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SUMMARY

Early studies of discrimination and identification were generally

concerned with effects of discriminability on accuracy and response time.

In more recent studies, other independent variables, namely bias and caution

have been examined, and confidence ratings have also been recorded. V/hile

early studies concentrated on the measurement of sensory thresholdsr more

recent studies have emphasised the importance of the notion of a variable

criterion underlying observed changes in performance.

In some previous work it has been assumed that accuracy, time and

confidence each had a simple relationship to criterion values. In these studies,

the aim appeared to be to arrive at a single self-regulating decision mechanism

for discrimination and identification which could account for variations in

accuracy, time and confidence associated with manipulations of discriminability'

bias or caution.

The present thesis is aimed at examining the adequacy of a number

of proposed mechanisms in the light of changes in accuracy, time and

confidence which followed the manipulation of discriminability, bias and relative

and overall caution. Firstly, an attempt was made to manipulate bias by variations

in a priori probability according to either a between-subjects design or a

within-subjects design in three-category tasks and in two-category tasks.

Secondly, an attempt was made to manipulate bias by changes in

discriminability within subjects in a two-category task. Finally, relative and

overall caution were each varied by instructions according to a within-subjects

design in a two-category task.
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The empirical findings were compared with the predictions of an

ideal observer hypothesis, in which criterion regulation is based on subjective

estimates of stimulus probability, a response stabilisation hypothesis, in which

the observer is assumed to adjust criteria with reference to the perceived

discrepancy between cumulative and recent assessments of stimulus probability

(Vickers, Leary & Barnes, 1977), an adaptation-level hypothesis, in which the

observer adjusts criteria according to an average of all observations of the

stimuli (Vickers & Leary, 1983), and a target confidence mechanism, in which

the observer is assumed to adjust criteria in an attempt to maintain a certain

target level of confidence (Vickers, 1979). The qualitative predictions were

derived when each of these mechanisms was applied to each of Signal Detection

Theory (Green & Swets, 1966), a random walk model of the type proposed by

Stone (1960) and developed by Laming (1968) and Link and Heath (1975), and

the accumulator model (Vickers, 1979).

When an attempt was made to manipulate bias by changes in a priori

probabitity, it appeared that the observer's estimate of stimulus probabilities

was a major determinant of any variation in criterion values, and that

therefore, an ideal observer type of mechanism or a response stabilisation

hypothesis might be the most appropriate form of criterion regulation

mechanism in this situation. However, it appeared that an adaptation-level

type of process might also be influencing performance independent of the

other mechanisms.

When an attempt was made to manipulate bias by changes in

discriminability, the major determinant of criterion regulation appeared to

be an adaptation-level process. However, again there was evidence of the

independent influence of another mechanism, in this case, based on the 
.

observer's estimate of stimulus probabilities.
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When relative and overall caution were manipulated by instructions,

the observer appeared to regulate criteria in order to maintain a given value

of target confidence indicated by instructions. There was no evidence of

the influence of other mechan-isms in these experiments.

When these findings were considered together, it was apparent that

a single criterion regulation mechanism could not account for all the changes

in accuracy, time and confidence which occurred as a result of the manipulation

of the three different independent variables. Instead, it appeared that any

model of these changes in performance should allow for the possible

independent influence of at least three adaptive mechanìsms. In particular,

it appeared that the observer's estimate of stimulus probability, the value of

the adaptation level, and the effects of instructions or subjective costs and

payoffs may separately influence the decision process, with the significance

of each factor in the decision process determined by the relative importance

of each independent variable, and the nature of their variation. It was suggested

that these three mechanisms could be incorporated into existing decision models.

For example, in terms of either a random walk or an accumulator model, it

is possible that the eflects of the observer's estimate of stimulus probability

may influence the position of the starting point, the value of the adaptation

level would determine the indifference point and hence, the rate of drift'

while the effects of instructions or costs and payoffs would be reflected in

the boundary vãlues.

These findings would appear to have implications for the generally

accepted notion of response bias and for the interpretation of performance

changes in discrimination and identificatton.



-1

l

(xxvi)

DECLARATION

This thesis contains no material which has been accepted

for the award of any other Degree or Diploma in any

University, and to the best of my knowledge and belief,

it contains no material previously published or written by

any person, except when due reference is made in the

text.

