earlier e«$»6r:. 

1 and 2 U c v\ non-.sig,-niillcant rice in the 

in l-xperim©nt ^ there was a similar, highly si^iifleant rise; 

the; first half of the present ezneriacnt there \ms a slir^ht fall T.rith 

the i ,d of limits, and .-... -•-.•• the
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constant stimuli, neither of them significant, and '' present result

shovs substantial con. 7 of the standard devL The differences

in procedures cannot be excluded a® a possible scarce of the different

*etuxut, since uac; earlier rises were obtained with the method of lizaits,

ajv ,.d «e^* constancy with the aethou oo. cosas^ii^u ~tiaaili» Though

there was a fairly large rise with the *^3 in Expert-— t 10(a) it was not

si cant. er no reason presents itself wt$r tuc two aethods

3b " differ in this respect. Another explanation r.;:,-v- lie in the

di ..ig «3X^eriei^ce oi ta« subjecta. xn ijq>srir 1, 2 f and 4, the

of

pr?

re;

et.-

i'i

+•?• were for the most part unpractised in tiu t uold 

.- sortj but in the present fxneriaexrt thrcr -nf th« four subjects 

risaentally sophisticated, having taken p;,rt in mo&t of the 

; experiments* Subject V, the only subj iiad no previous

-.1 significant rise 

suggests that the 

a rise in the

. ..-.^ce of this sort, was also tjue only C3H€ to r 

in st.-mdard deYis.tion as the interval decreased*

i be taken to show that there say be . .

1 deviation, or constancy, as the iaterv*-,; -,es, aiad that the

•:. poas.ibly sor© likely in unpraetiwdv and t :.'c?coad in practised

sobjccta*

Hov do thes^ results relate to the alt.

in Section 5«1? A^ey appear to be incc j_e with alterna­ 

tives (a) and (d), which predict a fall in th© el -d deviation as ths 

thi- ' Id falls* The constant variances are c^ le vith (b), (c),
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(e), an<_ U')> but the increase In ve ' Griment 4 and.

LV -^abject V i.-. t,rx present experiment vn-.- not predicted by any

of -: alternatives and reuires ,-o suxii ~/;..r>-
can it ©x :3afied on the
* and the other on the

de 3 of e on the threshold

vari&nec for alternatives (d) f (ej, ass- n wafi

. all thR ortt,l,^l -itliaull would iall vithin the

rt. -,. .,- the of c rsrentially
constant for them, shculrl be ..fin too late, or
enu. -.„•>! oo ceci

ie~, 'iteriort, c , tu: the

ra:. thi :.- ne Tariaace of the
roeponce a cqayoiaent dt -rive d n- ..ion of c fc*tw»en these tvo

ose eix€ wor or the responses

i-t;u uy c and a c . ana on r on them. Thus
If *<> of the subject's oaqpectation^ in relation

to his in estlB«tir>ff the no of arrival
of the rt iiaulae this should atld a small co variance

ad the " c, In a saw.ll

\rt,riii:.ce at >;ori;cr iri'i of constancy.

In rr?r>- rrmr* occasional detections of stiruli yond the range
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might lead subjects gradually to extend their range, so that a 

constant threshold variance vould become rsore likely vith practice*

On the 'arousal hypothesis it could be supposed that the 

, 11 in c produced by the mechanisms suggested in alternatives (b)

(c) might not be of the aarae extent on successive trials, so 

that there would b« 0oae variation in the value of c during the 

coarse of a session. It aight also be supposed that this variation 

vould be greater when the average fall in c is greater. This 

vould provide a source of variance that right cans© an increase in 

threshold variance to be shown as the inter-ctiimluE interval 

shortens, instead of constancy.

Though either of these hypotheses could account for a snjall 

increase in variance being super Loosed on a Tsechoniam tending to 

produce constancy of the variance with change in threshold level, 

it can be shown that they vould not ordinarily be likely to produce 

increases big enough to compensate for the decreases in ou 

necessary to give the falls in threshold on hypothesis (a) or (d). 

fbns, unless extra assumptions are ffiade, this experiment provides 

evidence tending to exclude the hypothesis that the fall in threshold 

is due to a decrease in the variance of the 'noise 1 distribution.



CHAPTER 6
3HOET

6.1 fotroductfon

In Section 5*1 the arousal and warning hypotheses were 

discussed, and it VB.D shown that these might operate in a number of ways: 

changes in the afferent paths or central sensory mechanisms might alter 

the parameters attributed to the 'noise 1 and 'signal + noise* distribu­ 

tion* in the threshold decision procedure, or the criterion used to 

determine the threshold decisions might be altered* There is some 

evidence of physiological changes occurring in the afferent and central 

pathways that could correspond, to the first alternative* Of particular 

interest are the descriptions of centrifugal effects om the responses 

of sense organs to stimuli, or on the spontaneous discharges which may 

occur in afferent fibres. E«rr & Hagbarth (1955) examined the olfactory 

centrifugal fibres first described by Gajal. They found that stimulating 

the basal rhinencephalic area depressed the spontaneous activity of the 

olfactory balb* Loevenstein (1956) stimulated the sympathetic nerve 

ssqpply to isolated frog's skin and found that this lowered the threshold 

to the mechanical stimulation of touch receptors, and udght cause 

spontaneous firing to appear. It is also well established that the 

discharge of made spindles is controlled by siapraspinal centres acting 

through the gaasaa motor neorons (Huffier, Hunt & Qailliam, 1951 J Granit, 

1955*). K%gbarth & K*rr (1954-) i?ii0wea that the afferent volley produced
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stiaulating a dorsal root In the cat comM be depressed fcy stirralating 

certain central structure*, such as the addbmin reticular formation. 

Hagbarth & Fax (1959) examined post sy nap tic units in the dorsal grey 

horn and dorsolateral funiculus of the cat, and found that their 

spontaneous discharge could be increased or reduced by central stimulation* 

They noted that the centrifugal outflow might reduce spontaneous activity 

while at the saae time the response to peripheral stimulation increased, 

and they suggested that spontaneous activity may be maintained by a tonic 

centrifugal outflow. Galambos (1956) shoved that the discharge in the 

cat's auditory nerve which is evoked by a click can be reduced by 

stimulating the ffiodulla in the region of the decussation of the oliv&~ 

cochlear path. Ha demonstrated that this vas not due to intratjnapanic 

reflex action but was mediated by the olivo-cochlear bundle. Hernandez- 

Peon, Scfasrrer, & Jouvet (1956) used clicks to evoke responses in cats 

with electrodes chronically isplanted in the cohlear nucleus, fhey found 

that the responses were reduced if the animals were exposed to visual, 

olfactory, or painful stimulation, or if the midbrain reticular formation 

was stimulated, and they interpret this as an inhibitory effect, 'blocking 1 

a pathway to which the aniaal was not 'attending1 . Hsrn£nde»-Pe6n, Jouvet 

& Scherrer (1957) fotaad that the size of the potential in the eochlear 

nucleus ytioh vas evoked by a click declined to a Miriiiouii during the 

course of several thousand repetitions of the click* This babituation 

maintained during sleep bat not during barbiturate anaesthesia (in
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which the reticular formation is depressed), nhicla they considered 

suggested that an inhibitory effect was mintiiined by a tonic centrifugal 

action of the brain-stem*

Evidence of centrifugal effects on the eye has beer, obtained 

by Graaait (I955b) vho found an increase in th© response of the cat's 

retina to a light flash following stiiaalatloa of th© sddbrain retieular 

formation, and by Sodt (1956), who recorded a s|>ike in the rabbit's 

retina, which did not appear to be antldrosle, on stimulating th© contra- 

lateral optic tract. Sernandea^PeSn, CliwwfcFlores, .Alcaraz 4 Fernanda*- 

Goardiola (1957) found that in eats attending to auditory or olfactory 

rtlamli the responses to light flashes vere reduced, both in the optic 

path^imys and in the visual cort«sc* They concluded that the 'blocking* 

occurred at least partly at tfcw? retina* Unfortunately they did not 

control for the effect of change® in pupil size* this has since b«en 

investigated by Naqust, Regis, Fischer-Williaas, A B'emandei-Guardiola 

(i960) using curarlzed, nnaxiaesthetized oats* They produced cortical 

desynehronieation by stimulating the sciatic nerve or midbraia retlctQar 

formation, and found that this was accompanied by dilatation of the pupil, 

an increase in the amplitude of the evoked response in the optic chiaaaa 

and lateral geniculate body, and a decrease in the eToked response at 

the visual cortex. When atropine was used to produce nydriacia tha 

croked potentials at the chiasma and lateral genioalat® body beca&e large 

and iirrariant, but the cortical reapon«» varied as before with changes in
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the degree of synchronisation. Horn & Blnndell (1959) and Horn (196D) 

hare questioned the assumption of Hernandes-Pe6n and his co-workers that 

reduction of evoked potentials iaplies * blocking1 ! they suggest that 

it aay occur in a modality being used to examine the sensory field, and 

Horn (I960) suggests it aay be attributable to suppression of random 

neural noise in the afferent path* He describes reduction of the cortical 

response to a flash of light when the cat is looking at a mouse, which 

agrees vith the results of Baquet et aj.«

Although the exact significance of scaae of these finding nay 

be in doubt, and the meaning of a change in evoked responses nay vary at 

different levels, and nay be produced by different underlying neural 

changes in different situations* these studies do serve to demonstrate 

physiological mechanisms vhich might underlie changes in sensory tiiresholds. 

Alterations in these mechanisms sight correspond to the changes in cC or 

Hg» and since they are physiological processes they would have some 

latency, however short* If the ass option is made that iome such ffiechanism 

underlies an arousal or preparatory effect it follows that as the inter- 

stimulus interval decreases the fall in threshold will decrease to a 

adnimue at an interval determined fcy the latency of the physiological 

effect, and tbe threshold will then rise, and will again be at the 

asymptotic level when the two stimuli are sinmltaneous. This prediction 

is tested in the next experiment.
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6.2 abort inter-gtJBuilais Intervals

la Experiments 1-6 the subject was forewarned of each trial 

th© experimenter saying "cooing", but in Experlsest 10 this was 

replaced fcy a pre-waming light vhich preceded the accessory stimulus 

\sp a fi.. jhirl; interval* It seemed possible that this feature of the 

procedure might itself have an effect on the thresholds recorded* to 

see if this was the case the experimental design included two pre~varnings f 

a short one vhioh was judged, on the basis of the earlier results, likely 

to show aagr effect that might be present, and a long one which it was 

thought would be ineffective. 

Apparatus aiad procedure

The experimental situation vas eiinilar to that in Bxperiiaent 10, 

the sase apparatus being used to provide the pre-warning, accessory 

sticrulation and critical stimulu*, the latter being a 50 msec, increment 

in tiie constant tone. Two pre-varaing intervals were used, 1 second and 

8 seconds, and 5 inter-stimulus intervals, 0.0, 0.3, 0.6, 0,9, and 1.5 

seconds, in that order* Thre holds were determined by the method of 

limits, descending aeriea of stljauli at interrala of 0*1 db being osed« 

A block of fire threshold determinations, one at each inter-stiisulus 

interval, was repeated four times in the course of a session, which lasted 

about an hour. Only one pre-warning was used in any session. Eight 

subjects were used, each doing tvo sessions. Four subjects had the
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8 second pr©~varning for their first session, and the 1 second pre- 

warning for their second session, and the other 4 subjects had the 

reverse order, ^ob^ecta responded 'I*© 1 or '$©' verbally; they were 

in telephonic ooiaiiunic&tian with the eacperiiaenter.

-.^ ..,«an thresholds, standard deviations, and standard errors 

vere calculated as in Experiment lf and are given in Table 15« ^n 

analysis of variance of the subjects 1 thr&shoMs was asaue. and the 

regressions defined by equations (21) and (22) were calculated for the 

inter-stiiauiuB intervale 0.3 - 1*5 seconds, and their significance 

tested ty analysis of variance of the thresholds at those intervals* 

Discussion

The laost notable feature of these results is Uiat there is 

no evidence of any miniraua in the carve, nor does the threshold return 

to the asyiaptotlc level at the zero interval} instead the curve falls 

smoothly to a ctinlmal value at zero. This is not in accord with the 

hypothesis that the accessory stimulus sets up a change in the sensor/ 

Mechanisms effectively altering the parameters of the 'noise 1 and 

'signal + noise 1 distributions; and that the decision procedure applied 

to the afferent input is altered psri paa.su with this change. The 

failure to find any evidence that the reduction in threshold has the 

latency that might be expected of a physiological response cannot be 

attributed to the latency being considerably shorter than 0.3
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15

Thresholds (decibels) 

Xntenralg (peconda)t 0.0 0,3 0.6 0.9

1 second 
Means: 
S.B.t 
S.E.1

8 seconds 
Means:

Meanss 0.578 0.609
S.D.t 0.119 0.100
S.E. j 0.015 0.013

Analysis of v&rlaace (thresholds)

1.5

0.541 0.5S5 0.658 0.667 0.707
0.142 0.075 0.086 0.139 0.093
0.025 0.013 0.015 0.025 0.016

0.615 0.633 0.641 0.660 0.712
0.091 0.121 0.134 0.100 0.130
0.016 0.021 0.024 0.016 0.023

0.650 0.663 0.709
0.113 0.121 0.113
0.014 0.015 0.014

bjccts (S) 
Tiaos (T)

S 
T 
S

IK

x T

x P
»f44uf4.

jiTressiorx iau&tic

7

1 
28

7
2S

££&

100,767 
40,936 
13,690 
6,351 
4,643 

30,459 
4,527

1 .i£ni£ic*m?e
•^W^l ^*fc £. .__ ** /\ /*\^\*l/cii,-cD p **O.U13JL

9.04 D <0f Opl
3.C^2 1^5 (p^O.l)

1.03 IS 
6.73 P*0f<^l

M<

L * 0.713 - 0.033(l/TUp< 0.001) 
L * 0.855 - 0.030(I/AT)(o-iO.001)
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in that ease a sinisma ahould have been found at the latter interval, 

and the threshold at 0 seeome ahoula have been higher than that at 

1*5 seconds. This is clearly not sot and the experiment therefore vou-.. 

seem strongly to support the hypothesis that the change is in the 

computation and application of the criterion, rather tbaa in the para* 

aetera vi otitaoitts and nois<s.

t&e thresJaolds and standard deviations are high when compared 

with those in Experiment 4» Tuie is probably- attributable to the 

diff©rence in the stiiaulos, which was 300 rasec. long in the earlier 

experiment, ai^d 50 msec* here. The thresholds can be related equally 

veil to (lA) or to (3/A^)* i» «»e^ c^8® the regressioBi is highly 

significant on analysis of variance, and in neither was there a aigni- 

ficant deviation i'roa linearity of regression.

The finding th.-it the threshold fall continues to zero renorea 

one doubt about the proper explanation of the results of Experiis&xrt 6, 

in this way increasing its sigaif ic&nce a© evidence against the srousal

The standard deviations show no suggestion of conKi.,ter,t change 

as the threshold falls} however the range used is sea 11 as compared with 

earlier experiments.

The thresholds for the two smallest inter-stimulus intervals 

are lover with the 1 second than with the 8 second pre-varning, but on 

analysis of vorianse neither the effect of pre-4faraings, nor that of the
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interaction between Pre-warnings and Tines are signii'icant. The absence 

of an effect of the pre**mrning would be in keeping with the warming 

hypothesis, since, if the only effect of an earlier stimulus is to isark 

the beginning of a time interval, then the most reliable tec^oral 

information would be given b^ the stirolus most closely preceding the 

Mt».uut*u& by a regular interval, and there would be little

contribution from any earlier stimulus to this information. If, however, 

the accessory stimulus causes arousal, then if two successive stimali 

are giver* at an appropriate interval their arousal effects might be 

expected to sum, and so to give a greater decrease in the threshold. 

However ineffectiveness of the pre-imraing could be reconciled with the 

arousal hypothesis by supposing that the accessory stimulus causes 

••xlaal arousal, and so does not allow of susmation. The highly 

significant interaction between Subjects and Pre-*arnings indicates that 

the difference between the two pre-waraings did have an effect on the 

performance of some of the subjects* Examination of the individual 

results showed that the threshold for the zero inter-stimulus interval 

was lowered by the 1 second pre-varaing by 0*3 - 0*4 db for two subjects, 

but for the remaining six subjects it was lowered by 0.02 to -0.07 db* 

The simplest explanation for this difference might be that in these two 

subjects the short pro-warning functioned ly ensuring that they were 

looking at th© right spot when the accessory stimulus was switched on, 

but that after S seconds their gaze had sometimes wandered* Alternatively,
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we could suppose that for tfeee* subjects the short pre-^rarning served 

to mark the beginning of an interval, or caused a degree of arousal, and 

that this reduced the thresholds &t the shortest inter-etiaiulus intervals. 

This nakes it possible to suppose that the nininal threshold at the zero 

interval Bight be arte factual, due to the pre-warnings acting to a greater 

or lesser extent for various subjects as an 'accessory stinuloa 1 , and so 

obscuring the rise in threshold that sight otherwise have been found. This 

possibility is tested in the next experiment* 

6*3 E&ndogised

To exclude the possible effect of the pre-waraing it was 

decided to randomise the pre-warning intervals over a large range, as in 

Experiment 6, since in that experiment this was found to prevent the 

»onotonie fall in threshold appearing.

In this expertisent two extreme conditions of accessory 

stimulation were compared t an accessory stimulus at sero interval, and no 

accessory stimulus. The latter condition was considered lilasly to corres­ 

pond in ite effect to an extremely long inter-stimulus interval, and so 

perhaps to afford the best estimate of the asymptotic level of the 

threshold* 

toaratus and

The sazae accessory and critical stimulation were used as in 

10(b), bat the length of the pre-waming interval was controlled
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Jay the tvo timing circuits described in Experiment 5» The 'miniums' 

was 2 seconds, and the 'range 1 5 seconds, so that a rectangular distri­ 

bution of pre-*raraing times ranging froa 2-7 seconds was produced. 

