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ABSTRACT

The point of departure for this study was the
suggestion that the method of constant stimulus dif-
ferences with successive presentation d?ﬂgéimull.
provides a paradigm situation for the study of short
tern retention of non verbal stimulus material.

Past work in this field was oritically reviewed and
it was concluded that studies of the psychophysical
time error throw little light on the problem of short
tern storage because of the conceptual confusion
surrounding the design and interpretation of such

studies,

Two seriesz of experiments were designed and
carried out, one series with the aim of clarifying
the role of the interstimulus interval variable in
the method of constant stimulus differences and the
other with the aim of explaining the relationship
between magnitude estimation and category rating
scales, In the analysis of the results of these
experiments, particular attention was direoted towards
determining the relative discriminability (response
uncertainty) of the individusl members of the sets
of stimull used. In all of the expsriments evidence
was found of an underlying lawful relationship between
position of the stimulus in the stimulus array and
response uncertainty; this relationship had the
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form of an asymmetrical inverted U. On the basis of
this evidence it was inferred that performance in
sensory discrimination tasks must be mediated by some
form of internalised representation, model or schema
of the stimulus array.

An attempt was made to elucidate the properties
of the postulated model or schema and to ascertain its
role in determining performance in sensory disorimlnation
tasks. By taking into consideration the properties of
the model or schema and the nature of the restrictions
imposed upon §, it was possible to advance explanations,
for which empirical support was obtained, to account for
central tendency effects in judgement, the time error,
the order effect, the relationship between category
rating socales and magnitude estimation scales and the
role of anchor stimuli, No svidence could be obtained
for an explanation of the phenomenon of psychophysical
hysteresis suggested by a consideration of the propertles
of the model. An explanation to account for perfor-
mance in choice reaction time tasks based on a consldera-
tion of the properties of the model was outlined and, in
an additional experiment, evidence consistent with this
explanation was obtained.

An attempt was made to integrate the empirical
findings from the study and the theoretical conoclusions
which they seemed to justify, with other current views.

It was suggested that models or schema of the type postu-
lated must mediate other types of more complex performance
involving information extracstion and storagze, and that
quantification of the properties of such models or schema
might lead to a better understanding of these situations.
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CHAPTER I
NON VERBAL SHORT TERM MEMORY

Over the last decade or so the topic of
immediate or short-term memory has been one of the most
active areas of investigation within the field of
experimental psychology, It is, nevertheless, true
that the very large bulk of studies in this area
utilise verbal stimulus materilal which 1s often highly
over-learned or embedded in existing assoclational
structures before the commencement of the experiments.
Vaeriables of this kind undoubtedly affect the outcome
of the experiments and at present their operation is
not fully understood. There 18, therefore, reason
for caution in generalising, from studiles employing
verbal stimulus material, to the question of short-
term memory in general.

It would accordingly seem desirable to extend
the range of stimulus material utilised in immediate
memory studles and, in particular, to gather data
concerning short term storage of non~verbal stimulus
material, It might be expected that studies of this
kind would not only extend the range of specifiec
findings about short-term storage but, 8ince
the effects peculiarly assoclated with verbal stimuli
would be eliminated, it seems plausible that the
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results of studies of this kind might be less equi-
vocally interpreted and provide findings of greater
generality,

In additlion to the importance of studies of
this kind in adding to the general understanding of
short-term storage, 1t can be argued that they might
throw light on some other problems, for example,
the problems of habltuation and arousal, and of
vigilance,

The phenomenon of the arousal or orlermtion
response and 1ts habituation is one to whioh contem-
porary theorists (e.g. Berlyne, 1960) attach a great
deal of psychological significance but the problem
of information storage underlying this phenomenon
has received relatively little attention. In general
the arousal or orientation response occurs as a result
of stimulus inputs which are, to some extent, dils-
crepant from previous ones. This implles that at
any one time an organism must be storing large amounts
of information concerning recent patterns of stimu-
lation; the malntenance and adjustment of this store
appears to represent a problem about which we have,
at present, very little speclfic informatlon,

The weight of present thinking concerning
the gquestion of performance decrement in vigilance
or watch keeping tasks seems to favour a number of
inter-related causal factors rather than one unitary
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explanation (Buckner & MeGrath, 1963). One factor
which does not seem to have been considered is that
of short-term storage. It has been demonstrated
(Gundy, 1964) that the efficiency of signal detection
is a functiion of the amount of information that 3
has about the characteristics of the signal. Ir

such information were subjJeot to loss in storage

this might be expected to lead to a performance
decrement; if, in addition, the original stimulus
information was maintained or reconfirmed by a correct
detection, the conditions for an even more drastic
decline in performance would be set up, since increas-
ing time on task would hinder the detection of slgnals,
which in turn would prevent the maintenance of the
information necessary to detect more signals and so

on. This interpretation is speculative but never-
theless consistent with some of the findings in this
area. However, it serves to lllustrate the point
that an understanding of short-term storage of non-
verbal materlal might reasonably be expected to have
very wide implications.

An 1deal paradigm situation for the study of
short-term storage of non-verbal stimull seems to be
provided by the psyochophysical method of constant
stimulus differences with successive stimulus presentation.
In this method one stimulus is presented and then,
after a fixed inter-stimulus interval (ISI), a second
1s presented for comparative judgement, ‘The rele-
vance of findings from this area to an understanding



of short-term storage in general has been acknow-
ledged by such recent writers as Peterson (1963)

and Posner (1963). However, the most detailed
consideration of this area as related to the general
question of storage or memory is undoubtedly due to
the Gestalt theorists (e.g. Koffka, 1935).

Since the views of the Gestalt theorists
have so influenced thinking and research in this area
they are worthy of some consideration. The Gestalt
View is that all stimuli are centrally represented
by stimulus traces spatially distributed in :the
brain., These traces persist beyond the actual
duration of the stimulus and are subject to autoch-
thonous processes such as assimilation, concentration,
sinking, and so on. The operation of these
autochthonous processes provides a purported explana-
tion of the observed behaviour.

In the case of data concerning loudness
Judgements from the method of constant stimulus
differences, it had been noted by Kohler (1923) that
as ISI increased, the proportion of "louder” Judge~
ments increased, Thlis result was attributed to a
8inking or decay of the trace of the first stimulus.
An alternative formulation advanced by Lauenstein
attributed the effect to an assimilation of the trace
of the first stimulus to the level representing the
ISI. Subsequently a great deal of research was
directed towards substantiating or choosing between
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these two theories although reviewers have all sub-
sequently expressed dissatisfaction with both (e.g.
Gullford, 1954, Koester, 1945, Osgood, 1953, Wood-

worth & Schlosberg, 1955),

A major weakness in the use of the notion
of the decay or sinking of the stimulus trace has
been the ambigulty of these tems, There has been
a failure to make explicit whether these terms mean
a loss of informatlion from, or degeneration of the
trace, or a systematic change towards some lower
value, or attenuation of the trace. What 1s already
known about memory processes would lead us to expect
degeneration of the trace, but there is no prior
reason to expect attenuation.

Although the Gestalt theorists were the first
to emphasize the relevance of findings from the
method of constant stimulus differences to an under-
standing of memory processes, it 1s clear in retro-
spect that thelr theoretical formulations did not
adequately conceptualise the situation, This 1s
one reason why many of the previous studles concelved
within this conceptual framework and designed to
lllustrate memory functions are of limited value.

It will, therefore, be necessary to review the whole
field of studles in which the method of constant
stimulus differences has been employed and ISI 1is a
variable,
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CHAPTER II

INTERSTIMULUS INTERVAL AS AN
INDEPENDENT VARIABLE 1IN THE
METHOD OF CONST ANT
STIMULUS DIFFERENCES

The Origilnal Recognition of the Problem,

The importance of temporal variables 1ln sensery
discrimination tasks was acknowledged by fechner in his
"@lements of psychophysies®™ (1966, first published
1860), In a discussion of temporal relationships he
mentioned the two factors on which interest has sub-
sequently come to be focused, "the time allowed to
elapse between the perception of one magnitude and of
the other" and “"temporal order, whether one or the
other is first percelved", Since Fechner was primarily
interested in the measurement of sensory performance,
he regarded these varlables as sources of constant
errors influencing his results, and was concerned to
eliminate them, - "if the errors are really constant
they can be taken out by sultable means and at the
same time theilr amount can be exactly determined".

Fechner was not uneware of the possible
lntrinsic significance of constant errors,
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"one must not see a disadvantage in these
complications of our methods as caused by
the presence of constant errors, but
rather an important advantage, in as much
as the determination of constant errors
itself becomes a part of the psychophysiecal
measurements that can be made, After all
thelr influence is typlcal of the factors
asgsoclated with sensations and should be
measured, At the same time, however, the
opportunity exists to exclude them from the
measure of differential sensitivity with
which we are at present concerned, Con=
stant errors, therefore, should not wmerely
be discarded as idle waste; they should
be carefully separated from the measure of
sengitivity and investigated one after
another in every area, according to the
conditions, laws, and varlables that apply".

The Conceptual Framework,

Since Fechner's time a great deal of effort has
been expended on attempts to elucldate the characteris-
tics of constant errors 1n sensory discrimination
tasks and these studles have primarily been undertaken
within the conceptual framework of classical psycho-
physics, 1t can be shown that, desplte the energy
expended in this area, the return in terms of clari-
fication of the bhasic issues has been very neagre and
the whole toplc continues to be beset by confusion,
which to a very large extent seems to be a natural
corollary of the inadequacies of the basic conceptual
model of classical psychophysics,

The classical psychophysical model can be
considered at two levels, firstly as a convention for
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treating the data of certain types of disorimination
experiments, and secondly as a purported description
of the operation of the discrimination mechanlsm.
Recent developments (e.g. Swets, Tammer and Birdsall
1961) must ralse grave doubts about this latter
aspect of the model, It does seem, however, that
the purported explanatory powers of the classical
psychophysical model have lent an air of reality and
tangibility to some psychophysical concepts which

are really only summary descriptlons of certain
aspects of the data. This seems to be particularly
s0 of the notion of the point of subjective equallity
(ps®) (Pig. II: 1), which can, in the case of data
from the method of constant stimulus differences
using two categories of judgement, be precisely defined
as the x intercept of the response curve or psycho-
physical function at p = 0.5, when p is the proportion
of judgements “greater®, The PSE can also, perhaps
misleadingly, be thought of as that wvalue of the
variable stimulus (V) which is Judged equal to the
standard (st). It follows then that the discrepancy
between the PSE and St could be regarded as error and
this has usually been called the "constant error”,

The PSE as defined in terms of the x intercept
1s a function of two logically independent varilables,
the value of the y intercept for x = St, and the slope
of the psychophysical function or response curve.
The slope of the response curve is, of course, determined
by the varlability of judgement or the variable error.
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The "constant® error, as conventionally deflned, 1s
therefore logically dependent upon the varlable error
and furthermore it has recently been shown (Ross 1964)
that these two variables are empirically related,

For thils reason 1t is urged that the use of the term
"oonstant! error for the PSE - St discrepancy should
be abandoned and its use should be confined solely to
neasures directly reflecting the value of the y
intercept for x = 3t,

The notion of the Yconstant"™ error as conven=
tionally defined has also generated other confusions.
It has been apprecilated since Fechner'®s time that the
"constant" error is influenced by both the interval
between successive presentations of stimull for com=-
parison, and the order in which the two stiamull are
presented., Although these are logically independent
varlables, the fact that they may both influence the
P35 = St discrepancy has led to a tendency to speak of
thils discrepancy as the time order error (TOE).

Far from clarifying the situation this usage has
generated pseudo problems. For example in the method
of absolute judgement or single stimull, in which only
one stimulus is presented per trial, the midpoint of
the response scale does not usually colncide with the
mld-point of the range of stimuli employed. By
analogy wlith the findings from the method of constant
stimulus differences, this fact has sometlmes
(Fernberger 1931, Wever and Zener 1928) been referred
to as a TOE despite the obvious non-involvement of
either temporal or order variables,



It might be argued that sinoce in the case of
the method of constant stimulus differences, the value
of the y intercept for x = 3t, or the constant error,
reflects a tendency to use one type of response 1in
preference to another, this measure should be called
response blas, It can be shown, however, that com-
parable constant errors are found when other methods
employing different types of responses are used, for
example with the comparative category rating methods,
and this generality of the phenomenon independent of
any particular response system suggests that 1t 1s
not a simple manifestation of response blas,

In view of the above considerations much of
the previously published work on the TOL or PSE = 3t
discrepancy 1s of limited value in 1lluminating the
behaviour of constant errors and thelr relatlonship
to other variables such as ISI. Values of the
PSE « 3t diserepancy do not provide satisfactory
estimates of the conetant error although they do provide
correct information about the sign of the constant error.

An alternative way of measuring the constant
error has sometimes been advocated (e.g. by Gullford
1954), this is by means of the index DF. This is

100 (L - G)
L+ G

jJudgements "less", and G = number of Judgements

defined as D% = where L = number of

“greater". Since the number of judgements "greater"®,
and "less" will depend on both the constant error and
the spacing of the serles of varlable stimull used,



this index is of limited generallty and permits
precise comparisons only between sets of data 1ln which
the identical series of variable stimull have been
used, The above considerations suggest that the

most satisfactory index of the constant error 1s one
which reflects the inequality between "greater"” and
"jesser” judgements when a St 1s compared with itself.

The effect of the manipulation of order of
stimulus presentation, when observed, is to produce
“a difference in slope between the response curves
or psychophysical functions for the two orders of
stimulus presentation., This difference invarlably
takes the form of a greater slope for the St - V
function and hence reflects greater discrimination
under these clrcumstances. The question does not
seem to have been raised as to whether the relatlive
difference in discrimination between the two orders
is, 1tself, a function of ISI. It is proposed to
restrict the use of the term order error or order
effect to this difference in diserimination between
the two orders of stimulus presentation.

A further way in which it might be expected
for ISI manipulations to play a role is in the overall
precision of diserimination, or the slope of the
response functions. To the extent which comparative
judgements are dependent upon memory factors, we mlght
expect decreasing discrimination wilith an increase in
1371,
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In the light of the foregolng discussion
i1t can be seen that what has previously been loosely
regarded as the problem of the time error or TOE, is
logically a complex of associated problems, A more
rigorous analysis of the slituation reveals three
independent aspects of performance, the constant
error, the order error, and overall precision of
disorimlnation; the real problem is to determlne
and explaln the effects of the manipulation of time or
ISI on each of these aspects of performance.

Previous Empirical Work,

The following review of the literature aims
to encompass the findings concerning the effect of
the ISI variable on performance with the method of
constant stimulus differences with successive order
of stimulus presentation. This has been suggested
as a paradigm for the study of short term retention
of slmple non verbal stimulus material, although the
studies to be reviewed have not been concelved 1in
that light. The review does not purport to be an
exhaustive coverage of the very extensive TOE litera=-~
ture, as the bulk of studies in this area have not
been primarily concerned with the ISI variable.
There has, for example, been a considerable interest
in the effects of interpolated extraneous stimulil
on performance in thls situation which has been in-
fluenced by Lauenstein's theoretical views, Since
such studies do not cast direct light on the problem
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they will not be considered.

Even in the case of studlies in which the
effects of manipulation of ISI have been the primary
concern, interpretation 1s often difflcult because
of the conceptual confusion which has characterised
the area, For this reason it is as well to treat
estimates of the magnitude of constant errors with
reserve although the sign of sueh errors can usually
be regarded as reliable. An additional conslderation
to be bornme in mind in assessing studles in this area
is the influence of a2 number of procedural variables
whiech have been shown to produce reliable effects,

Procedural Variables

lultiple or non-fixed standards.
A finding of some generallty in sensory

discrimination tasks is the central tendency effect
first described by Hollingworth (1909). "The term
central tendency refers to the fact that estimates
of stimull at the extremes are shifted towards the
indifference point at the center" (Johnson 1955).
It 1s thlis phenomenon which appears to underly the
findings from a number of studies in which several,
rather than one St, have been employed in each expelrl=
mental session, Typleally the result of such a
procedure is to produce a dleplacement of the con-
stant error towards the direction of some central
value of the range of Sts employed. This has been
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demonstrated with 1ifted weights (Bartlett 1939,
Woodrow 1933), pitch (Harris 1952, Koester and Schoen-
feld 1946), and anditory intensity (Needham 1935).

The effects produced on constant arrors by use of a
number of Sts are accentuated as ISI 1s increased
(Koester and Schoenfeld 1946, Needham 1935). A
further result of the use of a multiple or roving St
is, not unexpectedly, a decrease 1n the precision

of judgement or increase in the variable error
(Woodrow 1933),

If the constant error is regarded as a mani-
festation of the intrinsic blas of the perceptual or
storage mechanism it seems clear that the operation
of this blas will be obscured or dlstorted in experi=-
ments using multiple 3ts, For thls reason the
results from such experiments would apvear to be of
Jimited value in elucidating the problem of the
constant error, although Guilford's (1954) suggestion
that the same principle might eventually expnlain
POF and central tendency effects could well be borne
in mind.

Asyummetry of range of variable stimuli.

An apparently related procedural variable
wWhich has been shown to influence the constant error
i that of the asymmetry of the V stimulli around 5t.
This variable has been investigated by Doughty (1949,
1952) with respect to both pitech and loudness dis-
crimination, fle showed that asymmetry of the V
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stimull range influenced the constant error but not
the difference limen, Doughty interpreted hils
findings as primarily due to response factors and

a tendency for Ss to avold disproportionate numbers
of either “greater" or "lesser" responses. There
seems little guestion, however, that thls result

13 a further manifestation of the central tendency
phenemenon and it seems clear that when there is
asymmetry of the V stimull around the St, this must
be taken into account in assessing the results of
this type of experinment.

Effects of practice.

A third procedural variable influencing the
results of studies using the method of constant
stimulus differences is 3's prior familiarity with
the task, A general finding seems to be a decline

in the constant error with continued exverimentation;
this has been observed with loudness judgements
(Needham 1934), pitch judgements (Koester 1945), and
temporal duration judgements (Woodrow 1935, Voodrow
and Stott 1936), and according to Woodrow (1935)

this effect was also observed by Kohler, Woodrow
(1935) also found a decrease in the variable error
sssociated with judgements of temporal duration,

This latter finding 1s in accord with expectations
and an example of perceptual learning (Gibson 1953),

The relevance of the experience variable
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for the constant error would seem to have certaln
implications for the interpretation of studles in
this area since the operation of this varlable seems
likely to obscure the manifestation of any intrinsic
blas in the sensory mechanism, For this reason we
must accord a special significance to studies in whioch
this variable has been controlled by making only one
observation per S. Because of the effort 1involved
in gathering dats in this way, such studles are
understandably rare, but a series of such studies
using the method of adjustment has heen reported

by King (1963a, 1963b, 1963¢, 1965, 1966a, 1966b),

King investigated the central tending of
reproduction of 5t stimull after intervals of from
1.5 secs., to 28 days. Judgements were made of
visual brightness, loudness, visual flash rate,
piteh, and visual and audltory temporal duration.,
In the case of temporal judgements a consistent
underestimation of St was observed, but there was
csome question as to whether thls result might not
be an artifact of the method of adjustment since
reproductions must all, of necessity, be made in
ascending order. With other types of stimull this
variable can be controlled by counter balanclng
adjustments in ascending and descending orders and
posltive errors of reproduction were observed in
the case of loudness, visual flash rate, and pitech;
no pronounced trend in the size or direction of
these positive errors, over the period of 15 secs,



to 28 days, was noted. No systematic errors of
reproduction of brightness were observed. King
provides no date about the variance of judgzements,

Stimulus Variables
The effecta of manipulating ISI 1s in many
cases to produce changes in performance which are
highly specific to a particular stimulus dimension.
Such differential effects have come to assumne, as
shall subsequently be shown, a great deal of
theoretical significance.,

Pltch.

It 1s not clear whether a consistent constant
error occurs 1in judgements of pitch, although such an
error has been reported (King 1966a, Tresselt 1948).
There does seem to be general agreement that eny
constant error for pitch is independent of ISI
(Inomata 1964, Koester 1945, iorikiyo 1959, Post-
man 1946), Although the major mreoccupation of studies
in this area has been with the constant error, it
seems clear that the variable error or precision of
pPitch Judgements does increase over time (achem 1954,
Hfarris 1952, Koester 1945), although Postman (1946)
failed to confirm this. Bachem, whose study was
directed towards the question of absolute pitech,
found that some of his 358, who were selected for
Possesslon of absolute piteh, showed little decline
1n retention of stimuli, falling within the musical
range, for periods of up to 1 week.
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Auditory intensity.
Kohler's 1923 study of the effects of ISI

on performance in an audltory intensity discrimina-
tion situation has probably been the most influentual
single study in the whole field. Hls data show a
positive constant error with I3Is of 1.5 and 3.0

secs., but a negative error at 4.5 and 6 sec. This
relatlionshlp between the constant error and the

IST has come to be known as the P function of the

time error and has been the subject of much investi-
gation,. Two investligatlions of this relationship

seem to stand out from the others on the grounds of
methodologlcal thoroughness. These are those of
Koester (1945) and Postman (1946). Unfortunately
their results are contradictory and the difference

In results can not obviously be explained by references
to procedural differences between the two investi=-
gatlons, Koester concluded that “constant errors

are somewhat larger for judgements of loudness than
they are for pitch; but as in the case of pitech,
these do not show any systematic change in direction
or size as a function of increasing time interval®,
Postman's results were largely consistent with Kohler's
in showlng a positive error for the 1 and 2 sec. IS
and a negative error for the 4 and 6 sec., ISI.
ileference to other studies of this problem reveal

more contradictions; for example Peak (1939) found

& positive constant error for 177 ms and 285 ms ISI
while tarris (1949) found a negative constant error
with a zero ISI and for larger intervals no consistent
constant error at all,



The relationship between the variable error
of intensity judgements and ISI appears to have
received 1little systematic attention. The studles
of Harris (1949) and Postman (1946) show no syste-
matic trend, the former study for 1I3Is of up to
1 sec, and the latter for intervals of up to 6 sec.

Temporal duratlon,

The nature of the errors associated with
judgements of temporal duration is complicated by an
apparently unique feature of this stimulus dimenslon,
that is the well established relationship between
the sign of the constant error to the point on the

scale at which the measurements are being made.
Such a relationship has been suggeasted for other
stimulus dimensions but not reliably demonstrated.
The point at which the sign of the constant error
changes 1s spoken of as the temporal indifference
point and the most acceptable estimate of this point
has been provided by Woodrow (1934) in a study
utilising only one jJjudgement per S, oodrow's
eatimate of the temporal indifference point was

.6 sec; intervals of legs than this value give
rise to positive constant errors and intervals
greater to negative ones,

An interest in the determlination of the
indifference pnoint and factors influencing 1t has
domlinated research in thls area and few studles
have been concerned with the influence of ISI on
constant errors, Nakajima (1958) has reported
negative constant errors decreasing in size wlth



increase in ISI in a temporal discrimination task,
Small and Campbell (1962) have also reported a
relationship between size and direction of constant
errors and ISI in a study of aunditory temporal dls-
crimination, Because of the extreme shortness of

the stimuli (4-400m seec,) and some of the ISIs

(.05 sec,) used in this experiment, there 1is reason

to suppose that the reported effects are due to speci=-
fic auditory mechanisms at the receptor level rather
than to more central factors,

One study (MeGavren 1965) provides qulte
detalled evidence of the relationship between ISI
and varlable errors in an audltory temporal duration
task, MeGavren showed an optimal ISI of 1.5 sec.;
intervals shorter and larger than this produced
poorer performance,

Lifted Welghts,
Although the significance of temporal factors
in discrimination tasks first came to attention within

the context of experiments on lifted welghts, sur-
prisingly little systematlc evidence about the effects
of ISI on performance in this situatlion 1s available.
It seems to be generally conceded that a consistent
negative constant error is found in judgements of
lifted weights (e.g. Guilford and Park 1931, lein-
stein 1955a), lowever, even this generalisation

is contradicted; Ross (1964), for example, found

both positive and negatlive constant errors in a
variety of weilght lifting tasks and was unable to
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explain the direction of the error. There seems
to be no systematic data in the literature illus-
trating the effects of ISI on varlable and constant
errors in lifted weight situations.

Visual size,

Most experiments using visual stimulus materilal
have been concerned to test specific hypotheses re-
lating to the context in which the stimulus is pre-
sented, and these provide only incidental information
about the operation of the 1ISI variable. The in-
fluence of such contextual variables has generally
been interpreted in terms of contrast and assimilation
affects (e.g. Inomata 1959, Marchetti 1942,

MeClelland 1943, Watson 1957). Two studiles
(Inomata 1964 and Xarlin 1953) are concerned pri-
marily with the ISI wvariable on Judgements of visual
magnitude, although Inomata employed a comparative
rating method rather than the method of constant
stimulus differences, Both studies are in agree-
ment in reporting negative constant errors, but
whereas Inomata found an increase in the size of
the constant error with increasing ISI, Karlin
found a decrease in the constant error when in-
creasing ISI from 1 to 3 sec.

Other stimulus dimensions.