Jeanette Packer

March, 1984



(xxvii)

ACKNOWLEDGEMENTS

i

I am deeply indebted to my supervisor, Dr. Douglas Vickers, for

his invaluable advice and encouragement, and also to Dr. Ted Nettelbeck

and Dr. David Caudrey, who provided generous support and assistance

during Dr. Vickers' absence on study leave.

I also wish to thank Peter Barnes and Mark Brown for their

expert help in computer programming, Margaret Blaber for her

unfailing patience and support while typing the manuscript, Judy Fallon

for her tireless efforts in the preparation of the tables and figures and

Helena van Ruth for her photographic work.



2 Þ

ì18

CHAPTER I

A. INTRODUCTION

The ability to discriminate differences or identify equalities among

features of the environment is fundamental to most, if not all, human

perceptual and cognitive activity. The existence of these abilities is assumed

in all areas of psychological research and practice. For example, in psycho-

therapeutic techniques, the client may be asked to differentiate between his

behaviour and that of a model. Similarly, in the very different field of

memory studies, a subject may be asked to decide if a given item is the same

as one presented before. V/hether in the laboratory or in real life situations'

it is difficult, if not impossible, to distinguish an aspect of human behaviour

which does not involve some form of discrimination or identification.

Discrimination and identification are possible with respect to a large

number of dimensions of many different kinds, ranging from unidimensional,

objective scales, such as weight or length, to multidimensional, subjective

scales of preference. Despite this diversity, in general it appears to be

assumed that the mechanisms underlying these judgments have the same

basic properties, irrespective of the sensory modality or stimulus dimension

involved. For this reason, experimental studies of discrimination and identi-

fication have employed a wide range ol tasks and a variety of stimuli.

However, because of the importance of vision in human activity, and because

visual stimuli are more conveniently manipulated and presented, the majority

of these studies have employed visual stimuli, and most, though not all

experiments considered in this thesis are drawn from the field of visual

perception.

The assumption of a set of mechanisms common to sensory modalities

and stimulus dimensions is paralleled by the use of a restricted number of
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experimental designs in their investigation. Of these, the three classical

procedures proposed by Fechner (1860, 196O for the empirical determination

of absolute and differential thresholds are the most familiar and have been

outlined in a number of standard introductions to experimental psychology

(e.g. Osgood, 1953i Guilford, 1954; 'Woodworth & Schlosberg, 1954) as well

as in some more recent texts on psychophysics (e.g. Corso, 1967; Gescheider,

197Ò. It is useful to begin with a brief review of some of the main classical

concepts and procedures, since this thesis makes frequent reference to them.

Following this, an attempt is made to summarise the general features of human

performance in discrimination and identification tasks.

B. THE MEASUREMENT OF DISCRIMINATION AND

IDENTIFICATION IN CLASSICAL PSYCHOPHYSICS

In all three classical procedures, the observer is presented with two

stimuli which vary along a common dimension. The standard stimulus, S, is

of constant magnitude, and the variable stimulus, V, may take a range of

values. In the simplest procedure, the method of adjustment, there are two

types of trials. On ascending trials, V starts at a value less than S, and the

observer adjusts the physical magnitude of V until it is judged to be equal to

S. On descending trials, V starts at a value greater than S, and is reduced in

magnitude by the observer until it appears equal to S. A second procedure,

the method of limits, also comprises ascending and descending trials, but

allows for greater experimental control of the stimulus values experienced by

the observer. On ascending trials, the value of V is increased in regular steps

by the experimenter, until the observer's judgment changes from one of

'less thanr to one of 'equal tor or 'greater than'. The complementary



3

convention is adopted on descending trials. Thirdly, in the method of rconstant

stimuli', several different magnitudes of V, greater than, equal to, or less than

S, are paired with S in some unpredictable order, and, at each presentation,

the observer is required to judge whether the variable appears greater than,

equal to, or less than the standard with respect to the dimension in question.

Since results obtained by the first two methods were found to be

influenced by so called errors of anticipation and habituation (woodworth &

Schlosberg, 1954; Hake & Rodwan, 1966; Corso, 1967), the majority of

studies of discrimination and identification have employed one form of the

method of constant stimuli (Guilford, 1954). In this method, V and S may be

presented simultaneously (e.g. Henmon, lgll; Johnson, 1939; Festinger,

l943a,b) or successively (e.g. Garrett, 1922; Pierrel & Murray, 1963). This

last method is the only one which does not rely on the use of three categories

of judgment.