Each trial began with the t^per neon light coming on, and this wae 

followed after an interval of 2 - 7 seconds by a critical stimulus, a 

45 smec. increment in the intensity of the 500 e.p.s. tone. In one 

condition this was given alone, that is, there wae no accessory stimulus 

('iiAS 1 )* In the other a simultaneous accessory stimulus ('SAS 1 ) vas 

given, the second neon being switched on at the same moment as the 

critical stimulus. Both lights stayed on until the subject had responded* 

The length of the pre-warning interval was recorded on a bank of Dekatrons, 

The experimental procedure was similar to that of £xperime&t 10(b). The 

method of constant stimuli was used, each series consisting of four 

randomly ordered stimuli at each of four stimulus strengths (0.22, 0.33, 

0.44, aad 0,55 db) and 4 'blanks'. In each session series of 20 stimuli 

under one condition were alternated with series under the other until 5 

of each had been given, the session lasting about an hour. Two experi­ 

enced subjects each did three sessions, 

Results

The results were treated by probit analysis and analysis of
2 X in the sane way as in Experiment 10(b), and are given in table 16*

2 In th© aua^sis of X there is 1 degree of freedom for each of the values

of ")C giiren for departures froa parallelism; no significant evidence of
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•dbiect Condition

If

16

s.jfc. S.D

SAB

SAS
ma

Combined

0*394 
0.474

0.331
0.439

-0.011 
^0.014

i>.012

0.084 
0.107 
0.095 
0.114
0.109
o.ni

1,341

0.052

Sjgnifi-

NS

Condition:

false positives (per cect^: 6.7 B*3

2.00-2.99 3.00-3.99 .99 5.00-5.99 6.00-7.0)

tteaa .thre sholds*£
0.395 0.388 0.388

s

sww
Conditions (C)
Subjects(S)
Pr6-%»minc»(P)
C x S
C x F
I* x S
Eft»24ual

frj.
1
1
4
1
4
4
4

^Sa
0.0423
0.^39
0.0001
0.0024
0.0017
0.0002
o.oooa

* SiffHil 1C fill C€

52,88 0*0.01
4.88 8S (p<%!)
0.13 ^
3»00 SS (p*0.2)
2.13 HS (p<-0.2)
0.25 US
-
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residual heterogeneity was found IB the analysis. To see whether the 

pre-varaing had had any effect a threshold was determined by probit 

analysis for eaeh fifth of the range of pre-warnings for each condition 

and subject9 and an analysis of variance was perfornied on these 20 

thresholds* Each false positive rate is based on 120 'blanks 1 . 

Discussion

The fall in threshold fotasd in the previous experiment is 

clearly present* For eaeh subject a t-test showed the two threshold 

values to be significantly different (p<Q*QQl), and on analysis of 

variance the difference is significantly present when the thresholds are 

calculated separately for each sub-range. The Bean thresholds at each 

sub-range show to a slight extent the fall in threshold at the middle 

of the range fotmd in Experiment 6, bat this Is not significant in the 

analysis of variance, confirming that the experimental design has been 

successful IB preventing the pra-varntng contributing to the results* It 

is also of interest to note that the results of these two subjects confirm 

their shoving in Experlitent lO(b)i the standard deviation shows no 

significant change tinder the tvo conditions of accessory stliaulation.

The fall in threshold cannot be accounted for fegr an increase
I in 'guessing1 since the false positive rate is lover vith the simultaneous

stimulus than in the KAS condition* This result, which is similar to the ' 

tendency found in Experiront 10 for the false positive rate to be lower 

at the shorter inter-stimulus intervals, agrees vith the analysis In 

Sectlor 5«1«
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It has now been shown, both here and in the previous

wcpariaent, that the threshold does not return to th© asysptotic level at 

the aero inter^timoiu* interval. This should be strong evidence against 

axgr explanation which attributes the threshold fall to a change in the 

afferent pathways; it tends to exclude alternatives (a) and (b) t and (d) 

and (e), discussed in Section 5.1. There is, however, one difficulty in 

•ecepting this conclusion. The accessory stimulus was the switching on 

of a n«on light, which took less than a millisecond to reach its maxicrum 

brightness, and the critical stimulus was an intensity increment lasting 

or 50 msec. It is necessary to consider whether there was time for

lses resulting from the visual stimulus to arrive centrally and initiate 

a response with a very short latency that could have affected the auditory 

pathways before the critical stimulus was concluded.

It is usually found that the reaction time to a visual stimulus 

is longer than that to an auditory stimulus, a common difference being 

40 msec. (Vfoodworth & Schlosberg, 19551 Davis, 1957), and there is evidence 

suggesting that the difference may be mainly due to a longer time elapsing 

before the visual signal reaches the central mechanisms. Marshall, Talbot 

& A&t0 (1943) found that in the cat the appearance of a cortical response 

to a flash had a latency of 17 - 25 msec. This has been confirmed Igr 

Monnl«r (1952) who finds a tine of 23 msec, for the eat, and a time of 

33-42 msec., vith an average value of 35 &see., in man. He divides this 

time into a retinal tlaw of 30 »sec. and a retino-cortieal time of 5
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Th» peripheral conduction time for auditory stimuli appears to be 

considerably shorter. In animals the first cortical response appears 

about 7 <* 10 fflflec. after the stlsrulus is applied to the ear (Tunturl, 

1945, 1946| (Jalambos, 1954), and the time in ssan can probably be taken to 

be of the same order*

Since the peripheral conduction tiae is so isach less for 

auditory stimulation, a short auditory stiamlas might reach the central 

mechanisms before the, visual stimulus could bring about any change in the 

•aditory pathways or central mechanisms. Ho*?ever if ve take the peripheral 

auditory conduction time to be 10 msec* and the visual time 35 msec., the

:ry input from the 45 msec, critical stimulus used here wo ale: have 

continued to arrive for some 20 msec* after the visual stimlus had reached 

the cortex, even if the exponential 'tail1 of the pulse is not allowed 

for, so that any physiological effect of the accessory stiraolus not 

requiring many synaptic crossings cotild have affected the iaput from the 

last part of the tone pulse. This possibility is increased lay the fact 

that strong visual and weak auditory stimuli were used. It is known that 

reaction tisss lengthen as the magnitude of the stimulus decreases 

(Woodworth it 3eift»sberg, 1955), aud there is some evidence that this could 

be at least partly due to an increase in the peripheral conduction time 

as the flash or auditory stijsulus decreases in intensity (Monnier, 1952j 

Bartley, 1934; &e^f Coppee & Robinson, 1937). The visual peripheral 

conduction time of 35 msec, was obtained with a very intense stimulus, and
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so is unlikely to ba.Y« b«*n shorter in the present ca; u. However, since 

tb» auditory stiiaultis was at threshold we can probably suppose its 

conduction time to have been several milliseconds longer than 10 casec. 

Thus it seems that the experiments in this chapter do not provide 

conclusive evidence against a preparatory or reflex action on the sensory 

channels. This point will b© examined farther in Chapter 8«
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HANDOMIJEB - . . IJLUS .. . . 

7.1 Introduction

In Chapter 6 evidence was obtained suggesting that the fall 

in threshold at short inter-stimulus intervals id due not to the accessory 

stimulus inducing a change in the sensory mechanisms, but to an alteration 

in the criterion deteraining the threshold decisions, a change of types 

(o) or (e). This could be a change of fixed tise course, as suggested 

by the arousal hypothesis, or it could depend on the ability of the subject 

to estimate time, as required by the warning hypothesis* However a third 

possibility has not as yet been discussed. In Section 5.1 it vas shown 

that, for a constant value of P»(A), the false positive rat® would be 

less the shorter the inter-stimulus interval. If the subject aaintained 

a constant criterion throughout the full length of the inter-stimalas 

interval on each trial, but the particular value taken by c was determined 

by the requirement that the false positive rate must be kept constant, 

then a decrease in the inter-stlmulos interval would allow P«(&) to 

increase. In this case there would be an inverse relation between the 

threshold fall and the length of the 'waiting time 1 , the interval from 

the accessory stimulus to the «o»nt that the subject terminates the trial 

if he has not received the critical stixaulas. This period is usually a 

little longer than the inter-etimoius Interval, since if a subject responds 

and then receives the critical stimulus he tanas T*Q lengthen his
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waiting time in later trials* This hypothesis V0old be In accord with the 

relation between threshold and time interval found in lection 4. 6, since 

as the ntaiber of 'moments 1 in the waiting time decrease a greater risk of 

a false positive at each can be accepted. It would lastly a constant 

threshold variance, and would be compatible with the results of Experiments 

11 and 12* In the next section an experiment is designed to test these 

hypotheses. 

7.2 ..andomized inter~stii!mla» intervals

If the subject sjalntains his criterion at a constant, lowered 

level, throughout the waiting tiae, then varying the inter-stiaalus

3 in a given series over a small range about the end of the Inter- 

stimulus interval might increase the !waiting tiae 1 slightly, and so give 

as ly higher threshold, but it should not alter the general form of 

the threshold curve,

In the discussion of Experiment 6 it was suggested that an 

argument against accepting that this experiment had provided conclusive 

evidence against the arousal hypothesis was the possibility that habitu- 

ation might have occurred. Having the critical stimulus arrive at about 

the expected time sight be necessary to prevent a decrease and disappearance 

of the arousal provoked ty repetitions of the accessory stimulus, which 

Bight otherwise normally occur* If the randomization is over a small 

range only, then the accessory stimulus will still have some relation to 

the tiaie of arrival of the critical •tinulus, which should preclude tills
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us to expect that the ffionotanic fall in threshold foond earlier would 

not be changed by this randomization*

The warning hypothesis, however, leads to a different

prediction. At time intervals long enough for the rang© of randomisation 

to be considerably less than the range of eacpectation the randomization 

vould have little or no effect* It would cause little increase in the 

number of occasions on which the critical stimulus foils outside the range 

of expectation? consequently the threshold level for a given time interval 

Should be little affected* OB the other hand, whec the time interval, is

t -nough for the range of randomisation to be considerably larger than 

the range of expectation, two effects might occur. The subject might 

extend the range of expectation to embrace the range of randomization. In 

this case the range of expectation would, become approjcissately constant in 

length, instead of decreasing, with further decrease in the inter-stimluB 

interval so that the threshold vould tend to remain constant for these 

short tiaeo* Alternatively, the range of expectation might be unaffected 

ly the randomization, decreasing as the inter-stimulus interval shortens* 

However, this too vould hare little effect on tha mreshold. Vban the 

range of expectation is mainly within the range of randomization the 

threshold judgments vill be determined brf two criteria: c, for critical 

stiaoli that fall outside the range of expectation, and c for stimuli 

falling within it. If the range of expectation shortens c will be reduced,
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and acre of the stiaoli falling vithin this range will give poaitiTe 

responses. ; owever, since the range is shorter, aore stimll will fall

outside it and have their effect determined by c • These two factorsa
would be opposed, aad the threshold recorded would therefor© tend to be 

constant, thus, in either case, the threshold would fall la aore or less 

its accustoiaed fashion as the laager time intervals decrease, then flatten 

out and become constant for the shorter intervals at whlch9 previously, 

the steepest falls have been found* This prediction is in contrast to 

those suggested ty both the arousal and the 'waiting tine 1 Iqrpoth^ses. 

jgperiaent 13

In this experiment there were two conditions, one in which the 

inter-stimulus interval was constant in a scries, as in the earlier 

(Hqjerijaents, and one in which th© intervals were randosdzed. fo provide 

an adequate test of the predicted flattening of the curve, a range of 

inter-stiasilus intervals was chosen, 0-3 seconds, vhich the previous 

experiments suggested should show a steep fall. A range of randomisation 

was chosen to equal the range of expectation at the middle time interval} 

since the length of the latter range was not knovn It uas guessed. It 

seesied plausible to suppose it would be approximately- equal to 5 - 6 times 

the standard deviation} taking the latter as the value of A? given lay 

equation (17) for T « 1,5 seconds, this suggested a range of approximately 

1 second*
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Apparatus and

The critical stimulus was a 50 msec, iccreiaent in the intensity 

of a constant 500 c.p.s. tone at 6Q~70 db SL produced by the some 

apparatus as in E^eriment 10, and with the same prs-wndng and accessory 

stimulation.

There were two conditions i in the 'Constant Condition 1 the 

apparatus vas set t$> as in Experiment 10, and the timing circuits were 

adj to give a pre-warning of 1 second and inter-stismlus intervals 

of a length constant for each series. Six intervals vere used: 0.25 1 

0,75, 1.25, 1.75 » 2.25 asd 2.75 seconds, the aethoc 01 constant sttaili 

v?3 " -,oyed, each series consisting of 21 randomly ordered stiieuli: 

10 f c: _', 10 'weak 1 , and 1 'black1 . On the basis of a prelimin 

threshold deteroinatlxm at the teginning of each session values vere chosen 

for the 'strong* and 'weak 1 sttoili which seeiaed to be just above and Just 

belov the subject's threshold* These were always 0.1 db apart. Twelve 

series, two at each inter-stisttlus interval, constituted a session of about 

an hoarj these series were given in a random order different for each 

subject. The subject vas told, the length of the inter-stinailus interval, 

fliy* given a demonstration of it vith a stimulus well above threshold 

before each series.

In the 'Rftndooised Condition' the apparatus of Experiment 12 

was eraployed. A 1 second pre-Jwarning was followed by an inter-0ti 

interval produced by the two randomizing 1 ; circuits. The first tiner
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at 0.5 seconds throughout the experiment, so that when the 'minimum 1 was 

fixed a rectangular distribution of stimuli over a half second range was 

proaucea. % adding a half seoond to the 'minimum 1 on half the trials 

of a series (in a randon3y ordered sequence) a 1 second rectangular 

distribution could be produced vith exactly half the stismli in each half 

of the range. Three ranges were used? 0-1, 1-2, and 2-3 seconds. In 

this condition a scries consisted of J$ stimuli? 10 'strong', 10 'weal: 1 , 

and 1 'blank* in each half range. Before each series the subject was told 

vhat the range vould be. A session consisted of six such series, tvo at

, in a counter-balanced order different for each subject. Thus 

in each condition a session consisted of 252 trials. -Vbjects responded 

'Yes 1 or '80* verbally; they \*ere in telephonic coBWinication with the 

experimenter. Eight subjects were used, each doing tvo sessions, one 

under each condition. Four subjects ber?ar! vith the 'Randomised Condition 1 

and four vith the 'Constant Condition1 . 

Results

In each condition the percentage of positive responses to the 

'strong' stimulus (P0 ), the '-weak 1 stismlus u ; /> ^ for both together

(Pu), and. their standard errors vere calculated, as in xperiment 5, forsi *

each inter-stimulus interval, or half-second range, for all the sessions 

taken together. The false positive rates are each based on 16 'blanks 1 

in the Constant condition, and 32 in tee i^aria»ais«a condition. The
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proportions af positive responses for each series, subject, stimulus 

strength, and. session had an angular transformation &nd analysis of variance 

perfome4 on them. In this, all firat and second order interactions with. 

a probability of more than 0.2 on the first analysis were combined with the 

residual to give an imp roved sstimat© of the remainder variance* The 

resul^ ..., in Table 17 « Since there was no significant interaction

betvreen Tises and Intensities the values of Fv for each condition areti
plotter in r igur© 9»

For both weak and strong stitsali, and in both conditions, the 

of stiz&uli evoking; positive responses incraases a» the inter- 

stimulus iriterval, or the midpoint of the half-second range, decreases* 

This produce® a significant effect of Times in the analysis of variance. 

Since the^e was no significant interaction between Tines and Intensities 

the values of Pw can be taken a» beet representing the effects of the
JH

two conditions. They show the effect predicted by the warning hypothesis* 

the more or less continuous rise in the percentage of positive responses 

as the interval decreases that is shown tinder the constant Goadition is 

present only for the longest time intervals in the i;andomii&ed Condition* 

At the shorter intervals there is little change in t. -old* She differ­ 

ence between the conditions produces a significant interaction between 

Times ar.d Conditions in the analysis of variance. A 1 second range was 

selected in the hope that it would produce a point of inflexion at about
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TABU: 17
Feroenta^qgof Positive Response (and standard Errors)

Inter- JLus Interval, or sub-raiiMe

^
*'y 50.0-4*0

Ps 75.0S.4

;\. 62.5^2.6
i'i

L -tiop
Py SO.C&UO

P, 73.1^3.5 o
FM 61.6-2.6

False positives (per cent) *

Constant Condition: 35.7

^
-45.6^3.9

7S.EI3.2

62.2^2.6

51.3^4.0

74^3.5

62.9^.6

14.3

Wi

35.0I3.B

66.313.7

50.7^2.7

42.&t3.9

78.1:3.3

60.5^.6

7.1

1*22

39.^3.9

67.5^3.7

53.5-^.7

46.9^.0

71.9:3.6

60.4^2.7

0.0

2.25

35.0:3.3

63.li3.8

49.li.7

38.5^3.9

65.0:3.8

51.8^.7

14*3

2^21

29.V3.6

5S.S^.9

44.1:2.7

40.0:3.9

61.9:3.8

51.012.7

7.1

a: riized Conditioni 9.4 0.0 6.3
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TABLr 17 (costs)

I^LYeis of yariane

gggrce

S t.s (S)

Times

Coupons (C)

Intensities (I)

3 x T

S x C

S x I

T x a
S x T x C

S x C x I

Residual

f

M*.

7

5

1

1

35

7

7

5

35

7

81

MJ.i HI* • mm

509.36

430.59

522, U

U.789.62

66.67

378.00

196.03

99.46

119.15

106.26

39.17

I
13.00

12.27

8.22

377.58

1.70

9.65

5.00

2.54

3.04

2.71

m

ican<s«

p< 0.001 

p< 0.001

0.001

O 5



the niddle of the range of intervalsj in these re^iuuu an inflexion 

«pno«rs at abont 1.75 seconds. The percentage rise in P^ between the 

2.75 and 1.75 second points is exactly the same for both conditions; froa 

there to the 0.25 second point there is a further rise of 9»0 p©r cent 

in SUE ^onstant -voadition, but of only 1*2 per cent in the Randomised 

CondV . this feature of the curves the significance of the 

differences between the value of ?r at 1.75 seconds and at the two shortest 

aisd longest intervals in each condition can be calculated am the probabi­ 

lities combined (Fisher, 1954.)• In the Constant ;ion the 1»75 second 

value i« significantly higher than the values at 2.2i> ana 2.75 seconos 

(p<^,m) ajid significantly less than those at 0.25 an/1 0.75 seconds 

(p< 0.001). In the Uandoiaized Condition the 1.75 second is significantly 

greater than the values at the ttfo longest intervals (r*-s 0.^01), but the 

probability of the difference from the values at the two shortest intervals 

occurring by chance is fairly large (p>0.2).

Another feature of these results which is r-Armntible with both 

the f waiting time 1 and warning hypotheses but not Kith the arousal hypothesis 

IB the similarity of the values of P~ in the pairs of half-seeond ranges 

that jointly conetltuted the 1 second ranges presented to the subjects. 

On the warning hypothesis this procedure should have led to both half- 

second ranges shm;ing the Sfiffe threshold. V;h«n the rsrre of randomization 

Is less than the range of expectation the responses to all stimuli would 

be determined ter the saae value of c t and this should also b« the ease* T'



when it i0 greater if the range of expectation expands to incltade it.

Even if it doe« not, o and c should contribute in the @ase proportionr &
to determining the responses in each half-second range, so in this case 

too the tvo sub-ranges should show the same threshold. However, this 

finding, vhich is not BO clearly shown by I-,, and Pc , might well be
ft &

fortuitous.