Previous revlews of this area (e.g. Guil=
ford 1954) have drawn attention to TOEs in affective
Judgements and Jjudgements of odor and taste. ‘The
range of situatlons in which the phenomenon has been
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found has been still further extended by recent
research. Geertsma (1958) found a positive con-
stant error in judgements of hurtfulness of electric
stimulation with a 2.5 sec, ISI but a negatlve one
for a 14,5 sec, ISI,

Subject Varlables

A number of recent studles have been con-
cerned to elucidate the operation of subject
varlables on constant errors in sensory discrimina=-
tion tasks,

Birch, Belmont and Karp (1965a) have compared
the constant errors of a brain damaged and intact
group in an auditory intensity discriminaetion task.
For ISIs of up to 5 sec. the intact group demonstrated
a negatlive constant error, whereas the brain damnaged
S8 showed a positive constant error, diminishing with
increasing ISI. In a second study (Birch, et al.
1965b), this group showed that s white middle class
group performed simllarly to the normal group in the
previous experiment but a lower class negro group
performed similarly to the brailn damaged group.

Axelrod and iEisdorfer (1962) used age as =
varlable in an auditory intensity discrimination
task, They found negative constant errors in both
a young and elderly group; in the case of a young
group there was an increase in negativity from 1 to
2 sec,, but a subsequent levelling off for ISIs of
up to 6 sec, In the elderly group there was a
uniform increase in negativity with inecreasing ISI.



Weinstein (1955a, 1955b) has investigated
constant errors in tactile size and welght discrimi-
nation situations for both normal and braln damaged
Ss. He found a significant relationship between
site of leslion and size of the constant error in
Judgements of welght.

Theorles

Mentlion has already been made of the inade-
gquacies of theories in this area which are based on
oversimplified views of the stimulus trace, and
which, in particular, fall to distinguish between
degeneration and attenuation of the trace. Apart
from thls type of approach current theoretical
formulations are limited to those of liichels and
Helson (1954) and Stevens (1957), Both of these
share the vliew that the so-called time error or TOE
is independent of the effects of time, desplte a
large volume of evlidence to the contrary. iielson
(1964) has said, in the absence of any supporting
evidence, that "it i1s now agreed that effects of
time require an interval of greater than 3 sec.
between standard and variable whereas TOE appears
in much shorter intervals®™ and "['0Of must bhe regarded
28 a manifestation of decentred position of adap-
tation level®, Stevens' view is that "not only is
the time order error produced by other factors than
time, but it also has nothing to do with order®,
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Michels and Helson

IMlchels and lelson see the cause of the
St - P38 discrepancy as being due to the determina-
tion of the PSE by the adaptation level, which is
a welghted log mean of stimull used and will, there-
fore, rarely colincide with the value of St. In a
conparative Jjudgement situation, Judgements are re-
ferred to a comparative adaptation level in the
determination of which, the first stimulus on each
trial recelves a special weighting. Therefore
comparative adaptation level will be largely determined
by the value of St in St-V trials, and by the in-
dividual values of V in V=St trials, As a conse-
quence the slopes of the psychophysical functions
produced by the two orders of presentation will differ
and the St~V functlion wlll be steeper than the V=5t
function.

Helson and Mlchels theory has the advantage
of dealing expllcitly with the order variable and
recognising i1ts undoubted importance; the theory
also clalms to make predictions providing a good fit
to sets of empirical data, however it takes no account
of the ISI variable which 1s, according to the weight
of evidence, a varliable of importance, For thils
latter reason it is difficult to regard lilchels
and Helson's formulation as being at all satisfactory.
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Stevens

Stevens believes that the TOE is the falilure
of the middle of the stimulus range to colncide with
the middle of the response range in category Jjudge-
ment situations and is characteristic of Class I or
prothetic stimulus continua, It is, in his view,

a result of the asymmetry of sensitivity or subjec-
tive inequality of j.n.d.s on prothetic continua.
‘he result of this is, according to Stevens, that
category rating scales are typlecally non llnear
since the categories tend to be narrower at the
bottom end and broader near the top end, 'he TO&8
is a secondary consequence of this non linearity.

Stevens! view of the T0E 1s a very restricted
one and primarily based on a conslderation of the
data from category rating tasks rather than from the
method of constant stimulus differences. iids dis-
tinetion between vrothetic and metathetic stimulus
continua and the view that the (08 is characterlistic
of only the former, seems to be potentially valuable
but has been severly criticised (iarren and iarren
1963), ‘tiowever Stevens' rejection of the relevance
of both the ISI and order variables limits the scope
and applicability of his formulation to the problem
of nerformance in the method of constant stimulus
differences,
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Coneclusions

Desplite the very early recognition of the
importance of the ISI varlable in determining per-
formance in the method of constant stimulus 4if-
ferences, little advance has been made 1n understand-
ing the mode of operation of this varlable, Thils
Sseems largely to be due to the influence of two com-
plementary factors; flrstly, the utilisation of an
inadequate conceptual bhasis for the planning and
interpretation of empirical work, and, secondly,
the large volume of emplirical findings, many of
which are elther contradictory or not easily inte-
grated with each other, Attempts by theorists to
impose some degree of order on this chaotic situation
have, of necessity, failed.

It would seem that an understanding of this
area can only advance when the basic¢ problem has
recelved an adequate empirical definition as a result
of studies conceived and interpreted within a sound
conceptual framework,

Summary

‘'he literature dealing with the operation of
the ISI (inter-stimulus interval) variable in the
method of constant stimulus difference is reviewed,
rechner's original acknowledgement of the problem
is mentioned and the lnadequacles of the conceptual
framework on which subsequent research in this area
has been based, are pointed out, An attempt is



made to summarise the salient empirieal findings
concerning the operation of procedural, stimulus,
and subject variables in this area. The inade-
quacies of two contemporary theoretical formulations

which purport to encompass this area are pointed
out.



CHAPTER III

THE INITIAL APPROACH TOQ
THE PROBLEM

In the light of the conslderations raised
by the review of past studlies of the ISI variable
in the method of constant stimulus differences, it
would appear that one pre-requsite for an understan-
ding in this area 1s an adequate empirical descrip-
tlon of the phenomena which have to be explained.
At the same time 1t appears plauslble that, although
Stevens' (1957) and Michels & Helson's (1954) views
about the TOZ are both clearly lnadequate and con-
tradlctory, some further understanding of the
differences between category rating scales and ratlo
scales might well throw some incidental light on the
operation of the ISI variable, Zach of these
separate proposals will now be considered in greater
detall,

Developments of the Method of

Constant Stimulus Differences.

The method of constant stimulus differences
appears to provide an excellent paradigm situation
for the study of short term storage of non-verbal
material, The conventional form of thls procedure,
however, 1s dictated by the conceptual framework of
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classical psychophysics which tends, as has been shown,
to obscure rather than elucidate the role of the ISI
variable, Although it would seem necessary for our
purpose to maintain the essentials of this method,
j.e. the comparative judgement of successive stimull,
there seems to be no good reason for being strictly
bound to the secondary conventional features of this
method and, indeed, there seem to be good arguments
for discarding some of these features. For this
reason two procedural variations which seemed to
represent an improvement of the conventional methed
of constant stimulus differences were developed and
given some preliminary testing.

The Method of Difference istimation

A sallent feature of the constant methods 1s
their tediousness for 3 and E, primarily because of
the large number of trials requlred for data analysis,
The necessity for so many trials seems to be due, at
least in part, to the limited amount of information
which 3 is able to transmit on each trial, Con=
ventionally 3 is restricted to elther two or three
categories of response, allowlng in the former case
a maximum information transmission of 1 bit per trial.
However, the average amount of information transmitted
per trial will usually be appreciably less than this
because most of the comparison stimuli will be con-
sistently judged ln one category or the other,
There is good reason to suppose that, even with
clearly spaced comparison stimuli, S may be able to
transmit appreclably more than 1 bit of stimulus
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information per trial and, if this is so, restrictions
placed on S's freedom to respond represent an un-
necessary curtailment of information.

In order to overcome these difficulties some
preliminary investigations were made to see whether
Ss could report their comparison judgements of two
successlve stimuli by means of a scale and cursor,
since this form of response would, in principle,
seem to permit the transmission of large amounts of
information per trial, A horizontal scale, consis-
ting of a row of 50 1 cm., squares alternately
coloured red and black, was used, over which S
could move a cursor, the exact position of which
could be read off at the back by E. Instructions
To 3 sald that the middle position of the cursor
always represented the magnitude of the first stimulus
and the cursor was set at this position at the be-
ginning of each trial; S was instructed to report
about the second stimulus by shifting the cursor
to that square on the scale which he felt best ex-
pressed the magnitude of the second stimulus com-
pared with the first,

This method of reporting appeared to provide
S with » stable frame of reference within which to
make his report and, at the same time, to provide
few restralnts on performance, It is true that
only twenty-five Judgement categorlies were provided
for the S in each direction but, since we know that
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at best Ss can only reliably employ about seven to
eight categories (Miller 1956) and, since the range
of stimull employed was small, the limitations 1in
number of categories did not appear to effectively
constrailn S's performance. The method appeared,
on the basis of preliminary investigatlon, to
Justify further use,

The data were analysed by drawing up
individual confusion matrices and calculating the
average information transmitted per judgement
(1.e. contingent uncertainty; Garner, 1962), I'his
form of dats analyslis makes no assumptions about
the underlying metric of the scale employed by S
end is unaffected by the modulus used by S.

The iiethod of Difference Detectlon

One of the major problems assoclated with
the use of the conventional method of constant stimu-
lus differences is the selection of the range and
spacing of the V stimulil, If a V stimulus is con-
gsistently judged as belng in one category or the
other it really provides no information about S's
acuity, so an attempt must be made to select a
range of stimull about which S will always be in
some doubt, This can only be done with prlor
knowledge of S's acuity which involves us 1n a
viclous circle, In practice it is usually found
that the range of individual differences of aculty
is so great that no matter how carefully selected



-33 -

the V stimull might be, they are always unsatis-
factory for at least a proportion of Ss.

This difflculty can largely be overcome by
using only two values of V stimull, both of which
are well within the range of uncertainty and
slightly restructuring the nature of S's task by
informing him of the objsctive proportlion of trials
on which the second stimulus will be "greater®,
"lesser®, or "equal" to the first, This arrange-
ment has the addltional advantage that the proportion
of "equal™ (3t-3St) trials 6an easily be increased
beyond the proportion normally used for "catch"
trials and, as has been polnted out, performance
on such trials 1s particularly informative con-
cerning constant errors. A g8llght disadvantage
of this method 1s that the scoring of performance
is in terms of numbers of correct trials of each
kind, which restrlets comparison of performa.ice to
siltuations in which data has been gathered under
strictly comparable condltions, Preliminary
investigations with this method seemed to Jjustify
its further, more systematic, use.

Category ilatlng 3cales and

vagnitude istimatlion Scales

It is Stevens' (1957) contention that for
prothetic or Class I continua category rating scales
are non linear (concave downwards) relative to
magnitude estimation or ratio scales,
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*The chief factor that produces non-
linearity in the category scale of
Class I 1s variation in the subject's
sensitivity to differences. Near the
lower end of the scale where discrimina-
tion is good the categories tend to be
narrow, and by consequence the slope of
the function 1s steep. Near the upper
end, where a given stimulus difference
is less easy to deteet, the categorles
broaden and the slope declines,”

By contrast scales produced by "ratio methods®
such as magnitude estimation, directly refleot sub-
Jective magnitude and are, according to Stevens,
uninfluenced by the relativity of discrimination.

To date Stevens seems to have been prepared
to support his arguments concerning the relatlonship
between stimulus magnitude and diseriminability in
the category scaling situation, and the independence
of these two variables 1in the ratio scaling situa-
tion, by an appeal to indirect evidence, e.g. tie
non=-linear relationship between the two types of
scales (Stevens & Galanter, 1957). However, 1t
would appear possible to make a direct test of
Stevens! assertions if a satlisfactory index of
discriminability were avallable,

The conventional index of discrimlnability,
the varlance of Judgements or estimates, is not
approprliate for use with data from magnitude
estimation tasks for two main reasons, Since
with this method no modulus 1is prescribed and each
S adopts his own modulus, the same stimulus may be
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estimated as say 12 units of intensity by ene S

and 200 by another. This prevents meaningful
comparison or combination of variances between Ss,
The second inadequacy of the variance as a measure
of discriminabllity in this situation is its
relationship to the stimulus magnitude; the
variance of magnitude estimates of a stimulus with
a2 mean estimate of say 200 wlll, of course, be very
much greater than that of a stimulus with a mean of
55 The variance is only really a satisfactory
index of discriminabllity when the means and
variances are independent,

Fortunately these objections cannot be
ralsed at another measure of dispersion, the use
of which involves no prior assumptions about the
underlying metric. Thls measure is the conditional
uncertainty (Garner 1962), This is defined as
"the average amount of uncertainty in one variable
when the other varlable 18 held constant®, In
the magnitude estimation task, holding the stimulus
variable constant and determining the response
uncertainty for each stimulus should provide us with
satisfactory comparable indices of discriminability
(response uncertainty) over the whole stimulus range.

'"he use of thls measure, therefore, seems to
provide s means of directly testing Stevens' views
about relative discriminability of stimull in both
category rating and magnitude estimstion tasks,



- 36 -

Suzpery

Twe salient aspects ef the preblems dis-
cussed in the previous chapter are selected for
experimental attack, namely an adequate empirical
acoount ef the effeots ef the ISI variable in the
methed of cenatant stimulus differences, and a
classification ef the relatienship between ratie
and category rating scales. Twe presedural
variations ef the methed of censtant stimulus
differences which appsar te everceomse some of the
drawbasks of this methed are disoussed, A neans
of making a direct test of Stevena' hypotheses
conoerning perfermanse in magnitude estimation
and category rating tasks is also discussed,



CHAPTER IV
TEMPORAL DIFFERENCE ESTIMATION

The following experiment had two major aims;
to make a more rigorous examination of the method of
difference estimation which had, in a preliminary
try out, provided indications of potential useful-
ness, and to investigate short term (1-6 sec,)
storage of information concerning the duration of
brief (.6-1.,2 sec,) auditory stimuli,

Method

Four separate stimulus schedules were pre-
recorded on tape using a flixed intensity (80 4.b.,
8.p.1l.) 300~ tone; one schedule for each of the
I3Is 1, 2, 4 and 6 sec. Each schedule consisted
of 112 trials arranged in eight consecutive blocks
of 14 trials,

A St stimulus of 0.9 sec, was utilised;
this was chosen so as to be well outside the
indifference interval but short enough to prevent
the use of ecounting. The value of 1 sec, as a St
was avolded since it was felt that thls value might
have been previously learnt by some Ss. Six V
stimull arranged from 0,6 sec. to 1.2 sec. in 0.1
sec, steps were utilised. Each block of 14 trials
consisted of 2 presentations of St-3t, 6 presen=-
tations of St~V (one for each individual value of V)
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- 38 -

and 6 presentations of V=St (one for each individual
value of V), A separate random order of trials
was used for each block,

Psychology I students (n = 24), fulfilling
a course requirement, were utilised as Ss. They
were tested individually and completed each schedule
in a predetermined counterbalanced order with an
interval of at least one day between sesslons,

Each experimental session was commenced
with six or seven habituation trlals to enable 3s
to become familiar with the task; the results of
these trials were excluded from the analysis,

The task was self-paced with I presenting
a new trial as soon as the previous one had been
completed; a short rest period was introduced
halfway through each session, The duration of each
session was between 25=40 minutes, Stimull vare
presented to S through muffed ear phones., The
muffs, together with a continuously operating
exhaust fan, served to shield 5 from extraneous
nolse,

5 was required to respond on each trial by
shifting a cursor on a scale in the following way.
The scale, which was placed opposite S in a horl-
zontal position, consisted of 50 1 cm squares
alternately coloured red and black; the cursor
could be moved along this scale by S and its exact
position read off on the reverse side by E.
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S was instructed that the middle poslition of the
scale, at which the cursor was always set at the
commencement of each trial, represented the
magnitude of the first stimulus, and that he was

to report about the second stimulus by shifting the
cursor to that square on the scale, which he felt
begt expressed the magnitude of the second stimulus
compared with the first, The ends of the scale
were labelled "longer®™ and "shorter* to prevent
confusion,

The S was instructed by means of a card on
which the instructions were typed (Appendix A) and
which was read aloud by E. It is important to note
that the instructions did not make expliclit whether
3 was to make ratlo judgements or interval judgements.
The exact instructlons were "on each trlial you are
to shift the cursor to the square which you feel
best expresses the length of the second sound as
compared with the first", This conslderation is
of some importance in view of the continulng contro-
versy over the abllity of Ss to make either interval
or ratio Jjudgements and the precilse properties of
the underlying metric utilised by Ss. In thils case
thls controversy has been successfully side stepped
by analysing the data in information theory terms
Which make no prior assumptions about the under-
lying metric,

The data from the St=V and V=3t trials were
treated by drawing up separate confusion matrices
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for each 5 for each order and ISI. istimates of
the mean amount of information transmitted per
trial (contingent uncertainty; Garner 1962) were
calculated for each matrix.

Results

The contingent uncertalnty estimates were
subjected to a three way analysis of variance
(Subjects, Orders i,e, St-V v V-St, and ISIs) with
sub=-classification of the Subjects varlable into
Groups and Individual differences. The Groups were
differentiated on the basis of the sequence in which
they completed the schedules employing the different
ISIs,

The summary of this analysis#% (Table IV:1)
shows that the only maln effect to reach significance
1s that of Order (p << .001), The mean information
transmitted per trial in the 3t-V order was 1.47 bits
whereas only 1.22 bits was transmitted in the V=St
order, Quite surprisingly the manipulation of the

tfhroughout this study the following conven-
tions have been observed in the selection of error
terms against which to test individual sources of
variance for significance; sources of variance
other than those lnvolving subjects have always
been tested against the next highest order inter-
action with Individual differences. In cases
when the source of variance involves Groups of
subjects, such sources have been tested agalnst
the corresponding within Groups or Individual
differences varlance,



SUMMARY OF ANALYSIS OF VARIANCE OF

TABLE 1IV: 1

CONTINGENT UNCERTAINTY IN

Source

Subjects (3)
Groups (G)

Indiv, DAf.(ID)

I3I=s
Orders (0)

SxT
GxT

IDx T

SxD
G xO0
IDx O

ISTI x O

S x ISI x O
GXISI X O
IDx ISI X 0O

Total

TEMPORAL DIFFERENCE

ESTIMATION TASK

d.fo S.S.
23 15.3485
3 3.2093
20 12,1392
3 0252
1 3.0795
69  3.1247
9 3742
60 2.7505
23 1.8414
3 .2051
20 1.6363
3 0775
69  1.3505
9 .1175
60 1.2330

191 24,8473

M.S. P
1.070 1.76

.6070

008400 <1
3,080 37.6

O4158 <1

04584

06837 <1

.08182

.02583 1.26

.01306 <

.02055

.001



ISI variable had no effect (Table IV:2).

TABLE 1IV: 2

MEAN CONTINGENT UNCERTAINTY
PER TRIAL (IN BITS) AT
VARIOUS ISIs

ISI (sees,) 1 2 L 6
X contingent uncertainty 1.3% 1,34 1.36 1.33

A further analysis of the data was undertaken
by determlning the number of trials in each session
in which Ss indicated that the second stimulus was
shorter than the first. This analyslis was directed
at elucidating the characteristics of the constant
error and the data were treated by a two way analysis
of varlance (Subjects and ISIs) with a sub=-
classification of the Subjects variable inte Groups
and Individual differences, This analysis
(Table IV:3) indicates that both ISI (p < .01)
and the interaction Groups x ISI are significant
(r < .001) sources of variancs.
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TABLE IV: 3

SUMMARY OF ANALYSIS OF VARIANCE OF
TOTAL JUDGEMENTS “SHORTER" IN
TEMPORAL DIFFERENCE
ESTIMATION TASK

Source d.f. S.S. M.S. F P
Subjects (3) 23 5,249.24
Groups (G) 3 884,53 294.8 1.35 ns
Indiv. DAf. (ID) 20 4,364,710 218.2
ISIs 3 323,28 107.8 3.09 .01
S x ISI 69 3,377.97
G x IS 9 1,286.51 142,9 4,10 .001
ID x ISI 60 2,091.46 34,86
Total 95 8,950.49

The interpretation of the ISI effect 1s alded
by inspection of (Table IV:4),

TABLE IV: 4§

MEAN NUMBER OF TRIALS PRODUCING
"SHORTER" JUDGEMENTS AT VARIOUS
ISIs (112 TRIALS/SESSION)
ISI (secs.) 1 2 4 6

X "shorter" judgements 52.9 57.5 5S6.1 57.2

This indicates that the major difference is between
the 1 and 2 sec, ISI. Since at the 1 sec., ISI there
are more "longer" judgements than “shorter", we may
speak of a negative time error at this interval,



At the other ISIs there is a slight preponderance

of "gshorter" judgements but hardly sufficlently
great to be regarded as of any consequence, Apart
from noting the change in constant error between

1 and 2 secs,, it is not possible to be more expliclt
about the "P" function of the constant error.

Since the experimental treatment of the
Groups of Ss differed only in respect to the se-
auence in which the stimulus schedules were com=
pleted, the significant Groups x ISIs interaction
clearly reflects the effeots of sequence, This
interaction is clarified by reference to Table IV:5,

TABLE IV: 5

MEAN NUMBER OF TRIALS PRODUCING “SHORTER"
JUDGEMENTS AT VARIOUS EXPERIMENTAL
' SRSSIONS (112 TRIALS/SESSION)

Order of session 1 2 3 4
X "shorter" judgements 52,1 54,1 59.7 57.8

It can be seen that there is a tendency for the con-
stant error to be negative at first but to dlsappear
or even to become positive in subsequent experimental
sesslions,

Discussion

‘The most surprising feature of the results
of this experiment is the demonatrated indepsndence
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of the variable error, or precision of judgement,
and ISI, This finding is substantlally in line
with MeGavren's (1965) finding, although in that
study there was some evidence of optimal performance
at an ISI of 1.5 sec, Since a decline in precision
of judgement with increasing ISI is so generally
found with other stimulus= continua, thls finding
suggests a qualitatively different mechanism must
underly temporal disorimination.

The experiment has shown an effect of ISI
on constant errors although the data do not permit
any precision of interpretation of this effect,

This finding does seem consistent with Nakajima's
(1958) coneclusien that, in tasks of this kind, a
negative constant error assoclated wlth very short
ISIs decreases in size with increased length of ISI,

Although 1t has been demonstrated that con-
tinued practice affects the constant error but not
the precision of judgement, the results do not
permit a highly specific interpretation of thils
effect. The results are consistent with the view
that there 1s an initlal negative constant error
which disappears with continued practice, If this
interpretation is correct it would seem to represent
an interesting case of an inorease in veridicallity
of perception or Jjudgement as a result of practioce
but without knowledge of the results.
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Another feature of the contingent uncertalnty
results, worthy of mention, is the high proportion
of the total variance acoounted for by the Order
variable, This is consistent with other studies
but the results provide no clue as to why this
should be so,

Since one of the aims of this experiment
was to provide a trial of the method of difference
estimation, some assessment of the method 1s called
for, Impressionistically the method seemed to be
accepted by Ss and carried out without difficulty.
During analysis of the data it appeared as if a
relationship existed between the amount of output
information and transmitted information (conditional
stimulus uncertainty and contingent uncertainty,
Garner 1962), This was subsequently confirmed by
closer analysls; for example, with a 1 sec, ISI
and for trials in the 3t-V order these two variables
provide a product moment correlation of 0.52 (t=2.85,
p < .01). 'wo interpretations of this result
seam possible although on the avallable evidence it
is not possible to choose between them, Mirstly,
8s who choose to utilise only a very small portion
of the response scale may have selected a scale too
small to allow them to exhaust the information at
thelr disposal or, secondly, Ss with low preclslion
of Judgement, and therefore capable of less in-
formation transmission, automatically chose to work
with a small portion of the response scale.
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Having in mind that the former interpretation could
be ocorrect, it would seem worthwhile if the methed
were subsequently used to glve speocific instructions
to S8 to utilise as large a portion of the response
scale as is possible.

Summary

An experiment employing 24 Ss in a temporal
difference estimation task 1s deseribed and dise
cussed. The results show that a major portion of
the variance 1s accounted for by the Order variable,
1.8, whether the St is presented first or second on
any one trial., A negative constant error was found
at an ISI of 1 sec. but not for larger ISIs.
Nelther length of ISI nor practice affected the
variable error, There appeared to be a decline
in constant errors with practice. It 1s concluded
that the difference estimation technique is worthy
of further use,



CHAPTER V

TEMPORAL DIFFERENCE DETECTION

The two main aims of this experiment were to
provide a more rigorous trial of the method of dif=-
ference detection which has been previously mentioned
{Chapter III), and to investigate the short term
storage of information concerning auditory temporal
durations.

Method

The stimulus material for each of four sesslions
was pre-recorded on magnetic tape. Four stimulus
sehedules, one for ISIs of 1, 2, 4 and 6 seconds and
each consisting of 144 trials were prepared, The
same St as used in the previous experlment was em=-
ployed, namely 0,9 sec.,; only two V stimuli 0.7 and
1.1 sec, were used, Each stimulus schedule consisted
of 48 trials of two stimulil in each of the following
orders 3t - 5t, St - V, and V - St, There were
equal numbers of both values of V in the St « V and
V = 3t trials. The order of trials was randomlsed
within blocks of 24 trials, each block contalning
eight trials in each order.
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Since only two values of V were used it was
important to select values which would present a
reasonable amount of difficulty in being dlscriminated
from St. The values chosen were selected after
preliminary experimentation had indicated that they
were satisfactory in this respect,

The stimulus schedules were recorded using a
fixed intensity (80 d4.b., s.p.l.) 300~ tone and
played back to Ss through muffed ear phones in an
experimental room in which an exhaust fan was contln-
wously operating.