C. GENERAL FEATURES OF DISCRIMINATION AND IDENTIFICATION

In general, studies of discrimination and identification have been

concerned with the effects of a small number of independent variables on

two or three aspects of performance. The most common independent variable

is that of discriminability, usually measured by the physical stimulus difference

(V-S) between the value of the variable stimulus, V, and an actual or inferred

standard stimulus, S. In addition, two other more subjective independent

variables have been studied. The first is response bias, or the preference of

the observer for making one rather than other possible responses. More

recently, attention has been devoted to a second variable, caution, or the

overall care with which the observer makes all his iudgments.
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The great majority of studies has been concerned with the eÏfects

of these three independent variables on three dependent measures. The

dependent variable of interest in most early studies is some measure of

response accuracy (i.e. the relative frequency with which the possible resPonses

are made correctly or incorrectly). A second common measure has been the

time elapsing between the presentation of the stimulus and some overt

indication of the judgment made. A third, though less common dependent

variable, is some measure of confidence (or the degree of certainty expressed

by an observer in the accuracy of his judgment).

In the following examination of empirical features of human

performance in discrimination and identification tasks, we will look first at

the effects of variations in the first independent variable (that of discrimitr-

ability), on each of the three dependent measures of accuracy, time and

confidence. lle will then look, in turn, at the effects of changes in the two

other independent variables of resPonse bias and caution.

l. Effects of discriminabilitY

(a) Accuracy

(i) two-cateqory iudgment. A universal finding in discrimination experiments

in which stimulus difference has been varied is that the proportion of correct

responses is a direct function of stimulus difference (e.8. Henmon, 1906;

Lemmon, 1927 Kellogg, l93l; Johnson, 1939; Festinger, l943a,l>;

Pickett, 1964, 1967, 1968; Morgan & Alluisi, 1967; Vickers, Caudrey &

Willson, 197l). In general, when V is much smaller than S, the probability

that the observer will make a response of the form 'V)5' is low, but increases

to about 0.5 as V and S become nearly equal, and continues to increase,

approaching 1.0 as v becomes clearly greater than s. The curve obtained



when the probability of making a response of the form'V)Sris plotted

against stimulus difference (V-S), is termed a psychometric function, after

Urban (1910), and was first observed by Pierce and Jastrow (18S5) to be a

smooth S-shaped curve (see figure 1(a)).
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Several different functions have been suggested to describe empirical

psychometric curves. Originally, Urban (1910) and Boring (I917) proposed

that the function should take the form of a cumulative normal ogive, and

many studies have shown that this function provides a good fit to empirical

data (e.g. Pierce & Jastrow, 1885; Cattell, 1893; Urban, 19l0; Brown, l9l0;

Boring, l9I7; Cartwright & Festinger, 1943; Festinger, I9ßb; Guilford, 1954).

Later, Thurstone (1928) suggested that the assumption that the function was a

normal ogive was more appropriate when response frequencies were plotted

against the logarithm of the values of the objective stimulus difference.

However, Thurstone ir925) noted that this transformation of (V-S) would make

Iittle difference to the fit of the normal ogive when only a narrow range of

stimulus differences was used, as is the case in most discrimination experiments.

More recently, it has been argued that the cumulative logistic function gives

a more precise description of the relationship between resPonse frequencies

and objective stimulus difference (e.g. Berkson, 1944, 1953; Guilford, 1954;

Luce, 1959; Bush, 1963; Ogilvie & Creelman, 1968; Bock & Jones, 1968;

Link, 1978a). However, all of these functions share the same sigmoidal shape,

and Vickers (tglg) notes that it is doubtful whether empirical data could be

obtained which would differentiate between them.

three-category iudgment. Only two experiments are known in which the

effects of variations in discriminability have been examined using three-

category tasks. In a brightness discrimination experiment, Kellogg (1931)

found that the probability of mal<ing an extreme resPonse ('greater than' or

'less than') decreased as the stimulus difference decreased. There was a

concomitant increase in the probability of an intermeciiate response ('equal to')

as the stimulus difference approached zero. llhen the probability of each of

the three responses was plotted at each value oI stinlulus differencer the
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curves for the extreme responses were ogival psychometric functions as

found in two-category tasks, while the curve for intermediate responses was

bell-shaped (see figure l(b)). More recently, Vickers (1975) confirmed these

findings in a study of length discrimination.