More positive responses vere given in the i&a&dondzed than 

in the Constant Ctondition, yhich accounts for the significant effect of 

Conditions. Hovever this has little importance, since th© tvo conditions 

vere given at different sessions, and th© valtues of the 'weak* and 'strong* 

stiiauli were chosen iiidepeiaderitly at each session on tne basis of the 

experimenter's rough preliminary assessment of the subject's threshold,, 

so that en absolute difference between the two conditions could readily 

be accounted for by supposing that the stimuli that wer® chosen were on 

the average somewhat uigaer, in relation to the subjects 1 thresholds, in 

one condition than in the oth«r.

The false positive rate show? a rise at the 0.25 second point 

in the Constant Condition. However it is a defect of the experimental 

design that far too fev Blanks 1 vere given, so that little weight attaches 

to tiiis variation in false positive rate. The difference between the 0.25 

and 0.75 second rates is not significant at the 5 per cent level by the 

Fisher exact probability one-tailed test (Siegel, 1956).

These results are not in agreement with th© 'waiting time 1 

hypothesis, vhich predicts that little difference should be produced



randomizing the intfir-stimultis intervals over a asar.ll ranp-e. Thus they 

provide fairly strong evidence against it* Further evi. , -j against it 

ie the significant variation in threshold over the range of randomization 

founa in iixpariment 6. Kor do th© results seem readily reconcilable with 

an arousal hypothesis. The changes produced by tie randomisation do not 

seen •'-..ible for bv hAbitup-tion. olcce the.- effect of Tira^r. is 

significant oonplete habituatioa cannot have occur: * Even if 'partial 

h«bl 'on 1 vere assumed it would r«>t be expected to have altered V 

form of the curve in the way that has been found• Thus this experiment 

id evidence for th« varning hypothesis*
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GHAFTEK 8 

THE EFFECT OF AE ACCESSOR! STIHBLOS

&.1 Introductin

TO TIE:. CRITICAL 3TIKULBS

In Chapter 6 an attempt was made to see whether the fall in 

threshold at short intervals va« dot to a change in the 'noise 1 

distribution. i.e. in oX, or M~. or to an alteration in the criterion,
* a Jr *

c, determining threshold decision** For the first type of change to 

affect the threshold th® changed values of the parameters of the 'noise 1 

distribution resulting from the accessory stimulus arnst apply at the 

time the critical stimulus arrives, 00 that the correapondicg afferent 

input is put through a decision procedure determined by the appropriately 

»odified imlues of f«(x) and fclsr(x). On the second hypothesis the
A vjfj

criterion coaaputation is affected directly, and threshold change is a 

consequence of the erapa.Q/iivi,L. oi' the new critical vain© in the decision 

procedure* Decisions need not be made Jja^uxawely the afferent input

arrives centrally ; the latter could be stored peripherally for a short

period first. Thua a change in criterion could cause the aarae change 

in the response made to a stlnjnlus vhcther the criterion change preceded 

or foUoved the arrival of the stimulus, provided it preceded the 

application of the decision procedure to the afferent input resulting 

from the critical stlaailus. This would apply whether the change in critc- 

rion is a 'judgmental 1 effect dependent on estimating tiiae, or an 'alarm'
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effect, in vhlch the accessory stimulus cs&ses a rapid reduction of 

criterion, vith & subsequent slower recovery. la either case of Criterion 

change 1 the exact inter-stimulus interval vould not be critical, and a 

fall in threshold might be present even at zero. However a 'distribution 

change 1 produced by a 'reflex 1 or 'preparatory 1 effect mist take some 

tixae, however short, to Bodily the distributions, so that this hypothesis 

vould predict no threshold fall at inter-stimulus intervals less than

•one latency. Experiments 11 and 12 shoved a fall in threshold at the 

zero interval) however this was not conclusive evidence for the

•criterion change 1 hypothesis because It regained possible that a

1distribution change* produced by the accessory stimulus might have taken

effect before the tail of the critical stiiialuE had arrived at the central

processes.

This possibility could be tested >w administering the accessory 

stimulus at tiaes slightly later than the critical stiaulua. (When this 

is done the interval from the beginning of the first stimulus to the 

beginning of the second vill, for convenience, be referred to as a 

'negative 1 inter-stiaulus interval). If the 'distribution 1 hypothesis is 

valid the threshold should rise rapidly as the accessory stimulus is 

retarded, and should have reached the asymptotic level when the effect 

of the latter no longer overlaps the input of the critical stimulus. It 

is difficult to estimate the length of the negative interval at which no 

effect vould be shown, since the durations of the effects involved are



uncertain. However, am att«$sipt will be made to make a very rough 

estimate, erring in the direction of orer-estiaation*

If the critical stisa&las is a 45 asee. intensity increment, 

and the peripheral comdwfcion tises suggested in Section 6,3 apply, 

then we could suppose that the afferent input resulting frost the stimulus 

would continue to arrive centrally for at least 55 msec, after the 

beginning of the stimulus. But there are also possible effects of the 

exponential 'tail 1 of the pulse, after~diseharge from the auditory 

receptors, and teuporal dispersion of the afferent impulsee to be 

considered* The intensity increment decays vith a time constant of 

25 msec.; its rapid initial decline auet soon weaken it to a point at 

which the reflex or preparatory effect could sot saafce the afferent 

message it produces equivalent to the unmodified effect of the peak value 

of the pulse. After-discharges lasting for 20-30 maee* have bees 

recorded in auditory nerve fibre* following tone pips (Tasaki, 1954| 

Davis, 1959), though these were obtained vith strong stimuli (50-70 db 

above threshold), and after-discfoargee do not appear to have been 

recorded when near-threshold ertl&uli were used, there is some temporal 

dispersion of the ia^uls«a arriving at the cortex, probably due to soae 

of the isspmlses travelling along po3y®ynaptic pathways. Since these 

iapulsea are likely to contribute leas to the amplitude of the central 

effect and to be sore affected fc^ random noiae than the iapiilsee which 

travel directly, they are probably not isfxxrtant in deteraining the
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threshold level, If, nevertheless, we allow 25 asec, for the decay of 

the pulse, 25 msec, for after-discharge, and 60 msec., the duration of the 

primary response at the auditory cortex (Brazier, 1951), to allow for 

te^joral dispersion of the afferent isipulses (even though a considerable 

part of the primary response should be attributed to the activity of 

intracortical neurons (Chang, 1959)), w» get a figure of 165 msec* for 

the possible duration of an effect of the critical stimulus on the 

afferent input. If the neon light is regarded as having an instantaneous 

onset, 35 i»ec. peripheral conduction tia«, and a very short latencyt 

say 5 aeec., ^ producing its 'distribution1 effect, then it should be 

unable to affect the thrust .u* ^ it is retarded by 125 »sec* or more. 

This figure is, of course, not such more than a guess. The tises allowed 

are probably too generous, and it say veil be a considerable over- 

estimation j however it serves t© indicate that if falls in threshold 

are obtained vith negative intervals much in excess of 125 msec, these 

will not be easily accounted for by the hypothesis of a "distribution

change'•

If the fall in threshold is the result of a change in the 

value of e, then, for 'positive 1 intervals, the laodified criterion can 

be applied as soon as the afferent input is received* When, however, the 

accessory stisrulus follows the critical stimulus the modified criterion 

must be applied to afferent inputs which have been stored* If the warning 

hypothesis applies retroactively, i.e. the accessory stimulus functions
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as a temporal reference point, then the subject must retain suff ie&aat 

temporal information to allow him to identify traces of the appropriate 

age when the accessory stimulus is administered, this may be more 

difficult than estimating a temporal interval whoae beginning is clearly 

indicated. We may also suppose that the 'retroactive range of 

expectation 1 vill be larger th® greater the negative inter-atiaoloa 

interval, so that the fall in threshold will be less as this interval 

Increases. The short-term memory store vill also be iseportant* the 

period during vhich a fall in threshold may b« found will be limited to 

the durati^ _^ vhich stimulus traces can be preserved* If traces 

decay, so that the Boat r&c ,_.^&s are the best preserved, then the 

latter vill benefit most from a fall in the criterion} this, too, vill 

tend to make the fall in threshold greater for the ahorter interval®. 

If the arousal t^rpotheiiifl is correct, decay in the jaesaory store could 

result in greater falls in threshold being shown at shorter intervale* 

Thus in either version of the 'criterion change* hypo thesis the threshold 

would be expected to return to the asymptotic level more quickly with 

negative than with positive inter-stimulus intervals*

8.2 native inter-stiisBlaa

This experiment vas designed to investigate the threshold at 

three negative inter-stimulus intervals, using the method of limits. To 

ensure that any effect found would be an effect of the accessory stimulus,
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and not an artefact produced by the pre-warning, the intervale between

the pre-w&ming and the critical stimulus were randomised over a wide

range.

Apparatus and procedure

The Basse situation and apparatus were used as in Zxperiaent 12* 

The Tapper neon light, which served as the prewwanung, caste on at the 

beginning of each trial* Tais was followed, after an interval which varied 

randomly between 2 a&d 7 seconds, by the critical stimiu*, a 45 msec* 

increase in the intensify of a continuous £00 c.p.s. tone at an intensity 

of 60-70 au WA* the accessory stianlus was provided by the lower neon 

light which cane on at a **^v«~ ....^rval after the critical stimulus. 

The subject responded V depressing one tapping-key for 'Yes' or another 

for »Ko».

There were five conditions of accessory stimulation: no 

accessory stiffiulua C&Ao 1 ), -3 seconds (i.e., the accessory atinulus was 

switched on 3 seconds after the critical stimulus had been given), -1 

*econd, -0*5 seconds, and 0 seconds* A threshold was determined for each 

inter-stimulua interval ty the method of limits, descending series of 

stimuli being used* A block of five threshold determinations, one at 

each intsr-stisiuluB interval, was repeated four times in a session, 

which lasted l£-2 hours. Tvo subjects each did tvo sessionsj in one 

the series in each block were given in the order above ant! in the other 

they were given in the reverse order*
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Results

Th* mean thresholds, standard deviations, and standard errors 

are given in Table IS, and in Figure 10 the aean thresholds, with their 

standard errors, are plotted as Gurve A, Student's t was calculated to 

give the (one-tailed) significance levels of certain of the differences 

between mean threshold a. 

Diacussion

The significant fall in threshold at the aero interval, as 

compared with the threshold found in the absence of an accessory stimulus, 

confir&s tnis linding in Experiments 11 and 12» If the fall In threshold 

were a 'distribution 1 effect uie t tire ahold should be approximately the 

same for the negative intervals used here and the HAS conditionj but 

this is not shown* Instead there is a smooth rise from a minimum at the 

aero interval to a level at -3 seconds not significantly different from 

the 'asymptotic* threshold given by the BA8 condition, which is consistent 

with the * criterion 1 hypothesis. However the fall in threshold is only 

significant at one of the negative intervals, -0*5 seconds. Though there 

is a fall at -1*0 eecond it does not attain significance. The fall at 

the half-second interval might be produced ty a tendency for the subjects 

to give false positives at that interval) though previous threshold falls 

have not proved explicable by * guessing1 , this cannot be excluded at the 

negative interval iiuoe 'is case the threshold was determined by the 

•sthod of limits, which did not allow the false positive rate to be
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estimated, therefore the result requires conf irmation.

Is this experiment the method of constant stimuli was used, 

allowing the false positive rate to be determined*

The sajae situation and apparatus were employed as in part (a) 

of this experiment. The interval fro® the pre-varning to the accessory 

or critical stimulus (whichever case first) was again randomized between 

2 and 7 seconds, there were two ©ouditioasf in each session of each 

condition t*r*»* intervals were used. la Condition (a) these werei HAS, 

-0.5 seconds, and -0,1 see<^?« and. in Condition (b)* -0.1 seconds, 

0.0 seconds, and *Q»1 seconds. The method of constant stifflttll was used| 

a series of 20 stismli were given at eaeh interval, 4 at each of 4 

equally spaced stirsulus strengths, and 4- 'blanks 1 , in random order. A 

block of three series, repeated five tiaeii, took two sessions to complete. 

In half the sessions the three series in each block were given in the 

order above, in the other half in the reverse order. The length of the 

pre-waming interval was recorded on one bank of Pekatrons, and the 

reaction time, from th© presentation of the critical stimulus to the 

subject's response, on another* the subjects were not told that reaction 

tiiaea were being recorded nor was any effort mde to influence their 

speed of response. Four subjects each did S sessions, 4 of these being 

under Condition (a) and 4 under Condition (b).
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Resulte

The respomses to the 80 stimuli given at each interval in each 

pair of sessions were treated ty problt analysis (Fianey, 1952) to give 

thresholds, standard deviations and standard errors, and mean values 

veins calculated for all the sessions. These results are given in Table 19, 

and the aean thresholds are also plotted in Figure 10 as Curve B* Two 

values are given for -0*1 seconds, as this interval Has employed in each 

condition. The one-tailed significance levels of some of the differences 

between mean thresholds are also given; these were determined by 

calculating the Critical Uatio (differenee/S.B. of the difference) and 

referring it to the normal distribution* rach false positive rate is 

based on 160 'blanks', and the reaction times are averaged fron 2139 

positive, and 1354 negative reactions. In calculating these averages, 

all reaction times more than 3 seconds in length were excluded, as 

probably representing false positive responses* There vert; 11 of these, 

all in the HAS series* In Figure 11A combined distributions of the 

positive reaction times of two of the subjects vho had similar raedian 

times are given* All KAS re action tines less than 1.7 seconds are- 

plotted (they are taken to the nearest tenth of a second) as a continuous 

line. This distribution was subtracted froa the corresponding 

distribution for positive reactions in the -0.5 seconds series, and the 

distribution of tLu ^ *s graphed as a dotted line* The -0.5 seconds 

distribution, vhich is not plotted, would equal the sum of these two 

distributions*
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TABLE-

Condition (a) ^QRditloft (b)
Intervals ( seconds): ffAff -0.5 -0,1 «£»i 0,0
Thresholds (db)i 0.373 0.320 0.298 0.297 0.251 0.292

0.114 0.110 0.126 0.112 0.117 0.105
o.oos o.oio 0.015 O.OOB 0.015 o.oio

Positive responses* 0.91 0.86 0.82 0.89 0.83 0.76 

negative responses* - 1.39 1.08 1.13 1.03 1.04

ppgltiveg (per cent)8
10.0 6.3 8.1 S.B 7.5 11.9 

between a»«&si

Cooditloa (a) Gritlc&l Katio ~ i..niii.

•E&S 1 - '-0.5 1 4.14 P.< 0^0005

»S.V': f - •-0.1 1 4.42 p<.O.OOQ^

»-0.5« - '-O.I1 1,24 ^ (p= 0.108)

CqRdltion ib)
'-O.I 1 - 'O.O 1 2.74 P< 0.005

V - fO.O« 2.35 P±0
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Discussion

These results confirm the findings in part (a). The threshold 

is lowest at the aero interval and rises for both positive and negative 

intervals. The most interesting cooparisons are with the asymptotic level 

given in the KAS condition; fiiis is significantly higher than both the

-0.5 ar*d -0.1 second levels. The latter interval falls within the rather 

generous lirait of 125 msec, suggested in Section 8*1 as the possible 

extent of the 'negative threshold curve 1 that might be produced by a 

'distribution change-'• However the significant fall in threshold with 

the mgativv interval of 500 msec., found both here and in part (a) of 

this experiment, does not j be compatible with the aseussption 

that a reflex or preparatory effect of the accessory Btimlus exerted on 

the afferent pathways at a time before the message resulting from the 

critical stimulus has arrived at the central processes is essential to

•toe fall in threshold. Tims the experiment shows a retroactive effect 

which appears to be best explained t^y the hypothesis that the accessory 

stimulus produces a change in the criterion. There is no suggestion of 

consistent variation in the standard deviation, as would be expected of 

an effect which only alters the critical value. A fall in criterion 

produced by the accessory stimulus could only have an effect on the 

threshold if threshold decisions are delayed sufficiently long for the 

new criterion to b* spnlied in making them. It is in accord with this 

that all the mean reaction times are above 3*5 seconds. It would, of
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course, not be necessary to delay all the responses when the inter- 

attains interval® are negative. Stimuli producing a central effect 

greater than e might give an immediate positive response? some or all 

of the others might be held in store for a short time* If the accessory 

stlumlus followed, lowering the criterion, sose of these stored traces 

might then give rise to positive responses* This hypothesis is supported 

fc0r Firure 11A. It can be seen that there are more positive responses with 

the -Q.5 second interval than under the HAS condition, and tliat the excess 

Moetion. tiats have a ase&n greater than the neon for the H&$ condition 

or for th*. wv-,..v...lete -0*5 second distribution (when, of eoors*, reaction 

tiaes greater than 1.7 sec not considered), lone of ths extra 

reopont'ec have a reaction time less than 0*5 seconds; although there are 

sore positive responses with the -0.5 second interval than under the 

HAS condition, there are fewer responses ttndor the first condition giving 

reaction tiaes less than -0.5 seconds. This would occur if sose afferent 

inputs are held in store, when the accessory stimulus Is expected, vhich, 

under the HAS condition, vould give isiaediate positive responses. The 

significance of the difference between the taaiber of positive responses 

vith reaction times less than 0*5 seconds onder the tvo conditions %-as 

tested using the normal approximation to the binomial distribution (Siegel, 

1956)} it was tou»d to be significant (p~0.004, one-tailed). I» 

Table 19 the aean W*^ rff».eti*>fi tias for positive responses is longer than 

that for the -0.5 second intervalj this is probably due to the inclusion
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of a number of reaction tiRes between 1.7 and 3.0 seconds in calculating 

the former, despite the possibility of their being due to false positive

fne reaction times for negative responses are uniformly longer 

than for positive responses. When the inter-stimulus interval is 

negative it contributes to the reaction time for negative responses; 

however the difference is also present at the 0.0 and O.I second 

intervals. Possibly a sas?>le of the afferent ir^ut which is greater than 

the critical value sets the response in motion immediately, but if it 

id less a farther one or two 'moments 1 or 'sampling tides' must be 

examined before a negative response is made, even when the time of arrival 

of the stimulus is as exactly indicated as with the zero interval*

The false positive rates show that the fall im threshold with 

negative inter-stimulus intervals cannot be accounted for togr an increase 

in guessing: the rate is higher for the &K> condition than for either 

of the negative intervals. However it is still possible to offer an 

explanation for these results which does not depend on the aflsusiption 

that the occurrence of the accessory stimulus produce a a change in the 

value of the criterion. The different intervals sight have induced 

different 'seta 1 with effects on the threshold levels. Thus the JUS 

condition might have seened dull, with a consequent sopor if ic effect, 

but the expectation of an accessory stimulus slight have been conducive 

to greater alertness. Increased alertness, or interest, or effort, in



one condition as compared with another, might correspond to a reduction 

in cfjj or in M^ for all tr condition. This could have th* 

effect of lowering the threshold for that condition without causing ft 

ris* in false positive rate, although the criterion would not vary during 

the course of individual trials. To some extent this is contradicted t^y 

the evidence In Fl-^ure 11A that an increase in positive response is 

associated with an increase in delayed responses, since this iiaplies? that 

the change in threshold on a given trial depends on the changes occurring 

when the accessory stimulus arrives. However this explanation requires 

experimental testing. 