Twenty four Psychology I students, fulfilling
a course requirement, served as Ss. gach S completed
each stimulus schedule in a predetermined counter
balanced order with an interval of at least one day
between sessions. Six or seven habituation trials,
the results of which were not included in the analysis,
were given at the commencement of each session. The
task was self paced with E presenting a new trial as
soon as the 0ld one had been completed. A short
rest interval was introduced half way through the
experimental session which lasted between 25=-40
minutes,

ixcept for essential differences in the stimulus
schedules and instructions, the conditions of this
experiment were identical and therefore in all ways
comparable with the previous experiment. In the
instructions (Appendix B) Ss were told that they could
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respond "longer", "shorter", or "equal" to each trial
and that there were equal proportiomns of trials 1in
which the two stimuli were longer, shorter, and equal,

Results

Independent analyses of the results of trials
in which there was a difference between the two
stimull presented (difference trials), i.e. St = V
and V - St trials, and trials in which there was no
difference between the two stimuli presented (no-
difference trials), i.,e. 3t = St trials, have been
carried out. Analysis of the results of no-dif-
ference trials oan be expected to be particularly
informative about the constant error, while analysis
off the difference trials should provide information
about the varliable error or precision of Jjudgement.,

The number of correct responses on difference
trials was determined and analysed by four way analye
sis of wvariance, The main effects were 3ubjects,
Differences, Orders and ISIs and the Subjects
variable was further broken down into Groups and
Individual differences components. It will be
recalled that Groups are distingulshed solely on the
basis of the sequence in which they completed the
stimulus schedules, The Differences varlable refers
to the magnitude of the difference to be detected on
a particular trial, i.e. 0.2 sec. in either 0.7 sec,
or 0.9 sec,; the Orders variable refers to the
distinction between St = V and V - 3t trials,



- 5 =

A summary of this anslysis of variance is
found in Table V:i,

TABLE V: 1

. SUMMARY OF ANALYSIS OF VARIANCE OF
CORRECT HESPONSES ON DIFFERENCE
TRIALS IN TEMPORAL DIFFERENCE

DETECTION TASK.

Jource a.f. 3.3, M.S,. F P

Subjects (3) 23 2,129,560

Groups (G) 3 331.716 110.6 1.23 n.s,

Indiv. Dif. (ID) 20 1,797.844 89.89
Differences (D) 1 739.815 739,.8 60,0 .001
Orders (0) 1 1,975.628 1,976, 104 .001
ISIs 3 64,591 21.53 3.22 .05
SxD 23 278,497

GxD 3 31,945 10.65 <1

IDx D 20 246,552 12.33

G xO0 3 13,383 L 461 <1

IDx O 20 380,552 19.03
S x IS 69 411,096

G x ISI 9 9.982 1.109 <1

ID x ISI 60 Lo1.114 6,685
Dx O 1 56.273 56,27 1.34 n.s,
D x ISI 3 21,195 7.065 1.24 n.s.

0 x ISI 3 35.300 11,77 1.59 n.s.
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TABLE V: 1 ==Continued

Source d.f. 3.8. M.S. Ik P

SxDzxO 23 1,020.539

GxDzxoO 3 178.279 590""3 1.“’1 n.s,

IDxDxO 20 842,260 42,11
S xDzx ISI 69 365.742

G xDx ISI 9 24,669 2.741 <1

ID x D x ISI 60 341,073 5,685
S x 0 x ISI 69 494,388

G x 0x IsSI 9 49,815 5.535 <1

ID x 0 x ISI 60 bk, 573 7.410
Dx Ox ISI 3 20,362 6,787 <1
SxDxOx ISI 69 1,136,076 16.46
Total 383 9,142,997

It can be seen that the only significant sources of
variance are the three maln effects, Differences

(p < ,001), Orders (o < ,001), and I3Is (p << .05).
The operation of these varlables can be more clearly
understood by reference to Tables V: 2, V: 3, and

Vi 4, The effect of the Differences variable is as
we might expeet and reflects the relativity of judge-
ment, that 1s S8 are consistently better at detecting
a difference of 2:7 than one of 2:9. The Orders
variable which, once agaln, accounts for a major
portion of the variance l1ls due to better performance
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TABLE V: 2
MEAN NUMBER OF CORRECT RESPONSES, ON DIFFERENCE

TRIALS IN TEMPORAL DIFFERENCE DETECTION TASK,
AS RELATED TO SIZE OF DIFFERENCE.

Size of difference

2 : 7 2 :9
X correct 36,8 31.2
TABLE Vs 3

MEAN NUMBER OF CORRECT RESPONSES, ON DIFFERENCE
TRIALS IN TEMPORAL DIFFERENCE DETECTION TASK,
AS RELATED TO ORDER OF STIMULUS
PRESENTATION,

Order of stimulus presentation

St =V V = St
X correct 38.5 29.5
TABLE V: 4

VMEAN NUMBER OF CORRECT RESPONSES, ON DIFFERENCE
TRIALS IN TEMPORAL DIFFERENCE DETECTION TASK,
AS RELATED TO ISI.

ISI (Secs.)
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on St = V trials than on V - St trials. The sig-~
nificance of the I3Is variable seemsz to reflect an
optimal performance at the 2 sec. ISI.

The data from no-dlfference trials have been
analysed in terms of the number of "shorter" and
"longer" responses on trials of this type. These
data have been analysed by a three way analysis of
variance wlth Subjects, Responses (“shorter" V
#longer"), and ISIs as maln effects. The 3Subjects
variable has agailn been brokgn down into a Groups
and Individual differences component. This
analysis is summarised in Table V: 5, It may be
seen that ISIs (p < .05), Responses x ISIs
(p € .05), and Groups x Responses x ISIs (p < .001)
~are signifilcant sources of variance.

Interpretation of the significance of the
I3I variable 1s facllitated by reference to Table
Vi 6, It would appear that rather fewer "equal'
responses occur on no-difference trials at the 4
and 6 sec. ISIs, This finding may be interpreted
as indlcating some greater precision of judgement
at 1 and 2 sec, ISIs as compared with the 4 and
6 sec, ISIs.

The Hesponses x ISIs interaction is also
1llustrated in Table V: 6, There is a prepon-
derance of "longer" judgements at 1, 4 and 6 secs.,
but of "shorter" judgements at 2 secs.
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TABLE V: 5

SUMMARY OF ANALYSIS OF VARIANCE OF NUMBERS
OF "SHOHTER" AND "LONGER" RESPONSES
ON NO-DIFFERENCE TRIALS IN TEMPORAL
DIFFERENCE DETECTION TASK

Source

Subjects (3)
Groups (G)
Indiv. DAf. (ID)

Hesponses (R)
ISIs

S xR
G xR
ID x R

3 x I3
G x ISI
ID x ISI

R x ISI

S xR x IsI
G x 1 x ISI
ID X R x ISI

Total

d.f.

W

23

20
69

60

69

60

191

S.S.

193,516
682.479

76.255
98.599

839.870
102.391
737.479

67 5.276
135.672
539.604

154,141

1,780,234

Lo7.96M
782,270

4,000.370

M.S. P
64,51 1,89
34.12
76,26 2.07
32,87 3,66
34.13 <1
36,87
15.07 1.68

8,993
51,38 3.94
55.33 4,24
13,04

n.s.

.05

n.s,.

.05

.001
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TABLE V: 6

MEAN NUMBER OF EACH KIND OF RESPONSE,
ON NO-DIFFERENCE TRIALS IN TEMPORAL
DIPFERENCE DETECTION TASK,

AS RELATED TO IS8I

Response ISI (secs,)

1 2 b 6
"] onger" 9.1 8.2 11.6 9.4
"shorter" 6.8 9.2 8.1 9.3
“equal® 32.1 30.6 28,3 29.3

The significant Groups x Responses x ISIs
interaction 1s clarified by reference to Table V: 7,
It would appear that an initial negative constant
error tends to disappear with increased practice with
the task,

TABLE Vs 7

MEAN NUMBER OF EACH KIND OF RESPONSE,

ON NO~DIFFERENCE TRIALS IN TEMPORAL
DIFFERENCE DETECTION TRIALS, AS
RELATED TO ORDER OF SESSION

Response Order of sesslon
1 2 3 4

"longer" 11.8 10,0 8.3 8.2

"shorter" 2.5 8.1 8.6 9.0

Yequal® 28,7 29,9 31.1 30.8



Discussion

The results of this experiment agailn confirm
the consistent finding that the operatlon of the
order variable accounts for a large proportion of
the variance in experiments of this type. The
results fall to supply any evidence of a persistent
decline in the precision of judgement with increasing
ISI but they do confirm McGavren's (1965) finding eof
an optimal ISI; in this case 2 secs, as opposed to
MoGavren's finding of 1.5 secs. This is an interes-
ting feature of the results which, on the basis of
the present information, remalns unexplained but,
nevertheless, raises some intrigulng questions.

Is this effect pecullar to temporal Judgements, or

is it a general feature of psychophysical judgements
which is usually obscured by the confoundlng of
Judgement time with ISI and duratlon of stimulus
presentation? In a temporal diserimination situa-
tion 3 must walt until the stimulus 1ls completed
before he cén commence the judgemental process
whereas with other stimulus continua this is pre-
sumably not necessary. This means that the nominal
I3I, in experiments using other than temporal stimull,
consistently underestimates the judgement time.

The suggestion being advanced here is that the
accurate perception or judgement of the first stimu-
lus is a process extended in time, which may be inter~
fered with if 1nsufficlient time is allowed. The
findings of this and MeGavren's experiment suggest
that the duration of such a process mlght be between
1 and 2 secs,
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Thls experiment again provides evidence of
the effects of both ISI and practice on constant
errors., In thlis experiment a negative constant
error was found at all ISIs except 2 secs.,
whereas 1n the previous experiment a negative con-~
stant error occurred only at the 1 sec, IS3I. The
evidence concerning the practlice variable is more
consistent; 1in both cases it can be seen that an
initlal negative constant error disappears wilth
" practice,

By way of assessment of the method of dife
ference detection it can be sald that, lmpressionis-
tically, the task appeared to be one which was
readily accepted de carrled out by Ss, A parti-
cular advantage of this method would seem to be that
1t would easily lend itself to self administration
by S, thus saving time for Z. It would, in prin-
ciple, appear posslible to place the whole experimental
procedure, including instructions, on tape and to
allow S to complete his own record sheet.

Comparison of the Difference

Zstimation and Difference

Detection Tasks,

Having regard to the degree of experimental
‘ precision attalned in these two experiments, the
results appear to be very consistent, The major
discrepancy in the results of the two experiments
1s the demonstration of an optimal ISI with the



difference deteotion task but not with the difference
estimation task, The possibility is therefore
raised that this discrepancy 1s in some way systema-
tically related to the difference between the two
methods,

During the course of the experliment, and after
disoussing it with some Ss, 1t became clear to £ that,
although the stimulus intervals had been selected to
be so short as to prevent counting, some Ss were, in
- fact, counting or using varlous other strategles to
estimate and retaln the length of the stimulil,
Therefore the last 12 Ss to complete each experiment
were speclfically questloned, about their technlique
in carrying out the task, at the completion of the
experiment, As a result of thls questioning Ss
were divided into those who used a purely passive
approach to memorising the first stimulus of each
trial as against those who used some form of actlve
approach characterised by recoding the essential
information 1n the first stimulus as soon as it was
recelved. "he nature of some of the active
approaches was highly idlosyneratic, for example,
thinking of the duration of the flrst stimulus in
terms of a distance moved by the arm, The bulk of
3s using an active approach reported coding the
length of the first stimulus by counting, by cate-
gorising into one of a small number of categories,
or in terms of the length of a line. This last
possibllity seemed to be frequently suggested by the
presence of the scale in the difference estimation task.
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The number of Ss using each kind of approach
in each experiment is tabulated in ‘Table V: 8.

TARLE V: 8

NUHBER OF $s EHPLOYING "ACTIVE"
AND "PASSIVE" APPROACHES TO
PEMPORAL DIFFERENCE DETECTION

AND ESTIHATION TASKS

"Active” "pagslve®
Difference estimation 9 3
Difference detection L 8

The hypothesis of independence of the two variables
may be rejected at the .05 level (7&? = 4,20).

It may be concluded, therefore, that the demand
characteristics of the two tasks are somewhat
different and each task systematically encourages
one approach rather than the other,

This finding in turn raises the question as
to whether or not there 1s a significant difference
in the performance of Ss using the two different
approaches., Unfortunately the small numbers in
both grouovs, plus the fact that the order in which
the =tiaulus schedules were completed was not con-
trolled hetween groups, prevents a precise statis-
tical analysis. Wevertheless the performance of Ss
using hoth approaches on each task have been graphi.
cally revresented 1n Figs. V: 1 & 2, and the results
are suggestive, Firstly the difference between the

two approaches does not appear to account for optimal
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performance at the 2 sec, I3I in the difference detec-
tion task; 1n the case of both tasks there does seem

to be an active decllne in performance, as ISI increases,
for 3s using the "passive" approach, which is not
matehed by Ss using the "active" approach.

In the absence of more systematic evidence
this interpretation is at best speculative but it
does ralse the point that performance in tasks of
this kind may be mediated by conscious use of schematie
representations of the stimulus situation. Further=
more 1t seems to follow that information coded in this
way would be relatively immune to deterioration in
storage, For this reason there might be reason to
favour the difference detection, rather than the
difference estimation task, in a study of short term
storage, This task would appesr to minimise the
prossihility of performance being determined by use
of such medlating processes, although 1t is acknow-
ledged that an understanding of such processes may
be important in its own right.

sumnary
‘"he performance of 24 3s in a temporal dif-
ference detection task is analysed and discussed.,
The Order varlable 1s shown to account for a large
proportion of the experimental variance. There 1s
evidence of optimal precision of judgement with an
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ISI of 2 sec. A predominantly negative constant
error 1s shown to occur. An inltial negatilive
constant error is shown to decline with experience
with the task. Some comparison 1s made of the
difference detectlon and estimatlon tasks and it 1s
argued that the former task may be in some respects,
more satisfactory.



CHAPTER VI
AUDITORY INTENSITY DIFFERENCE DETECTION

The aim of this experiment was to obteln pre-
ecise information concerning the operation of the 1ISI
variasble on performance in a situatlion involving
discrimination of auditory intensities. A declsion
was made to employ the difference detection metheod
because this method lends itself to self admlinis-
tration by S and prior use of the method had 1ndi-
eated that 1t might be more satisfactory than the
difference estimation method.

Method

"he method and procedure utilised in this
experiment were essentlally the same as described
for the temporal difference detection task (Chapter
IV), with the followilng exceptions, A 300 &  tone
of fixed intensity (80d.b., sS.p.l.) was employed as
the 3t and the two values of the V stimulus were
3.75 d.b, plus and minus the value of St; pre-
liminary pilot experiments had indicated that these
values would provide a satisfactory level of
difficulty. All stimull were of 1 second duration.

A further group of 24 Psychology I students,
fulfilling a course requirement, acted as Ss but 1in
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this case the task was self-administered. The
instructions for the experiment were pre-recorded
and played at the beginning of each stimulus
schedule; S was also provided with a card

(Appendix C) on which the instructions were printed,
The inter-trial interval was 5 sec, and each trial
was prefaced by a spoken "now" 1 sec, before 1t
commenced, Responses for each trial were recorded
by S on a pro-forma record sheet,

Results

The form of analysis of the results was
identical with that used for the temporal difference
detection experiment, 1.e. sSeparate analyses of
variance of numbers of correct responses on dif-
ference trials, and numbers of "louder" and "softer"
responses on no-=-difference trials, A summary of
the former analysis of variance 1s to be seen in
Table VIi: 1; there are six sources of varlance sig-
nificant at better than the .001 level, namely
Differences, Orders, I3Is, Differences x Orders,
Differences x ISI and Orders x ISI,

The finding of a significant effect due to
Differences in this experiment almost certainly re-
flects the poor calibration of the attenuators used
to control stimulus intensity, ‘These attenuators
(L, ¥, Aricsson AIL) were calibrated in 5 d.b, steps
and such a large step was shown in preliminary trials
to be rather too great for the requlred purposes,
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TABLE VI: 1.

SUMMARY OF ANALYSIS OF VARIANCE OF
NUMBERS OF CORRECT RESPONSES ON
DIFFERENCE TRIALS IN AUDITORY

Source
Subjects (S)
Groups (G)

Indiv. Dif. (ID) 20

Differences (D)

Orders (0)
ISIs

XD
G x D
ID x D

Sx 0
G x 0O
IDx O

S x ISI
G x ISI
ID x I3I

Dx O
D x ISI
0 x ISI

SxDx O
GxXxXDxO
IDxDxO

d.r. S.S.

23 461,708
3 83.208
378.500

1 3,116.760
1 1,504,167
3 75.271
23 198.115
3 k3.032
20 155.083
23 115.208
3 17.875
20 97.333
69 287.354
9 52,354
60 235,000
1 1,046.761
3 60.219
3 83.604

23 137.614

3 12,114

20 125,500

INTENSITY DIFFERENCE
DETECTION TASK

M.s.

27.74
18.93

3,117,
1,504,
25.09

14,34
7.754

5.958
4,867

5.817
3.917

1,047,
20,07
27.87

4,038
6.275

1.47

4oz,
309.
6.41

1.49

167.
6.39
7.90

<1

.001
.001
.001

N.8.

n.s.

.001
.001
.001
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TABLE VI: 1-=Continued

Source da.f. 3.3, M.S,. F
S xDx ISI 69 228,906
G x D x ISI 9 40,323 4,480 1.43
ID x D x ISI 60 188,583 3.143
S x O0x ISI 69 256,521
G x 0 x ISI 9 by, 854 4,984 1.4
ID x O x ISI 60 211,667 3.528
Dx 0x IST 3 11,218 3.739 <1
SxDx0x ISI 69 282,407 4,093

Total 383 7,865.833

Accordingly an attempt was made to mark off £ of the
5 d.,b, steps by visual means, The results of the
experiment indicate that in doing thls, equal steps
above and below St have not been achleved. The
Order effect 1s due to significantly more correct
trials in the St-V order than in the V=St order
(44,7 per session as against 36.8).

Reference to Table VI: 2 1llustrates the
operation of the ISI variable. It may be seen that
not only is this a significant source of variance
but there 1s an apparently regular decline 1in
accuracy of Judgement with lncreasing ISI.
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TABLE VI: 2

MEAN NUMBER OF CORRECT RASPONSES, ON
DIFFERENCE TRIALS IN AUDITORY
INTENSITY DIFFERENCE DETIECTION

TASK, AS HRELATED TO ISI
ISI (secs.)

1 2 4 6
X correct responses 83.5 82,8 79.9 79.4

The mode of operation of the two interactlons,
Differences x ISI and Orders x ISI, 1s illustrated in
Tables VI: 4 & 5, No obvious interpretation of these
two effects can be suggested but it can be seen that
in both cases the decline in performance with increa-
8ing ISI is greatest for the most difficult stimulus
conditions, That is it appears as 1f the poorer the
level of performance, the more easily it is disrupted
by increase in ISI,

This consideration also appears to apply with
respect to the Differences x Orders interaction,
1l1lustrated in 'able VI: 3, A difference of =3.75 d.b,
produces a2 lower level of performance than a difference
of + 3,75 d.b.,; verformance in the V-3t order is worse
than performance in the St-V order, but when both of
these conditions apply simultaneously in the case of
=3,75 d.,b, differences on V-3t trials, there 1s a more
than proportionate drop off in performance. On sueh
trials the correct response would be "louder", and it
would appear that the preponderance of "softer"



TABLE VI: 3

MEAN NUMBER OF CORRECT HESPONSES, PER SESSION,
ON DIFFERENCE TRIALS IN AUDITORY INTENSITY
DIFFERENCE DETECTION TASK, AS RELATED
TO ORDER AND DIFFERENCE

Order of stimulus presentation

St-V V=3t
Difference ( St & + 3.75 d.b. 23.5 22,9
to be (
detected ( St & b 3075 dob. 21.1 1309

TABLE VI: 4

{EAN NUMBER OF CORRECT RESPONSES, ON
DIFFERENCE TRIALS IN AUDITORY
INTENSITY DIFFERENCE DETECTION
TASK, AS RELATED TO ISI
AND DIFFERENCE

ISI (seecs.)
1 2 4 6

Difference ( St & + 3.75 d.b, 46,3 46,8 U46,3 U46.2
ggt::ted E St & - 3.75 d.b.  M4,2 36,1 33.6 33.2

TABLE VI: 5

MEAN NUMBER OF CORRECT' RESPONSES, ON
DIFFERENCE TRIALS IN AUDITORY
INTENSITY DIFFERENCE DETECTION

TASK, AS RELAPED TO ISI

AND ORDER
ISI (secs.)
1 2 4 6
St-V 44.2 4503 4’4’-8 %03

Order
V-3t 39.3 37.6 35,1 38,1
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responses or positive constant error observed in
difference trials in this experiment 1s largely due
to the poorer level of performance on these parti-
cular trials, The positive constant error observed
in this experiment would, therefore, appear to be
largely determined by the particular spacing of the
V stimull used.

A summary of the analysis of variance of the
results of no-difference trials is presented in
Table VI: 6; 1t will be seen that Responses and
ISIs are the only signiflcant sources of variance
(p < .001)., The operation of these variables 1is
illustrated in Table VI: 7, The significance of
the Responses variable can be accounted for by the
larger overall number of "softer" responses; this

means that the constant error in this experiment
.has been positive and this 1s also so for each
individual ISI. It will be observed that as the

I3I lncreases, the number of "equal"™ and therefore
correct responses on no-difference trlals decreases;
this feature, which reflects the decline in precision
of Jjudgement with inecreasing ISI, accounts for the
signiflicance of the I3SI varilable.

Analysls of variance is insensitive to trend
effects and although the lesponses x ISIs interaction
is not significant, inspection of Table VI: 7 suggests
that as ISI lncreases, the relative discrepancy be-
tween the numbers of "softer" and "louder" responses
decreases, or in other words, the size of the constant
error decreases,
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TABLE VI: 6

SUMMARY OF ANALYSIS OF VARIANCE OF NUMBERS
OF “SOFTER" AND "LOUDER" RESPONSES ON NO-
DIFFERENCE TRIALS IN AUDITORY

INTENSITY DIFFERENCE

Source

Subjects (3)
Groups (G)
Indiv. Dif. (ID)

Responses (R)
ISIs

S xR
G XR
IDx R

S x ISI
G x ISI
‘ID x IST

R x ISI

3 xR x ISI
G x H x I3
ID x R x ISI

Total

DETECTION TASK

d.r.
23
3
20
1
3

23
3
20

69
9
60

3

69
9
60

ia

S.8.

1,364,417

283.792

1,080.625

192,000
400,833

245,250
1.3?5
243,875

379.417
26,875

352.542
23,167

688,583
97.625
590.958

34293.667

M.S. F P
94,60 1.75 n.s.
54,03

192.0 15,8 001
133.6 22.7 001
4583 <1
12019

2.986 <1

50876

7.722 <1
10.85 1.10 n.s.

9.849
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TABLE VI: 7

MEAN NUMBER OF EACH TYPE OF RESPONSE,
ON NO=-DIFFERENCE TRIALS IN AUDITORY
INTENSITY DIFFERENCE DETECTION
TASK, AS RELATED TO ISI

Response ISI (seos,)
1 2 L 6
*"Jouder" 2.7 b,1 5.0 7.3
Ysofter" 5.0 603 7.7 802
"equal™ 4o.3 37.6 35.3 32.5
Discussion

Several observatlions on the general nature of
the experliment seem to be justified, Mrstly the
difference to be detected of 3,75 d.b. which had
appeared to be satisfactory in preliminary experi-
.ments was, in fact, rather too large, since the num-
ber of errors made was in some clrcumstances quite
small, The precislion of the experiment would have
been improved if the difficulty of the detection task
had been increased. 'he results of the experiment
and observatlon by L durlng the course of the experi-
ment demonstrate that it is quite feasible to design
psychophysical experiments of thls kind to be self
adminlistered by 5 with a consequent economy of effort,

The major findings of the experiment concern
the effects of the ISI varlable on both variable and
constant errors. It seems clear that as ISI increases
there is both a deecline in the precision of judgement
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and the slze of the constant error, The constant
error observed in this experiment was positive whereas
previous studles involving comparisons of auditory
intenslties have usually reported negative constant
errors, The reason for thls discrepancy cannot be
explained on the basis of the available information
but the most likely explanation would seem to be
bound up wilth the fact that the V stimull have not
been placed symmetrlcally about St, even on a log
scale, Inadvertently the V stinuli have been chosen
80 that there 1s a very much larger difference be=-
tween 3t and the more intense V stlmulus than be-
tween 3t and the less intense V stimulus.,

No evldence was obtalned durling thls experiment
of any effects on either constant or varliable errors
attributable to practice. This 1s in marked contrast
to the results from the temporal discrimination tasks
where it was shown that constant errors tend to be
diminished with opractice, This finding, together
with the different effects of ISI on discrimination
performance on the two stimulus continua, supports
the view that there are aqualltative differences in
the processes underlying discrimination on the two
continuva. An additlional observation also supports
this view, At the completion of the experiment 35s
Were again c¢lassified on the basls of interview
responses into those who adopted "active" and "passive®
approaches to the task., Six of the 24 Ss reported
using some form of "active" approach, A comparison



of the numbers using the two approaches in this ex-
periment and both of the temporal discrimination
experiments 1s presented in Table VI: 8.