(b) Response time

(i) two-category judgment. A second general result is the finding that, as

stimulus difference decreases, the time taken to make an accurate discrimi-

nation between stimuli increases (e.g. Henmon, 1906; Lemmon, 1927;

Kellogg, l93l; Johnson, 1939; Festinger, 1943a; Crossman, 1955; Botwinicl<,

Brinley & Robbin, 1958; Pickett, 1964, 1967, 1968; Morgan & Alluisi, 1967;

Pike, 1968,1971; Vickers,1970; Vickers et al., I97I).

In his interpretation of data from a study of length discrimination'

Henmon (1906) suggested that this relationship could best be described as an

arithmetic decrease in stimulus difference resulting in a geometric increase

in response time. Later, Crossman (J955), who found the same relationship

between discriminability and response time in a card sorting task, proposed

a,confusion function', according to which correct resPonse times should be

inversely proportional to the difference between the logarithms of the

magnitudes of the two stimuli. According to this view, response times should

vary with the ratio between stimulus magnitudes rather than with the

difference between those magnitudes. However, Vickers (1967) showed that

the predicted inverse linear relationship breaks down in those situations

where the discrimination becomes very difficult, as in the studies of Birren

and Botwinick (1955) and Botwinick et al. (195s). Specifically, as stimulus

difference becomes very small, the rate of increase in times for correct

responses decreases (rcellogg, l93l; Pike, 1968; lfelford, 1968; Vickers,

I97O; Vickers et al., 197l).
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(ii) three-category judgment. Consistent with the above results, both

Kellogg (1931) and Vickers (I975) found an inverse relationship between

discriminability and times for correct extreme responses in three-category

tasks. In a detailed examination of his data, Kellogg (1931) noted that, in

all cases, times for accurate equality responses were equal to, or longer than,

times for correct extreme responses to the smallest stimulus difference. In

summarising his data, Kellogg (1931) suggested that the time curves for each

category of response tended to be the inversion of the corresponding relative

frequency curve. However, Vickers (197 5) could not find any evidence to

support this proposition in the case of equality responses.

(c) Conf idence

(i) two-category judgment. A third general result is the direct relationship

between subjective confidence and objective stimulus difference or discrimin-

ability. Garrett (1922) was the first to present empirical evidence concerning

this relationship in a study of weight discrimination. As would be expected

intuitively, when the difference between the two weights was large, observers

were more confident than when the difference was small. Subsequently,

Pierrel and Murray Q963) confirmed this finding for weight discrimination,

while Johnson (1939) and Festinger (1943a) established that the relationship

also held for length discrimination. Furthermore, Lund (1926) shorved that

this relationship also applied when observers were performing a closely related

recognition task.

Examination of the relationship by Johnson (1939) and Festinger (tl4la)

suggested that plots of mean confidence in correct responses against discrimin-

ability resembled cumulative normal curves. Festinger (I943a) argued that

the slight deviations from ogival form, characteristic of individual observers,
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were a product of differences between individuals in the frequency with which

they used the various categories of the confidence scale.

(ì i) three-cateRory iudqment. No data are known on the relative values of

confidence for the three categories of response when discriminability is varied.

Kellogg (1931) took confidence ratings only at the end of blocks of trials

which contained all three categories of stimulus at each of the several levels

of discriminability, and Vickers (tgZ-l) did not measure confidence.

2. Effects of manipulating resÞonse bias

(a) Accuracy

(i) two-category judgment. Within classical psychophysics, a main concern

has been the determination of the value of stimulus difference at which an

observer will make equal proportions of the two possible responses in a two-

category discriminatÌon task. This value of stimulus difference, the 50%

threshold or the point of subjective equality (PSE), has been found to vary

from an objective stimulus difference of zero if the observer is biassed

towards one response or the other (e.g. Jastrow, 1888; Brown, 19L4; Thurstone,

1948; Woodworth & Schlosberg, 1954). In the classical model, provision is

made for the existence of bias in the form of a measure of 'constant error'

(Ce), ¿etined as the difference between the observer's PSE and an objective

stimulus difference of zero (see figure 1(a)).

It appears unlikely that individual observers will always come to an

experiment with a complete absence of bias or preference for one response.