Experiment 3Z(c)

In part (b) the stimuli werr given In series of 20 at a given 

interval. A* well as x ' — 'slhnple 1 series, 'complex 1 series are also 

used in the next part of the eT^eriaent. T* « • COIRSle* 1 series 20 stimuli 

are given under tvo conditions of accessory stimulation, which apply to 

suwcessive trials in a r ' ,ence, so that if, for instance, the NA3 

condition is combined with accessory stimulation at an interval of 

seconds, then on a given trial the subject does not know, at the 

that the critical etiumliis is administered, whether the accessory stimulus 

will follow in half a second on that trial or not at all, only that its 

probability, on any trial, Is 0.5. If a significant Difference In threshold 

were found between the two conditions in a 'complex 1 series this could



not be attributed to the subjects 1 •set* during the series, vhieh would 

be the sane for the different trie Is in the series, 

and procedure

The same apparatus vas used as in part (b), with the same 

randomized pre-varning intervals, and critical and accessory stinuli, 

In each session there were 10 'complex1 seriea of stisaili, each series 

consisting of 20 stisulis 2 at each of 3 equally spaced stlasalus strengths, 

and 4. 'blanks 1 , under each of two conditions of accessory stimulation, 

given in random order* In 5 'A Series* K.^o and '-0.5 seconds' were

combined, and in 5 *B Series 1 S/U> and '0,0 seconds 1 * In 6 of the 10 

sessions 'simple 1 series were also given* These were one-and-a-half 

HAS 'T Series 1 , ant? one-and-a-half ! -Q*§ seconds 1 'Z Series'* The 

different series were given in the following order and its count er- 

balanced equivalentsi A, B, I, A, B, Af -J-Z, -J-Y, B,A, B, Z, A, B. A 

•equence such as this took two sessions, each of about an hour, to 

administer* Three subjects did 10 sessions, two doing 4 each and one 

doing 2. 

Results

Each pair of counter-balanced sessions was combined and 

thresholds, standard deviations and standard errors calculated fey probit 

analysis* The results of this experiment are given in Table 20, and the 

nean thresholds for the eoiaplex series are plotted as Curve C in Figure 10* 

Each falee positive rate is based on 200 'blanks 1 for the ed^lex series
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T.ABIE 20

Intervals (seconds) i Sffi -0.5 RAS Q.Q

ifean thresholds (do): 0.385 0.322 0.385 0.308 0.414 0.375

S.0.; 0.15S 0.115 0.101 0.119 0.166 0.079

S.B.I 0.031 0.019 0.023 0.014 0.017 0.016 

Reaction Tiaeg (seconds)*

Positive responses: 0.74 0.69 0.63 0.62 0.62 0.67

tive responses: - 1.25 - O.S9 - 1.21

False positives (per cent) i
4.5 4.0 4.5 7.0 0.0 2.4

friflfarerccs betvagp laeang Critical Ratio Significance 

A Serl.-.-

•?.V« - '-0.5 1 1.74 p< 0.05

S Series

•HAS* . »0.0 f 2.84 P^ 0*005 

I nod 2 S

•HAS 1 - '-0.5 1 1.63 p* 0.052 

A asd B Sericg

«-0.5 ' - 'O.O 1 0.60 IS
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40 for the sinple series. In calculating reaction tiaes any tines 

greater than 3 seconds vere omitted.? there were 7 of these, all in the 

A •- - condition, the positive reaction times are derived froa 

934 and the negative fro* 243 responses. As all three subjects had 

siailar median reaction times their results were combined to give the 

distributions in Figures 11B and HC. In Figure 113 ui© .**- reaction 

tlaass for the A Series are given as a continuous Hue, and the excess 

when this distribution is subtracted froia that for the -0.5 second 

interval as a dotted line* In Figure 11C the corresponding distributions 

for the B Series ar© given, the KAS reaction tisies as e continuous line, 

and the excess of the '0.0 second 1 distribution over the HAS distribution 

as a dotted line* Critical Ratios are calculated and (one-tailed) 

significance levels given for some of the differences between mean 

thresholds. So difference* between H&S thresholdE in the Af B, and I 

series were significant, so these differences are not ^iven in the table, 

Discussion

These results confirm the findings of parts (a) and (b). The 

threshold falls with the «0»5 second inter-stimulus interval in the complex 

series as veil as in the sisple series* Since, however, the difference 

between the two thresholds in the A series is only significant at the one- 

tailed 5 per cent level three further sessions were obtained, one frt» 

each of three subjects (two of whom had served in the experlaent), each 

sessioE consisting of ten A Series only. Vlhen the results calculated



froa these are combined with the A Series thresholds given in Table 20 

tho meim thresholds beeoo*: |T ' - ^*395 db, '-0.5 seconds 1 - 0.315 db, 

C.R. a 2.79 (p 0.005). Thus the effects of negative inter-stiiaultLs 

intervale which were found earlier cannot be attributed to changes of 

'set* between series. lor can the falls in threshold be attributed to 

increased guessing, in Tie* of the sa&ll changes in false positive rates.

The threshold also falls for the zero interval in the B -rl.es, 

and in the Z Series. The 1C sM 2 thresholds are higher than the 

corresponding thresholds in the A Series, but this is an artefact due to 

the inclusion of single series in onj^r 6 of the 10 session*. The thresholds 

for the A Series for these 6 sessions taken alone are: '8.A8 1 — 0.420 db, 

•-Q.5 1 ,» n,,'*^ db. These are clearly very aisdlar to the T and 2 threeu 

holds, so that thore ie no evidence that the use of complex rather than 

siisple series affects the threshold fall. This is further borne oat "by 

Figure 11. The results with the coiaplex A Series shown in Figure 11B are 

very similar to those in Figure HA, based on the siriple series used in 

part (b). The excess of positive responses vith the -0.5 seconds inter- 

etijmilus interval again has a mean reaction time greater than 0.5 seconds, 

and greater than the Kean tiaies for the BJ£ and f -0.5 seconds 1 distribu­ 

tions. This is in accord with the hypothesis that some reaponaes vhich

e would imfce negative are delayed, anc* positive responses are given 
a
instead if the criterion is lowered sufficiently b$r the administration 

of the accessory stimulus;. Since, in the complex series, the subject
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does not know in advance on which trials the accessory stimulus will 

occur, as winy responses should be delayed on SAS trivia as on »-0.5 

•ecorsd* trials, though th& former will not become positive while the 

latter may. Figure 11B shows fever '-0.5 second 1 responses with reaction 

tlaes below 0.5 seconds, than &i£ responses, but tbis zs not significant 

at the (one—tailed) 5 per cent level, applying the normal approximation 

to the binomial theorem. It might be argued that reaction tiae lengthens 

as stimulus strength decreases, that the extra positive responses 

produced hgr a threshold fall will tena to be responses to stimuli which 

hgve been brought Just above threshold, and that these should therefore 

be cted to have a greater a&an reaction tine than the total 

distribution, which will include responses to sane .^it stronger stimuli as 

well* However the B series, which is plotted ir. figure 12C, affords a 

control for this possibility* In this case the extra positive responses 

produced with the zero interval show no tendency whatever to give greater 

reaction times than the coisplete HAS or '0,0 seconc tributions. Thus 

the lengthening of the reaction tljae mart be related to the expected 

accessory stimulus, and is not a consequence of the fall in threshold as 

such, 

8,3 The retroactive effect of accessory stimalatlon.

Eaqperisent 14, has shown a retroactive effect of the accessory 

stimulus on thres!-;!" ?h extends bac!<wards for at least 500 msec., 

extra positive responses beiuag made, after the accessory stimulus has been
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administered, which are not false positives. Even allowing the rather 

generous limit of 125 msec., as calculated in Section 8.1, for the 

possible retroactive effect, with stiimli such as thos© used hare, of 

a i ^e in distribution paraaateri, such a change could not account 

for these results; they appear to require the assumption that the effect 

of the accessory stimulus is to change the criterion applied to a stored 

stimulus trace* ;iowsver tne experiment doea not allow u® to decide 

bet."*-**! the 'alarm 1 and 'jadgaental 1 hypotheses; it is consistent with 

either. In the former we suppose that the criterion falls as an iraaediate 

re ^ accessory stimulus, and that the extent of this faH has 

no relation to the length nter-stiioulus interval. The new 

critical value is applied to any deciaions not J .^e, so that any trace 

still present in the short-tern memory store may now give rise to a 

positive response, provided its central effect it r-r uter than the 

lo^ critical value* The limit to the retroactive effect voold depend 

on the rate of decay in the short-term store (which mi^uu be taken to 

correspond to Broadbent's (1956) I S system 1 )* and the upward slope of 

the retroactive threshold curve in Figure 10 could be explained by this 

dec;,/. £? the traces decay steadily older traces will be less likely 

than more recent ones of equal initial raagpaitude to evoke a positive 

response when the criterion is lowered* The curve vouia become Horizontal 

at the interval at * 4- ? ^ +' •"- -«- r*f the traces fully cancels out the 

advantage given by the fall in criterion. To account for the delayed
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responses shown in Figures 11A and HE we could suppose that a stimulus 

that receives an izzmedi&te negative decision nevertheless remains in 

store and gets a 'second chance 1 if the criterion falls before it has 

disappeared*

un the judgmental fcgrpothesis the arrival of the accessory sti- 

eulus alters th© subjective probabilities attached to the occurrence of 

signal and noise at different past times. The effect of this would depend 

on the length of th® negative inter«.stimuJ,us interval, and the accuracy 

wi r ich the subject can identify traces of the appropriate age* The 

'range of raised signal probability 1 resulting would be smaller for 

shorter interesttmnlns intervals, in analogous fashion to the relation 

between the range of expectation and the length, of positive intervals, 

so that the reduction in c for Inputs falling within the range would be 

greater for shorter than for longer negative intervals, with a relatively 

constant false positive rate* Both this effect, and the decay of traces 

in the store, would here contribute to producing a tl. old curv® 

rising rapidly to the resting level*

A fev experiments have shown retroactive eirecta cf one 

stimulus on the perception oi another which do not, like aetacontrast, 

appear to be specific to a particular raodality. Child & Wendt (193&) 

aeasnired the frequency of positive response to an auditory stimulus (a 

165 msec* tone pip; p at one of five intensities in the threshold
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range, with a flash of light acting as an accessory stimulus. Five

Gi uiie. untie r— stisulus intci'val, ra

, were given j.i, ^.uuui

in
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at 0.
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learning. The particular interest of this experiment is that though the 

negative effect, cor red alone, could be given an 'arousal 1 or 

•temporal reference 1 explanation, the former, as in riment 6, cannot 

easily be applied to the positive portion of the curve: there xs no 

nonotonic fall in threshold as the positive intervals decrease* Instead 

the t ,old falls from 2 seconds to 0.5 seconds, and then rises again* 

The v::;J c.riment as a vhole is asore easily explained by the 'teiqporal 

reference 1 hypothesis, and in this way constitutes evidence for this 

account of the effect at negative intervals.

Fie"ron & Segal (1939) investigated tactile sensitivity using 

ec: :?r discharges to the oase of the proxiiaal phalanx of the middle 

f •' r. They r red the effect of a einglr. : thai of doable 

shocks of equal intensity given at various inter-stimulus intervalo, ^nd 

found that the threshold was lover when the stimlus was repe*t£<9 than 

when it vas ,. . .u.ly. This was shown with intervals as large as 

0.4 seconds, but not at 0.8 seconds, with most subject . The fall in 

threshold wa? not sir;ply due to smrasationj not only m<i ^he aecoad shock 

become Getect&ble at an intensity at vhieh single shocks eould not be felt, 

but so did th© first. For intervals above 10-4D msec, both shocks were 

separately detectablf: at strengths belov the threshold for single shocks. 

Thus there was evidence of a process of ilitation as well 

si '.on. The -s to liave a similar range of action to the
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retroactive fall in threshold iB Experiment Uj however it is difficult 

to account ^•" it in terms of 'arousal 1 . *• wooic r. -. to suppose that 

subliminal stimuli may be arousing, and sufficiently markedly so for the

re; ^ effect of the first stiming to bring the second stimulus above 

thr Id, and for the effect of the latter on the criterion to allow the 

trace of the former to evok® a positive response* Bat if the changes in 

crttrH.nTi produced lay these subliminal sstisaili have such marked residual 

or retroactive effects, over periods as lorn? as ADO msec,, it is 

p - that the falls in criterion do not bring the stimuli themselves 

similarity threshold vhen they are given singly. If they have such 

" -r +.*ie criterion v-:, ...c# subliminal • •-- -:ven alone? in 

st, thr nHs^sptloti tf.-nf. t>i,- itubject tav^- -^^oant of temporal 

relation? in determining th> Jectiv® probabilities of ai^aal and nois®, 

ancl chooses his criterion accord' ' : i3y be applied here. We 

can suppose tnat when single shocks are given a t' 'old decision is

made each fmoaent1 for which P^A) = €„ wher?- ^ * - - stant. If a$
aeries of double shocks at a flxp/ intrr^sttsmltts intr^-wal are given 

instead, and we su a the subject can eetiaat© this interval perfectJ^-, 

he do best to s his strategy to that of : ; decisions for 

paXrs QI iz^uts -.rated by the given interval* If, £or a positive

decision, he required each of the inputs to exceed the same value of c
2as before, fee would nov haw F (,O =€ for eacH ^«cision. Since

2s < £ :ie could afford to reduce c to a value at which the false positive
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rate *o«lt? be back *t its previous level. If the efficiency with which 

he can in fact snake use of the interval decreases as it get* larger the 

fall in threshold will be? greater at the shorter inter-stiaolus Interval*. 

This c ' at ion provides a more plausible fit to the results of the

experiment than does the arousal hypothesis, and to this extent supports 

the Icattor of the *t€iaporal reference 1 hypothesis to similar 

e: "its,

Kallldoy & Mlngay (1961) have Bade an Int Lng attempt to 

ext; ;c fir/ir.js of * -iaent H, using another nsodality of stimula­ 

tion, ^ .g the strength of the accessory stimuli, and obtain 

r '..eh they b^lieri inconsistent with the hvnothasis th.-^t the 

acc ;; t - stlirul^s r^ncti^ns only as a temporal r~ •:• point or 

'warning 1 . For their critical and accessor;/ stimuli they used c<-. aer 

disciic., -•'"•'"•tered t»y silver electrodes applied t-o i/ne cack 01 each 

of x,,.v .: Libject • c. ^orearms, t^r ^^r*ck to one forearm ^t.i.ng &g the accessory 

a: at to the other as the critical at is. They examined th« 

fre • of positive response at 5 inter-stimulus intervals, -0,5* -0.1» 

0,0, +0,1, and -K3.5 seconds, vith 5 strengths of the accessory stimulus, 

ranging from +2 to +6 db above the W 100 per cent thi\ o,>u!dM , The pre- 

waming interval was randomized bfttvp.^n 2 an.d 7 seconds 9 and the different 

i ities of the critical and accessory stimuli were given in rar ;.ed 

order in & series, Fach. series had a fixed inter-stirrrulus interval. They 

found that the accessory stimulus affacted the aold of the critical



stimulus, and that thi* effect was shown not only at the zero inter- 

stimulus interval but also with positive and negative irrfeprvals. Hovever 

the effect was in the opposite direction from that which bar coen fourui 

here; the accessory stimulus raised th© threshold, rather than lowering 

it. i::t.v su-wu found that the rise in T*iireshold increased as a function of 

the r.trrrrth of the accessory stimulus.

Halliday & Kingay consider their effect relevant to and a 

source of information about the mechanism producing the fall in thrc 

at po;ji-wxv< -id negative interval* which is shown in son® of the 

ex:... ^-ents which hav« be*n descri^tu auwve. They argue ths.* ii uue 

ac: :y stii^ilus acts merely as a w tiffie asar!-.(?rn its strength should 

be irrelevant to its effect, provided it is , .it the ir .ty 

of thf .cceeaory stimilus did affect the nmgnitude of the ris« in threshold, 

v.riica i,ointed ty -wwie acuivu axcitatorj.- or iKiiioi-uorv process of iniier- 

actio^ >»*tveen the two stimuli in the central aecharisiae*1 j since the 

effect occurred retroactively it could not "b© e:-, in terms of 

attenuation of the afferent vollr^ 0 .

Since they conclude that the accessory f us do«s not act 

as •::.. \ ^ri-1; ,, -. ocep'i i-riat the reLraac^ive eiiccu exciu; • *ffect 

on the afferent input, their explanatic •*«* to ii2pl5r either an effect 

on the truce, weakening it or tending t n.t it r*. -ig the threshold 

decic... •..:-,:ilc:., ar a. .- on the latter e, t to a rise in the
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Phs latter explanation would be analogous to that given as 

^c> in section 5.1. However, it may be d' r their 

effect can rightty be regarded as of the same sort as tae fall. 

t* • scribed in xr>eriment 14 ar.c in the earlier experiments, .'ot

-. the ace ry stimulus J. eg a rise in threshold.

rat cr -uu,n a fall, but the tiae course is very c" ': from that which 

Joar .1 found above. JJQ. i-ialliday's & Mingay's r- ~'~-, the rise in 

threshold is greatest at the sere interval and at -0.1 --"~~^s, an 

is . .ugh less mi, at O.I seconds. But they find no

rence in 1 \old level between s- vith the -0.5 

or.a ::,u.u; vita the -O.5 so--. :!^ral, and " '• ^n the *0.5 sec 

interval ^ind the "Ko warning (KA, } condition, *- Bating that the j^al 

ranw:- of the effect is Ifjss than 0.5 seconds in «*nf»h direction, which 

is very different from the extent of the threshold _;?s described 

abo\e. If their result is not clearly due to the r Ism tinder 

invcc Ion nere it ao«s n<Dt neoeasarily constitute eridence about it. 

Beivertheless the problem remains of hov their interesting finding c&n1 "HP **

best be exple.ine<i.