TABLE VI: 8

NUMBER OF SUBJECT3 USING "ACTIVE®" AND
*PASSIVE" TECHNIQUES IN TEMPORAL
DURATION, AND AUDITORY INTENSITY
DISCRIMINATION EXPERIMENTS

"Active" "Pagsive"
Auditory intensity 6 18
Temporal duration 13 11

X 2 - L.,269 p < .05

The table ylelds a X 2 = 4,269 (p < .05) indicating

a significantly greater number of Ss using an "actlive"
approach in the temporal discrimination task. It
would, therefore, appear that there is something in

the nature of this stimulus continuum which influences
Ss to use some form of conscilous coding of the stimulus
material, Unlike the temporal discriminatlion tasks
inspection of the data comparing performance of “active®
and “passive" Ss in the audltory intensity task gives
no suggestlon of any essential differences in per-
formance.
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Swemery

A difference detection task using auditory
intensities as stinmulli and carried eut by 24 gs is
desaribed and the data analysed. It was shown
that ISI had effects en both variadble and constant
eIrTors; the variable error inareased with inorea=
sing ISI: thes sonatant errer, which was eonsistently
positive, diminished with increasing ISI. Beth
sonstant and variable errers were shewn te be une
effected by practioce.



CHAPTER VII

RELATIVE DISCRIMINABILITY OF AUDITORY
INTENSITIES IN A MAGNITUDE
ESTIMATION TASK

The fact that category rating scales of pro-
thetlc stimulus continua are non linear as compared
with ratio scales has been attributed by Stevens
(1957) to the relativity of discrimination and the
consequent inegquslities in diseriminability, for
equal stimulus differences, over different parts
of the stimulus range, Since magnitude estimates
are purported to be uninfluenced by the relativity
of discrimination, it may be inferred that the con-
sistency of magnitude estimates of stimuli and hence
diseriminability of those stimuli, would be indepen=
dent of thelr position on the stimulus scale, The
aim of this experiment was to determine if this is
indeed so,

Experiment One
Method

The data for this experiment were gathered
from a group of Psychology IIA students (n = 35) at
the commencement of a routine laboratory perilod.

The Ss were nalve with respect to the purpose of the
experiment, The stimull were produced by amplifi-

- 75 <



- 76 =

cation of the signal from an audlo slignal generator.
The generator produced a 1,000 ~ signal of filxed
amplitude; 1ntensity of the signal was manipulated
by an attenuator incorporated in the circuit and ten
different stimulus intensities each spaced 5 d.b,
apart were used in this experiment. The 1ntensity
of the softest stimulus was such that it could Just
be clearly heard in all parts of the laboratory;

en automatic tlmer enabled stimull to be presented
for a standard duration of 2 sec,

The following instructions were read to Ss:
"Your aim in this experiment is to estimate the loud=-
ness of sounds, e are going to call the loudness
of this sound ten", The 20 d.b. attenuated stimulus
was then presented once., "You should describe the
loudness of the other sounds which occur during the
experiment by assigning to them an appropriate number.
Thus 1f they are louder than the sound you just heard
you give a number greater than ten; Af they are
gsofter you give a number smaller than ten., You have
got to glve the loudness of each sound the number
which you think 1s most appropriste. Use whatever
numbers seem best to you - fractlons, declmals or
whole numbers, Try not to worry about being consis-
tent; try to glve each sound the appropriate number
regardless of what you did on the previous trial®.
At the completion of the instructions there was one
additional presentation of the 20 d4,b. stimulus,
together with the instruction that it be called "ten',.
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The experiment consisted of 110 trials made
up of eleven blocks of ten trials; 1in each bleck
each stimulus was presented once and a different
random order of stimuli was used for each block,
Only the results of the flnal 100 trials were utili-
sed in the major analysis. Responses were recorded
on pro-forma record sheets by individusl Ss.

Results

Scale values were computed for each stimulus
value by determining the mean scale values for each 8.
The medlans of these scale values were then determined
and are presented in Table VII: 1, Tk use of the

TABLE VII: 1
MEDIAN OF SURJECTS' WMEAN MAGWITUDE

ESTIMATES OF AUDITORY INTENSITILSS
(FArst Experiment)

Stimulus Intensity (d.b. of attenustion)
L5 Lo 35 30 25 20 15 10 5

0

1.1 2.0 3.2 4,9 7.0 9.3 12,1 14,8 18,5 22.1

median as a measure of central tendency is the procedure

recommended by Stevens (1961) and it is justified on
the grounds that it produces a more stable measure

of central tendency than the mean, The obtalned
8cale values from this experiment have been plotted
on log log coordinates in Fig, VII: 1. Inspection
of this funetlon suggests that 1t 1s regularly curvi-
linear, although Stevens has predicted that such
functions should be linear.
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Consistency of magnitude estimates was deter-
mined by drawing up individual confusion matrices for
each S and computing the conditlional (response) uncer-
talnty associated with each stimulus, The means of
these values, together wilith the assocliated standard
errors, are presented in Table VII: 2; the same data

TABLE VII: 2

MEAN RESPONSE UNCERTAINTY IN BITS ASSOCIATED
WITH EACH VALUE OF STIMULUS TOGETHER
WITH STANDARD HERRORS OF THOSE MREANS
(First Experiment)
Stimulus Intensity (d.b, of attenuation)

45 40 35 30 25 20 15 10 5 0
X 1.09 1.69 2,06 2.24 2,25 2,07 2.27 2.18 2.05 1.76
S.Eoi’l- 012 .088 .080 0071‘,’ 0095 .11 1088 .088 .099 .13

are represented graphically in Flg. VII: 2. It can

be seen that the functlon is not a straight line
rarallel to the X axls, as might be predicted from
Stevens' views, but rather is it curvilinear with

some perturbation assoclated with the stimulus utilised
as the reference value (i.e. 20 d.b.).

A further analysis was carried out to obtain
a plcture of the conditional uncertainty assoclated
with the response scale, Since each S utilised hls
own modulus, this analysls was rather more complex
than the previous one, The stimulus uncertalnty was
computed for each response used by each 3. The res-

ponse scale above and below the walue ten was then
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divided into five equal parts for each S and the mean
gtimulus uncertainty for responses within each of

these parts was computed, A grand mean was then
determined showing the mean stimulus uncertainty
associated with responses in each fifth of both halves

of the response scale. This information is tabulated

in Table VII: 3, and graphically represented 1in Fig.VII: 3.

TABLE VII: 3

MEAN STIMULUS UNCERTAINTY PER RESPONSE IN BILS
ASSOCIATED WITH EACH FIFI'H OF THE RESPONSE
SCALE AROVE AND BELOW THE RESPONSE ®10%
TOGETHER WITH STANDARD ERRORS
OF TIISE MEANS
(First Experiment)

Part of response scale

Relow "10¥ Above "10V

X 1.04 1,30 1.30 1.13 .87 .65 .82 .73 .70 .47
S.B.M, .087 .097 .10 .088 .11 .10 091 ,077 .076 ,076

The graph suggests that there is a curvilinear rela-
tionshlp between these two varlables for each half of
the response scale and demonstrates quite markedly that
there is a consistently higher uncertainty associated
with the use of the bottom half of the response scale.

Dlscussion

Since the major alm of this experiment has been
to study the variance or uncertainty of judgements, a
relatively large number of repetitions of each individual
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gtimulus have been employed. Stevens has typically
utilised data from only twe repetltions of each
individual stimulus and it might reasonably be ob-
jected that the findings obtained in this experiment
merely reflect prolonged repetition of individual
stimuli, In anticipation of this objection the data
from the first two repetitions of each stimulus have
been analysed in order to determine the number of Ss
giving the same response to each individual stimulus
on these first two trials. This information 1is
tabulated in Table VII: 4, and it can be seen that
the general picture derived from a consideratlion of
the first two repetitions is consistent with the
picture derived from the experiment as a whole,

TARLE VII: 4

FUMBERS OF S8 GIVING il SAHE RESPONSL o
VARTOUS STINULI ON ThHE FIR3T vWO
KEPERTTINIONS IN HAGNITUDM
DOTIHATTON TASK
(FArst iixperiment n = 35)
Stimulus (d.b. attenuation)
45 40 35 30 25 20 15 10 5 0
No, 22 11 6 2 12 8 6 6 8 16

Since the stimulus uncertailnty and response
uncertainty measures are merely two aspects of the
same data and are not logically independent (Dawes
1963), no unequlvocal interpretation of these findings
can be made, It could be suggested, for example,
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that the markedly higher stimulus uncertainty values
associated with responses below the standard of 10
reflect less facllity in the use of the small numbers,
particularly decimals and fractions, which most Ss
chose to employ. On the other hand it might equally
well be maintalned that the primary phenomenon 1s

that of relatively small response uncertainty values
being associated with stimuli st the bottom end of

the stimulus array. This question can only be answered
by independently manipulating either stimulus or res-
ponse factors while maintaining the other constant.

The second magnitude estimatlon experiment aimed to
resolve thls equlvocality and it was decided to do this
by manipulation of the response system while maintain-
ing stimulus faectors constant.

Experiment Two

tiethod

The method employed was essentlally the same as
that used in the first experiment but with the provi-
sion that in the initial instructions Ss were told to
call the 20 d4,b., or standard stimulus "100%,

Forty Ss completed the experiment in two inde=
pendent groups of twenty. These 3s were drawn from
the same population as those used in the previous ex-
periment hbut had had no previous class contact with E.
For this reason it might be expected that the level of
rapport achieved by E with this group was rather less
than that achleved with the previous group.
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Results

Stimulus uncertainty and response uncertainty
values were caloulated for this data in the same way
as previously described. These data are presented
in Tables VII: 5 & 6 and Figs, VII: 4 & 5.

TABLE VII: 5

MEAN RESPONSE UNCERTAINTY IN BITS ASSCOCIATED
WITH EACH VALUE OF STIMULUS
(Second Experiment)
Stimulus (d.b. of attenuation)
4s Lo 35 30 25 20 15 10 5 0
1.77 2,10 2,30 2.38 2,37 2.37 2.40 2.34 2,11 2.01

PARLE VII: 6

MEAN STIKULUS UNCERTAINTY PER RESPONSE IN BITS
ASSOCIATED WITH EACH FIFTH OF THE RESPONSE
SCALE ABQOVE AND BELOW TiE RESPONSH
"100% (Second Experiment)

Part of response scale
Pelow 100 Above 100
1,11 1.37 1.22 1.10 .91 .78 .73 .85 .61 .32

It can be seen that, although the response uncertainty
measures are higher and the stimulus uncertainty measures
are lower than those from the previous experliment, a

fact which may perhaps be attributed to motivational
~differences, the general form of the two functions 1s

the same, That is, there is relatively less response
uncertainty about stimull at the bottom of the stimulus
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array and relatively more stimulus uncertalnty about
responses below the standard of 100, It would, there=
fore, seem that we are justifled 1n concluding that the
‘asymmetry of the response uncertainty function reflects
genuine stimulus factors. In Table VII: 7 detalls
have been provided of the number of Ss glving the same
response to the various individual stimuli on thelr
first two repetitions 1ln this experiment.

TABLE VII: 7

NUMBER OF Ss GIVING THE SAHE RESPON3E TO
VARIOQUS STIMULI ON THE FIRST TWO
REPETITIONS IN MAGNITUDE
ESTIMATION TASK
(Second fxperiment n = 40)
Stimulus (d.b, attenuation)

45 40 35 30 25 20 15 10 5 (v}
15 3 L - 7 2 2 2 4 10

The pattern is clearly simllar to that shown in the
results of the filrst experiment although once agaln
the overall level of performance is not as good,

Discussion

The results of thls experiment are in many
respects surprising since they are clearly inconsis-
tent with 3tevens' analysls of the magnltude estima-
tilon task. The finding that the relatlionshlp
between scale values and stimulus values 1s apparently
not linear in this case can only be noted and no obvious
explanation of this apparent discrepancy suggests 1tself,



What does appear to be of conslderable sig-
nificance is the finding that the function linklng
response uncertailnty and stimulus value has the
shape of an inverted U, Since at the commencement
of the experiment all stimull, with the exception of
St, were equally unfamiliar to Ss, 1t can only be
concluded that over the course of the experiment 3s
have differentiated out some stimuli rather better
than others, or in other words that some sort of
learning has taken place, A consideration of "the
findings from the first two repetitions of each stimu-
lus indicates that this learning or differentiation
must take place very rapldly since it is already in
evidence at thls stage of the experiment.

To the extent that the different stimull in
the stimulus array have assoclated wilth them different
response uncertainty values, it would seem that 3
must have built up some internalised schematic
representation or model of the stimulus array. The
function deseribing the relationship between stimulus
value and response uncertainty can be thought of as
representing the pronerties or structure of this
schema or model.,

The most obvious feature of the schema or
model is its asymmetry; that is there is relatively
less uncertalnty associated with stimull at the bottom
end of the stimulus array than those at the top;
the question might well be asked as to why this should
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be, The stimuli in this stimulus array are equally
spaced on a d.b., scale and are all, therefore, at the
same relative dlstance from those stimull adjolning
them, however the stimull at the bottom end of the
array are at relatlvely greater distances from the
bottom most stimulus and should, therefore, be re-
latively better differentiated from it, than the
stimull at the top end of the array are from the

top most stimulus. If the bottom most and top mest
stimull of the array were in some. way serving as
reference points by means of which the remaining
stimull were located we would expect a relatlonship
between response uncertainty and position in the
stimulus array such as has been obtained.

At the commencement of the task it is clear
that 3 must use the standard or 20 d.b, stimulus as
a reference poilnt and the dip in the response uncer-
tainty curve sssociated with this value (rather more
marked in the case of the first experiment than the
second) would seem to indicate that at least to some
extent he continues to do so over the course of the
experiment, iiowever the evidence would seem to
suggest that this stimulus is quickly replaced as the
primary reference point by the two extreme stimull of
the array and quite probably continues to lose its
signiflicance as a reference point over the course of
the experiment, Nevertheless some better differen-
tiation of this stimulus than 1ts nelghbours appears
to persist over the course of the experiment ang if
this 1s thought of as an example of retention, 1t 1s



- 85 =

quite remarkable in view of the interference which
one might expect to result from the many presentations
of the other stimull.

It may be noted in Tables VII 4 & 7 that over
the first two trials there is less response uncertainty
about the 25 d,b. stimulus than the 20 d.b. stimulus
which served as a standard, No unegulveocal inter-
pretation of this finding can be made but it does
seem to suggest that the standard is beilng confused
with a stimulus which lies nearer to the subjective
mid-point of the stimulus array; that 1s a point
which is at the same relative difference from the
bottom most stimulus as it is from the top most stimu-
lus, If this interpretation were correct we would
not expect to find such a constant error in an experl-
ment in which the subjectlve mld-point of the response
array was chosen as the standard.

The findings of this experiment seem to have
gsome relevance for a number of current psychological
.issues. Mrstly they seem to support the view
recently advanced by workers such as ibenholz (1965),
Jensen (1962) and lMurdoeck (1960) that in all tasks
involving learning of items differentiasted i+m terms
of a single dimension, ltems are differentially
learned according to their position on the dimension.
Items at the extreme ends are rather better learned
than the others; thls glves rise to an inverted U
shaped relationship between amount of learning and
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position on the stimulus dlmension. In the context
of serial rote learning the effect is the well known
serial position effect.

The second implicatlon of the findings bears
on the Gibson=-Bruner controversy about the nature of
perceptual learning; the Gibsons (Gibson, J.J. and
EJ., 1955) have favoured a "differentlatlion” view
while Bruner (1957) has favoured an "enrichment" view,
These results seem to indlcate quite flrmly that some
of the stimull have been differentiated from each
other purely as a result of repetition. This 1s not
to say that some form of assocliatlonal learning be-
tween stimull and responses might not also have taken
place but the form of data analysis does not lend
itself to answering thls question,

One inmplication of the response uncertalnty-
stimulus magnitude function concerns the properties
of the distribution of Jjudgements which will be made
about the individual stimulil, If three stimuli, 4,
E and C, are conslidered and the stimulus uncertalinty
of A> B ) C, it must follow that in making Judge-
ments of ©: 1t will he confused more often with A than
with C, In other words judgements of I will not be
symmetrically distributed but wilill be skewed in the
direction of A, ithen distributions are appreciably
skewed the use of the mean or the median as a measure
of central tendency introduces a systematic blas,

An effect of this kind seems to underly one feature
of magnitude estimation functions, It has been
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pointed out by Ross and DiLollo (1966) that, on closer
inspeetion, many magnitude estimation functlons are
not lineaxr on log log coordinates hbut show definlte
evidence of two discontinulties, one below and one
above the mid-point. That is the function 1is a
composite one, made up of three separate linear
functlons; the results of this experiment suggest
how these dlscontinulties come about. The three

" Beparate functions are each assoclated with three
different reference points, the two end stimull of
the array and the original reference stimulus.

The gystematlie bias inveolved in the use of the median
as a measure of central tendenecy will operate in
opposite directions for each of these adjoining func-
tions and consequently at the point at which the
functions join, a disecontinuity will be observed,

Two experiments involving magnitude estimations
of auditory intensitles are described and the results
analysed, The results lend no supwnort to Stevens!
views that the consistency of magnitude estimates of
stimull is independent of their position in the stimulus
range, The results are interpreted as suoporting the
view that in tasks of thls kind performance is mediated
by an lnternalised schematic representation or model of
the stimulus array. The properties of this model or
gchema are described,



CHAPTER VIII

RELATIVE DISCRIMINABILITY OF AUDITORY
INTENSITIES IN A CATEGORY
RATING TASK

Since a close analysls of the conslistency of
magnitude estimates of auditory intensities showed
(Chapter VII) that this varliable was lawfully related
to the position of the stimulus on the stimulus scale
and not independent of it, as Stevens has suggested,
the question is ralsed as to the relatlonship between
consistency of category ratings and scale position.
Established theoretical positions might lead to two
different predictions being made about the relation-
ship between these two wvariables.

Helson (1964) has employed the construct of
adaptation level as the basis of a theoretical formu-
lation, the generality of which is purportedly wide,

As operationally defined, in quantlitative terms, the
construct has had some measure of success in predicting
the outcome of certailn types of vsychophysical experi=-
ments but 1t may be noted that even in thls respect

the construct has been eriticised (e.g. Parduccil, 1965).
It would appear that for Ielson the status of the con-
cept of the adaptation level goes far beyond that of
mere operational definition and it 1s to be strongly
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inferred from his writings that he attributes to this
construct some palpable psychologlcal reality, and
sees 1t as medlating all behaviour, Since the adap-
tation level is regarded as having such signal impor-
tance and 18 represented as serving as a kind of
standard or reference point agalnst which all other
stimulus inputs are assessed, 1t would seem reasonable
to expect that the conslstency or precision of Judge-
ment would be greatest for stimull at the adaptation
level and increase as the value of the stimulus
departed from this level,

An alternative prediction has been made by
Stevens (1957): category Judgements are, according to
him, influenced by the relativity of Judgement and a
glven difference is more notlceable or discriminable
at the bottom end of the scale than at the top. It
might be expected, therefore, that in a category rating
task the maximum consistency of judgement would be
assoclated with the smallest stimulus values and that
precision of Judgement would decrease as stimulus

value increases.

The aim of the following experiment was %o
obtain a set of data which could be analysed to reveal
which, if elther, of these two predlctions would be
substantiated.

Method

The. conditions amd procedure of this experiment
were, with the exception of the instructlions, 1in all
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ways identical with those employed 1n the first repe-
tition of the previous experiment; 3Ss (n = 36) were
drawn from the same population.

The instructlons were read aloud and were as
follows: "Your aim in this experiment 1s to make
Judgements about the intensities of sounds. You are
to make your jJjudgements about each sound by assligning
it to one of seven categories from '"one" for the
gsoftest or faintest sounds, to "seven" for the loudest
or most intense sounds, On each trlial assign to the
sound that number between one and seven which you
think is most appropriste. To help you in the task
and to glve you some 1dea of the range of stimull to
be employed, I will demonstrate the loudest and softest
sounds to be used." A demonstration of the loudest
and softest sounds then followed.

Hesults

Hesults from indlividual Ss were summed and are
tabulated in 'Table VIII: 1, This table also contailns
the obtalned mean stimulus uncertalnty and response
uncertainty per trial, and scale values derived from
the group data; no analyses of the data from indivi-
dual 58 has been carried out but there are no reasons
for expecting that a purely group analysis obscures
any lmportant relationships,

In Flg. VIII: 1 the relationshlp between the
scale values, for the same set of stimull, arrived at
by magnitude estimatlon (Chapter VII) and category
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TABLE VII: 1

NUMBERS OF PARTICULAR CATEGORY RESPONSES Of
AUDITORY LOUDNESS ARRANGED ACCORDING TO
STIMULUS INTENSITY
(n = 36; 10 responses per stimulus per S)

X sStimulus
Reaponse Stimulus intensity (d.b. attenuation) n uncertainty
per trial
ks 40 35 30 25 20 15 10 s 0
1 347 235 72 13 b 1 672 1.53
2 13 115 244 191 64 20 647 2,09
3 10 36 137 202 151 37 2 575 2.16
b 7 15 75 155 158 30 1 441 2.04
5 1 L 14 31 147 184 18 399 1.79
6 1 2 18 142 215 50 428 1.64
7 2 127 309 438 .91

n 360 360 360 360 360 360 360 360 360 360

E:;t: 1.04 1.38 1.95 2.46 3.09 3.58 4.41 5.31 6.30 6.85

X Res-

ponse

uncer- .22 1.07 1.31 1.45 1,66 1.66 1,60 1,41 1,19 .61
tainty

per

Erisl
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rating have been shown. It will be seen that the
obtained curve is concave downwards as predicted by

Stevens,

In Figes VIII : 2 the relationship between mean
response uncertainty per triel and stimulus value have
been plotted: it will be seen that this function has
an inverted U shape. It is not a continuously in-
oreasing function of stimulus value as predicted by
Stevens, nor does the function exhibit a minimel value

at the adaptation level as would be predicted by Helson,

Inspection of Table VIII : 41 shows that the
relationship between value of response and mean
stimulus uncertainty per trial is of the same inverted

U shaped kind.,

Disoussion
The results obtained from this experiment appear
to replicate in certain respects those found by Garner
(1953) in an analysis of absolute Jjudgements of loudness
and by Eriksen & Hake (1955) in an analysis of absolute
and category Jjudgements of the size of squares, In all
three of these experiments, the one desoribed above and

those of Garmer and of Eriksen and Hake the zame inverted
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U shaped function linking response uncertainty and stimulus

value has emerged,

This would seem to indicate that although the absolute
Judgement and rating methods have sometimes been regarded as
being only superficially similar (Garner 1962) they are in
fact essentially the same, TFurthermore this similarity
appears to exist between those methods in which the response
system of 5 is restricted as in category rating and absolute
Judgement and those in which S is free to choose hias own
response system (e,g. magnitude estimation), It will be re-
called that in the previous experiment on magnitude estimation
of loudness the same inverted U shaped function was observed,
This relationship appears to be inconsistent with the accounts
of the judgemental situation offered by either Stevens or
Helson since the discriminability of individual stimuli is
clearly related to their position within the stimulus array
and is least rather than greatest at the centre of the array

(the adaptation level).

The question arises as to what type of psychological
mechanism might produce the relative diff'erences in the
differentiation of the stimuli which is reflected in the
observed relationship between stimulus value and response
uncertainty., It will be recalled that during the in-

structions Ss were provided with examples of both the
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gsoftest and loudest stimuli to be used and it could

be argued that it was thls experience alone which
accounts for this differentiation. Having regard

to the results of the previous experiment it would
seem more reasonable to attribute this differentlation
primarily to 3S's experience of the stimuli durling the
course of the experiment, while still acknowledgling
that the initial instructions may also have had some
simlilar effect,

Helson has suggested that Ss use some mlddle
velue of the stimulus range (the adaptation level)
as a form of reference point on which to base thelr
judgements, These results suggest that, if indeed
S does use reference points on which to base hls
judgements, he must use the two end values of the
stimulus range. If 1t 1s assumed that S does use
some internalised representation of the values of
the two end stimuli on which to base his judgements
it would follow that there is not one function linking
gtimulus value and scale value but.two, one function
associated with stimuli in the bottom part of the
stimulus range judged with reference to the smallest
gtimulus and one associated with stimuli in the top
part of the stimulus range and judged with reference
to the greatest stimulus. It would appear that when
S is required to divide up his response scale in this
gituation, he does so by allocating equal scale distan-
ces to the two semli=scales which make up the composite
scale, This means that the middle of the response
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scale will be assigned to a stimulus which is the
gsame relative distance from the two end stimull.

This condition will be met 1f the middle scale value
is assigned to a stimulus equal to the log mean of
ths two end stinmull, As a consequence of this
division of the response scale, one scale unit at the
top of the response scale will be equivalent to a
gregster distance on the stimulus scale than one socale
unit at the bottom of the response scale; that is
the top part of the response scale is compressed re-
lative to the bottom.

An additional consideration would seem to
further complicate the nature of the scale value -
stimulus value function, Because the response scale
is fixed in a category rating task, the distribution
of responses 1s in effect truncated at both ends of
the scale; there can, for example, be no response
smaller than "one" or greater than "seven", even
though on occaslons, S may wish to employ them. It
frequently happens durling the conduct of experiments
of this kind that Ss willl facetliously glve a response
like "minus one™ or "eight" and underlying the use of
such responses would appear to be S's appreciation of
the limitations on his performance which are imposed
by the form of the response scale,

The effect of such a truncated response scale
will be to glve rise to relatively helghtened scale
values at the bottom end of the stimulus scale and
relatively depressed scale values at the top end.
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When both of these factors are taken into account 1t

can be seen that the empirical function linking stimulus
values and scale values might be expected to have the
form of a rather irregular curve which, at least to a
first approximation, might be described as being con-
cave downwards, but with some evidence of irregularities
assoclated with stimulus value at the extreme end of

the range. Inspection of a large number of such
empirical curves conflrms that they do seem to have

such a general shape.