While such a preference may vary from one observer to another or from one

occasion to the next, it appears that the level of bias can be experimentally

manipulated by the use of instructions or by varying the stimulus probabilities.
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For example, response bias has been manipulated by the use of

instructions encouraging the observer to give one resPonse rather than the

alternative. Festinger (tg+¡n) found that, when observers, performing a length

discrimination task, were instructed to avoid making any errors on 'shorter'

responses, the PSE moved in a negative direction. Conversely, when observers

were instructed to be as accurate as possible when making 'Iongerr responsest

the value of the PSE moved in a positive direction.

Alternatively, bias may be manipulated by varying the a priori

stimulus probability. However, this procedure has received much less attention

in the study of discrimination. In a closely related study, Laming (tle8, 1969)

examined the biassing effects of changes in stimulus probability in a task in

which observers were required to classify a series of vertical lines, presented

individually, as 'long' or 'short'. In Laming's (1968) first experiment, the

a riori probability of a response either increased or decreased between

successive series of trials within a single experimental session and observers

were informed of the variations as they occurred. The a priori probability

took one of Jive values ranging from 0.25 to 0.75 in steps of O'I25' In the

second experiment (Laming, 1968, 1969), the a priori probability was again

varied between successive series of trials, but in this case, it either increased

or decreased steadily from one series to the next tllroughout the session'

The five probabilities used in this experiment were identical to those used in

the first experiment. In this second study, observers were not given any

information about changes in a priori probability. Laming (1968, 1969) found

the same pattern of results in both experiments, whether or not the observers

were informed of the changes in probability. As the a priori probability of

one stimulus increased, the overall probability of malcing the corresponding

response increased, while the probability of making the alternative response
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decreased. As a result, the probability of giving the response aPpropriate to

the more probable stimulus incorrectly to the less probable stimulus, increased,

while the probability of giving the alternative response to the more probable

stimulus, in error, decreased. Therefore, it apPears that the nature of the

errors changes as the a priori probability is varied, even though the overall

number of errors may remain the same.

(iì) three-category judgment. Althou gh there have been comparatively few

studies of bias in two-category tasks, there has been greater interest in the

influence of bias with three categories of judgment. As with two-category

judgments, bias in three-category tasks can be manipulated either by the use

of instructions or by changing the stimulus probabilities. However, as before,

it appears that the observer may respond according to a characteristic level

of bias, even without the influence of experimental rnanipulations. For example,

it has long been noted that, when an observer is asked to respond either

rgreater than','equal toror'less than', he will search first for a difference

between the stimuli and will only make an equality resPonse if he fails to

find any difference (e.g. Hayden, 1906; Angell, 1907). Therefore, the

probability of making an extreme response will be high, while the probability

of making an equality response will be low. This strategy seems to imply that

observers have a natural tendency to avoid equality responses. However,

using a weight discrimination task, Fernberger (1914a,b, l93l) showed that

this attitude could be countered by the use of instructions emphasising the

validity of making equality responses. Conversely, Brown (1910) found that

the tendency to avoid equality responses could be strengthened by instructions.

In his study of weight discrimination, observers were induced to make very

few equality responses by means of instructions which stressed that it was

possible to detect a difference between every pair of stimuli.
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Only one study is known in which variations in a priori probability

were used to manipulate the observer's bias in a three-category task.

Vickers (1975) performed two experiments using a length discrimination task

in which the variable stimulus could be longer than, equal to, or shorter than

the standard. In addition, the variable and the standard could differ by one

of five lengths so that there were eleven possible stimulus combinations. The

a priori probability of equal stimuli was varied from low (0.09) in the first

experiment to high (0.50) in the second experiment while, in both experiments,

the five levels of discriminability for longer stimuli and for shorter stimuli

were equiprobable. In this way, an attempt was made to bias the observers

f irst away f rom and then towards equality responses. Vickers (.l.97 5) observed

that when the a priori probability of an equal stimulus changed from low to

high, there was a corresponding increase in the proportion of equality responses,

as shown by an increase in the maximum probability of these responses (MP)

from 0.30 to 0.73. At the same time, there v,/as a decrease in the probabilities

of both extreme responses.

(b) Response time

(i) two-category judgment. The influence of response bias on the time taken

to make a response has been studied extensively using choice reaction time

tasks (e.g. Hyman, 1953; Crossman, 19531, Bertelson, 196li Lamb & Kaufman,

1965; Remington, I97I; Welford, 1971, 1973, 1975) and signal detection tasks

(e.g. Laming, 1962; Jerison & Pickett, 1964; Carterette, Friedman & Cosmides,

1965; Clark, L966; Clark, Brown & Rutschmann, 1967; Gescheider, V/right

& Evans, 1968; Gescheider, Wright, Weber, I(irchner & Milligan' 1969;

williges, 1969, I97l; Pike, McFarland & Dalgleish, 1974; Pike & Dalgleish,

1976). The effects of variations in bias on response time have received much



13.