If the H excitatory or inhibitory proccssn suggested by 

j ay is i ^eted, in terms of the s' -detection 

JqypotheslSf as eorreapcnding to a rise in criterion, why sfeerald this 

odcur, and why shoul ' * - rf> ^^ N» retroactive^ 4 possible explanation 

can be derived from the fact that they used accessory and critical



stimuli differing only in intensity (aad not very greatly in this 

posr.«-rt: the two weakest accessory stimuli were of equivalent strength 

to the tvo strongest critical stimuli used) and in their two s^-: - 

r -, sites of application. The afferent pathways for two such E i 

Aiguw be so related that a spread of excitation could occur froa one to 

the other. If this were so a stimulus at one site, say the left forearm, 

could sometimes ceuse 'cross-talk' in the corresponding pathway from the

sally opposite part of the right forearm* ;• hypothesis 3 

SOB? airport from the occurrence of dibttrr -s such as alloaesthesia 

ana sync hi n certain lesions of the nervous system ^ritchlsy, 1953 )• 

With stimuli such as the?-'"-" *-Thich oc^ r^rhnr.n "np re^A.pdcd as 

<. ring only in a simple 'one-cM. .'•^r.Ional 1 vay, 'cross-talk* from tLe 

left ay aight not b© distinguishablje from random firing arising 

; : - "-- on the right, producing an equivalent ej.iect to a tejapormy 

change in the »noise 1 distribution for right-sided af3?erent inputs. (To 

facilitate further discuscion thr pathways affects bv the critic- 1 and 

MMOM0ry stimuli will be referr^" to as the 'criti and 'accessory 

pat •*), If, in this case, the probability of false reports of critical 

stinruli is not to increase when an accessory stiisu-iu;. is given, the 

decision meehaniam for tb* critical pathway »o»t adjust its criterion for 

an appropriate period, vhleh will correaosnd to the usual duration of the 

in its 'noise 1 ~ . It vould follov fr<aa this that the 

; of the effect found toy Halliday & Mingay s' be related to the



r

tine coTars* of the afferent changes resulting from the accessory stimulus 

It is in acc;ora VXT;L tai MLS •ua&.t the p*my'»ffil effect vac au 

about the zero interval, and that there was no effect at a positi-*™ ^ 

nr := Inter-stiffittltts interval of 0.5 second *.

The stimuli used by Halliday * Kingay were very short: 

condenser discharges with a tiffi® constant of 10— ^sec. let an 

eiivu.. was found with positive and negative inter-stimulus intervals as 

100 msec. A number of factors can be suggested, MBe or all of 

Ld have contributed to thiej (i) la terns of the signal*

1 tJ»« subject* 8 criterion should be at: justed in a v^r that 

n-y parallels the time conrs© of the c !> • ••: in the psraiaeters 

of the noise distribution for the critical pathway, iivea with an aliaost

aeeeasorv

at different rates, and after-discb. 2timulated 

vo«ld lengthen the n of the corr -t nafl8mge y ^ 

a correct ondiiig increase in the period during which 'cross-talk 1 slight 

appear in the critical pathway. This might provide Nwis for an effect 

at positive inter-atinulue intervals, (ii) The t.k;t. ourse of the , _e 

in the noise parameters which is alloved for lay the old dec

an alght be d to be an average based on some or all of the 

's experitir, •,•;«. ::i witii •--*•»••.- brief and fleeting stimuli, -iiiuti 

are rarelr- •"• *^^--^. In onset and teriaination as those used in 

this ftTn<*riment, signal detections Bight often seem to be preceded and
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f, ' ?d by relatively ' 5,»e levels in fsct to the subliminal

effects of ^ 54 or rcno^r- .-.'.r^ili. This "" :.G

to an expectation ^ no,.w,. ra t both positive and negative interv^...a«

(i If the 'raowmt 1 or 'sampling time' is correct, ever, if

t; t aeaaages could be supposed to begin and end ab:

time coiaree of the change in the noise parameters • not appear to be

correspondingly 'reetangala.r 1 , eiace the beginning or end of the aiici.j::t

:S»SSo~£ Vtml3 Sontftiises fall vf tMr n «Tjff1r«.1,*.r>t rr/WTr-Mrn .-if .«? tri«rv-

t to incr arent level of act nt 1 v;

I it above the eri4 i« This vtmld conti to -• I* i

nei^ativa results*

These considerations euggest th -• •*' '"^Iterloa eoi^uter 1 

ironld do best ti> rsine thf* criterion for thf? sriticril -lathK-av not ortl-r at 

the time that a Message can be dr d In the • j pat -. so 

at times 1 ' s. One way :ory disc • .a- 

tion oeci^niam COIUG approxiaate to this pericr • ';uld be to iccci the 

afferent input in the acee»»ory r.athway into the criterion computer for 

the cr ay in such a way that it co , affects t ;•••* 

critical value. This vould result in the criterion being high vhen the 

ac - • ~r pathway Is active and lov vhen it is in-ctir-e. If a rise in 

the criterion corresponded to the induction ^i f inhibition 

or refractoriness T^V»- vm'T--» take some small period of i disappear, 

this vould have tUc c,£tut of raising the cri a short time just



after the accessory stimulus is detectable, -offic ysiologioal 

studies arc of interest in Ar J \ Tove & , • / - -i (1958) 

e ed the di-^srge patt*™* '•*" individual units in the somatosensory 

cortex of the, rl ?y in re t , se to e" cnl r>nd s»ehani»al 

r Ion of the digits. They found that the di evoked in usasy 

o uni-DS by a "' • " to the f!" -Id be p- '.ted by prior

at initiation at a nearby poir.v; in ^nc»e cases a brief
shock in the inhibitory rer^" •-ti <r« -f^pi^ ^r-^Tir-^/-' «. -^apidly derveloping 

dt -^n of the evoked ( -9 lasting for „ - 150 msec. Jabbur & 

T,: . '•) c:c? - • • " : '"• :?t of ittraulax '. on of the cat*s motor 

oort •• -n the dlach&rgT c-. in single tjnits in the cun«at« nuclei Tsgr
't1 r,n, Tr; «t<w« cas^" *> ^Ino-ln f»Vv.-.^i ^^ :;_ tPaiE of

Ir excitability for period. s of 3 • :?" msec. Stoiber

B- ' '" " '* ' s sladlarly c~ 3d the < t of cerebellar 

st. ' " ' " •* on evoked rr "'sw« in ^ ' • in some ca&«® 

found an inhibitory effect vhieh disappeared in i^-~. sec. Thus it 

is ne-ur«?rh-s1.oln-?Hcal!ly plausible to suggest tte:* "••'- -'eces&oiy stimulus 

slight have an inhibitory or depr*. „ et on the oechaniai eorres- 

pc- ' - to the criterion, ris« in thr critical value which 

might take ir>0-200 msec, to disappear,

Tow 4fe Anassijj-j \195B) did not obtain iti^ ei.'ect with 

iDt-flf-frfelmtiltui irtt<--rv^?s ,Tr/-.*>t.r-r ^Vmr. ? ?*««•• , ,hc* negative effect 

at -0,1 i J ' • :Ter fe® ^ Jite-d for if t, -oncy of the
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effnct of th*=> »Mscessory stimuli?* ™ f • f ^i^ricc were less than the time 

taken for the afferent laput is to reech the

•-•"vxtive delay of this sort :?!;-•£ t be produced in

a ' * • r of * " s er or quicker ;: be ea$>loyed in 

bringing the affere&v, ju&put in the aoe-esscr^ paw-vs/ 1,0 -.u on th« acocr— 

elnation of the crttrrfo-n thpm lr bringing tb^ ir^>trt -,.-it.. critical 

st 3 to its decisi , ,. (ii) The _ . .^notion time 

to --tex inereaaas aa the Irt ' ',y of the - lus decreases (Tove 

6 ABassian 9 1958). ^his vouic, ceiay the afferent 7, irom the critical 

stimulus as compp™^ " ; th the accessory stimulus, (iii) If the sampling 

time 3ifl is correct, thf nf ^ut from the critical stimulus 

will fr 'be «sl while the sample is ooispletedj it is assumed 

that the activity in the accessory ^ot undergo 

for this purpose but acts continuously on .;., criterion coi^uter.

the effect

of pr _ a rise ic t old at short tire ositive intervals 

can be derived froa th« sampling tljse 1 is» "."hlr, is based on the 

aaatanption that there is a reciprocal inhibitory effect oetween inputs in 

the two -.athways vhieh fall in the same ti2B®~Qwsp'Le . "^c effect of this 

on th^ vrrV^r input would be <=»^Trl ivr>tp-'nt. *,n f ^1 SP criterion, and 

the rise in i hold of the crlti tijmilus result ing froui this would 

be a 'ion of the probability of the peak effects of the tvo stimuli 

falling vithin the same sa- "" tire. his probiibility would be unity
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corpus callosua. Bender (1952) has shown that in normal hoaane t 1 

stirsuli affecting synssetrical or related pathways may aask one another.

An acivanta?* of the 'cross-talk 1 hypothesis is th^t it •• -•'Vts a link 

betv.' , vine experimental findings auu certain abnormal phenomena which 

can. D??rhar>e, best b€ understood as eTai»«rrrctlors ^f features of Rerrotis 

functio; :•:>.: which arts normally present. J-y.lliu^. 7 refer to the 

ph n of 'Inattention 1 , sometimes fomad with lesions of the parietal 

Ic ...n which t; r ,:itient is unable to perceive a SbiRulua on the 

af^«"* f '-^ side if there is simultaneous contra^ter::-" f Ijsulation. It is 

per.". V.^Tc :: -t in such eases the lesion has prr ,. loss of 'Insulation1 

of t fpct^d pathimye, --.orrc •••; increa'e of cross-tall; from 

related sources, and the disorder is in fact the ?: 'ton of the large 

CO- • ::-a&oiy rijse in the criterion necessary vher. is an input, on a 

»«i«fr-.f3 -ot-Uvay. Giblin's (196^) finding tv*«t v- — • n case tfe&re ^ms 

no redaction in the cerebral potentials erokud. ^ li when 'inattention' 

to them was present supports the hypothesis that t! *jig« is in the 

central mechanisms. If the criterion did not rise in compensatory 

fashion stimulation OR the sound side should produor ?in hallucination of 

similar syBaaetrical stiiaulation, and this ajjrapton, r/nchlrlaf is aonetlnes 

reported in such cases (Critchley, 1953).

It appears, then t-h-at the findings of ',- ay & Ming&y do not 

constitate a reason for rejecting the 'temporal refereree 1 hypothesis for

appear to provide evidence of "^rent phenomenon,
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or Bombers to hia

as a tachistoccop aeu^ily 50 meee. long. He compared 

the . »ion in jjaaadlate - , .- ject a., :^ptcd to report

le of wiiat &ad been exposed (the span of L on) f with the 

tc ,-iaole to the B t at v , times after the 

ex^'^uu/u* iuu j_uj.orfflation available 1 was e^i^uaa^wcu a^ a sampling 

te-'^-m,-, thr subjf t being required to sake pe.r^*«*. reports consisting 

oi lw ,, of the rows oi' letters in the d^ ,, auditory signal 

(a of -v .„!« fi . n at a i -...elay after the 

j'l Lusncate witxci* row wa^ to t>e reporvtid* in this way Sperling 

f^.-.r,,- 1 -hv.-h t.vrrt *.r> t.^v-^c tlm62 as Biuch Informatio:: , -'^ail&ble to tile

su. „ , . . , eaqpoBnre a£ ua^ , in a whole report* 

The e^rtra information di ared rt. , of the partial 

re ing tuat oi" wiiole reports at a delay of 1 second*

jju «. L>u-jattiiii» different way a 

th n. r3 ; : - -1.1 n-n of effect very 

sL w. v^r to thsit fou.' ^ riment 14*

^perling's tion for \ that information 

is s'. as a persisting ' r su .ivc ii~^.c; o|* £.•: ,r' f and that the 

Gigr; accuracy' of partiiij.. -ro r^i*uj.ua *.rQa w^t- ^.._,j.uy of the observer 

to read a visual Image that persists fo>" ** fraction of ;• second after the 

otirmlue :*&£ been t . An e>. 4,....... ..in phenoaenological
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«ay be that prevents all the infc

ar le for .al re -, of making the

?£. ""•" ' -'v^Qrul reia.'w.ou. t-o wiic sxpoeu;; e»

If, hryyevr-.r, nhpmn -^Tinto^-'*! t.frrr^.tr,t,1 ~;nq nr*. SCOUted, ar.
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»e • by ade, Broi *s (."! sis that the

sere '---at ic ».u for a shore vime ir -•" ' "• tea* frosa WQICL iw 

me to a limited capacity T systeBs', the 'ioraediate aemory' r 

s^/ ; ;.h is protected l^f a f fil - -« fstippoc* that 

tl corre- •' to the short-t<-rn: a fadiag neiiral 

tr aff^ • t resulting from tLi- r." , and that pas sags 

into •&:. ;jf item CQJ-. "•'" in a ajLt-u^uj.-."^ ~"icr; a. *.• of r:arperir;erit 14» 

to J----- •• cation ^ f f- h '- tv*^' -^ni^ .^ri.^ion nechar^^, a i»eehanisia 

pe of c _. rizatior, E of two classes, A 

s: account be given of a neural effect 

of '" ' is j- " '-Ted as a etiau, ."?,ce which decays 

i.L?caL a second, -.ut categorization of the trace, however, which 

!OTtf!ff to pfftrv -Into ttie P ^stem, is imch uuorf; lex: it inirolvaa 

th . 'oion • • ,, .• of the prr,;:, symbol-:- .o of a number of 

alternatives (with the tlon of their re? ation).

This r " 'o nioc^l r'.ir:r;'::vi'- :•..-• • • /uijfc xor the limit - the 

'spc-i- apprehension 1 , '-- 1 ' .,:.:inedi"tc .e-nory ^« v- ^-l.multa^ously -^"rented 

oatcrial - which prevents the Khole reports transm _t all the



261

In for sar

uttribui

is not alt

capacity of t&e r s^

-er

f-tff. I" !•;.»•> T -f: n material such

ae or 1

aqpan of a

n, 1961;

ho* •••"-" 

s. *^^"

.> is usually of the order of 6 - $ items, vhereae the

letters is 4 - 5 ler, 1956; 

•jrth : ' *•* It coold,

-he eategoriaBG.tion e

*hi.R n

ra~. of the trace, :

be

da required

with thr

to tlie nuaber o.i

as if t mbols were

C
-« •' ij.

0,15

th

'ion tlr.«

ffeeti-

ICTI voulr

«race was 0,7' '-"conds,

even

n of n this. aystea

mi

lor.^er tir.c*

llf-

al vith

•f.Vi thr limit -.

the r uaber of letters that could

the effective

dfitcmined by

, which

can to be 4- - 5.

4. - J. i.tion of iome f

of "'•••

Muiu. ' 

pat® of

- 4 r-.-r* 1 •IT'C!

the aodel becoaes

ptiona

ir.crea^ir.g? their

for this ?. ed ter the old



262

observation that pairs or groups* UA xettere -ore difficult to 

than single letters t'oodvnrth " .'"-'chlosberg, 1955)• (b) To the

6,

first, 

Th

Oi

can

- items in the >-» £„. _, ;>r uru ._. 

led without saving to go t

•• • ^jwst can parity or co-.v ^vt.^ 'sapp-osc' or 'delete 1

rizatioii, can "be 

t'isatlon •*-. s

couii^ ^ eliminated on w.-. oasiis of t>he modality of 

,1 location, but not on the basis of me*. , . Cc) the f. 

select ct-.. .i of : 3 for ca

. ;.*« is, oi" course t an

sei<wv.

U) report will be saorc

liait dcte aation s^

(11) operlinfT (1.960) fc>.,

which of two rovs OJL four letters each was to 

of the letters were correct) when the signal

rows was to DC ;-oporu6a i ov par cent QI

orrect,

first case the & alloucd the rejt rov to

-i

, whole- .. 

within

in the

, 90 per cent 

\;hich of tliC tvo 

letters in oae

that in

^-ressed, thus

ffiovin its int ./ on tht a- ad rov, but this could not



263

dona in the s,

rows uas to . ^orted first, diffe,*.. 

-2 of .ance» There was a

&c

the

one, out

order -*' - >ortf or botl

tic .j tire; <

wad no

ed to 1 .tt which of two

report the first

row aore accurately than

ence, or no

crciscnt ir

i'or h(y

worst

This, too, can be ex :d as a con«equence of selective

V SU ne rov ©f the array it

wil.u - v^-' less iJD the otiiei- rev;,

nLuncu"ent of the lat thn* thr. f-rrn^

•-; will nave little c

no orcer

on the span of e.

was presc

than the lov

seccncary 

.)8 expected to be 

. be«n no auporecrsion,

ion ' 01- t!: . 

the subjects all. 

. *hen the order

of

to

selective

differences in

1 by the coded signal 3 aay have ch/m

rig relative .lent of the first rc»f, or other : rns of

st s

; VEU.J.G H,

in the

ct on tne span of

appr*bension*

(iv) l*sn tb« £ ., ts w«re a3kad to give ;::..-tial reports of



264

the

i:

to i

Ci

Or 

i

or mnabens

ae c

is

is oospara

i liter's 1 aMl

characteristics or b§r

E--

01"

iter 

items tr>

no inert*," ser*

follow

and si: on

--v or less c.^...M.

or isupp 

in the

cinple

Treisrjin,

fume

in c

the

be gre ter tht J.

of 12

for

letter

in t

are to be r

•s, each c-

lc

(4-

. shorter (3

h both are

is of

al

e if i-

t

i.ch is s

some a

interference

-t-ers ther*

•ling found thnt

ed more a ole

(The reports

ormer tiian for

of apprehension).

•e between itene

">uld be to

*dui_.u-L»ter simultaneous arterial bnr ftmctionalij -e.>:.ra.we ^ ayatcms.

or^-. for this ^ n is :at if material is



t k- *,„ Ci c r> i

w 5-
i O f-: I- e H OS s:

^ ea

o *•%

o Cf
t

fc « a K

to CO >
•
* s R

i 01

r g H*

f? 
£' o 3. M

B
.

K

o * 2

O r

j-.. D rr

10 T3

» (D
 

O n s; a § CB

H
- si

O

c+
 J

? P K

S o

F

a o ea
.b.

 

o a

g' i vn

tt g

f-
j*



O O
 

H
-

3
 

ct

:-*
•

3 1 ' V n

c
f e.

a
M ^
 

O



267

CHAPTER 9

VARIATION IH THE IHT^iSITT CF THE ACCES3QBX 

$•1 Introduction
4*?

Stitnuli that evoke a slap lie reflex response say give a larger 

response if they are made stronger (Saerrington, 1947) • On the hypothesis 

that the accessory stimlms affects the threshold 1^ inducing a central 

change vhieh then gradually dies away, it seems plausible that a similar 

relation aigfat hold between the intensity of the accessory stimulus and 

the degree of this effect* This receives some support from the coiaaon 

observation that the Intensity of a stlmilus Is iinportarit for attracting 

attention and evoking responses (*oodrow, 19H| Boring, Langfeld & Weld, 

194S), and from findings such as that habitoation occurs jaore slowly to an 

intense than to a weak stiiinilus, arai may not occur at all if the stimulus 

is very intense (Htisphrey, 1933l Oldfield, 1937). If, on the other hand, 

the extra stimulus served only as a temporal reference point, then its 

intensity should be irrelevant to its effect* This argument was used IF/ 

Halliday & Ilingay (1961), vho fotand that the Intensity of their accessory 

stJUuulos affected the extent of the threshold change it induced, as a 

reason for rejecting the temporal reference hypothesis in favour of n sosie 

active excitatory or inhibitory process »*, in the central mechanisms".