An additionsal way in which the effects of the
truncation of the response distributlions at both ends
of the category scale reveals 1tself 1s in the relatively
greater slope of the two arms of the response uncer-
tainty-stimulus intensity function in the category
rating task as compared with the magnitude estimatlion
task, This can be checked by comparing rigs. VII:2 &
VIII: 2. Since S 18, in this task, more restricted
in the responses which can be used to stimull at the end
of the stimulus array, there is a corresponding reduc-
tion in the response uncertalnty associated with these
stimull as compared to a slituation in which no such
restrictions operate,

The results of this experiment and the previous
magnitude estimation experiments are substantially the
same with respect to the response uncertainty - stimulus
megnitude relationship and i1t would, therefore, appear
that the process or mechanism of discrimination employed
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in these two situations is also substantially the sanme,
It is, therefore, to be inferred that the differences
between magnitude estimetion scales and category reting
scales do not reflect, as Stevens has suggested, any
fundamental dlfference in the nature of the discrimina-
tions which S is called upon to make 1n the two situa-
tions but rather do they reflect differences in the
properties of the response systems which S utilises

Ain the two situations.

The factors which seem to determine the pro-
perties of the response system in category rating
tasks have already been mentioned. In the magnitude
estimation task, although S is given an initial reference
stimulus near the middle of the stimulus range, the two
end stimuli of the array soon came to act as the major
reference points and in thils situation too the scale
obtained is really a composite one. The important
difference between this situation and the category
rating situation 1s that no restrictions are placed
on §fs response system and the response scale appears
to be chosen so that it has consistent propertlies over
the whole range, whereas in the category rating sltua-
tion the top semi-scale is compressed relative to the
botton seml-scale, As a consequence of this, when the
category scale values are plotted agalnst the ratilo
scale values, the function is concave downwards,
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Summary

An experiment invelving the category rating
of auditory stimulus intensities 1s described and the
results are analysed, It is shown that the function
linking stimulus value and response unsertainty has
the shape of an inverted U and it 1s suggested that
S's use internalised representations of the two end
values of the stimulus range as reference points on
which to base their judgements. It 18 argued that
it 12 this fact, together with the use of a truncated
response scale, which gives rise to the slope of the
sharacteristic function linking sceale value and stimu-
lus value in category rating tasks. An attempt is
nade to explain the characteristic relationship be-
tween soale values derived by magnitude estimation
methods and category rating methods in terms of the
restrictions placed on the response system in the
latter method.



CHAPTER 1IX
THE EFFECTS OF ANCHOR STIMULI

in the previous ochapter a suggested explana=-
tion was advanced to account for performance in cate=
gory rating tasks, since the results of an experiment
had shown certain aspects of performance which
appeared to be inconsistent with what might be pre-
diocted on the basis of adaptation level theory. A
type of experiment which has very frequently been
used by the protagonists of adaptation level theory
is one involving the use of 80 called anchor stimulil,
An anchor is a stimulus which is irrelevant to the
discrimination task in hand and whose value lies well
outside the range of relevant stimuli; the anchor
is introduced eilther sequentially, as for example in
a lifted welghts experiment, or as part of the back-
ground, as for example in an experiment on visual
perception. Anchors have pronounced effects on the
central tendency of category ratings; anchors of low
value tend to lead to ilncreased category ratings of
the same stimulus, while anchors of high value tend to
lead to decreased category ratings. In adaptation
level theory these results are explained in terms of
the effects of the anchor on the adaptation level and
it must be conceded that the outcome of experiments of
this type are predicted quite well by the theory.
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Since it has been argued in the previous
chapter that the notion of an adaptation level 1is
without empirical support, an alternative explanatlion
must be advanced to account for the operation of
anchors,

The most obvious explanation to suggest it~
self is that the anchor operates by hindering the
differentiation of the stimull at the end of the re-
levant stimulus range nearest to the anchor. Poor
differentiation would lead to a wider spread of
responses but, since the distribution of responses 1s
truncated, this would have the effect of displacing
the mean response value upwards in the case of a low
anchor and downwards in the case of a high anchor,

The following experiment had as its alm the
testing of this alternative explanation.

Auditory Intensity Experiment

Method

Sixteen Psyochology IA students served as Ss
in this experiment which was carried out at the
commencement of two normal laboratory perliods spaced
one week apart. The apparatus for delivering the
auditory stimull was a8 has previously been described
(Chapter VII), but in the second experimental session
the apparatus was modified to permit presentation of
an anchor of two seconds duration, followed after a
one second silent interval by the stimulus to be judged.
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In the first experimental session ten stimulus
values were used spaced 2.5 d.b. apart over a range of
-12,5 4.b, to -35 4.b, The instructions were identlecal

with those used in the previous experiment (Chapter VIII).
In the second experimental session the same ten stimulus
values were used but on each occaslon the stimulus was
prefaced by a 2 sec, anchor terminating 1 sec. before
the onset of the stimulus to be Jjudged., The anchor
was not attenuated and the instructions for the experi-
ment were modified by telling Ss to ignore the flrst
. or anchor stimulus and to make Judgements only about
the second stimulus. All responses were recorded by
S8 on pro-forma record sheets,

Results

Mean scale values for each stimulus have been
determined for both conditions (i.e. with and without
the anchor); these are presented in Table IX: 1.

Mean response uncertainty per trlal, for both conditions,
has been calculated from the group data and these are
presented in Table IX: 2. It is clear that the
effects of the anchor have been negligible on both
measures,
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TABLE IX: 1

MEAN CATEGORY SCALE VALUES FOR AUDITORY STIMULI
DIFFERING IN LOUDNESS WITH AND
WITHOUT AN ANCHOR

Stimulus intensity (d.b. attenuation)
35 32.5 30 27.5 25 22,5 20 17.5 15 12.5

without 1.2 1.5 1.9 2.6 2,9 3.6 4.1 4.8 5.3 6.6
anchor

with
el 1.2 1.7 2.0 2.4 3.0 3.6 3.8 4,8 5.2 6.5
TABLE IXs 2
MEAN RESPONSE UNCERTAINTY PER TRIAL IN BITS FOR
CATEGORY RATING3S OF AUDITORY STIMULI
DIFFEHRHING IN LOUDNESS WITH AND
WITHOUT AN ANCHOR
Stimulus intensity (d.b. attenuation)
35 32.5 30 27.5 25 22,5 20 17.5 15 12.5
without
anohoy 64 1.17 1.30 1.54 1.65 1.87 1.99 1.91 1.78 1.23
with

ST 64 1,21 1,68 1.38 1,64 1,89 1,8 1,90 1.78 1.30
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Discussion

The results of this experiment indicate that
the presentation of an anchor in these clrcumstances
has had no effect on judgement., Thls cannot be taken
as disoconfirming the adaptation level theory since the
weighting of the anchor is, in terms of this theory,
a matter of empirical determination; 1in thls case it
must be accorded a welghting of zero. Since the
anchor was 35 d.b. different from the softest stimulus
used, this is a surprising result as 1lmpressionistically
one might have felt that the anchor was bound to have an
effect, It can only be conocluded that anchor effects
in category rating tasks are rather less general than
might be supposed.

Since 1t had not been possible to demonstrate
the effects of anchoring in an auditory task, the
following experiment involving judgement of lifted
weights was set up; anchor effects can be rellably
produced in such tasks,

Lifted Velghts LExperiment

lMethod

Twelve people sssoclated with the Psychology
Department served as Ss for the experiment; they were
naive with respect to the purpose of the experiment,
Each S conpleted the task under three conditions, each
on a separate occasion. The three conditions were
without anchor, with heavy anchor and with light anchor;
two Ss completed the experiment in each of the s=ix
possible orders of conditions,
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The atimuli consisted of a standard set of
laboratory welghts encased in uniform black bakelite
cases, there were eight stimull ranging from 50 to
64 grms, in 2 grm, steps, The heavy anchor was 121
grms, and the light anchor 16 grms,; the anchors
were identical, except for their weight, with the
stimull, During the course of the experiment Ss
made 10 judgements about each of the eight stimulil;
stinuli were presented in blocks of 10 trials and each
stimulus occurred once in random order in each block.

During the experiment S's hands were screened
from his view, Standard instructions (Appendix D)
were presented to $ on a card and read out aloud by E
before the commencement of each session.

Hesults

For each S the followlng measures were computed
from the raw daba, mean category value for each stimu-
lus, mean response uncertainty per trizl for each
stimulus, and mean stimulus uncertalnty per trisl
for each response, The group mean of each of these
nmeasures, together with thelr associated standard
errors, are tabulated in Tables IX: 3, IX: &4 and IX: 5;
the same data are graphically presented in Iigs. IX: 1,
IX: 2 and IX: 3, Separate analyses of varliance for
each of these measures have been carrled out and
summaries of these appear in Tables IX: 6, IX: 7 and
IX: 8,
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TABLE 1IX: 3

MEAN CATEGORY SCALE VALUES AND ASSOCIATED

STANDARD ERROR3S POR LIFTED WEIGHTS

WITHOUT ANCHOR AND WITH HEAVY

093

3.8
«19

AND LIGHT ANCHCR

Stimulus (gms.)

52 s 56
T4 3.9 bk
22 21 .15

2.5 2.9 3.4
.098 L18% L4

4.1 o5 5.1
.19 <17 15

58
4.9
.19

3.6
.18

542
13

60
5.4
.20

b1
15

5.8
.17

62
5.8
1)

4.3
.15

5.9
.11

6.0
.18

h,6
.18

6.2
012
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TABLE IX: 4

MEAN RESPONSE UNCERTAINTY PER TRIAL IN BITS
AND ASSOCIATED STANDARD ERRCRS FOR
CATEGORY RATINGS OF LIFTED WEIGHTS

WITHOUT ANCHOR AND WITH HEAVY
AND LIGHT ANCHOR

Stimulus (gms.)
50 52 L1 56 58 60 62 64

no (¥ 1,79 1.84 1.87 1.95 1.95 1.50 1.68 1,56

:lh'l;r ESEM 'oau '13 0093 0088 009"’ 013 011 .15

heavy(X 1.67 1,72 1,95 2,00 2,04 2,03 1.94 1,93

an~- (

1ight(X¥ 1,90 1,92 2,09 1.85 1,94 1,49 1.66 1.29

an= (o
ohor (SI:'M .11 .11 .065 W12 .070 .12 094 .17

TARLE IX: §

HEAN STIMULUS UNCEZRTAINTY PER TRIAL IN BITS
AND ASSOCIATED STANDARD ERRORS FOR
CATEGORY RATINGS OF LIFTED WEIGHTS

WITHOUT ANCHOR AND WITH HEAVY
AND LIGHT ANCHOR

BResponee
1 2 3 ch 5 6 7
ne (X 1.23 .89 1,81 2.41 2.41 2,33 1.88

an=
chor (SEM .13 .10 .16 .20 .20 .20 .16

heavy (X 1.88 2.35 2.67 2.63 2,27 1,46 .93

an- (
chor (SEM .16 .20 .22 .22 .19 .14 .09

light (X .57 1,06 1,98 2,27 2.45 2,57 2,20

an-
ehor (SEM '076 '12 '17 019 -21 022 .19
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TABLE IXs 6
SUMMARY OF ANALYSIS OF VARIANCE OF MEAN

4.f.

11
3

Indiv, Dif. (ID) 6

Stimull (St)

Conditions (C)

3 x 8¢
G x St
ID x St

Sx¢C
Gx¢C
IDx C

Stx ¢

Sxs8txC
Gxstzx(C
IDx3t xC

Total

7
2
77
35
42

22
10
12

14

154
70
84

287

3.8.

&,270.9
3.6“9.2
1,621.7

21,212,5
13,591.9

2,208.7
1,258,.2
950.5

3,965.9
1,960.5
2,005.4

216.8

3;080 00

1,496,2
1,583.8

h8, 546 .7

M.S,

529.8
270.3

3,030.
6,796.

35.95
22,63

196.0
167.1

15.49

21.37
18,85

1.96

134
4%0.7

1.59

1.17

<1

1.13

.001
.001

no.i

- T% ™

ni'o

NeBe
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TABLE IX: 7

SUMMARY OF ANALYSIS OF VARIANCE MEAN
RESPONSE UNCERTAINTIES OF LIFTED
WEIGHTS IN CATEGORY

RATING TASK
Source d.f. s.3. M.S.
Subjects (S) 11 5.,6898
Groups (G) 5 1.1150 «2230
Indiv.Dif, (ID) 6 44,5748 7625
Stimull (St) V4 44,9009 +7001
Conditions (C) 2 1,.2602 .6301
S x St 77 9.7249
G x St 35 5.1216 1463
ID x St L2 44,6033 .1096
SxC 22 5.3435
G xC 10 2.2886 «2289
ID x C 12 3.0549 2546
St x C 14 5.1222 .3659
SxStxc¢C 154 20.5761
G x3stxc¢C 70 8.4086 .1201
ID x St x C 84 12.1675 1449

Total 287 52,6176

<1

6.39
2.47

1.33

n.s,

.001

n.s,

N.8.

.01



TABLE IX: 8

SUMMARY OF ANALYSIS OF VARIANCE OF MEAN
STIMULUS UNCERTAINTIES OF RESPONSES
FOR CATEGORY RATINGS OF
LIFTED WEIGHTS

Source a.f. 5.5, .S, F P
Subjects (3) 11 8.668%
Groups (G) 5 1.9466 .3893 <1 n.s,
Indiv. Dif, (ID) 6 6.7219 1.120
Responses (R) 6 48,4734 8.079 21 .4 ,001
Conditions (C) 2 1.5626 .7813 2.35 n,.s,
S xR 66 23.4798
GXR 30 11,3295 « 3777 1,0 n.s.
IDXR 36 12,1503 «3775
3 x¢C 22 6.4035
G x C 10 2.4142 2414 <1 n.s,
IDx C 12 3.9893 3324
RxC 12 48.7433 Lh,062 20,7 .001
SxXRXC 132 40,9726
GXRHR=xC 60 26,8353 473 2.28 ,01
IDxR x C 72 14,1373 .1964

Total 251 178.3037
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It may be seen that the anchors have had the
expscted effect on mean scale values (Fig., IX: 1),
The funotion for a light anchor lies above and that
for a heavy snchor below, the funotion obtalned without
any anchor. This same effeot is reflected in the
analysis of variance (Table IX: 3) when the Conditions
veriable 18 shown to be highly significant (p < ,001).

The effects of the anchors on response uncer-
tailnty are clearly shown in Fig. IX: 2. It is apparent
that a heavy anchor gives rise to a relative increase
in response uncertalnty for stimuli in the top portion
of the range and a relative decrease for stimull in
the bottom portion. Similarly a light anchor produces
increased response uncertainty for the bottom of the
range and a decrease at the top of the range. ‘This
interpretation 1s borne out by the significant inter-
action of Stimuli x Conditions (p < .01) shown in
Table IX: 7.

A Teature of Filg. IX: 2 is the apparent irregu-
larity of two of the functions assoclated with the
60 grm. stimulus. The reduced response uncertainties
assoclated with this stimulus suggest that 1t may have
been differentiated from the remaining stimull on the
basis of some cues other than weight, A very close
inspection of the stimull could not confirm this
hypothesis but it, nevertheless, remains as the most
likely explanation of this aspect of the results,
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The manipulation of the anchor variable has
also had an effect on the stimulus uncertainty measures.
In the analysis of variance (Table IX: 8), the inter-
action of Hesponses x Conditions 1s shown to be slg-
nificant at the .001 level; reference to Flg. IX: 3
shows that with a heavy anchor there 1s relatively less
uncertainty assocliated with the large responses while
with a light anchor there 18 relatively less uncertainty
agssociated with the small responses,

Discussion

The results of this experiment show that the use
of anchor stimull has quite marked effects on the
relationship between response uncertainty and stimulus
mnagnitude, Since response uncertalnty and stimulus
wncertainty are not independent measures, there has
also been a corresponding change in the pattern of
stimulus uncertainties but it will be argued here that
this is only a secondary and loglcal conseguence of the
manipulation of the pattern of response uncertalntiles
by the use of anchor stimull,

These results suggest qulte strongly that one
of the effects of anchor stimull 1ls, as was 1iniltilally
suggested, to prevent or hinder the differentiation of
the end of the stimulus array nearest to the anchor
stimulus, This probably comes about because the
anchor stimulus, rather than the end stimulus of the
array, now serves as one of the reference points upon
which Judgements are based.
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Another result of the use of anchor stimull
which had not been foreseen is that they produce ine
creased differentiation of relevant stimuli at the
opposite end of the stimulus array. Thls 1s of some
importance in so far as ilncreased differentiation of
stinulil means a reduced spread of Judgements and a
consequent lessening of the importance of the trun-
catlon of the response dlstribution. If there 1s less
variance of responses there will be a lessened tendency
for the mean of responses to stimull at the end of the
range to be displaced towards the centre. The overall
results of both of these effects, that 1s reduced
differentiation of stimull near the anchor and increased
differentiation of stimull at the end of the stimulus
array furthest from the anchor, will be the same,
namely an increase in the mean of responses with
small anchors and a decrease with large anchors,

There 18 a suggestion that the effects produced
on the mean of responses by decreased stimulus differen=-
tiation 18 rather greater than those produced by in-
creased differentiation; thus 1t may be seen (Fig.IX: 1)
that the scale value - stimulus value functions obtalned
with the use of anchor stimull do not lie parallel to
the function obtalned without an anchor, but appear to
diverge at that end of the scale nearest to the anchor.



Two experiments designed to examine the effects
of anchor stimuli on category judgements are described
and analysed. In one experiment in which judgements
were made of auditory loudness the anchors had no
effect. In the other experiment in which Judgements
were made of lifted welghts 1t was shown that anchors
hinder the differentiation of stimull in that portion
of the stimulus range nearest the anchor, and enhance
differentiation of stimuli at the other end of the
stimulus range. It 18 suggested that the effects
of anchors on central tendency of Judgements is a
secondary consequence of this effect.



CHAPTER X

P3YCHOPHYSICAL HYSTERESIS

The phenomenon of paychophysiocal hysteresis is
obgerved when Ss are required to make judgements of
stimull within a stimulus range which is defined on
each trial by the two end stimull of that range,

It may be found that there is a reliable difference
between judgements of the same stimulus when it is
presented on trials in which all three stimull are
arranged in ascending order of stimulus magnitude and
when it is presented on trials in which all three
etimull are arranged in descendling order of stimulus
magnitude, The difference takes the form of a
relative underestimation of the stimulus when 1t 1is
presented in ascending order. Stevens (1957) has
claimed that the occurrence of this phenomenon is one
of the four defining characteristics of prothetic
stimulus contlnua and that it does not occur with
metathetic stimulus continua.

One of the concluslons to be drawn from the
work reported 1in previous chapters 1s that measures
of central tendency of performance in sensory dis-
erimination tasks may be influenced in consistent and
characteristic ways by the properties, particularly
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the skew of the dispersion of judgements, Since
psychophysical hysteresis does not appear to have,

as yet, been adequately explalned, the question 1is
ralsed as to whether or not the phenomenon might not
reflect some feature of the distribution of jJjudgements
other than central tendency. The following experi-
ment was set up to investigate thls possibility,

ilethod

Thirty female students fulfilling a Psychology
I course requirement served as Ss. The stimull con-
sisted of slx cylindrical plastic plll bottles contalne
ing a solidifiled mixture of lead shot and paraffin wax;
the stimuli weighed 35, 61, 77, 113, 128 and 150 gnms.
The values of the welghts were chosen so that no simple
numerlcal ratio obtained between thelr magniltudes,

itach trial consisted of the presentation of
three welghts, 35 gms., 150 gms. and one of the other
four weilghts in elther ascending or descending order
of magnitude; there were therefore eight different
kinds of trlals and the experiment consilsted of seven
repetitions of these elght trials, Tach type of
trial recurred once in random order in each of seven
blocks of trials,

3 was seated at a table opposlite E and placed
her preferred hand face down on the table where it was
obscured from her view by a horizontal screen about
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twelve inches above the table top. The welght was
always placed between Ss thumb and forefinger and after
each welght was 1lifted i1t was replaced by H. lesponses
were obtalned by having S manlpulate a cursor on a
horizontal scale attached above the screen. The socale
consisted of 50 lcm squares alternately coloured red
and blue and was labelled "heavy" at the right end and
"light" at the left end. At the commencement of the
experiment 3 was handed a card on which the instruc-
tions were printed (Appendix E), and these instructions
were read to S, The instructlions requested 3 to re-
port on the second weight presented on each trial by
shifting the cursor to an appropriate square on the
scale and pointed out that the magnitude of the
heaviest and the lightest weights on each trial were
represented by the two ends of the scale. At the
commencement of each trial the cursor was shifted to

a scale position determined at random. Two practice
trials were administered prior to the commencement of
the 56 trials of the experiment proper,

itesults

Scale values of 1 to 50 were asslgned to each
square on the scale and mean scale values for each of
the four middle welghts in each order of presentation
were determlined., These, together with their assocla-
ted standard errors, are presented in Table X: 1;
it may be seen that stimull presented in ascending
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TABLE X: 1

MEAN 3CALE VALUES FOR JUDGEMENTS OF
WEIGHTS ACCORDING TO ORDER OF
PRESENTATION TOGETHER WITH
ASSOCIATED STANDARD ERRORS

Weight (gms.)

61 77 113 128
X Socale Value 16.0 24,2 38,7 42,2
Descending g .88 .92 .78 .50

X Seale Value 13.3 20,2 35,1 39.5

Ascending g gy, .73 .85 .78 77

order are consistently underestimated in comparison
with those presented in descending order and, therefore,
the hysteresis phenomenon has been unequlvocally
demonstrated.

Response uncertainty assoclated with each
gtimulus in each order of presentation was determined
for each S; the means of these values are presented
in Table X: 2, Analysis of variance of these data
(Table X: 3) confirms that lmpression galned by
inspection that there are no significant effects on
this measure which are atitibutable to order of
presentation.



- 118 -

TABLE Xs 2

MEAN RESPONSE UNCERTAINTY IN BITS FOR
JUDGEMENTS OF WEIGHTS ACCORDING TO

Descending
Ascending

ORDER OF PRESENTATION

 Welght (gms.)
61 77 113 128
2.53 2.51 2.43 2.30
2.43 2.44 2.49 2.26

TABLE Xi 3

SUMMARY OF ANALYSIS OF VARIANCE OF
RESPONSE UNCERTAINTY IN LIFTED

Source
Subjects (3)
Stimull (St)
Orders (0)

3 x St
Sx 0
st x O
SxStxo0

Total

WEIGHTS TASK

d.f.
29
3
1
87
29
3
87

239

3.3.
4,6591
1.5929

.1676

12,4219

2,8177
.0805
7.6322

29,3719

M.S.
.1607
.5310
1676
.1428
.09716
.02683
08773

3.72
1.72
1.63
1.11

<1

.05

n.s.
n.s.
n.s.
n.s.



Discussion

The results of this experiment provide no sup-
port for the suggestion that the hystereslis phenomenon
might be due in some way to differences in the disper-
sion a8 opposed to central tendency of Judgements
assoclated with the two orders of presentation. The
experimental conditions have permitted an unequivocal
demonstration of hysteresis but this has not been
accompanied by even a suggestion of any effect on the
dispersion of judgements related to order of presen=-
tation,

Summary

A lifted weights experlment utilising 30 Ss 1is
described, the results of which demonstrate a marked
psychophysical hysteresis effect, A further analysis
of the data in terms of the response uncertainty
assoclated with the various stimull in both ascending
and descending trials was undertaken, nNo reliable
effects associated with order of presentation could
be demonstrated. This experiment, therefore, provides
no support for the view that the hysteresis phenomenon
might primarily reflect dlfferences in the dispersion
rather than central tendency of judgements,



CHAPTER XI

HZ=ANALYSIS OF TEMPORAL DIFFERENCE
ESTIMATION DATA

A falrly general feature of the results of the
experiments revorted using the methods of magnitude
estimation and category rating has been that the stimull
used in such experliments become differentiated according
to their vosition on the stimulus continuum, and that in
general there 1s least response uncertalnty about the
end stimull of the range and progressively more uncer=-
talnty about those stimull towards the centre of the
range. The general form of the function linklng res-
ponse uncertalnty and position of stimulus on the
stimulus continuum is that of an inverted U,

An implication of the different amounts of rese
ponse uncertalnty assoclated wilth different stimull 1is
the asymmetry of the distribution of errors of Jjudgement
about those stimull, Suppose, for example, we have
three stimull A, 3 and C, such that the response uncere
tainty of A > B3> C; this means that when 13 1s judged
or discriminated it will be confused with A more often
than with C, or in other words that the distribution of
Judgements about  will be skewed in the direction of a.
When the relationship between response uncertainty of
stimull and position on the stimulus continuum 1s of
the inverted U shaped kind, it 1s clear that thls effect
Will manifest 1tself as what has been called the central
tendency effect,
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Although 1t seems reasonable that some degree of
differentiation of stimuli might be achieved in an experi-
ment employing a falrly wide range of stimuli, the range
of stimull employed in methods such as the method of
constant stimulus differences 1s usually so small,
covering as a rule only a few J.N,D.s that at first
sight 1t might seem unlikely that any differentlation
within such a small range would occur. Nevertheless
the possible occurrence of stimulus differentiatlion
within such a small stimulus range, in experiments of
this kind, seems to provide a potential explanation for
the observed central tendency effect.