Iess attention in the study of discrimination. However, once more Laming's

(1968, 1969) experiments in a closely related area provide some evidence on

the relationship. In both of the experiments described above, Laming (t968,

1969\ found that, as the a priori probability of one stimulus increased, times

for the corresponding correct response decreased while times for responses

to the less probable stimulus (again made correctly) increased. rüfhen this

finding is considered together with the accuracy data from the experiments,

it can be seen that the time taken to make a given resPonse decreases as

the probability of making that response, either correctly or incorrectly,

increases. Audley (I973) considered this to be a general finding in discrimi-

nation performance and termed it the 'stimulus probability effect'.

(ii) three-category iudßment. As seen above, Hayden (1906) and Angelt (1907)

suggested that the strategy adopted by observers performing three-category

tasks commonly resulted in few equality responses being given. In addition,

they noted that, since this strategy meant that equality responses would be

made only after the observer had failed to find a difference between the

stimuli, the time taken to make an equality response should be longer than

the time taken to make an extreme response. Empirical evidence in support

of this contention has been obtained in several studies of discrimination.

For example, in a series of experiments on the discrimination of sound

intensities and length, George (.l917) found that the average times for

'greater than' responses and for 'Iess than' responses were 0.92 sec and 0.88

sec, respectively, while 'equal' responses took 1.0 sec on average. More

recently, Kellogg Oglt) found that times to make equality responses were

40-45% longer than times for correct extreme responses at the largest

stimulus difference.
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Similar results have been obtained in the closely related field of

same-different judgments. Both Martin and Muller (1899) and Hayden (1906)

observed that 'like' responses took longer than 'unlike' resPonses. In intro-

spective reports, Hayden's (1906) observers indicated that " 'like' judgments

have an element of uncertainty in them depending upon the absence of the

criteria available in the other classes of judgments, with the consequence

that they are not only longer, but also more variable" (p. 509). Cartwright

(1941) also noted the longer times for equality responses in his study in the

very different field of recognition memory-

However, Carlson, Driver and Preston (t934) proposed that the

observed difference between the times for equality and extreme responses

was a product of the bias induced by the emphasis of instructions, even though

this may not have been the aim of the experiment. They suggested that the

instructions used in the experiments of both George o917) and Kellogg (1931)

had implied that observers should avoid equality responses if at all possìble.

In order to test this explanation, Carlson et al. 0%4) performed a weigl'rt

discrimination experiment in which observers were trained to accePt equality

judgments as equivalent to extrerne judgments. After this training they found

no difference between times for the three responses. The same pattern of

results was obtained by Fernberger and Irwin (1932) and Fernberger' Class,

Hoff man and 'Willig 0934) when instructions stressìng the validity of equality

responses were used in the related study of absolute judgments of weight'

Kellogg's (1931) results may also have been influenced by the

inclusion in his experiment of a preliminary series of two-category judgments

in which the observers were instructed not to give equality responses' This

may have biassed observers against making equality responses in the subsequent

three-category experiment. In addition, carlson 9!-q!. (1934) suggested that
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so few response time measures were taken in Georgets (1917) study that the

average measures which were discussed were unlikely to be statistically valid.

Alternatively, Kellogg (illt) suggested that the longer times for

equality responses represented an extension of the commonly observed effects

of discriminability. He noted that, since responses to small stimulus differences

usually took longer than responses to large stimulus differences, it was possible

that equality responses were slow because they were most often given when

the stimulus difference was small. However, data from his experiment on

brightness discrimination did not support this proposal. Kellogg (1931) found

that equality responses were slow even when they were given incorrectly at

large values of stimulus difference.

Vickers (1975) has examined the biassing influence of stimulus

probability. He noted that, when the a priori probability of an equal stimulus

was low, correct equality responses were made more slowly than any extreme

responses, either correct or incorrect. In contrast, when the a priori probability

of an equal stimulus was high, correct equality responses were faster than both

correct extreme responses (including those made at the smallest stimulus

difference) and incorrect extreme responses.