Although, on th© warning hypothesis, there should be no effect 

of accessory sttealus Intensity for moat of the rang®, this adght not hold 

for very intense stiamli, vhich might evoke responses with a distracting
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effect and so reduce the subject's efficiency, or for very weak atiouli, 

which might not always themselves be above threshold* The simplest 

assumption in the latter case is that if the accessory stimulus is within 

the range of uncertainty (for convenience such stimuli wiH be referr€Ki 

to as *intraliminal 1 ) then it will provide temporal information on those 

occasions vhen it is itself above threshold, but not when its central 

effect is below the criterion, and it will on the average, therefor©, 

produce a smaller fall in threshold than a suprali&inal stimulus. The 

sacs result would bo expected on the arousal hypothesis, since the degree 

of central arousal produced by intraliminal stimuli will be less than that 

evoked by stronger stimuli*

The intensity and time relations of an intraliminal accessory 

stimulus have been sufficiently veil controlled in two experiments by 

Broaden and his co-workers to make their results of relevance here* Gregg 

& Brogien (1952) investigated the effect of & simultaneous visual accessory 

stimulus on an absolute auditory intensity threshold. The visual stimulus 

was an increase in the brightness of a fixation circle 0*25 inches in 

diameter. They studied the effects of a zero increase, a weak increase, and 

a somewhat stronger increase in its brightness, both the last two being 

within the range of uncertainty. The weak increase was detected lay the 

subjects on 37 per cent, and the strong stimulus on SO per cent of 

presentations. The critical stimulus was a 1,000 c«p*a. tone, and both 

stimuli were given simultaneously for 2 seconds, the auditory threshold
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being aeasured ty a modif ieation of the method of limits. One second 

before each stimulus presentation a buzzer was sounded for 0*3 seconds.

They found th&t the results varied with the instructions 

given to the subjects. With subjects vho had been inferased about the 

visual stimulus at the beginning of the experiment, and were asked to 

report the presence of both stimuli, the auditory threshold was raised 

both the brightness increments. The rise vas greater for the weaker 

increment, though the difference was not significant. With subjects vho 

were aske4 only to report the auditory stimulus, and were not informed 

about the visual stiisaius, the auditory threshold fell, the fall being 

significantly greater with the stronger brightness increment.

Thompson, Toss & Brogden (1958) extended these findings by 

using eight intensities of the accessory visual stimulus, including the 

aero value. These intensities, which were numbered from 1 to 8, evoked 

0* 4» 25» 50f 75, 100, 100, and 100 per cent, of positive responses from 

a nonaative group of 30 subjects. Oae group of experimental subjects vas 

instructed to report the presence of the visual stimulus after they had 

responded to the auditory stimulus. Their results were different for 

stimuli 1-4 and 5-8. Stimuli 2 and 3 (i.e. those giving 4 and 25 per cent 

positive response) caused a rise in threshold, the rise being greater for 

stiiaulus 2 than for 3. There vas no change in threshold with stimulus 4. 

This is in agreement vith the finding of Gregg & Brogdcn for intraliiainal 

etimuli given under this instruction, vfith stimuli 5-8 a significant fall
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in threshold was obtained. With the group of subjects who were not asked 

to report, nor even told about the visual stimulus, there was no change 

in threshold for stimuli 1-4, and a significant fall for stimuli 5-8, this 

fall being significantly greater than that produced by the same stimuli 

under the previous instruction.

These experiments provide little support for the expectation 

suggested by both the warning and arousal hypotheses. In both experJUaents 

intraliminal accessory stimuli caused a rise in threshold when the subject 

was required to report the presence of both stisaxli, thou^i it cannot be 

said whether this was a consequence of having to report the presence of the 

accessory stimulus, or merely of being informed about its possible 

occurrence, Wfa*a tbe subject* vere not told about the accessory ati&ulus, 

it produced a fall in threshold which increased as its intensity increased 

in the eaqperiiaent of Gregg & Broaden, but Thomson, Toss & Broaden found 

no effect of stimuli 1-4 in their experiment. Though the foraer result 

agrees with the prediction suggested here, the latter authors, comparing 

their result with the earlier finding of Gregg & Brogdsn, suggest that 

"the present results probably reflect raore adequately the effect of the 

experimental variables". There are further reason** for doubting the earlier 

finding! (i) Subjects eight have discovered during the course of the 

experiment that a light stimulus was occurring simultaneously vith the 

auditory stimulus, and this £iigfrt have produced a change in •set 1 with an 

effect on the threshold, as discussed in ection 8,2, Since this discovery
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was more likely when the stronger visual stimulus vas being given than 

during series with the weaker intensity, and since all possible orders 

of the three accessory stimulus conditions were given equally often, the 

subjects were aore likely to discover or to have discovered the accessory 

stimulus when the threshold was being determined with the stronger visual 

stimulus, so that an effect of set would have occurred jaore frequently 

in the latter case. This in itself could account for the difference in 

the threshold levels with the different accessory stimulus strengths, 

(ii) '.Aether or not thru subjects •discovered* the visual stimulus, it might 

have had the effect of causing an increase in 'guessing', or outputs from 

the visual detection mechanise might have caused positive responses to be 

Bade. Since the auditory threshold was measured by the method of limit® 

no false positive rates were recorded, so this possibility cannot be 

excluded*

Since a threshold-.lovering effect of intraliminal stimuli 

appears likely on both the arousal and the warning hypotheses, and yet is 

only dubiously present in these experiments, which in some circumstances 

provide evidence of a rise instead, the effect of intraliminal stimuli is 

investig&ted in the next section to see whether 6& not a fall in threshold 

can be unequivocally demonstrated. 

9.2 'Intraliminal* accessory stiauli

riacnt 15

In order to avoid the possibility of 'set 1 , or changes in



•guessing 1 , affecting the results, 'coiaplex1 series, in which the 

different intensities of the accessory stimulus were given in random 

order, rattier than separate series for each intensity, were used* The 

subjects were informed of, but not required to respond to the accessory 

stiiaulus, If the rises in threshold soaetiiaes found with intraliminal 

accessory stimuli were due to both stimuli competing for some oechanism 

of limited capacity, with consequent delays or mutual interference, the 

intraliminal stimulus might cause a rise if given siaultaneously, but 

not if given a short while before the critical stiaulusj therefore an 

interval of 0.2 seconds was used as well as the aero interval* 

JpBttr&tus and procedure

The subject, who was alone in the experimental room, sat 

facing a white cardboard screen, 50 cm. by 60 cm* in size, 1 metre in 

front of him* At the centre of the screen was a small cross which be was 

instructed to fixate, and 25 ca. to the right of this {i.e» about 14° 

from the point of fixation) was a neon bulb, shielded by a sheet of 

white paper, which provided the pre-warning. the same apparatus was 

used as in Escperiaent 14 to provide the critic*! stimulus, a 40 msec, 

increment in the intensity of a constant 500 c.p.s. toas. The accessory 

stimulus was produced fey passing a 10 msec, constant current square 

pulse, obtained from the constant current generator used in Experiment 1, 

through a neon bulb, th© light from which was focused onto the centre of 

the fixation cross, so as to give a square spot of light, 4 rm. by 4



subtending about 14 min. of are at the subject's retina. The intensity 

of the light spot could be varied by altering the strength of the constant 

current pulse. The brightness of the vails of the room vas 0.20 foot 

Ittftberte, of the screen 3.5 foot laaberts, and of the pre-warning li^it 

10 foot laaberts. Electronic timing circuits were used to determine the 

intervals between the pre-warning coming on (it stayed on until the 

subject had responded on each trial) and the accessory stimulus, ar*d 

bttereen the latter and the critical stimulus. The subject responded 

'Yes 1 or 'No 1 Iff depressing one of tvo tapping keys.

At the beginning of each session approximate determinations 

of the siibjeet's thresholds for the auditory and visual stimuli were made 

tjy the rtethod of limits, and on the basis of these four equally spaced 

values of the auditory stimulus and t^o values of the light stinulas were 

oboaoru 'Veafc' and 'strong 1 values of the accessory stimulus were 

selected which, it was hoped, were capable of evoking about 50 per cent 

and about 95-100 per cent of positive responses respectively. To check 

the accuracy of this selection, two series, each of 4D trials, were given 

in each session, an Initial rcries at the ^inning and a Terminal ^eries 

at the end of the session, in which the subject was instructed to respond 

to the light, and the 'weak* and 'strong' accessory stimuli were each 

given 20 tiaes in random order. In the isaain portion of each session tha 

method of constant stimuli was used to detenslne auditory thresholds. 

Twenty series of auditory stimuli were given, each series consisting of



274

15 trials, the 5 strengths of the auditory stimulus (the 4 chosen above, 

and zero) and 3 strengths of the visual stimulus ('weak 1 , 'strong', and 

zero) being given so that each combination occurred once, ia a random 

order different for each series, Each trial began with the pre-warning 

lighting up. This was followed, after an interval which varied randomly 

between 2 and 4, seconds, by the accessory stiEmlus* In half tiic series 

the critical stimulus vas given simultaneously with the accessory 

stimulus and in half there was an inter-stisttilus interval of 200 msec. 

The '0»0 second 1 series were alternated regularly with the '0.2 second 1 

saries.

The subjects were instructed to fixate the cross when the 

pre-4»*arning vas given, as a warning light spot night occur with the pip, 

or 200 msec, before it. They were required to report the presence or 

absence of th» auditory stisailus alone. Before each series they tmre 

informed what inter-stianilus interval to expect, and given a preliminary 

trial with supralimlnal values of both stimuli, the response to vhich 

was not recorded. Each session lasted about Ij- hours. Two well-practised 

subjects did four sessions each, and a thl~d did eight, 

Results

The results of each set of four sessions were combined, and 

probit analyses performed to determine the thresholds with the 'stron ' 

(S), 'weak'Cv), and sero(HAS) accessory stiniali at each inter-stiieulus 

interval* One subject did 8 sessions, but as these were done In two
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groups of few asparated by a long interval the tvo sets were analysed 

separ^t.n.i, , <- -••< pn +.v.Tv-?v <Or^ °.-,v ,•--./_.;• -ondition, standard deviations,

and £.. . rrors, . ;n in ^ 21. -ri, .:>s are also
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r-»stiaulus Intervals***«"<*"«

0.2
Accessory stimuli i KAS W S. HAS W S

Threshold (db) i 0.668 0.559 0.473 0.606 Q.55& 0.522

S.D.i 0.244 0.190 0.21B 0.155 0.213 O.^I

S.B.:. 0.020 O.OU O.C24 0.010 0.012 0.017

False positives 
(per centTl 0.6 3.1 6.3 1.9 3.1 8.1

.lesponges to the accessory stimuli in tb€ four setg qf sees Ion si

Initial series

WJ 48.8 43.8 51.3 71.3

St 8S.8 96.3 98.8 9S.8

Terminal series

Wi 47.5 50.0 27.5 45.0

S: 93.8 96.3 35.0 95.0

All secslons and series

Wi 4S.3

St 94.1

Dlffereneee between aiean thresholds Critical ratio Significance
^ A (cpe-t ailed) 0.0

- V 4.78 p<.0.0005
HAS - 3 6.22 p <.0.0?05
W - S 3.23 p^O
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TABLE 21 (contd)

Differences oetween ae&n thresholds Grit-leal ratio.

0,2 seconds

MAS - W 3.10 p^ 0.005 

WAS - S 4.33 s^ 0.0005 

W - S 1.72 p < 0.05

•0,0 secoads* ». *0.2 

HIS

¥ 0.06 MS

S 1.66 RE (p<0.1)



and 3A»2 per cent at 0.2 seconds vould b© required to produce the 

increased response rates found with the 'strong 1 accessory stimuli as 

eoffipared vith the &&> condition. Moreover the thresholds given in 

Table 21 were calculated after the results had been corrected for false 

positives*

On the hypothesis that the 'weak 1 accessory stimulus has an 

intermediate effect because it is aoaaetimes detected and sojaetimes not, 

and is coaly effective in the first case, the standard deviation should be 

greater for the •weak 1 threshold than for the zero or ! strong 1 thresholds. 

However the variability of the standard deviations in this experiment 

was too great to provide evidence about this.

These results confirm is the main the expectations deriving 

from both hypotheses. However they also show an unexpected feature. 

Although at the zero interval th& threshold with the * strong1 stimulus 

is lower, though not quite signif ic&ntly so, than the corresponding 

threshold at 0.2 seconds, the thresholds with the 'weak 1 accessory stimuli 

are alnsost identical at the two intervals, while on the trials on which 

no accessary stisulas wss ^iven the threshold is significantly higher at 

the zero interval. Like the rifcee in threshold found lay irregg & Broken, 

•ad Thompson, Yosa & Brogden, this is act explicable ty the. hypotheses 

put forward so far.

However a Eodel can be suggested, similar to that of section 

3»4» which appears capable of explaining some of these findings. Its
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main assumptions are: (i) There is s limit to the discriminatory 

capacity available for detecting signals. When only one threshold 

decision srast be made aost or all of this capacity is available to the 

corresponding threshold decision seciianisffi. But if more than one 

decision mast be Bade simultaneously, the capacity available for each 

will be reduced. A reduction in the capacity of a threshold vision 

aaclianiem may result in a rise in threshold, or an increase of PN(A) 

for a given value of PC«(A), perhaps because of laore rapid decay or nore 

frequent disappearance of the afferent iiputs before or during categori­ 

sation, which can be considered equivalent to a decrease in M^. (ii) 

The instructions, or the subjects expectations, can have the effect of 

increasing or decreasing the capacity available to a particular decision 

aecbanism. The effect of this uould be equivalent, in extreme oases, 

to 'switching in 1 or 'switching out 1 that decision BsechaoisBU (iii) with 

infire*£€ in the strength of the atiaalas awaited the capacity required 

to determine its presence or absence decreases, ao that intrallninal

•tiauli wiH require considerable capacity, but in order to be able to 

detect stii&ili well above threshold the ch/ulaion mechanisms saqr draw

-upon the available capaci^ ^° & ®inor extent only* (iv) More capacity 

Is required for categorizing a stiaulus when a report on it is required 

than vhen this is not so» (v) It is further assumed that an accessory 

stimulus that has been detected provides temporal information, so that 

it con have the effect of lowering c for the critical stimulus* If a
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ttive decision has already been reached on the afferent input from the 

critical stiiaulus, the fall in criterion resulting fro: ;'.-: detection of 

the extra stimulus may give the critical trace a 'second chance 1 , as 

discussed in Section 8.2.

A consequence of this model is that the effect of an accessory 

stimulus on the threshold, will depend on the balance between c competi­ 

tion for the liffiited capacity that it produces, and the advantage resulting 

from the. temporal information that it provides. Thus vhsn a supraliiainal 

accessory stimulus ie employed it will require relatively little capacity 

and its effect vlll be mainly due to the change in c which it may produce; 

but with intralifflin&l stimuli these factors may be more evenly bel ...

This model appeal's to offer explanations for a number of 

findings: (a) If two stimuli must be categorised simultaneously, the 

capacity available for each will be reduced. If there is no increase in 

•femoral information vrfasn they are given together, the reduction in 

capacity will not be compensated for and both thresholds will rise. An 

«j>eriiaent that appears to fit this description was carried out by Pauli 

(Woodvorth & SehJbsberg, 1955) • He administered a touch stiiaulus to a 

finger of each of the subject's hands, requiring hia to say which pressure 

tz&B stronger, or a brief visual exposure of 3-6 short lines to be counted. 

Either taak alone was so easy that nearly 100 per cent of correct responses 

were given} but vhen they were presented sissultaneously performance on 

both deteriorated markedly. Here each task appears HireiSy to hare
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required considerable capacity, but in each caae the concoaitants of the

stl 4 ..,.» sum of the pressure stijauli or the total briefly exposed 

field, very possibly constituted a supra.iiir.ina3 stimulus convoying 

i " ite temporal information of the moment at vhich the comparison or 

the cuuuo waa to be made. If this was so, presenting the stimuli 

simultaneously would not have increased the temporal inform. ~wn 

available, so that only the effects of the sharing of the capacity would 

have been observed, an expectation vhich is in agreement vith the result 

obtained.

(b) Gregg & Brogdcn (1952) and ThoBpooB, ?oss & Brogden 

(195#) found a rise in threshold when the subject was required to report 

simultaneous intraliminal accessory stimuli, A difficulty in considering 

these two experiments is that each stimulus was presented for 2 secon..',-. 

j^werer it is possible wu*i, cue to adaptation, the isain neural effect 

of the stimulus vas at its onset, and perhaps at the end, Ro attest 

Appears to have been ffigde to avoid clicks wucn tae tone wac switched on 

or off, and these could nave contributed to increasing the detectability 

of the stimulus at those moments. A buss lasting 0»3 second» preceded 

the stimulus by 1 secord, eo th&t the onset occurred at an interval of 

0.7 seconds after the ead of the bu$$, vtareas the end of the stimulus 

cane 2 seconds Later* Xbe thi'eshold-loweriiig effect would have resulted 

in the threshold for the former being lower than that for the latter. 

*l.us it seems possible that their stimulus was equivalent to a short
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stimulus given at an inter-stimulus Interval of 0.7 seconds. Giving 

an intraliminal accessory stimulus at the same time as the critical 

stimulus would have reduced the capacity available for the latter, tending 

to raise the auditory threshold. <:n the extra stimulus was detected 

it vouiu. have provided teasporal information tending to lower the turetiaold* 

Viith the weaker brightness increment used by Gregg & Brogden < tection 

of the accessory stimulus, with a consequent fall in the auditory 

criterion, may have occurred on 37 per cent of trials; with thedr 

str - stimulus it rsay have occurred on 88 per cent. In both cases a 

reduction in capacity would have been pr®s*fit for every jud$MNtt, so that 

the srcfttrr rise Ir threshold with the wefolter brir itr^c-s increment iroiild 

be expected. Similarly Thompson, Voss & Broaden found the ,_.;•-..-_test rise 

in Id i/ith their stimulus 2, a lesser rise vith Btimlus 3, aiid 

no chrmre vith stiaulus 4» With their stj', '.:.er stiimili, which were 

likely to have r«en detected almost every ttme, ancl would require le»s 

capacity to be detected, the threshold fell. In both experiaents tnere 

was no rise in threshold with the zero brightness increnent, which 

jMg ' t if the accesaoory stimulua it not detected soae minimal 

proportion of tines the capacity allocated to detecting it is reduced. 