The data colleoted 1n the experiment on temporal
difference estimation (Chapter IV) were of a kind, 1t
will be recalled, to permit determination of response
uncertainties for each of the V stimulus values used
and accordingly they have been re-analysed to throw
light on thls question. Since in this experiment S
was not permitted to make a judgement of "no difference",
the data from St-St trials have not been re-analysed as
this restriction would undoubtedly lead to spuriously
high values of response uncertalnty assoclated with 3t,
and this measure would in no way be comparable with the
response uncertalnty values obtained for each of the V

stimull.

Hesponse uncertainty values have been determined
for each V stimulus in both the 3te-V and V-3t orders of
presentation for each S at each ISI, Since each V
stimulus was presented eight times under esach condltion,
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it can be seen that the maximum response uncertainty
value is .3 bits, The response uncertailnty values
have been subject to analysis of varlance and the
results of this analysis are summarised in lable XI: 1,
It can be seen that there are four main effects.
Subjects, I13Is, Orders and Stimull. The Subj)ects
variable is further broken down into Groups and Indivie
dual Differences components; Groups, 1t will be re=-
called, are constituted on the basls of the sequence
in which 38 completed the four experimental sessions.
The Stimull variable has also been broken down into
Halves and Individual Stimuli components; the iialves
variable refers to whether the stimull were above or
below the value of St and the Individual Stimuli
'variable refers to the differences between stimulil
within the two seml ranges.

The variable Individual stimull and the inter-
action of Orders x Halves are significant at the ,001
level, Three sources of varlance are significant at
the ,05 level, Grouvns x ISIs, ISIs x Orders, and
Groups x ISIs x Orders x Halves, The manner of
operation of the first two significant sources of
varlance may be seen by reference to Table XI: 2.
It may be seen that the relatlonship between stimulus
value and response uncertainty is of the, now familiar,
inverted U shape form (Fig. XI: 1). The Orders x
Halves interaction reflects the fact that there is
apparently more response uncertainty sbout the top
stimulus seml range on trials in the St-V order and
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TABLE XI: 1

SUMMARY OF ANALYSIS OF VARIANCE OF ESTIMATES

OF MEAN RESPONSE UNCERTAINTY PER TRIAL
IN TEMPORAL DIFFERENCE ESTIMATION TASK

Seurce d.f,
Subjects (3) 23
Groups (G) 3
Indiv., DAf. (ID) 20
ISIs 3
Orders (O) 1
Stimull (St) 5
Halves (H) 1
Ind., stim. (IS) L

8 x ISI 69
G x ISI 9
ID x ISI 60
3x0 23
GxO 3
IDx O 20

8 x st 115
G x 3t 15
G xH 3

G x IS 12

ID x St 100
IDx H 20

ID x I8 80

ISI x © 3

3.8,

248,9810
49,0010
199.9800

1.8205
<2890

5,0420
0649

4.9771

40,5682
10.4922
30.0760

2.4383
<3184
2.,1199

17.8046
1.1653
.1079
1.0574
16.6393
3.2031
13.4362

1.2722

M.S. F
16.33 1.63
9.999

+6068 1.21

2890 2,73

.0649 1
1.244 7.40
1,166 2.33

<5013

.1061 1.00

.1060

03597 <1

.08812 <1

.1602

.1680

JA4241 3.16

n.s.

n.s,
.001

.05

N.8,

N.8,.
N.8,

.05



TABLE XI: 1 (Continued)

Source

ISI x St
ISI x &
ISI x IS

0 x St
OxH
0O x IS
SxISI xO

G xISIxO
IDx ISI x O

x ISI x St
G x ISI x St
G x ISI x I
G x ISI x IS
ID x ISI x St
IDx ISI x i
ID x ISI x IS

o

0O x st

G x O0x st
GxOxH
G x 0 x IS8

ID x 0 x St
IDx 0O x 1
ID x O x IS

4]
e

ISI x 0 x 3t
ISI x 0O x H
ISI x 0 ¥ IS
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d.f.

15
3
12

5
1

L

69

9
60

345
s
9
36
300
60
240

115
15

12
100
20
80

15

12

3.S.

2,0657
.1503
1.9154

5.5706
4.9370
6336

9.2501
1,1833
8.0668

40.5718
3.2613
9220
2.3393
37.3105
7.9613
29.3492

16,1486
1.8847
«2358
1.6489
14,2639
3.4130
10.8509

2.0665

6397
1,4268

M.S,

.05010

k.937
.1584

.1315
<1344

.1024
06498

.1327
.1223

.07860
<1374

.1707
1356

2132
.1189

<1
1.30

28.9
1.17

<1

<1
<1

Ne.B,
.8,

.001
n.s.

n.s.

N8B,
n.&,

n.s.
n.s,

n.s,
n.s.
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TARLE XI: 1 (Continued)

Source d.f.

S x¥ ISI x O x St 345
G x ISI x O x St Ls
GxISIxOx H 9
Gx ISI x 0x I3 36

ID x ISI x 0O x 3t 300
IDX ISIXO0Ox H 60

ID x ISIxO x IS 240

Total 1151

3.3. Me3e F

43,6302

6.0710

2,2638 «2515 2,15

3.8072 .1058 <1
37.5592

7.0235 1171
437.5193

TABLE XIs: 2

MEAN RESPONSE UNCERTAINTY PER TRIAL
IN BITS IN TEMPORAL DIFFERENCE
BESTIMATION TASK ACCOHDING W0
VALUE OF STIMULUS, SEMI=
RANGE AND ORDER OF
PRESENTATION

Order of

presentation .6 o7
St -V 1.71 1,74
Combilned 1.80 1,84

Stimulus (secs,.)
.8 Bottom 1.0 1.1

semi=

range
1,90 1.78 1.98 1.89
1.99 1.94 1.91 1.73
1,94 1.86 1.94 1.81

05
n..

1.2 Top
semi-
rangi

1.82 1.%
1.75 1.&
1.78 1.8



about the bottom ssml range in the V=3t order.
the analysis contailns so many individual sources of
variance no great weilght should be placed on sources
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which achieve significance at only the .05 level.

Although it 1s not possible to interpret the
quadruple interaction (Table XI: 3) with any degree

TABLE XI: 3

MEAN RESPONSE UNCERTAINTY PER TRIAL IN BITS IN
TEMPORAL DIFFERENCE ESTIMATION TASK ACCORDING
TO STIMULUS SEMI-RANGE, ORDER OF PRESENTATION

AND ORDER OF EXPERIMENTAL SESSION

Order of
presentation

3t =V

V - 3t

Seml
range
1
(bottom 1.78
Etop 1,93
{(bottom 1.86
gtop 1.83

2 3
1.85 1.77
1.94 1.95
2.01 2,05
1.89 1.75

Since

Order of experimental session

4

1.73
1.76

1.86
1,72

of precision and it is of marginal statlstlcal signifi=

cance, this finding appears to be consistent with the

finding in the original analyses of these results

(Chapter IV) that continued experimentation has an

effect on the constant error.

Groups x ISIs 1mplicates the involvement of order of

The combination of

experimental sessions and it is clear that inequalities

in the number of "longer" or "shorter" judgements nust

result from the interaction of Orders x Lalves.
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Discussion

The results of this analysis have strikingly
confirmed that differential response uncertainty values
are assoocliated with different values of stimulli within
the small range employed in this experiment, Further-
more the nature of the relationshlp between these two
variables is the now familiar inverted U, This can
only mean that the effects of individual stimull in
this slituatlon are mediated by some form of internalised
schematic representation of the whole set of stimulil
employed, The effects of individual stimull are not
explicable except without reference to thelr position
within the set of all stimull employed in the experi-
ment, and this appears to be independent of the size
of the stimulus range.,

This is, undoubtedly, a finding with far
reaching implications for the whole area of sensory
measurement and one which, since 1t has not previously
been demonstrated, has not been fully appreclated,

A second relationshlp which has been revealed
by this analysis, that 1s the effects of the Orders x
Halves 1nteraction seems to throw some new light on the
understanding of constant errors. In the St-V order
of presentation there is most response uncertainty
about stimull in the top half of the range, whereas
in the V=3t order there is most response uncertainty
about stimuli in the bottom half of the range. This
means, in effect, that stimull falling 1n the middle
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part of the range are relatively more likely to be
confused with stimuli at the top end of the range when
the trials are administered in the St-V order and with
stimull et the bottom end of the range when the trials
are administered in the V-8t order, This would, of
course, lead to a preponderance of “Jonger'" responses
over the course of the experiment and such a prepon-
derance 18 conventionally spoken of as a negative con-
stant error,

On the basis of this analysis it would appear
that constant errors do not reflect any intrinsic blas
of the diseriminatory mechanism but rather that they
are a reflection of the asymmetrical distribution of
errors of judgement, It would further appear that
the occurrence of constant errors is an artifact of
the use of measures of central tendency of performance
which are either not appropriate to conditlons where
errors are distributed asymmetrically, or else which
conceal that fact, This is not to say that constant
errors constitute a pseudo=problem = they do not;
they are a manifestation of a very real phenomenon =
the differentlal precision of judgement under different
conditlons. They are not, however, a reflection of
differences in central tendency of Judgement under
different condltions.

It seems quite clear that the highly signlfl-
cant Orders x lialves effect must be responsible for
that aspect of performance which has previously been
called the constant error but it is not altogether
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clear at to why such an effect should be observed,
The following explanation is tentatively suggested
but it i1s acknowledged that it must be subject to

independent empirical confirmatlon.

It has previously been suggested that whenever
stimull arranged on a single stimulus dimenslon are
presented, a number of times, some form of internalised
schematic representation of the stimulus range 1ls built
up and, in general, those stimuli at both ends of the
range are most oclearly differentiated whereas there is
progressively less differentiation of those stimull
towards the centre of the range., It ean be expected
that evidence of such a relationship will be uncovered
Ain all experiments of this type but it can also be
expected that under certain circumstances thls relation-
ship might be obscured by properties of the response
gystem which 13 being used as a basis for inferring the
properties of the internalised schematic representation
or, in other words, for externalising the schema,

In this experiment the propertles of the schema
are being inferred on the basis of a comparative Judge=-
ment situation. In comparative judgement situatlions
it seems to be a well established princlple that the
error of judgement 18 proportional to relative size
of the comparison to be made and that as the relative
glize of the difference between the two stimull to be
compared increases so does the error or uncertainty of
that judgement. In the case of St=-V trials, therefore,
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we might expect on this basis that there would be more
uncertainty about the outcome of trials in which the
largest differences are being compared. This patently
does not occur in this experiment and it must be con=-
cluded, therefore, that this effect 1s obscured by a
more robust effect, that 1s the gradlent of differen-
tiation of individual stimull within the range. The
fact that these two principles apparently oppose each
other in this situation means that the curve of dif=
ferentiation (i.e. response uncertainty plotted against
stimulus value) obtained in this experiment most cer-
tainly underestimates the relative difference between
stimull with respect to this varlable. In considering
the operation of this factor in St=V trials it 1s
important to see that the two seml ranges of stimull
are ldentical with respect to theilr relative difference
from the 3t; thus both .6 sec. and 1.2 sec, compared
with the St of .9 sec, produce a relative difference

of .33. For this reason both seml ranges are symme-
trical from this voint of view and thls consideration
can not be advanced as an explanation for the asymme-
trical response uncertainties associated with the two
semi ranges,

The larger response uncertainty assoclated with
the top semi range in the St~V order seems, therefore,
to reflect some genuine property of the underlying schema.
It would seem plausible to account for this by the
relatively smaller difference between adjacent stimull
Ain the top seml range giving rise to greater confusion
of identity or uncertainty.
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In the case of trials in the V-3t order 1t dces
seem that the obtalned asymmetry can be attrlbuted to
a response factor rather than to the properties of the
underlying schena. In V=St trials an 1dentical
stimulus is compared with one of any six V stimull
which serve as the basis for comparison; .9 compared
with .6 seoc, glves a relative difference of .5 whereas
.9 sec, compared with 1.2 sec. gives a relative differ-
ence of .25, It can be seen, therefore, that the slze
of the relative difference to be estimated decreases as
we ascend the stimulus range and this factor would seem
to provide an adequate reason for the asymmetries
observed in the V=3t order when there is more response
uncertainty in the bottom seml range.

Summary

The data from the temporal difference estimation
task (Chapter IV) have been re-analysed in terms of
estimated response uncertainties per trial. It 1s
shown that there is a ilnverted U shaped relationship
between stimulus value and response uncertainty and
thlis appears to provide an explanation for the central
tendency of Jjudgement, An additional finding 18 made
concerning the effect of order of stimulus presentatlon
which, it is argued, provides an explanation for cone
stant errors,



CHAPTER XII
AUDITORY INTENSITY DIFFERENCE ESTIMATION

The re-analysis of the data from the temporal
difference estimation task has provided evidence that
performance in this situation is mediated by an inter-
nalised representation of the stimulus array which is
best differentiated with respect to the terminal stimull
of the array and less well differentlated with respect
to the middle stimulil, It will be recalled, however,
that no "equal®" judgements were permitted in this ex-
periment and becsuse of this it was not possible to
obtain a victure of the degree to which 3t became
differentiated from the other stimull in the array.
3lnce St 1s presented on each trial and therefore six
times more frequently than any of the V stimuli (if
six V stimulli are employed), it might be expected
that the 3t stimulus would become rather better dife-
ferentiated than the other stimuli of the array.

I" thls expectatlon were fulfilled the usual lnverted
U shaped relationship between position of stinmulus in
the stimulus array and response uncertainty would be
complicated by a dip in the peak of the curve
assoclated wlth 3t. The aim of the followlng experi-
ment was to provide the conditlions for this result to
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be observed, Rather than utilise a temporal difference
estimation task again it was decided to utilise an
auvditory intensity difference estimation task so that
incidental 1light might be thrown on any differences
between judgements of auditory duration and auditory
intensity.

Method

Four separate stimulus schedules were pre-
recorded on tape using a 1,000 ~ tone, There was
one schedule for each of the ISIs 1, 2, 4 & 6 seconds.
Raeh schedule consisted of 104 trials arranged in
eight consecutive blocks of thirteen trials, Within
each block of trials there was one St=3St trisl, six
St=V trials and s8ix V=St trials arranged in a different
random order for each block; the duration of each
stimulus was one second, The St had an intensity of
80 d.b., (s.p.l.) and the V stimuli were spaced sym=
metrically about St at intervals of 1.5 d.b. Control
of stimulus intensity was achleved by the use of an
acecurate attenuator stepped in .5 d.b, steps over a
range of 10 d.b. which was bullt in the workshops of
the Psychology Department.,

Thirty two Psychology I students fulfilling a
course requirement acted as Ss. They were tested
Andividually in sessions lasting about half an hour
and svaced at least one day apart: a short rest
pause was introduced half way through the experiment
which lasted about 30 minutes. The S8 were divided
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into four groups, each of which completed the experi-
mental sessions in a different oxrder.

At the commencement of the session the recorded
instructions (Appendix F) were played to S through the
head phones, at the same time S could read these in-
structions on a printed card. Flve practice trials
whiech covered the whole stimulus range were given at
the completlon of the instructions,

The task which was required of S was similar
to that of the previous difference estimation task
(Chapter IV) but with some essential differences.

The scale consisted of 49 1 cm. squares, the centre=-
most of which was coloured black, while the remainder
were alternatively brown and orange; 3 was permlitted
to make judgements of “no difference”, that 1s to let
the cursor remain in the black square, but was instruce
ted as to the actual proportions of trials in which
there would be no difference between the two stimulil
(Lee. 1:13). The ends of the scale were labelled
"softer" and "louder",

T'he data from each 3 at each sesslon were sub-
sequently transposed onto a separate matrix for each
kind of trial (i.e. St-V, V-3t, and St=St),

Results

Contingent uncertainty estimates were deter-
mined for St«V, and V=St trials and these have been
subject to a three way analysis of variance, The
summary of this analysis may be seen in Table XII: 1,
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TABLE XIIs: 1

SUMMARY OF ANALYSI3S OF VARIANCE OF
CONTINGENT UNCERTAINTY IN

Source
Subjeots (3)
Groups (G)
Indiv,. DAT,

" ISIs
Orders (0)

S x ISI
G x ISI
ID x IsSI
S x O
Gx O
IDx O

ISI x O

S x ISI x 0O
GxISIxO
IDx ISI x O

Total

AUDITORY INTENSITY
DIFFERENCE DETECIION

d.f.

31
3
(1D) 28

3
1

93

9
84

31
3
28

3

93

9
84

254

TASK

8.s.

k.77338
.35876

b 41462

1.89682

2,40782
.19499
2.21283
1.13832
08459
1.05373

.11438

1.77134
14517
1.62617

12.55365

M.3.

.1196
«1577

.1505
1.897

.02167
.02634

.02820
03763

.03813

.01613
.01936

<1

5.71
50.4

<1

<1

1.97

<1

n.8.

.01
.001

n.s8.

n.s,

n.s,.
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The Orders varlable 1s significant at the .001 level,
This arises from the usual superlority of performance
on St-V trials; on this occasion a mean contingent
uncertainty of 1,91 bits per trial for 3St-V trlals as
against 1,74 bits for VSt trials. The ISI variable
is significant at the .01 level and its actlon 1is
illustrated in Table XII: 2. The results suggest a
relatively rapid deterioration of performance over
the interval between 1 and 2 seconds but a much
slower rate of decline thereafter,

TABLE XII: 2

MEAN CONTINGENT UNCERTAINTY PER TRIAL
IN BITS AT VARIOUS ISIs

ISI (secs.) 1 2 y 6

X contingent uncertainty 1.89
per trial

1.81 1.82 1.78

Response uncertalnty estimates for 3t-V and
V=3t trlals have also been subject to analysis of
variance with four main effects; Subjlects, I3Is,
Orders and Stimull. A sub classification of the
Subjects variable into Groups and Individual stimull
has been made, A summary of thls analysis 1s con-
tained in Table XIIs: 3,
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TABLE XII: 3

SUMMARY OF ANALYSIS OF VARIANCE OF RESPONSE
UNCERTAINTY IN AUDITORY INTENSITY
DIFFERENCE DETECTION TASK

Source

Subjects (S)
Groups (G)
Indiv, DAf.(ID) 2

ISIs
Orders (0O)

Stimull (St)
Jglves (i)
Ind., Stim.

x ISI
G x ISI
ID x IST

x 0
G x 0
IDxX O

t

St

X i

x I3

ID x 3t
IDx I
ID x IS

- I ]

[

ISI x O

d.f.

31

E P = W ®x W

(Is)
93

84
31

28

155
15

12
140
28
112

S.s.
69.32313
3.49416
65.82897

3.47373
46499

2.80277
.33138
2.47139

20.53627
2.25521
18,28106

7.18884
1.48409
5.70475

23.22185
1.43063
.08846
1.34217
21.79122
5.45641
16.33481

.26838

I‘I.S.

1 0165
2.351

1,158
L4650

<3314

.2506
.2176

L4947
.20137

02949
.1118

«1949
.1458

08946

<1

5.32
2.28

1.70
4.24

1.15

2.43

<1
<1

<1

N.8.,

.01

n,s,.

Nn.s,

.01

n.s.

n.s,

Ne.\.
n.s.

n.s.



TABRLE XII: 3 (Continued)

Source da.f. S.3. M.S. F P
ISI x St 15 2,76547
ISI x i 3 .03768 .01256 <1 n.s.
ISI x IS 12 2.72779 .2273 2,09 .05
0 x 3t 5 5.89685
0 x 1 2,60969 2,610 11,5 .01
0 x IS 4 3.28716 .8218 7.40 L001
S x ISI x © 93 10.16570
G x ISIxO 9 . 57951 06439 <1  n.s.
ID x ISTI x O 84 9.58619 1141
3 x ISI x St 465 48.88316
G x ISI x St Ls 4,06778
G x ISI x U 9 «97079 .1079  1.09 n.s.
G x ISI x IS 36 3.09699 08603 <1  n.=s.
ID x ISI x St 420 44,81538
ID x ISI x 84 8.30653 .09889
ID x ISI x I3 336 36,50885 .1087
Sx0x St 155 20.70719
G x0xSt 15 1.89172
GxO0xXHh 3 24733 08244 <1 n,.s.
G x O0x IS 12 1.64439 1370
ID x O x St 140 18,81547
IDx O x H 28 6.37715 .2278
ID x 0 x IS 112 12,43832 .1111
ISI x 0 x st 15 3.07151
ISIxO0OxH 3 «39062 .1302 1,33 n.s.

ISI x 0 x IS 12 2.68089 .2234 2,00 .05
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TABLE XII: 3 (Continued)

Source d.f. 3.3. M.8. F P
S x ISI x O x St L6s 51.34604
& x ISI x 0 x 3t 45 5.56032
G xISIxOxH 9 1.16067 .1290 1.32 n.s.
GxISIxO0Ox1Is 36 4.39965 1222 1,09 n.s.
ID x ISI x 0 x St 420 45,78572
IDx ISIxOx U 84 8.19413 09755

ID x ISI x 0 x IS 336 3759159 .1119
Total 1,535 270,11588

It can be seen that the ISI variable 1s slgni-
ficant at the ,01 level, reference to Table XII: 4
shows that there appears to be a general trend, as might
be expected, for response uncertalnty to increase with
lengthening of ISI although there 1s some lrregularity
in this trend assoclated with the 4 second ISI for which
no obvious explanation is at hand,

TABLE KII: 4

MEAN RESPONSE UNCERTAINTY PER TRIAL
IN BITS AT VARIQUS ISIs

ISI (Secs.) 1 2 4 6

X response uncertainty per
trial

2.19 2.24 2.16 2.29
wo sources of variance are signilficant at the

.05 level (ISI x IS and ISI x O x IS) and no interpre-

tatlon of these will be attempted., The remaining
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significant sources of variance are Individual stimull
{(.,01), Orders x Halves (.01) and Orders x Individual
stimuli (.001). The operation of these variables may
be clarified by reference to Table XII: 5.

TABLE XII: 5

MEAN RESPONSE UNCERTAINTY PER TRIAL
IN BITS ASSOCIATED WITE INDIVIDUAL
STIMULI IN BOTH ORDERS OF
PRESENTATION

Stimulus (d.b._of attenuation from St)

X Bottom X Top
Ordel‘ -4‘5 -3 oO -1 05 Semi-range +1 05 +3 00 +Ll’o 53.*1.‘“80
St-V 2.11 2.18 2.15 2.14 2.36 2.30 2.11 2.26
V=3t 2,28 2.30 2.21 2.26 2.17 2.24 2.21 2,21
X 2,19 2,24 2,18 2.20 2,26 2,27 2,16 2.23

Part of this data has also been represented graphlically
in Fig, XII: 1 in which the mean response uncertalnty
for St-3t trials (2.01 bits) 1s also represented. It
is clear that, as had been predicted, the usual inverted
U shaped relationship between response uncertailnty and
position of the stimulus in the stimulus array has been
complicated by a markedly lower value of response une
certainty associated with 5t; certaln other features

of these results will be returned to subsequently.

‘"he data from St=St trials have been classifled
according to whether the second stimulus was Judged to
be either "louder" or "softer", These data have also
been subject to analysis of varlance (Table XII: 6).
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TABLE XII: 6

SUMMARY OF ANALYSIS OF VARIANCE OF

3ource

NUMBERS OF “LOUDER" AND "SOFTER"

JUDGEMENTS ON St-St TRIALS

d.f.

Indiv, Dif,.(ID) 28

Responses (R) 1
I3Is 3
3 xR 31
G xR 3
ID x & 28

S x ISI 93
G x ISI 9
ID x I=I 84

R x ISI 3
3 x 8 x I31 93
G x B x IsI 9
ID xR x IST 84
Total 255

The Responses variable iz significant at the .01 level
and reflects an overall tendency to make more "louder®

responses or a negative constant error. The 1ISIs

S.S8.

101.6523
8.6680
92,9843

98.7539
10,6992

251.3711
20,1992
231.1719

87.1758
9.9726
772032

58.2305

337.1445
69.8789
267.2656

945,0273

M.S3.

2.889
3.321

98.75
3.566

6.733
8.256

1.108
.9191

19.41

7.764
3.182

<1

12.0
3.88

<1

variable i3 significant at the .05 level and results

Ne.8,

.01
.05

n.s.

N.S,

.01

05
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from a tendensy for more “louder" and “softer" and
hence incorrect responses to be made as ISI increasges,
The interaction Responses x ISIs is significant at

the .01 level and appears to result from a rather more
pronounced negative constant error at the 6 second 13I
than at other intervals., 411 of these three effects
are 1llustrated in Table XII: 7, while Table XII: 8
11lustrates the mode of asction of the significant
(.05) Groups ¥ Responses x ISIs interaotion.

TABLE XIIs 7

MEAN NUMBER OF "LOUDER" AND "SOFTER"
RESPONSES ON St-St TRIALS ACCORDING
TO INTER=-STIMULUS INTERVAL

ISI (secs.)
1 2 L 6

T "louder" 3.1 2.9 2.9 h,b 3.3
X "gofter" 1.8 2.6 2.3 1,6 2.1
X 2.5 2.7 2.6 3.0 2.7
TABLE XII: 8

MEAN NUMBER OF "LOUDER™ AND "SOFTERY
RESPONSES ON St=-St TRIALS ACCORDING

TO ORDER OF EXPERIMENTAL SESSION

Order of session
1 2 3 L
¥ "louder" 4.3 3.3 3.2 2.6
X "softer" 1.7 1.8 2.2 2.7
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In this table responses are arranged aoccording to order
of seasion since 1t is on this basis that the Groups
were differentiated; it can be seen that the sonstant
error appears to decline in a regular fashion with
increased expesrimentation.

Discussion

The findings of this experiment with respect
to the effeot of ISI on contingent uncertainty, largely
confirm the pioture whioh has previously emerged with
respect to auditory intensity information, that is a
decline as ISI inoreases. The finding concerning
the nature of this decline seems to be consistent with
the view that, in common with other memory processes,
the rate of decline decreases over time.

The oomplex relationships between response
unocertainty, order of presentation and stimulus value
wWhich are shown in Fig. XJX: 1 seem to be gquite con-
slstent with the interpretation suggested in conneotion
with the analysis of the data from the temporal dirf-
ference detection task (Chapter XI). This 1is that
there is a basic internalised schematic representation
of the stimulus array which is rather better differen-
tiated at the bottom end of the stimulus array than at
the top because here the individual stimull are situated
at greater relative distances to the end stimulus than
at the top end of the stimulus array. This information
about the schema is only externalised in the context
of a comparative judgement situation and the pisture
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which emerges 1s to some extent determined by the
general principles of comparative Judgement and, in
particular, by the fact that the wvariance or uncertainty
assocliated with judgements of differences is a direct
function of the slze of the difference.

The relatively small uncertainty values
assoclated with St-St judgements must, to some extent,
reflect the fact that the size of the difference being
judged 1s zero and consequently the varlance assocliated
with those Judgements will be minimal. In addition
1t must also reflect a relatively better differentlation
of 5t within the internalised schema as a consequence
of its more frequent presentation. Since St is appre-
clably hetter differentiated within the schema which
medlates performance, 1t is to be expected that per-
formance on these trials 1n which St 1s used as the
basis for comparative judgements (i.e. St=V) will be
superior to performance on trials in which a less well
differentiated stimulus 1s used as the basis for com=-
parison {(i.e., V=St), It 1s this fact which seems to
underly the very robust order effecte observed in
experiments of this kind,

In the 3t=V situation the differences between
St and V associated with each of the V stimuli are not
symmetrical for each of the stimulus seml=ranges
because the stimuli are evenly spaced on a d.b. scale,
This means that the relative differences between stimull
in the top seml-range and St are greater than those
between stimull in the bottom semi-range and 5t. ‘T'his
fact, combined with the underlying asymmetry of the
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stimulus schema, appears to account for the very marked
asymmetry observed in thls experiment.

In the V=St situation the first stimulus pre-
sented (1.e. V) serves as a basis for comparisons the
g8ize of 3t relative to V is of course much greater at
the bottom end of the stimulus range than at the top
and 1t appears to be this fact which superimposed
upon the structure of the stimulus schema which gives
rise to the greater response uncertainty in the bottom
stinulus semi-range.

It has not been possible to demonstrate in
this experiment any effects of prolonged experimen-
tation on response uncertainty for St-V and V=St trlals,
It will be recalled that the Groups variable did not, by
itself or in Ainteraction with any other variable, act as
a significant source of variance in the analysis of
these results (Table XIT: 3), If Table XII: 8 1is
referred to, however, it may be seen that prolonged
experimentation has had an effect on the relative num=
bers of "louder" and "softer" responses or the constant
error. By the fourth session the constant error appears
to have disappeared. Table XII: 7 also indlcates some
changes in the constant error associated with IS3I,
It would appear, therefore, that the pleture revealed
by a response uncertainty analysis of this experiment
while being very informative in some respects, does not
permit the definition of some of the more subtle aspects
of performance in this situstion.
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As in previous experiments Ss completing this
task were asked how they went about remembering the
stimulus material, Only three of the thirty two 3s
reported using any sort of active approach, all other
38 relied upon a passive auditory image of the first
stimulus. Of the three 3s, two reported quite interes-
ting techniques of coding. One S reported coding the
information contained on the first stimulus in terms of
the imagined apparent distance of the sound sources
this is of some interest in view of Warren's (19583)
contention that distance is the physical correlate of
loudness. The other S reported clenching hls jaw
after the first stimulus with a tension proportional
to 1ts intensity, This technique, which in effect
consists of coding by posture, 1s reminiscent of the
coding technlques employed by some sub=human Ss in the
delayed reaction task,

Summary

An experiment employing 32 Ss 1ln an audltory
intenslity difference estimation task is described; one
variable investigated was that of interstimulus interval.
The results show a regular decline in the information
avallable about the first stimulus for intervals of up
to 6 seconds, A negative constant error diminlshing
with prolonged experimentation was observed. The
finding concerning the relationship between the response
uncertainty assoclated with individual members of the
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stimvulus array employed in the experiment was intere-
preted as being oconsistent with previous findings
concerning the strusture of the internalised schema
of ths stimulus array which has been preposed as
mediating performanse in situations of this kind,

but 1t is pointed out that oertain features of the
results appear te bs unigue to & somparative Jjudgement
situation,



CHAPTER XIII

CHOICE REACTION TIME

A general finding arising from the experiments
previously described would seem to be that sensory per-
formance with respect to the individual stimull of a
unidimensional stimulus array 1s not wholly determined
by the absolute properties of the stimulus but is to
some extent dependent upon the position of the stimulus
within the stimulus array. It would appear necessary
to postulate that performance 1s medlated by some form
of internalised representation of the stimulus array
whiceh nossesses the property of belng most clearly or
adequately differentiated at the limits of the array
and progressively less well differentiated towards the
middle of the array.

There 1s a formal similarity between the conven-
tional cholce reaction time (RT) situation and most
sengory discrimination tasks; in the former case the
stimuli, for example a row of lights, and the responses,
for example a row of keys, can be thought of as indlvi-
dual members of arrays differentlated with respect to
the dimension of space. In line with previous findings
it might be expected that differential levels of effi-
clency of performaence might be found in a situation of

- 148 -
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this kind asaociated with the different poaitions of
stimuli end responses within their reapeotive arrays,
In this situvation efficliency of performance would be
reflected in speed of reaction whereas in discrimina-

tion tasks 1t is reflected in consistency of performance.

This expectation might be meintained as long as
the choice RT situation were structured in such a way
that performance was of necessity mediated by such
internalised structures, It seems clear, however,
that it would be possible to structure the situation
in a way that would require less and less reliance upon
the medistional process; this could be done by making
performance in the task less and less dependent upon the
necessity of identifying individual stimulil within the
stimilus array and individuwal responses within the
response array. The conventional way in which this
has been achieved is by manipulation of what has been
called S-R compatability (Fitts & Seeger, 1953) and
perhaps the most extreme example of this would be a
situation in which stimuli were provided by vibrators
under the fingers and the appropriate response was

pressing a key with the stimulated finger (Leonard 1959).
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ship between frequency of repetition of individusl

stimali and RT to these stimuli,

The following experiment was therefore devised
in an attempt to determine whether a relationship could
be demonstrated between RT and position of stimulus in
the stimulus array and position of the response in the
response array when these two latter variables were

independently manipulated,

Method

The stimulus display for the experiment consis-
ted of 10 red bezel lights spaced 1} inches apart and
arranged in a horizontal row. The response keyboard
was 5 inches from the stimulus display with each res-
ponse key limmediately below the corresponding bezel of
the stimulus displey; the response keys were 3 inch
wide and 25 inches long, Placed about 5 inches
immediately in front of the centre of the response
keyboard was a conventional telsgraphlic key which ser-
ved as the home key. A small warning light was placed
5 inches above the centre of the stimulus display,
Below the stimulus lights and above the response keys

there was provision for inserting an identifying number;
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these were prepared with a "Dymo" machine and were
£ in. nigh.

At the commencement of each trial S placed hils
right hand on the home key, the warning light flashed
and after a random interval controlled by E (which
varied from about 0.5 -~ 2.0 sec.) a stimulus light
came on, this was extinguished by S pressing the
appropriate key with hies right hand. Both RT and
movement time were recorded by E who was also able to
determine when an incorrect response had been made,

The apparatus permitted the manipulation of
stimulus-response relationships and during the ten
experimental sessions of this experiment a different
set of relationships was employed for each session.
These relationships were arranged at random but with
the provislon that over the whole ten sessions each
stimulus would be paired once with each response,

Two male students who had not previously par-
ticipated in a RT experiment were pald for their
services as 38. Subject C completed two prellminary
sessions before the commencement of the experiment
proper and Subject G completed one; during these
gessions the appropriate key for each light was that
lmmediately below it, Each experimental session con=
sisted of 100 trials arranged in ten blocks of ten;
each 5=R comblnation for that session occurred once in
random order in each block; only the data from the
last seven blocks was considered in the analysis.
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Subject C completed the experiment with res-
ponse factors constant and stimulus factors averaged
out; this was achleved by instructing S that the keys
always had the numerical value of 1 - 10 from left to
right, beneath each stimulue light was placed a number
which represented the number of the key which for that
session, when pressed, would extinguish 1it. Subjeot
G completed the experiment with stimulus factors cone
stant and response factors aversged out; in his case
he was instruoted that the lights always had the
numerical value of 1 - 10 from left to right and above
each response key was placed a number which represented
the number of the light which would be extingulshed
when that key was pressed, There was an interval of
at least 24 hours between experimental sessions each
of which lasted about 20~30 minutes.

Results

The RTa of the last seventy trials of each
experimental session were utilised in the =snalysis;
the data from trials in whieh 3s made correct and in-
correct responses were treated independently. nTs
from correct trials were converted to reciprocals and
mean reciprocal RT for each stimulus-response combina-
tlon for each session was determined, The overall
mean reclprocal RT and standard deviation of the indivi-
dual means for easch experimental sesslon were determined
thus enabling the results from each S-R combination for
each session to be expressed as a 50-10 T score, This
manipulation has the effect of eliminating the between
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sessions varlance, The complete matrix of T scores
for each 3 is shown in Tables XIII: 1 & 2,

These matrices have been subjected to analysis
of varlance and the form of the relationship between
speed of response and position of stimuli and responses
within the stimulus and response arrays has been examined
by the use of orthogonal polynomials (Hays 196%).
Summaries of these analyses of variance may be found
in Tables XIII: 3 & 4, It can be seen that in the
case of 3ubject C the quadratic component of the re-
lationship between response spsed and both stimulus
and response position is significant at the .001 level.
In the case of Subject G the quadratic component of the
relationshlp between response speed and stimulus posi=-
tion 1is also significant at the .001 level. The come
prehenslon of these relationships is assisted by
referral to Flgures XIII: 1 & 2.

In Flgure XIII: 1 it may be seen that for Sub=-
Jeot C (response factors constant) there 1s a general
tendency for faster responses to those stimuli near the
middle of the stimulus array; this undoubtedly refleots
the effects of eye fixation and faster reactions to
stimull in central than in peripheral vision. For
Subject G (stimulus factors constant) there is a
dramatic reversal of the relationship between response
speed and stimulus position with the fastest reaponses
occurring to the outside stimuli of the array and the
slower to the middle; this is the relationship pre-
dicted on the basis of the considerations previously
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TABLE XIII: i

STIMULUS - RESPONSE MATRIX OF T SCORES OF SPEED OF
RESPONSE FOR SUBJECT C (RESPONSE FACTORS CONSTANT)

Responses
1 2 3 4 5 6 7 8 9 10
53.8 46.9 44,2 37.9 42,0 36.6 40.7 47.6 39.7 59.9  L49.3
46.3 45.9 53.1 50.4 41,0 34.9 45.7 W4.8 445 50.9 457.5
53.4 52,2 50.8 43.5 39.6 46.6 k2.4 bh.7 Wh.9 47.7 465.8
60.3 Ub4.6 49.6 50.5 51.1 45.0 42,7 56.3 Hh.9 59.6 504.6
53.6 60.2 50.8 68.6 74.5 62.5 57.4 61.2 74.3 - 71.6 634.7
61.7 50.7 56.8 75.0 73.2 65.% 59.2 38.2 54,0 70.2  60H.4
61.1 49.7 52.4 49.3 49.2 76.5 6.5 447 k5.7 51.8  526.9
51.2 38.2 47.6 43.7 43.8 50.4 36.5 53.6 50.5 61.2 476.7
464 43.7 1.6 4.9 1.4 36.6 39.7 60.0 4.8 47.8  L43.9
s2.4 59.7 39.1 35.8 40,1 40.1 33.0 4k.1 43.4 69.0 K56.7
540.2 491.8 486.0 499.6 495.9 49k.6 3.8 495.2 483.7 589.7  5020.5
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TABLE XIII: 2

STIMULUS - RESPONSE MATRIX OF T SCORES OF SPEED OF
RESPONSE FOR SUBJECT G (STIMULUS PACTORS CONSTANT)

Responses

Stim., 1 2 3 4 5 6 7 8 9 10
1 70.5 s4.5 73,3 58,7 48,7 s54.6 48.1 52.3 67.8 72,2 600.7
2 30.2 63.6 59.7 57.6 42.3 44.6 UL6.2 46,0 48,4 58.8 497.4
3 56.9 60.0 52.9 49.5 s51.7 47.3 55.4 59.9 55.9 59.3 548.8
b 49,9 59.0 49.8 61,0 50.3 44,1 41.6 53.0 7h.1 41,4 5236
5 39.5 50.3 40.1 51,9 71.9 52,6 39.5 36.8 38,3 48.8 469.7
6 38.0 35.4 35.2 42.9 39.6 35.0 444 46.8 50.9 36.8 405.0
? 52,8 48.6 L4b.s5 38.3 46.4 48.9 33.7 S50.1 39.0 40.6 442.9
8 h2.7 bh2.,7 44,3 53.4 41,8 42,3 49.6 47.5 46,6 UB6.,9 457.8
9 bo.4 50,1 s56.4 49,3 54,5 56,6 53.3 S53.3 MU8.7 s51.1 522.7
10 _53.9 62.4 s5.0 52.9 59.7 65.2 56.2 58.2 62,3 67.9 593.7
463.2 §26.6 511.2 515.5 506.9 491.2 468.0 503.9 532.0 523.8 5062.3

- §¢1 -
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TABLE XIII: 3

SUMMARY OF ANALYSIS OF VARIANCE OF T SCORES OF
SPEED OF REACTION FOR SUBJECT C
(RESPONSE FACTORS CONSTANT)

Seurce

Stimull
Linear
Quadratic
Other

Reasponses
Linear
Quadratic
Cther

Error

Total

d.

~N B Y N NG My

[+
o

%4
O

L

8.8,

b,085.7565

1.1837
2,332.2888
1,752.2840

1,337.6645
21.4573
693.8250
622,3822

k,566,466%

9,989.8875

M.8.

ksk.0
1,184
2,332.
250.3
148.6
21.96
693.8
88.91

56.38

F

8.0%

<1
b1,k
b, bk

2.64

<1
12.3

1.58

601
n.s,
+001
.001

n.s,
.00%
n.8,
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XIIIs 4

SUMMARY OF ANALYSIS OF VARIANCE OF T SCORES OF
SPEED OF REACTION FOR SUBJECT G
(STIMULUS FACTORS CONSTANT)

Source

Stimull
Linear
Quadratic
Other

Responses
Linear
Quadratic
Other

Error

Total

dlscussed,

general trend is in evidence at allj

d.

~N = =g ~1 = = \O

0
foes

99

3.8,

3,697.6841

127.1258
2,459.1840
1,111,3743

372,2061
13.1734
30.6678

328.3649

4,609.9069

8,679.7971

M.S.

410.9

127.1
2,459.

158.8

41,36
13.17
30.67
46.91

56.91

F P
7.22 .001
2,23 N.s.

43,2 .001
2.79 Ne8Boe
<1

<1

<1

<1

In Figure XII1Is 2 it may be seen that for
Subject C (response factors constant) there is a general
tendency for faster responses to be made with keys at
the outeide of the response array and for slower res-
ponses to occur near the middle.

For subject G no

the results agaln confirm the predictions.

these aspects of

The imformation concerning the errors made by
each S 18 shown in Tables XIII: 5 & 6,



Stim.
1

NV O~ NI W

P
o

3tim.
1

O O N W

[V
o

- 158 =

TABLE XIII: 5

STINULUS=RESPONSE MATHIX OF ZRRORS FOR
SUBJECT C (RESPONSE FACTORS CONSTANT)

Responses

1 2 3 b 5 6 7 8 9 10
1 1 2
1 1
2 2
1 i
1 1
1 1
1 1
2 2 L
3 2 5 1 2 13

TABLE XIII: 6
STIMULUS=RESPONSE MATRIY OF ERRORS FOR
SURJECT G (STIMULUS FACIOHS CONSIANI')
Responses

1 2 3 b 5 6 7 8 9 10
1 1
1 1
1 1 2
1 2 2 6
1 2 3
1 1 1 3
1 1 1 2 5
1 1 3 3 1 3 3 3 3 21
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It can be seen that in the case of subject C (response
factors constant) errors tend to be assoclated with
responses in the middle of the response array but are
more evenly distributed throughout the stimulus array.
In the case of subject G thls relationship 1s reversed.
It would appear therefore that relatively more errors
are made under the conditions which produce the slowest
response speeds and that fast response speeds are 1n no
way purchased at the price of increased error rates,

Discussion

‘The results of this experiment are in general
a striking confirmation of the original hypothesis since
the specific hypotheses concerning the occurrence of a
U shaped relationship between speed of response and
position in the stimulus and response arrays When each
of these factors has been held constant, have been
confirmed at a very high level of significance. An
incidental but unpredicted finding concerns the apparent
difference in the importance of stimulus and response
factors. It would appear that the postulated relation-
ship 1s much more marked in the case of stimull than in
the case of responses, This generalisation can, of
course, only be accepted in a tentative fashlon since
in this experiment the experimental manipulations are
eonfounded with subjects, but at least in the case of
this sample, manipulation of stimulus factors accounts
for appreciably more variance than manipulation of res-
ponse factors,
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In view of the small sample size the question
of the generality of the main findings might be raised.
This question might be met by saying that the postulated
properties of the internalised structures which are held
to medlate performance in this situation are, as has
been demonstrated in previous experimenta, markedly
uhiform. They seem to represent one of the most stable
of psyohological invariants, In this experiment the
conditions have been manipulated in two independent
ways to allow the possibility of revealing the same
properties in a new situation, and in both cases they
have been revealed in a particularly robust fashion,
When we are dealing with a phenomenon of such a basic
kind, whose exlstence has been independently verified
in a wide range of other situations, it would seem that
one 1s on relatively safe ground in generalising about
the occurrence of the phenomenon when it has been demon=-
strated in a compelling fashion in a very small sample,

Sunmmary

A cholice reaction time experiment is described
utilising two Ss. One S completed the experiment with
factors associated with position of stimuli in the
stimulus array averaged out and factors associated with
position of the response in the response array held
constant; for the other S the experimental manipula=-
tions were reversed, It was shown that when both
stimulus and response factors are independently held
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constant there i8 2 U shaped relationship between speed
of response and position of stimulus or response in
their respvective arrays, This confirmed predictions
arising from an analysis of this situation in which 1t
was postulated that performance in this situation, in
common with performance in other sensory discrimination
tasks 1s in some way mediated by internalised repre-
sentations of the stimulus and response arrays. The
results appear to provide an explanation of the common
finding of a logarithmic relationship between OT and
number of alternative stimuli,



CHAPTER XIV
DISCUSSION AND CONCLUSIONS

The starting point of this study was an interest
in the topic of short term storage of non-verbal stimulus
meterial and the view was expressed that an investigation
of the psychophysical time error, as well as belng of
some intrinsic interest, might incidentally throw light
on this topic, It would appear that the results of the
experiments reported here do have oonsiderable impli=~
cations for an understanding of non-verbal short term
memory and the psychophysical time error as well as &
number of other related topics although it must be stated
that many of the findings are only suggestlive and much
additional empirical work will be required to fill in the
gaps. The aim of this final chapter will be to summarise
and interpret the main findings of these experiments, to
attempt to integrate them with other current views and to
explore some of their implications.

The major finding of these experiments has been
. that in situations involving the use of an array or set
of stimull arranged on a single dimension, S appears to
build up some form of internslised representation,
schema or model of the stimulus array which seems to
mediate performance in this situation. This model
appears to have highly invariant properties in that the
Stimull most adequately differentiated within the model

- 162 =
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are the extreme or end stimull of the array, there 1is
progressively less differentiation of stimull as they
approach the centre of the range. The relationship
between position of the stimulus within the stimulus
range or set and the amount of differentiation is not
symmetrical; stimull in the top semi-range are rather
less well differentliated than stimull in the bottom
seml-range. It is suggested that this asymmetry re-
flects the differences in the relative distance of the
stimull in the two seml-ranges from the end stimulus

of the semi-range. That 18 the end or extreme stimull
of the range appear to play a eritical role as reference
polnts and the extent to which the remalning stimuli are
differentiated deoreases as their relative distance from
the reference stimulus increases,

Evidence for the existence of schema or models
of this kind has come in this study from the results of
sensory discrimination and cholce RT experiments, however
there would seem to be little doubt that models of this
kind mediate performance over a wide range of other
situations. The serial position effect which occurs
within the context of serlal rote learning seems to
reflect the operation of such a schema or model in that
situation. This interpretatlion of the serial position
effect 18 in accord with the types of interpretation
which have recently been advanced by workers such as
Ebenholz (1965), Jensen (1962), and Murdock (1960);
Murdock has also pointed to certain presumed similarities
between rote learning and sensory discrimination tasks.
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The discovery that performance in simple
situations of this kind is mediated by such schema or
models must be regarded as a substantiation of Barte
lett's (1932) views concerning the role of schema in
menmory and pereptusl processes and are consistent with
the views concerning perception recently put forward
by Garner (1966)., These views seem to be most cogently
summarised in the following quotation;

"How the single stimulus is perceived is
a function not so much of what it is, but
rather a function of what the total set
and particular subset are, The proper-
ties of the total set and the subset are
also the percelved properties of the sin-
gle stimulus, so we cannot understand the
knowing of the single stimulus without
understanding the properties of the sets
within which it is contained,."

The whole welght of evidence from these experi-
ments shows quite strongly that the consisteney or clarity
with which a stimulus is percelved is a function of its
position within the stimulus array or set and that the
process of perception or disorimination must consist of
relating the stimulus input in some way to the schema
or model. The finding (Chapter V) that comparative
Judgements of temporal duration are rather less accurate
with a 1 sec. ISI than with a 2 sec. ISI suggests that
the process of relating the stimulus input to the schema
or model or, to use Plaget's term, assimilation, i= one
which 18 extended in time and if interfered with or pre-
vented results in reduced perceptual accuracy. Al=

though the finding mentioned seems to be consistent
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with this view it 18 much better substantiated by the
large number of experiments concerning aktualgenese
or microgenesis of perception (e.g. Smith, 1957).

There are ocsasions on which verbal distinc-
tions serve to obscure fundamental similarities between
situations. This appears to be the case in the dis-
tinction whioh is maintained between perception experi-
ments and short term memory experiments, In general
such experiments semploy similar tasks and differ only
with respect to the restrictions which are placed on
the time at which S reports on the stimulus, immediately
in the case of perceptual experiments and after some
delay in the case of memory experiments. To point out
that the verbal distinction between perceptual and
memory tasks is not based on a sound loglcal distinc-
tion is by no means novel (e.g. Bartlett 1932), but
what has happened in this study 1s to provide some
empiriocal evidence concerning the fundamental unity of
the two processes, The schema or model whioh is in-
ferred on the basis of delayed reports of stimull has
the same properties as that which is inferred on the
basls of lmmedlate reports, That is although the
information whioch i1s avallable about the properties of
a stimulus (ignoring for the moment the property of
temporal duration) diminishes over time the relative
anount of information in the individual stimuli of the
array compared with each other appears to remain constant.
It would therefore appear that loss of stimulus informa-
tion in storage 18 dependent upon the initial assimi-
lation of the stimulus to the model or schema.
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In the ocase of Judgements of temporal duration
the situation seems to be rather different. The initial
perception of the stimulus appears to be mediated in the
usual way by the model but the evidence suggests that
immediately following perception the stimulus information
1s consclously recoded into another form whioch is likely
to vary quite considerably from S to S. In this form
the stimulus information seems to be relatively immune
from deterioration in storage. The evidenoe from
these studles suggests that storage of auditory intensity
information in this way is rather exceptionel.

Auditory intensity information seems to be lost
over time but in common with most other memory processes
the rate of los=s diminishes, These rindings are con=-
sistent with a decay or dlsintegration theory of memory
although there is no suggestion that the process of loss
of information in storage could not be speeded up by
interfering stimuli. The relative role of these two
factors remains to be empirically determined.

If the implications of these experiments re-
garding the fundamental importance of the medlating
role of models or schema in performance of this kind is
acknowledged it would seem to follow that the properties
of such models ought to be systematically explored.

The work already done contains some suggestions for
future procedures and some information about the pro-
perties of the models,
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The use of uncertainty measures as a means of
quantifying the properties of these modela or schema
seems to have been quite successful and clearly should
be continued with, It has the particular advantage of
meking no assumptions what so ever about the underlying
metric of S's response system and for that reason avoids
the continulng controversy on this point,

Since the properties of the model are inferred
and not directly observable, a valid picture of it can
only be built up by use of the system of methodologleal
triangulation called by Garner, Hake, & Eriksen (1956)
converging operations, This means that the same stimu-
lus conditions must be studied by utilising a variety
of response systems and the regularities observed.