(c) When no report on the accessory stimulus was re.mired 

Gregg & Brogden found a fall which was a function of the intensity of 

the intraliffiinal accessory stimulus, son, Vo«» & Brogden found no 

effect with their stimuli 1-4, and in Experiment 15 a fall in threshold
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was found which was greater with the stronger accessory stimulus. As 

has been discussed above, the first result may have been an effect of 

'set 1 or of indiscriminate responding. However these could not account 

for -C.1U5 present result, which was obtained using con^plex series, Since 

no report on the accessory stimulus was required, the capacity allocated 

to detect it Bay have been less than if reports on it had been asked 

for, so tL. ... tendency for an intraliainal accessory stimulus to 

cause a rise in threshold would have oeen less. The criterion would 

have been lowered more often by the 'strong 1 stimulus, which would also 

have Bade less demand on the subject's signal detection capacity, which 

would account for its effect being significantly greater than that of 

the 'weak 1 stimilus. The absence of an effect of atiimali 1^4, in the 

experiment of ihospson, Voss & Brogden say be a consequence of a 

peculiarity of their experimental desi^a. Their subjects were not 

infomtd of the occurrence of tha light attBulua, and vV.roiholds were 

determined for every one oi stimuli 1««4 before any of stimuli ^J& were 

presented, although in each group of four stimuli the order in which 

they were used was random, to postpone their auojfccus discovering the 

light stimulus. Their result suggests that they were successful in 

this, and that unless the subject has discovered or been informed about 

the accessory stimulus he will not 'switch in , ^opriate threshold 

detection mechanism by increasing its capacity to the level required 

for "wiic jjuiiraliminal stimuli, so that the consequences of categorizing
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the accessory stimuli will not occur.

That an opportunity for subjects to f discover 1 a relation 

betveen the stimuli can influence their expect tl.r»n and affect their 

further performance is veil illustrated by an experiment by Brogden 

(1950). He aeasured subjects' auditory thresholds with and without a 

sisralt/meous visual stimulus (a small increase in the illumination of 

the room) accosspanying each tone* The thresholds were measured at the 

end of an experlaental sequence which eomenced with the presentation 

of ID pairings of a tone of about 15 db SL and the visual stimulus 

for the experimental group and 10 presentations of the tone alone for 

the control group. In each case the experiment was: presented to the 

subjects as an investigation of auditory acuity. The subjects, in the 

experimental group, but not the controls, showed a significant fall 

when the threshold was aeESured with the light etinulus present*

(d) If simultaneous intraliminal ac : or^- and critical 

stimuli are assumed to co&pete for a limited discriminatory capacity, 

an explanation can be offered for the disparity betveen the results at 

the zero interval and at 0.2 seconds in Experiment 15. When the two 

stisuli are given successively at a sufficient interval there will be 

no reduction of capacity for the critical stinuluc, and the only effect 

on the threshold vill be that produced by the temporal information 

provided by the accessory stimulus. At 0.2 seconds we can suppose 

most or all of the effects on tbe threshold to be due to the latter



*0orce» At the zero interval there will be, as veil, the effect of the 

reduction in th© capacity available for the critical stimulus. This 

will be opposed by the tl^reeholcUlowering effect of a simultaneous 

accessory stlwulus on those trials on vtu.cn IL xs detected. If the 

advantage, as a temporal reference point, of a eiDultaneouu accessory 

aticailus over one at an inter-stimulus interval of 0.2 seconds is 

greater th&a the effect of the reduction in capacity for th© critical 

stimulus in the former case, then the threshold at the aero interval 

will be lover than that at Q.2 seconds for trials with an accessory 

g&BEilug which is almost always defected* This advantage will decrease 

aa the proportion of times that the accessory stimulus is detected 

decrca -cs, so that for some weak intralininal stimulus the two effects 

should balance out arid the thresholds shooia o^ wrc same at both 

intervale. Finally, in the MAS condition, only tLf- effect of the 

reduction in capacity will be preoavt, and this viH piouucs a higher 

threshold for the complex 0,0 second series than for the 0«2 second 

series.

rerhaps t&e least* we.u. supported oi --at aajjmuptions in the 

aodel is that having to report the accessory stimulus increases tnhe 

capacity required for detecting it. ..here conditions with and without 

report have been compared, this iactor lias been co.ifounc:ed with the 

effect of informing; or not informing the subject aoout the accessory 

stimulus* i*e do not i-jaow wuat ei'fect the two in^raliJniral stimuli in 

tno experiment of Uregg <Sc Brogden, or stimuli 1«4 in that of Thosspsont
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Voas & Brogden, would have had on the thresholds if the subjects had 

been infonaed in advance about their possible occurrence but not 

required to report tfcea. -ticiuli 5-8 in the r experiment caused 

a grciilier fall in threshold when no report va& i " -eel, bat the two 

groups -~? ^ubjects may have had different 'sets 1 induced ty their 

differing experience in the first half of the experiment. In

u i$, in which the accessory stimulus vac not reportr-'% the 

'veak* stimulus, which itself gives 4^ per cent response, causes a fall 

in thrtttiioid as coasparec wiuu uuuu ^^- conditions, xn Thampson's, 

Voss 1 & ?rogaen's experiment stiisalus 4 (50 pe^ nr-nt rfesponue) causes 

no change in threshold vhen the accessory stinr,, is reported, and in 

aregg'e & I n»s experiment stimuli evoking 37 and 88 per cent of 

response both cause a rise in threshold* ilowevcr in both the latter 

experiments ?1 • reference level is the threshold given with BO 

accessory stimulus and a fixed pre-warnins* interval of ,"* seconds; 

in I-_ ..-lent 15 the pra-warning was large anc; r:.- oialy varied, so that 

the B*t» thr€i3hold was determined in the absence of usable temporal 

inforualion, and the accessory st&sulua snaouci give a correspondingly 

greater fall*

Other models could be suggested, differing in various ways, 

\/hich !... account for these experiments equally well* Thus it could 

be suppot ^at the two threshold decision mechanisms operate sequent­ 

ially, vtiiiii dece^ OJL out) iA-tj.ee categorised second, ~ nxxiel haa been
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described in terms of the temporal reference hypothesis, but it could 

as well have been supposed that detection of an accessory stiaulus 

caused an 'alarm 1 effect with a fall in criterion, provided it is 

supposed that in an experiment such as Pauli's thr nrrmaal effects of 

the {separate stimuli do not sum* liovever, in itc present form, the 

model serves to show that the various findings on the effects of intra- 

lininal acce sory stimulation are not incorapaticae with the hypuvaeses 

that hare been advanced to explain the threshold-lowering effect*

;xperinent 15 has confined a prediction of both the arousal 

and the warning hypotheses, but it has not been of much help in 

discririinating between them* In the next section une effect of supra- 

liminal stimuli differing in intensity vill be examined to see vhether 

this will prove Bore useful for the latter purpose.

On tne arousal hypothesis it appears ible that the fall 

In threshold should be greater for the stronger acjetsory stimuli, but 

on the temporal reference hypothesis the intensity of a sapraliminal 

stimulus should be irrelevant to its effect, in the experiment fcgr 

Thompson, Voss & Brogden (195&) similar faHe in 1 old were obtained 

irith three stimulus strengths each of which e- 100 per cent of 

positive responses. However these stiaali covered ran^e of less than 

0«4 millilaaberts; had a greater range of stimuli been used a difference 

in their effects aight have been found.
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This experiment was designed to eocamins the effects on the 

thre .. sold of two accessory stimuli, one just above tne threshold range, 

and the other considerably greater. It seemed debircujj.6 t*o attest to 

obtain some index of the arousing effects of the tvo stimuli, other than 

their effect on the threshold. An old viev is tiiat reaction time can 

be used as an indicator of clearness of attention (l/oodrov, 191,; . -c 

Fuctcr (1953) has provided evidence for an association oetween the 

seneorr threshold, the arousal ssechanisxa, and reaction time: he 

stLitulat-ed the isesencephalic brain stem area in rhesus monkeys engaged 

In discriminating between a pair of objects exposed "by a tachistoscopic 

flash, and found that this stimulation increased the proportion of 

correct choices for a given flash duration, and reduced the mean reaction 

tlrae, The area of the retlcalar syete^ stimulated nas been shown to 

evoke electroencephalogram hie and behavioural arousal (.«u6wun, 195S), 

and Faster concluded that its excitation "ii% ral activity of 

the cortex (arousal), presumably facilitating nws receptivity to the 

sensory is^lsea ascending over the classic sensory paths" • In the 

prgsent experiment the reaction tiiae« of the sub^'-rtc 1 responses are 

also measured. 

Apparatus and procedure

Tb« pre-warning and critical stimulus were provided by the 

same apparatus as in Experisent 15* The stimulus was a 4$ msec, increment
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in the intensity of a constant 500 c.p.s. tone. The pre-warnlng 

interval vae varied rancoialy between 2 and 5 rt-c :r :n from trial to 

trial. The accessory stimulus was a 2£ msec, lignt flash produced 

p& ; a current through a soall fluorescent tube of the type used in 

the tachistoscope employ... j_a i-jiperiaent 1 (liui^>i.rey t i>ave St. ISandell, 

1955). ihe duration of this light flash was determined by an electronic

tiSK;T.

.he subject sat facing a white car^ screen 5^ OR. ty 

60 ca. in size, in the centre of which was a circular aperture 7 cm. 

in diaiaeter filled with a 0.2 neutral density Ilford Filter. The 

subject was 35 cm. fros the screen, so i-hat the - :>rture subtended about
g

4 40 of arc. the fluorescent tube was contained in a box placed behind 

the aperture and some distance from itt so that ttie flash illuminated 

the fixation circle aiiiusejy. «. neutral clen^iuy ilater could be 

inserted between the fluorescent tube and the sere-en tv, - vJuce the 

intensity of the flash. The brightness of th* acreon, measured with. 

an SEI photo&ieter, was 3*2 foot laaberta, the uniliundnated fixation 

circle vae 0»40 foot ,'iariiberts, the 'weak' V*) lia^h raised its brightness 

to 0.56 foot laiaberts, and the 'strong 1 U; ilu:.» u^ ISO foot Xamberts.

iiach trial began with the prg-w^rrjin^ -'oming on. This was 

follov/ed, after an interval varying at rai.ti.oa ..;, ..i 2 and 5 seconds 9 

tgr the accessory stimulus. -.-. critical stimulus waa gi-'/en either

with or 1.5 seconds after ttia accessory stimulus.
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subject responded by depressing one tapping key for 'Yes 1 or another

for '.o 1 . His reaction ti»e vas reccraea on & o&nk oi ^&ai.rQns.

Each session began with an approximate estimation of the 

subject 9 s threshold by the method of limits. The main part of the 

session consisted of 15 siisple series, each of 20 trials. :ach series 

consisted of 4 critical stimuli at each of 4 ly spaced intensities, 

and U 'blanks 1 , randomly ordered, all given with one strength o* the 

accessory stiimilus and at one inter-stimulus interval. There were 5 

combinations of accessory stimulus and inter-stimulus Interval* SASf 

Strong accessory stimulas-O seconds interval (S-O)j ^trong-1.5 seconds 

(o-i.^)j \*e*fc-0 seconds ('^^O); and '^eak-1.5 sec onus (W-.1.5); and a 

session consisted of 3 series under each condition given in a random 

order different for each subject, bach session lasted 1-2 hours. Five 

subjects each did one session. They were not inTonoad that their 

reaction tiaes were b«ing recorded. 

Results

The threshold for each subject tmr?r..r rnch condition was 

determined by probit analysis. The mean three 3 9 standard deviations, 

and standard errors for th* taperi&ent are given in Table 22. Each 

false positive rate is based on 60 'blanks 9 . The lasan reaction tiiaes 

given are based on 6^7 positive reactions; responses to •blanks 1 were 

not used in calculating these Beans. The (tvo-tailed) sii-nificanc* 

larolfl of soon of the differences between aean uhresholda and reaction 

tiiaes are also given.
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TABLF' 22

5-1.5

XL ' " '"._\: 0.576 0.511 0.518 1.536 9.500

t-ff- 0.136 0.197 0.160 0.1*0. 0.172

.• y* 0.013 0.019 0.016 0,01-5 ^.029

nor ____ r cer.tj:

6.7 3.3 1.7 0.0 6.7

a iiraeg (•• ,:

1.108 1.010 0.849 0.723 0.804 

0.753 0.4S4 0.315 0.303 0.392 

yj&J 0.077 0.041 0.027 0.02b 0.03?

anthregholc'r.! " '.o

Q^ . ;. ... interval
KA- - W 2.77 p-s 
K^ - S 2.77 p-s 

« - ^ 0.28 KS
1.5 sccor^l Interval

K^ . W 2.18 p< 
H.4S - S 2.36 p-< 

W . S 1.14

Both lntervaj.3
1*08 NS 
0.54 HS



m^_22 (conwa)

Differences betvgen aean reaction tigieg* Critical ratio Significance 

0_ .". interval

- W 1.23 HE

, .^ - S 3.20

W - S 3.31 

1.5 z

- W 4.73

3.66 E< 0+QQ1

w - : 1.91 HS 

Both iiitc-rvals

5.S5 p < 0.001 

1.07 HS
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Discussion

at both intervals both the 'weak' and 'strong' 

stimuli produce significant falls in threshold, though the difference 

be . the tvo intervals la not significant* Lespite this there is 

no si -cant evidence, at either interval, of an effect of the 

intensity of the accessory stimulus* This is in contrast to the results 

of Lxperiafcnt 15, in which a very much smaller difference in &**» 

intensity of the accessory stisaiH nrodaeed sismlficant differences in 

threshold level* && in .xperiment 15, the false positive rate increases 

as the accessory stimulus gets stronger at the 1.5 second interval, but 

trie reverse is found at the sero interval.

If reaction times are regarded as an index of f arousal 1 , 

their changes here are of interest. Reaction timer usually increases as 

the intensity of the stimulus evoking the response decreases (Gullford, 

1954-5 ooduorth i oehlosberg, 1955)* &s uie saoe critical stimuli were 

used in the different conditions, and the variation in threshold does 

not appear to be sufficient to affect reaction time (cf. Figure 11C and 

Lzper - 6), and as the reaction time varies even vhen there is no 

Significant change in threshold, the effects on time which are 

found can be attributed to the intensity of tbe simultaneous or preceding 

accessory stimulus. That the presence of thir- stimulus dose produce an 

effect on the subject^ reaction tine is shown by the significant fall 

in reaction time with both accessory stimuli at the 1.5 second interval,
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and with the 'strong 1 stimulus at the aero Interval, That the two 

atiiaiilim strengths can proa net significantly o-uferent effects is shown 

by the difference between th© scan reaction tine* ,.,« the 2ero interval, 

th. f stimulus having no apparent effect -while the 'strong 1 

st: .3 produces a significant fall.

Thus using reaction tisse as an ;. of arousal u 

i/iici'j t-i.<" accessory stimuli do produce ai'uus«i^ -j.« i.u^.w iws 

and ortrrt is not closely related to the changes in threshold, \+> the 

zero interval, despite a significant difference in the arousing effect 

of the two stimuli, ther« is no difference in the corr«r 

thr ...c]ul£f tne 'v&aji ; Tiiiresiiola xauJav; -'-'- "-•-- -•.•.-•'.'Oiy in tuc ate-.-, ce 

of , evidence of arousal. At the 1,5 second interval a aignific.. ,

;e of arousal develops with th© *veaJ; ., , .^at a correa- 

po effect on t old level,

This result is not in keeping with Ui,.- •::,:; lociation between 

th. .jju, reacuio:. time, and brain atea •tl»uj-iw-j.u£i found l^ *uewt..i- 

^-/. aowever, over and abn-rr thn differ-rrnes in subjects and

^ 3 employed in the tvo . ; nts, it naist be noted that ^ ueter 

is not justified in concluding that in his s brain stem stimulation 

pr: -.1 a central stote alter ing "receptivity to the sensory

since i-e CLO.C. ao^ t^cj-uue uut, possibility thtio o ; ., stimulation produced 

the claange in threshold by a peripheral effect, auch as nydriasis.

w lst Fiacher-.t.illiazas, & Ft-.,:. - _ola (I960) have .._:..jun
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that this may be produced by direct stimulation of the brain stem 

reticular formation. In Faster's c^ cri,; i. situation an effect of 

this sort could have caused the fall in threshold.

The failure to fine, an erfect oi a* stisralus strength, 

despite tie presence of a clear effect on toreahold, further confirms 

th*kt the effect under investigation here is different fro® that of 

Halliday ~ ingay (1961). It affords ev, threshold- 

loifering effect of accessory stimulation is not c,ue to arousal, and 

tki^ trengthened by finding that arousal, as indicated by the 

reaction time, vac nrodnced in soiae conniticr . . lr. a different 

pattern from the threshold ch...:.,... s. It is not in itcelf conclusive, 

hover r, since it could be argued that the " Jige Is produced 

by an effect which is alo^-or-nonc in nature, results in one of the 

changes given ac alternatives (a) to (c) in ection 5«1» and is 

ir, at of and rent from those effects of a ' n stimulus 

ue rred to as 'arousal'• If the hypot-j.f sis is laaintained in 

this form, hovevsr, it loses the plausibility , ia othervise given 

to i i/ue cocsaon piiyc.ioiQgit.al effects of cu- ^.^-uu-sing stimilus can 

be used a® analogues of the change hypothesized.

The changes in the reaction time art also of some interest, 

reaction time is here d' jtive, < s on a poorly 

tii 'jaulus, the responses to only one alternative are 

recorded, and there is no pressure on the subject to respond quickly,
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the results can be expected to differ fron those c led using sinple

r<;acwi'jiife uo clcixro^ uiscrimiXuiLie i>tu*U-Li« -L~& con L r: :.eon thai toe

Jts vit>-. the 'veal: 1 , but not with the 'strong 1 accessory stimulus, 

are in keeping x,Ith ' oodrow* } finding that with fixed fore- 

P 1 ' rtion time is least at an interval of about 2 seconds.

** ;-c.;<;jj.Dle explanation for the result found he.re is that an . .xect, 0.1' 

sory stinulus tends to reduce the subject's decision or 

tine, L .... that the latency of this c -rter tie ':..

i accessorj' stimulus; vhen the latter IB \.<eak the latency

•ay O.P : wx) long for the response to a si •• critical stimulus

;^-.ectecU iut; i;jtfect ux *i& ^ocey^ory ^oinulus au the s^ro 

ir- ^n contr-rrt vlth Todd's finding that adding a light 

to a sound, or to an electric shock, not shorten I 

, as co: i vith reactions to the r or shock

( orth '^ ^chlo ' , 1955). It seeias that "ng to very veak 

at-uuu.^, wiw** wuw iu^to j-cacw*on times productXi, allov some effects 

on m ,ction tiiac to L-e shntm ^rhich are not rairnfiled bv the ffiore r 

si. uactions.