To some extent this has been done in this series of
experiments but by no means sufficiently to allow a
full picture to emerge.

It 185 clear that the results of some experiments
are affected in characteristic ways by the properties
of the response system which is being utilised to
externalise the model or schema. This 1s particularly
80 of the methods which employ comparative judgements
end some of the features of the results of experiments
of this type appear to have considerable intrinsic
interest and to throw some light on some of the tradi-
tional problems of psychophysics. This point will
subsequently be returned to.

One of the implications of these experiments
must be that all of our commerce with the environment
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around us is mediated by models of this kind and in
these experiments we have been concerned to impose a
degree of control and regularity on the environment

80 that stable schema or models could be bullt up and
their properties examined; we have not been primerily
concerned to study the process of the building up of
these models. It is clear, nevertheless, that under
ordlnary clrcumstances when the individual is subject
to a continuous flux of stimulation that these models
are not static but are continually changing as a
result of incoming stimuli. The results from the
magnitude estimation experiments (Chapter VII) show
that these changes take plsoce very rapidly and 1t
seems that the ease with which the model is changed

18 by no means unrelated to ite fundamental structure.
The model can be thought of as primarily representing
a store of information about the range of stimuli
rather than about the individual members of the stimulus
array; stimull lying outslde of the range currently
represented in the model bring about changes in the
model to an extent which is not matched by stimull
within the range, There would seem to be rather
obvious advantages in storing information about the
world in this way in that it permits the easy identi-
flcation of stimull outside of the range to which the
organism 18 currently adapted by the use of relatively
little stored information,

The results of these experiments have shown the
importence of the extreme stimuli of the stimulus array
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in determining the structure of the model, when other
factors are held congtant, but the results of the
auditory intensity difference estimation task (Chap~-
ter XII) strongly suggest that stimull which are
repeated more frequently than the other stimull in the
stimulus array also have the effect of bringing about
changes in the basic structure of the model. The
change takes the form of a greater differentiation of
the model of the stimulus array at the point corres-
ponding to the repeated stimulus. A 8imllar change
in structure can apparently be achieved by investing

a stimulus with a partiocular significance, for example
by means of instructions as in the magnitude estimation
task.

The findings of these experiments seem to be
of some relevance in understanding the phenomenon of
the habituation of the arousal reaction. It has been
pointed out by Sokolov (1960) that this process must
be mediated by some store of information concerning
past patterns of stimulatlion and he has referred to
this store as a "neuronal model". It seems clear
that there is some ildentity between Sokolov's concept
of a "neuronal model® and the concept of a model or
schema which has been outlined in this discussion. It
appears that stimulus inputs which can be assimilated,
Ain the Plagetian sense, to the existing model do not
elloit the arousal response, On the other hand stimu-
lus inputs which can not be assimilated to the model and
therefore require its restructuring or accommodation
do appear to elicit the arousal response. It 1s known
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tha’t the greater the regularity in the pattern of past
stinulus input the easier it is to elicit the arousal
response by slightly discrepant stimull; this suggests
that under stable conditions a much more highly dif=-
ferentiated model is built up thus permitting more
acocurate recognition of mismatches with the model;
under conditions of stimulus flux the model is relati-
vely poorly differentisted and mismatches are not so
adequately recognised. The faots of spontaneous re=
covery of the arousal responsze to a previously habi-
tuated stimulus suggest that the model is continuously
disintegrating and maintains a stable structure only
under conditions of regular and continuous stimulus
input. The disinhibition of a previously habituated
stimulus following a hilghly discrepant stimulus input
seems to suggest that the discrepant stimulus has
brought about a restructuring of the model,

Some systematic differences in the ease with
which different types of Ss habituate to stimulil
(Lynn 1966) suggest that there may be reliable differsen-
ces in the way in which the model is built up. It is
reported, for instance, that both seniles and schizo=-
phrenles hablituate poorly and inferentially must be
regarded as having difficulty in buillding up adequate
models, Bvidence suggests that the fundamental dif-
floulty in the case of schizophreniocs is that the models
Wwhich they build up are relatively unstable in that
thelr structure appears to be determined to a dispro-
portionate extent by the most recent stimulus inputs
(John 1967). In the case of senlles it 1s tempting
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to think of their difficulty as being a general one in
bullding up or establishing models. This is undoub-
tedly speculative but the foregoing discussion suggests
that the apparent short term memory defiolt of seniles
must eventually be related to some characteristics of
the models which medlate this performance.

The findings from these experiments appear to
have some relevance for the controversy concerning the
nature of perceptual learning. The major parties to
this dispute, the Gibsons (1955) and Postman (1955)
have favoured what have been called "differentiation”
and "enrichment" views respectively. The Gibsons'
poslition ie that the essential basis of perceptual
learning 1e the abllity to make distinctions between
stimuli and attributes which could not previously be
differentiated, Postman has favoured the view that
the basis of perceptual learning is for the same stimu-
lus to ellicit a wider range of responses than previously.
The experimentsal evidence accrued in these studles is
not of a kind to throw any light on the type of processes
which Postman postulates but it does seem to provide
quite a lot of support for a learning process of the
type postulated by the Gibsons. That is the simple
repetition of stimull does appear to lead to changes in
the extent to whieh they can be differentiated from
other stimuli and this process involves, and iz mediated
by, & change in the properties of the model. These
changes do not seem to involve reinforcement of any kind
and appear to be unrelated to the process of assoclative
learning.
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The results of this series of experiments
have been interpreted as supporting the view that
performance in sensory discrimination tasks 1s mediated
by the properties of an internalised model or schema of
the stimulus array and it has been argued that there 1is
a certain uniformity about the properties or structure
of these models which reflects itself in certain charace
teristic aspects of behaviour. The discussion has been
limited to a consideration of unidimensional models or
schema since the evidence which we have bears on models
of this type. It is probably best to regard these
unidimensional models as a rather speclal case for it
18 elear that in most complex tasks the models whilch
are bullt up and utilised are multi-dimenslonal. The
results which have been obtalned within the field of
sensory discrimination do suggest that more complex
problems associated with perception, pattern recognition,
problem solving and concept formation may be amenable to
investigation by a simllar approach which aims to map
out and explore the structure of the multli-dimensional
models which presumably medlate performance in these
situations.

In this serlies of experiments on sensory dis-
crimination the traditlonal problem of psychophysles,
the scaling problem, has been virtually ignored.

What has been ailmed at is the meking of a functional
analysls of S's behaviour in sensory discrimination
tasks, To some extent this has been achieved and a
pilcture has been bullt up which suggests that there
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is an underlying similarity between all sensory dis-
crinination tasks and situations, This interpretation
imposes somewhat more order on the siltuation than exists
at present when a number of alternative formulations vie
for consideration. The basic notion i1s that perfor-
mance in sensory discrimination tesks is mediated by the
model or schema which S bullds up of the stimulus situa-
tion and which has the basic properties outlined pre-
viously. It 1is the properties of this model in cone
Junctlon with the constralints imposed upon S's behaviour
by E which appear to account for the charaoteristio
uniformities and differences between the various psyoho-
physiocal methods,

The major difference between the category rating
method and the magnitude estimation method seems to be
the restrictions which are placed on the response systenm
that S is allowed to use in the category rating situation.
In this sltuation the two end stimuli of the range are
defined for S and he is told that he must use a limited
response scale of, say, from "one"™ to "seven" to encom=-
pass this stimulus rangs. Although there is only one
stimulus range it would seem that S approaches the task
ag one involving two semi-ranges, each judged with res-
pect to a different reference stimulus; S is therefore
confronted with the problem of dividing up the response
scale between the two stimulus seml-ranges and it would
seem that this 1s done by allocating equal response
scale distances to each stimulus semi-range, This
results in what are in effect two independent scales,
one for each stimulus semi-range with the result that
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in the top stimulus semi-range unit distances on the
stimulus scale must be represented by smaller distances
on the response scale than is the case for the bottom
stimulus senmi-range. A division of the response scale
in this way appears to account for the fact that the
mid=point of the response scale corresponds to the
point on the stimulus scale which 18 at the same re-
lative distance from the two end points of the stimulus
g2cale, Such a point corresponds to the log mean of
the two end stimull and has been ocalled by Helson (1964)
the adaptation level,

In the magnitude estimation task the sole res=-
triction placed on the response system 1s that the ini-
tial reference stimulus is given a specific response,
say, "100%, Although this is the initial reference
point it seems clear that the S quickly differentiates
out the two extreme stimuli of the stimulus range and
subsequently uses these as reference points. In
differentiating out these points S assigns to them
scale values thereby defining the response scale but
in this situation since no restrictions are placed on
S, the two halves of the response scale have consistent
propertles based probably, as Warren (1958) has sugges=-
ted, on S's knowledge of the physical correlate of the
stimulus dimension.

It is this restriction on the response system
in the category rating task which appears to be the
essentlal difference between the two situstione and
to account for the fact that when category scale
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values are plotted against ratio scale values the
resulting curve 1s concave downwards. This relation-
ship merely reflects that the top part of the category
rating scale is compressed relative to the bottom half
while this 18 not so in the case of ratio scales,

An additional consideration determining the
form of category rating scales 1s that since restric-
tions are placed on the responses which may be used,
the distribution of responses to stimuli at the ends
of the array will be truncated. Seale values of
stimull at the bottom of the array tend, consequently,
to be elevated while scale values of stimull at the
top end of the array tend to be correspondingly depres-
sed, Since no such restrictlons operate in megnitude
estimation tasks, this consideration is not applicable.

The interpretation of category rating tasks
which i8 being advanced here leads to a number of pré-
dictions which are consistent with those derived from
adaptation level theory, for example that the mid-point
of the response scale should correspond with the log
mean of the stimulus range, but it is very much at
variance with the view implied by adaptation level theory
that the adaptation level in some way serves as a refere
ence polnt against which all other stimull are assessed,

It 1s possible to extend this interpretation
of category rating tasks to gain an understanding of
the role of anchor stimulil, The experimental evidence
suggests qulite strongly that these stimuli produce their
effects by hindering the development of the model or
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schema of the stimulus array at the end which is closest
to the anchor stimulus and facilitating the differen-
tlation of stimuli at the other end of the stimulus
array., Since these restrictions imposed by E

result in a truncated distribution of responses, there
Wlll be a relative displacement of the scale values of
the atimull which are poorly differentiated towards

the middle of the response scale, In the case of the
stimull which are rather better differentiated than
they are when no anchor is used, thelr mean scale value
will suffer less displacement towards the centre of the
scale than 1s usually the case. A combination of both
of these factors seems to be responsible for the usual
anchor effects of a displacement of the mean scale
values of the stimull away from the direction of the
anchor,

Attention has recently been directed by Ross
& DiLollo (1966) towards a consistent feature of the
psychophysical functions obtained with magnitude es=-
timation methods; that is the occurrence of two dis-
continulties which appear in these functions above
and below the mid-points. The magnitude estimation
task 1s structured for S by giving him an initial
reference stimulus and instructing him to assign to it
a particular magnitude. This stimulus appears initially
to act as a basis for Judgements but is rather quickly
displaced by the two end stimuli of the stimulus array
which are soon differentiated out by S and then serve
as reference points, The distribution of estimates of
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judgements of individual stimull is not symmetrical

but is always skewed away from the reference point
which is being used; this is a corollary of the fact
that the further stimull are situated from the re-
ference point the more uncertainty there is about them.
A consequence of the skewed distribution of Judgements
is that the mean and median are inappropriate measures
of central tendency as they incorporate a systematlc
bias., Since, according to this analysis, the functlion
linking stimulus value and magnitude estimate is really
e composite of three funoctions associated with three
different reference points, the original one and the
two end ones, and since the magnitude estimates (based
usually on the median) incorporate a systematic blas,
the function should exhibit two discontinuities where
the direction of the systematic blas changes because

of a shift to a different reference point.

These views of sensory discrimination also
permlt a more adequate understanding of the method of
constant stimulus differences, Performance in this
gituation is determined by a combination of the pro=-
perties of the model with the particular characteristices
of the response system used, The fact that there 1s
more uncertainty about stimulil in the centre of the
stimulus array than those at the periphery means that
individual stimull are more likely to be confused with
stimull near the centre of the stimulus array than

those near the periphery. Such a situation would give
.rise to what has been called the central tendency of
Judgement.
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What has been called the order effect, that
is, that Judgements in the St-V order are more accurate
and conslstent than judgements ln the V=St order,
appears to reflect the fact that over the course of
the experiment St becomes better differentiated than
the V stimull since it is presented much more fre-
quently, In the St-V trials, St serves as a basis
for the comparative Judgement and these are conse-
quently more consistent than judgements in the V-5t
order where the V stimuli, which are not so well
differentiated as 3t, serve as the basis for comparison,

When comparative Judgements are made in the
3t=V order and the V stimull are placed symmetrically
about the 3t, the same relative differences from the
3t are maintalned by the V stimull in both stimulus
semi-ranges, Under these conditions the relatlonship
between position in the stimulus array and the uncer-
tainty assoclated with the comparative judgement of
each of the V stimull in the stimulus array will have
the same general form as 1s found with other types of
Judgements, that is an asymmetrical inverted U,
Zecause of the asymmetry of the relationship the dis-
tribution of comparative judgements will also be
asymmetrical or skewed towards the right. This will
mean that the mean or median value of the judgements
Wwhen used as an indicatlon of central tendency will
involve a systematic upward bilas,
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When judgements are made in the V-3t order the
relative size of the differences being judged is greater
for stimull in the bottom stimulus semi-range than for
stimuli in the top and hence the jJudgements of these
stimull will be accompanied by more uncertalnty.

This means that the asymmetry of the relationship be-
tween response uncertalnty and position in the stimulus
array is opposite to that observed in the 3t~V order
and that the blas involved in the use of the mean as a
measure of central tendency will be downwards. Since
comparisons of the V stimull relative to St are syste-
matically blased upward and comparlisons of St relative
to V are systematically blased downward this gives
rise to a situation in which it appears that the sub-
Jeetive magnitude of 3t or the PSE 1s less than the
objective value of St, or that there is a negative con-
gtant error. The constant error in the method of
constant stimulus differences therefore appears not

to have anything to do with time per se but is a
reflection of the pattern of response uncertainty or
the variable error, To the extent that the response
uncertainty can be manipulated by lengthening ISI or
incereasing practice, so might we expect this to

either inorease or decrease the constant error,

Another form of the constant error which has
consistently been observed in perceptual experiments
1s what has been c¢alled the error of the standard.
The error of the standard reflects the fact that the
objective 3t in these experiments is consistently re-
ported as belng bigger than the subjective St, the size
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of which 18 inferred from the resulta of the experiment.
The logiocal identity of these two errors seems 0 have
been overlooked because one is usually spoken of as an
underestimate and the other as an overestimate; 1in

the first case we are concerned to determine the mag-
nitude of the subjective 3t which 1s found to be smaller
than that of the true 3t and is, therefore, said to be
underestimated while in the second case we are concerned
to determine the subjective size of the real St. This
is usually found to be greater than the PSE or subjec-
tive St and ls therefore said to be overestimated.

A third type of constant error has very fre-
quently been found in studles of size constancy when
the apparent size of St exceeds its true size (Wohlwlll
1963). In both of these additlonal situations it does
not seem gt all unlikely that the baslic cause of the
observed constant errors is similar to the one which
has been advanced to account for its ocourrence in the
method of constant stimulus differences,

T™wo of the toplecs which have been discussed,
namely the time error and the relationship between
category scales and ratlio scales, are of some relevance
to an assessment of Stevens' views on sensory measure-
ment since he has asserted (Stevens 1957) that the
ocourrence of the time error and of the bow shaped
relationship between category scale values and ratio
scale values are two of the defining characteristics
of prothetic as opposed to metathetic stimulus continua,
In this discussion explanations have been advanced to
account for these two phenomena which do not involve
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the necessity of invoking the distinction between pro-
thetic and metathetic stimulus continua. This may be
taken as providing some further welght to Warren &
Warren's (1963) contention that the functiocnal criteria
for distingulshing between the two types of continua
are wilthout adequate support, It should also be sald
however that an attempt to obtain evidence for a par=-
ticular explanation of the phenomenon of psychophysical
hystereeis, the oceurrence of which is yet another of
Stevens' defining criteria, was not successful,

One of the implications of this work on sene
sory measurement is that it adds to our understanding
of the factors, other than sensory acuity, which ine
fluence performance in sensory discrimination tasks.
Since the mediating schema or model is so important
in determining performance it must be expected that
variables assoclated with the building up and main-
tenance of these models will be important determinants
of performance., It would seem to follow that signal
detectlion type methods which involve only two stimulus
values, slgnal and signal plus noise and conseguently
the very simplest type of model, must provide the best
situations for a study of sculty uncontaminated by
other factors. The propertles of the schema also seem
to provide an explanation for the observation (Swets,
Shipley, NMcKey & Green 1964) that in signal detection
tasks performance under conditions of multiple detec=
tion where a number of signal intensities are used is
relatively poor,
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The interpretation of the absolute judgement
situation which has been advanced suggests that a
major limitation on performance in this situation must
be imposed by S's abllity to bulld up and malntain
the medlating schema or model, It is this abllity
whieh appears to underly the relatively invariant
limits of performance in situations of this kind, of
between two and three bits of information per absolute
Judgement (Miller 1956).

In common with other tasks which 1nvolve an
array of stimull located on a single dimension it has
been shown that cholce RT performance too, appears to
be mediated by a model or schema with properties the
same a8 those previously outlined. It must follow
from the operation of such a mechanism that each
additional stimulus which is added to the stimulus
array will lead to an increase in the oversll mean res-
ponse uncertainty and hence [iT,but the size of this
increase will diminish for each additional stimulus
wWhich 18 added to the stimulus array. This argu-
ment also applies to the response array and it is
suggested that it forms the basls of the observed
logarithmic relation between RL and number of glter-
native stimull in the array.

It would seem to follow that this relationshlip
could be expected to be most pronounced when the cholce
AT sltuation was structured so as to ensure that per-
formance required identification of the stimulus in the
stimulus array and identification of the response 1in
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the responge array. To the extent that 8 could mini-
mise the nécessity to identify both stimulus and res-
ponse in carrying out the task, the strength of the
relationship might be expected to be reduced. An
indication of the strength of this relationship 1s

given by the slope of the function linking AT and num=-
ber of stimulus alternatives. One way of minimising
the necessity to make separate identification of stimu-
lus and response would be to manipulate the spatial

and physical arrangements between stimull and responses.
The ultimate in this manipulation was probably achleved
in an experiment in which the individual stimull were
vibrators under the fingers to be used to press the
appropriate response key (Leonard 1959). A further
way of reducing the necessity for reliance on the
postulated mediating processes would be to establlish
strong direct assoclational links between stimulus and
response by prolonged practice; evidence has shown
{Mowbray & Rhoades 1959) that under these conditions

the slope of the function is zero and that the relation-
ship between 2T and number of stimulus alternatives dis=-
appears, A manipulation which would increase the neces-
gity to rely upon the mediating schema would be to break
down the spatial equivalence between the stimulus and
response arrays and to arrange the individual stimull or
responses on a continuum defined in numerlcal rather
than spatial terms; experiments of thls kind have had
the effect of increasing the slope of the function

(e.g. Morin & Grant 1955).
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It would therefore appear that this interpre-
tation of the choice RT task not only accounts for
. the major findings about performance in thls situation
but successfully integrates this task within the wider
context of sensory disorimination.
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APPENDIX A

Instructions for Temporal Difference Estimation Task.

The aim of this experiment 18 to determine how
well you can discriminate short intervals of time. On
each trial you will hear two sounds of varying duration
separated by a short interval. Your task is to compare
the length of the second sound with the first, You are
to make the comparison by means of this scale and sursor.
The middle position of the cursor always corresponds to
the length of the first sound; on each trial you are to
shift the cursor to the square whiech you feel best ex~-
presses the length of the second sound as compared with
the first. You shift the cursor to the right if you feel
the szecond sound was longer than the first; you shift the
cursor to the left if you feel that the second sound was
shorter than the first. On each trial you must shift
the cursor to a square which you feel best expresses the
relationshlp between the length of the two sounds.

This task requires your undlvided attention. Ir
at any time you feel that your concentration is lapsing
and that you require a short break please indicate.

We will now have a few preliminary trlals so
that you can get some idea of the nature of the task and
the range of stimull used.
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APPENDIX B

Instructions for Temporal Difference Detection Task.

The ailm of this experiment is to determine how
well you can discriminate short intervals of time. On
each trial you will hear two sounds of varylng duration
separated by a short interval, Your task 1s to compare
the length of the second sound with the flrst. You may
make judgements of "shorter", "longer" or "equal". It
will be necessary to make your judgements quite quickly
at the end of each trial as there is only a small intarval
between trials. Whether the second stimulus is longer,
shorter or equal to the first on any one trial iz deter-
mined purely at random: however, there are equal pro-
portions of each kind of trial, That 1s, on one third
of the occasions the gecond stimulus 1s shorter than the
first, on one third it is longer, and on one third it 1is
equal.

We will now have a few preliminary trials to
acquaint you with the situation, This task requires
your undivided attention. If at any time you feel
that your concentration is lapsing and that you requlre
a short break please indicate,
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APPENDIX C
Instructions for Auditory Intenslity Difference
Deteotion Task.

The alm of this experiment 1s to determine how
well you can discriminate small differences in loudness.
On each trial you will hear two sounds separated by a
short interval. Here is an example, Now, " ww

Your task is to compare the loudnese of the second
sound with the first, You may make judgements of "louder",
“softer", or "equal®. As gsoon as you have made your
judgement enter it in the appropriate square of the record
sheet using an L for "louder", an 3 for “"softer" and a -
for "equal®,

I'rom time to time a voice will announce the nume-
ber of the next trial, This will enable you to check that
you are ocompleting the record sheet correctly.

Whether the second sound is "louder", "softer",
or "equal" to the first on any one trial is determined
purely at random; however, there are equal proportions
of each kind of trial. That is, on one third of the
oceasions the second stimulus is "louder™ than the first,
on one third it i1s "softer", and on one third it is "equal¥,

Here are a few practice trials. Do not record

your response to these, "NowH ww=
"NOoW" ==
" Now " -
" NOW L -
11} Nowl' =

We will now commence the experiment proper; remem-
ber, record your response "louder", "softer", or "equal
after each trial, "Start."
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APPENDIX D

Instructions for Category Rating of Lifted Welghts.

(a) Without anchor.

"The aim of this experiment is to determine how
well you are able to make judgements of welght, On each
trial you will be presented with one weight and you are to
report how heavy it is. In reporting on each welght you
may use any number from one to seven inclusive, one for the
lightest weights and seven for the heaviest. On each trial
use that number which you think is most appropriate.

Here 18 the heaviest welght of the series.
Here is the lightest weight of the series.”

(b) With anchor,

“The aim of thls experiment is to determine how
well you are able to make jJjudgements of weight. On each
trial you will be presented with two weilghts and you are
to report how heavy the second welght is, The first
welght will be the same on each trial but the second welght
will vary from trial to trisl. In reporting on each
welght you may use any number from one to seven 1lnclusive,
one for the lightest weights and seven for the heaviest,
On each trial use that number which you think 1s most
appropriate,

KHere is the heaviest welght of the serles,
Here is the lightest weight of the serles."
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APPENDIX 5

Instructions for Hysteresis Experiment.,

The aim of thls experiment is to determine how
well you are able to make judgements of welght. Cn each
trial I shall give you three weights in succession, either
in increasing order of heaviness or deoreasing order of
heaviness, Your task is to meke a Judgement of the
welght which was presented second in comparison to the
other two; that 1s, the first and the third welghts.

On each trial the heavy and light weight will be the same
although they may be presented elther first or last in
any particular trial; only the second or middle weight
wlll vary.

The heaviness of the two end weights is repre-
sented by the two ends of this scale, the lightest
welght at the lef't end of the scale and the heaviest at
the right end of the scale, On each trial you must
shift the cursor to that square which you feel best
represents the heaviness of the second or middle weight,
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APPENDIX F

Instruotions for Auditory Intensity Difference
Detection Task,

The alm of this experiment is to determine how
well you can dlscoriminate small Afferences in loudness
of sounds, On each trial you will hear two sounds
separated by a short interval. Your task is to com-
pare the loudness of the second sound with the first,

" You are to make the comparison by means of this scale
and cursor. The middle position of the cursor, that
18 where it 1s now, always corresponds to the loudness
of the first sound; on each trial you are to shift

the cursor to the square which you feel best expresses
the loudness of the second sound as compared with the
first. If you feel that the two sounds were of equal
loudness let the cursor remain in its present position
but the two sounds will be of equal loudness on the
average, only once in every thirteen trials, On the
remaining trials there will be an equal number of
occasions when the second sound will be louder or
softer than the first. If you feel that the second
sound was louder than the first, shift the cursor to
the right, if you feel that the second sound was softer
than the first, shift the cursor to the left, On each
trial you must shift the cursor to a square which you
feel best expresses the relationship between the loud-
ness of the two sounds,
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APPENDIX P (Continued)

In effect you must translate your jJudgement of
loudness into spatial terms. You may choose whatever
distance on the scale you think is most appropriate to
express a particular difference in loudness but ex-
perience with this task has shown that performance is
better if judgements are well spaced out and a large
pertion of the soale is used.

We will have a few preliminary trials so that
you can get some idea of the nature of the task and the
range of stimuli used. After each trial is completed
pleage return the cursor to the middle position.,

This task requires your undivided attention.
If at any time you feel that your concentration is lap-
sing and that you require a short break, please indicate.
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