297

CHAPTER 10

10.1 A farther tent of the v&minff hypothesis

Although the subject ie usually assumed to employ the 

'maximum expected value 1 criterion (equation (10)) in applications of 

signal-detection theory to the threshold (Tanner £ Bwets, 1954-J Licklider, 

1959) 9 there IB an advantage in supposing that he uses the SeyaauWearson 

criterion (equation (23)) instead. Less knowledge is required to malae 

use of this criterion, so that it is plausibly in more situations.

The application of equation (10) requires the subject to 

know P(H) and F(SH), as veil as the 'values 1 and 'costs 1 , before he can 

calculate the critical likelihood ratio, )9 . In order to identify the 

critical value of x, corresponding to P, that Is to be used as the cut-off 

point he must know both f«(x) and f^x). These requirements restrict 

this aodel to situations vhere the subject has considerable information 

about the stimulus, so that it is not easily generalisable to account for 

sensory discriminations saade In relation to possible stimuli which are 

Jj^jerfectly known or uneaqpected* ven in the laboratory it meets with 

difficulties: when a auzsber of different stimulus strengths are used 

in sequences of varying length, as in the sethod of liaits, the subject 

cannot really be expected to know f£KU) until he has been through the 

experimental procedure. Furthermore it follows froa equation (10) that 

if the subject knows that p(SN)"SLf as in the method of limits, or the
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aethod of constant stimuli if no 'blanks 1 are given, the threshold 

should become extremely low. This is not found in practice; the method 

of limits usually gives threshold* not very dissimilar from those given 

by the method of constant stimuli (in Experijsent 10(a) the former were 

higher), A consequence is that procedure* such as the method of limits 

are not usually taken account of in signals-detection theory.

Although the Heyaaa-Pearson criterion will correspond to a 

value of likelihood ratio it is not necessary to suppose that the subject 

calculates this value, nor that he knows P(SH) or f««(x). Since the 

criterion only specifies the limiting rate of false positive decisions 

that the subject will tolerate, it can be applied equally well to 

analysing the detection of familiar and unfamiliar signals. In order 

to determine the cut-off point, e, the subject needs only to be able 

to make some estimate of I' ( A) (which he should ordinarily be veil able 

to do, since daily life affords aany opportunities to sake dififcult 

discriminations which can be later verified), and to vary the value of 

c until PW(A)= *, where €. is the acceptable limiting rate of false 

positive decisions. The criterion requires less foreknowledge on the 

subject's part, and is correspondingly aore general, than equation (10),

The finding that subjects can be got to alter their 

criterion by varying nonetary values and costs associated with their 

responses in an experiaent (Tanner £ Sweta, 1954) or by altering the 

announced value of P(SH)(Tanner, Swets & Green, 1956) does not necessarily



imply that these procedures have affected essential stages in the process 

of determining the criterion. Information of thia sort Blight well be 

used by the subject to alter the preferred value of € rather than in 

the way prescribed fcy equation (10).

If the subject is assumed to employ the !?eyraan-Feareon 

criterion, this does not iusply that the false positive rate in expert- 

meets using different inter-stimulus intervals must be constant. 

Though on each trial the signal is presented only once, there are a 

number of opportunities to make a decision leading to a false positive 

response. If, as in Section 5*1* the waiting time on each trial is 

assumed to be sampled by the subject as a succession of 'moments', at 

each of which a decision is made, and for each of which ?«(A)= € 9 

then the probability of a positive response being made on & trial on 

which no stimulus has been administered (P™, ) is the probability of 

the decision being positive at one or more of these moments. If the 

trial is taken to contain m moments, then the relation between the 

recorded false positive rate, P^p, and the probability of a false 

positive decision at any 'moaent 1 , € f ts given fcgr

.l.(l-6)" .............. (25)

If the subject is concerned, when the stimulus is not presented more 

than once on any trial, to maintain his rate of false positive overt 

responses at or belov a limiting valoe, then he vill not necessarily 

keep £ constant} the number of moments on each trial vill be relevant
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to determining its value.

If it is assumed that the subject attempts to keep 

constant or nearly constant by varying c, then, ly applying the warning 

hypothesis, it is possible to predict the threshold changes that will 

occur as the length of the inter-stimulus interval,^•'- - *ies. For 

this purpose th& waiting tiae on each trial can be considered to 

consist of the f range of expectation1 during which the subject expects 

the stimulus, and a residual period. The subject sight attespt to 

keep P«p constant for th© vfaole trial, or to keep the probability of 

his making a false positive response to an input during the period 

when be expects the critical stimulus at or below a limiting value, 

i.e. to keep the portion of the false positive rate arising during the 

range of expectation, P«~/ *, constant and the contribution of the 

residual period low* In the former case the value of P~p would be 

constant despite variation in T, in the latter it vould tend to rise to 

a saall extent as ? increases*

Sane information on this point is supplied by the false 

positive rates recorded in Experimests 10 to 16, 1-laklng all possible 

comparisons between false positive rates recorded under conditions 

differing only in the length of the inter-stimulus interval, there are 

17 cases in which the rate is greater at the longer interval, 7 in 

which there is no change, and 12 in which it is less. Though the 

difference is in the direction that would be expected on the hypothesis
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that the subject keeps P , , constant, it is not significant. However 

it will be assumed that this is vrhat the subject attests to do.

If an inter-stiffiulus interval T is changed to an interval 

T-, so that the range of expectation R , containing r moments, is 

replaced by the range R.., containing r, maoftenta, t! •* can be 

kept constant ty altering £ to a new value € which is given by

. €) r«/rl ............... (26)o

If the range of expectation is ta&en to be a constant proportion of the 

inter-stimolua interval, then

............... (27)

If the range of ea^ectation is taken to be a constant number of j.n.d.sf 

where the j.n.d., A T> is fii^e^ ^7" A T ~ k(T-»a), then

(28)

If z(p) is the standardized noroal deviate for which the normal 

distribution function $(*) = 1-p, then

provided that the H and SH distributions ore nonaal with equal variance. 

In this case, if the frequency of response to a given stiaaLus at T 

is known, then it ia possible to predict the frequency of response to 

the same stimulus at T- provided € Q i« known and equations (26), (27), 

and (29) arc applied, or €. and 'a 1 are known and we apply equations (26),
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(28), and (29).

In studies of the sensory threehold the paychosetrie 

function has fccnially been found to be approfriaately noraal (see 

Section 1.6); the use of probit analysis in determining thresholds 

in the present series of experiments allovs the hy> .. j that the 

subjects 1 responses were normally distributed in relation to the decibel

scale used here to be tested* This vas done by summing the values of
2 "X- for residual heterogeneity about the probit regression line found

in each analysis. In Experiments 10(b), 12, H(b), 14(e), 15 and 16, 

145 probit analyses were performed j these giro a combined value of 

X2 = 284.10 (d.f « 25S) which is not significant (p< 0.15), so that 

there is no evidence that th© present data depart significantly from 

normality. It is also plausible to suppose that in Experiments 10 to 

16 GV == Cv,v , siace in these experiments the former represents the
ii Oft

Tarlability of the central response to a $00 e.p.s. tone 60-70 db above 

threshold, and the latter the response to a tone a fraction of a 

decibel stronger.

Experiments 10(a), 10(b), and 13 (Constant Condition) offer 

data suitable for checking predictions made using equations (26) to (29), 

since in these experiments the stimuli were presented by the method of 

constant stimili, at more than one positive inter-stiaalus interval, 

in order to measure incremental thresholds. (At zero and very short 

intervals equation (27) would be expected to break dovn As the range of



expectation approaches the 'sampling time 1 ). In order to obtain an 

estiaate of € it was assessed that at 10 seconds the difference 

between the values of 6 in the range of expectation and in the residual 

period is negligible and Stroud's (1955) estimate that a 'moment' is 

approxijaately 0.10 seconds long was applied to give m = 100. 4.1 per 

cent, the average false positive rate in Experiments 10(a), 10(b) and 

13 (Constant Condition), was used as an estiaate of P~^, and these two 

quantities were substituted in equation (25) to give € = 0.00043. 

For 'a 1 the value of 1.57, given in equation (17), was taken, and values 

of € were calculated for the different inter-stissulua intervals in 

Experiments 10 and 13, applying equation (27) or (28). Using the 

frequency of response to each stimulus strength at the longest inter- 

stifflulus interval in the experiment as an estiaate of P0«(A) , the
on O

predicted values of ?ow(&) for eac^ shorter inter-stimlus interval 

vere obtained from equation (29). These results are »iven in Table 23, 

predictions obtained using equation (27) being indicated fey »T f , and 

those obtained with equation (28) lay ' A^'« £*cn of ^he 'experimental 1 

percentages of positive response was based on 360 responses in 

Experiment 10(a), 2^0 for the 1 and 8 second intervals, and 80 for the 

3 and 6 second intervals in Experiment 10(b), and 160 in Experiment 33• 

Tha '?' and 'A? 1 curves for the •weak 1 and 'strong* stiauli in 

Experiment 13 are shown in Figure 9, and those for Lxperiment 10 in 

Figure
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These results show quite close agreement between the 'T 1 

predictions and the obtain*^ percentages of response* In view of the 

error variati-.- _n the experiiaeirbal results, and in the frequencies of 

response at the longest intervals, used in ssaking the predictions, and 

the somswnat arbitrary assumptions neoessary to estiiiawu € , better 

agreeiaent could not well have been expected* The exact value of € 

is ne* —'.tlcal in making the predictions: it can be varied between 

0.001 - 0.0001 without markedly impairing their agreement with the 

observed results. The success of the predictions tsnds to support the 

assumptions on which they were based, notably the warning hypothesis. 

Although the 'judgmental 1 hypothesis has been assumed in making the 

predictions, it could be supposed that the subject varies oc* or h,. ia
JM & — ' -

a fashion geared to produce changes io c of about the same order. 

The VV^' predictions are not quite as good as the 'T 1

predictions. Of 21 comparisons, the 'T 1 prediction is closer to the
2 experimental result in 16, and the 'A^1 prediction in 5 (x z 5.76,

d.f. = 1, P *0.02). This inferior result is in line with the tentative 

conclusion, in Section 4.6, that the thresholds obtained by the method 

of limits in Baqperiaents 1, 2, and 4 were better described as a linear 

function of (3/T) than of (VA^)» It is possible to i^>rov© the 

i A 71 predictions by using a larger value of € . However it Bust be 

considerably increased, to a range of 0.05-3.10, for the predictions 

given to be approximate 3y as good as the 'T 1 predictions, and these
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TABLE 23
Obtained aad predicted percentages of response 

10 (}

i'timulua Source Inter-stimulus interval (seconds)

II 2
•Weak 1 Experioentali 62.2 38.3 26.9

?s 51.6 37.8
A^s 41.3 34.8 

'Strong* ExperljaentalJ 81.9 65.6 61.1
Ti 82.6 72.2

75.2

Ficperiiaent 10(b)
2 i^tperiHer:tali 39.2 20.4

T: 42.5
ATt 32.6

3 ExperiiaeRtals 72.5 38.8
TJ 64.1
ATt 54.0

4 ExpsriiaentalJ 90.4 76.3
Ti 91.3

I
30.0 26.3 

Ti 33.4
AT« 31.2
Experiaentalt 50.0 36,3 
TJ U.O

41.7
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values of CQ would correspond to false positive rates of 99,41 to 

99,997 per o«nt. The difference could also be mace less Barked by 

reducing the value used for 'a 1 . These results therefore tend to 

suggest that in central applications of the 'internal clock 1 the 

additive constant 'a1 is not as large as when -eber's law is determined 

from overt responses, and may even be equal to zero,

Th* most aarked disparity between the results predicted 

using equation (27) and those obtained occurs at 0,25 seconds in 

Experiment 13, where the response rates are lover than predicted. This 

mey be an accidental variation, or it aay be due to equation (27) 

ceasing to apply at this interval, perhaps because the range of 

expectation is near ing the soap ling time,

itt Figare 8 the 'T* s( € } values used in making the 

predictions for inter-stimulus intervals between 1 anc. 9 seconds are 

plotted. They represent the values of c determining the threshold at 

these intervals. It is of interest to note their similarity to the 

threshold curves given by Experiments 1, 2, and 4* The best curve of

the form

^s)T=k» ....„...*..... (30) 

u&* ^>een fitted to these values. It shows sesewhat greater curvature 

than do the valuta of z, in contrast, the uui-eahold values determined 

in Experiments 1, 2, and 4, and plotted in Figures 7 and 8, do not 

appear to be systeaatical3y less carved than the best curves fitted to



the* by equation (22). This suggests the possibility that in varying 

the value of cf as the inter-stimulus interval changes, in order to 

keep f'pp/ p\ c<> ^tantf the subject does not go through a process 

equivalent to calculating equations (26), (27) and (29), bat instead 

applies the aiapler approximation afforded ty equation (30) 9 at least 

for intervals above about 1 second. For intervals somewhat below this 

the ennrvMrM? voold be modified. The subject's experience of the changes 

in ̂ »j('0 as the value of z is altered could be used to determine the 

appropriate value of k 1 to keep F^p/ x approximately constant. If the 

values of s( € ) used in making the 'T 1 predictions in Table 23 are 

rep lac ed, for intervals of 1 to 9 seconds, bgr the corresponding values 

given b&- equation (>0) 9 the predicted frequencies of responae agree 

approximately as veil with the experimental data. 

10.2 Conclusion

This thesis has been isainly concerned with the proper

explanation of the change in threshold induced fcy variation in the inter- 

stimulus interval that was found in the first experiment, and whose 

generality was decanstrated in iiixperiaents 2t 3, and 4. This finding 

posed tvo questions i How did the subject vary his threshold? What 

determined the relation between the thresho d level and the inter-stimulus 

interval? In the attexapt to define the processes underlying the subjects' 

performance in these experiments two sets of hypotheses were proposed.

In terms of the signal-detection raedel of sensory discrioination



alternative ways in which the threshold could be varied are: (a) A 

reduction in the variance of the afferent inputs, (b) An increase in 

the separation uetween the mean values of the 'noise 1 and 'signal + 

noise' inputs, i.e. a reduction of M- relative to IL«. These were 

referred to as 'distribution* effects since in each case the distribu­ 

tions of the afferent input* corresponding to 'noise 1 or 'signal + 

noisr • vorlr1 be altered and a change in the critical value, c, would 

occur as a consequence of this, (c) A 'criterion1 effects a change 

is the coiaputation of the criterion, c, produced directly, i.e. not 

cc :ent on a change in f«(x) or f_(ac)«

Processes suggested by the question about the relation 

between threshold and time interval were: (a) An 'arousal 1 or 'alerting1 

effect producing a rapid fall in threshold with a slower return to 

the resting level* (b) A 'temporal reference 1 or 'warning 1 effect, 

the accessory stimulus affecting the threshold by virtue of temporal 

information possessed by the subject. This was associated with two 

subsidiary hypotheses: (i) The threshold is reduced for the complete 

'waiting time', to an extent inversely related to its length, or (ii) 

it is reduced for the duration of the period vben the subject expects 

the critical stimulus to arrive, and the length of this 'range of 

expectation' is a function of the inter-stimulus interval.

These two set* of alternatives are independent in the sense 

that any of the signaX-detectioaa hypotheses can be combined with any of
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tlie hypotheses about the form of the threshold curvej sost of the 

eoqperisienta have provided information on one or the other set alone*

Experiment 10 provided the first main finding relevant to 

the signal-detection hypotheses. The constancy of (or ris« in) the 

threshold variance as the threshold fell made hypothesis (a) difficult 

to maintain but left the other wo alternatives equally plausible. 

The f ' •'rtb'vbion 1 and Criterion1 effects were tested further by 

ijqjerisients 11 and 12. Sine© no minisaiffi vas found in the threshold 

curve it did not seen necessary for the accessory stimlaB to have 

acted on the afferent system at the time that the critical stimulus was 

administered} any possibility of a very rapid action of the accessory 

stisruius affecting a slowly conducted portion of the afferent input 

from the critical stimulus was excluded by the finding in Experiment 14- 

that the threshold could be lowered by an accessory stiKulas given as 

much as 500 msec, after the critical stimulus.

By showing that a fall in threshold as the inter-stimulus* 

interval decreased was not shown if the intervals were randomized over 

a large range Experiment 6 threw considerable doubt oa the arousal 

hypothesis, though It remained possible that teisporal information was 

important not because it acted directly on the threshold decision 

Beciianism but because it prevented habituation of the arousal response. 

However an effect on the threshold was shown when the intervals were 

rand&aized over a small range, in Txperiment 13, but the curve flattened



out at short intervals, a finding which was predicted by the 'range of 

«qpeetation» hypothesis but not ty either the 'waiting time 1 or the 

'arousal1 hypotheses. Further evidence for rejecting the arousal 

Ijrpothesis was provided by Experiment 16, in which no effect of change 

in the intensity of a supraliminal accessory stimulus on the extent of 

the threshold fall produced by it could be found.

The hypothesis of a simple inverse relation between the 

degree of threshold fall and the range of expectation was supported 

toy finding that the thresholds in "xperiaents 1, 2, ard 4 were related 

to tne inter-stimulus intervals in this way* In -ection 10.1 it was 

further shown that the assumption of a 'criterion effect* combined 

vith the temporal reference hypothesis alloved changes in the frequency 

of response to a stimulus to be predicted, and that the predictions 

•bowed satisfactorily close agreement with the obtained results. The 

relation of the changes in criterion required, to the inter-stiaulus 

intervals, could be fairly closely approximated by an inverse function 

similar to those that were fitted to the results of Experiments 1, 2, 

and 4- Though it is possible to suppose that an arousal response 

night decay in such a fashion t at the reduction in critical value 

would be inversely related to the time interval, it would be sooewhat 

surprising if the change in c produced in this vay were at the rate 

which approximates that calculated to maintain the probability of a 

false positive arising during the range of expectation constant.



•3 12

Thus it seems possible to conclude, in view of these 

findings and other points sentioned in the discussion of particular 

«BEperisents, that vhen the subject is attesting to detect a stiasalus 

he reduces his threshold about the expected time of arrival of the 

stimulus for a period related to the inAer-stiBulus interval, and thut 

the threshold fall is produced by a reduction in the critical value 

applied to afferent inputs arising during that period which is not 

secondary to a change in the parameters of the 'noise 1 and 'signal + 

noise 1 distributions* I< urthenaore it appeal's possible that the range 

of expectation may be an approximately constant proportion of the 

inter-stimulus interval (except for very short intervals), ratter tuan 

a function of the differential threshold for duration, and that in 

reducing the criterion the change rsay be calculated to prevent the 

probability of a false positive response arising when the stimulus is 

•Bpected exceeding a limiting value.
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