(c) Conf idence

(i) two-categ,orv iudgment. Althou gh many signal detection experiments

involve the construction of ROC curves using confidence ratings and might,

in principle, allow for an investigation of the relationship betlveen response

bias and confidence, this has not been their primary aim (e.g. Pollack &

Decker, 1958; Swets, Tanner & Birdsalt, 196I; Green & Swets, 1966;

Katz, I97O; McNicol, 1972). In the case of discrimination, no published data

are known which are concerned specifically with the relationship between

response bias and confidence.
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(ii) three-cateRory iudgment. Even when there is no attempt to bias

observers against equality judgments, it is commonly observed that equality

responses appear to involve doubt more often than extreme responses (e.g.

Fernberger, l93}i Kellogg, I93I1 Fernberger & Irwin, I93Ð. In one of the

earliest studies of three-category judgment, Fernberger (1919) noted that

equality responses ilwere usually given with a lower degree of subjective

assurancer' (p. 155) than extreme responses. It has been suggested that the

lack of confidence which observers show in equality responses may be why

very few are made.

However, as Carlson q!_g!. (1934) pointed out, the instructions in

these studies implied that observers should avoid equality resPonses.

Therefore, it seems possible that the response bias induced by the instructions

is determining the observer's feeling of confidence. Since Vickers (1975) did

not record any confidence measures in his study of the effects of a priori

probability, the effects of bias on confidence remain unclear. Sirnilarly'

none of the other studies of three-category judgment has employed detailed

measures of confidence, relying instead on introspective reports (e'g'

Fernberger, 1919) or on confidence ratings taken only at the end of each

btock of trials (Kellogg, l93l).

?. Effects of variations in caution

(a) Accurac

(i) two-category iudgment. Besides the effects of discriminability and bias

on response measures, it has been suggested that individual observers may

adopt different levels of caution, and that the actual level of caution adopted

can influence performance (e.g. Wollen, 1963; Pike, 1968; Vickers, 1979)'

However, only four studies are known in which there was an explicit

manipulation of the level of caution adopted by observers performing a
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discrimination task. In a length discrimination experiment, Garrett (1922)

manipulated caution by varying the length of time for which the stimulus

was exposed before a response was required. In separate experimental sessions

exposure time was either 0.2 sec or 2.0 sec, encouraging the adoption of low

and high levels of caution, respectively. Under this manipulation, Garrett

(1922) observed that accuracy for both responses was higher when the exposure

was longer and allowed greater caution. Using similar two-category length

discrimination tasks, Johnson (1939) and Festinger (1943a) manipulated caution

by varying the instructions given to observers. Both Johnson (1939) and

Festinger (l9a3a) found that, when instructions placed no particular emphasis

on either the speed or accuracy of responding, the overall accuracy level was

higher than when observers were instructed to respond as quickly as possible.

There was a further improvement in accuracy when instructions stressed

accurate responding. In a more detailed analysis of this finding, Festinger

(1943a,b) noted that the precision of psychometric functions plotted for

individual observers increased when instructions encouraged higher levels of

caution. A further study was performed by Wìlding lJ974) whose observers

were required to judge whether á briefly exposed point of light lay to the

right or left of the centre of a screen. In contrast to previous studies,

'Wilding (¡1974) found no difference in accuracy when instructions were changed

from stressing the speed of responding to emphasising accurate performance.

Although few studies have examined the effects of variations in

caution on discrimination, this relationship has received more attention in the

closely related field of choice reaction time. For example, Howell and

Kreidler o96Ð found that the accuracy of performance in a lO-choice task

increased as the emphasis of instructions changed from one of speed, through

,usual, (implying no particular stress on speed or accuracy) to one of accuracy.
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Similarly, Fitts (1966) noted an increase in accuracy as the speed stress of

instructions was reduced in both an 8-choice task and a 4-choice task, while

HaIe (1969) observed a reduction in accuracy when 'speed' instructions were

given in a 3-choice task. Pachella and Pew (1968) confirmed these findings

in a choice reaction time experiment in which observers were induced to

adopt diflerent levels of caution in an attempt to maximise their earnings as

determined by a 2 x 2 payoff matrix. The matrix dimensions were, correct

vs incorrect, and, response time faster or slower than a deadline.

(ii) three-category iudgment. No published data are known in which caution

has been manipulatecl in a three-category task. However, results relevant to

identif ication have been obtained by Link and Tindall (J971) whose observers

judged whether two successively presented lines were equal in length or of

clifferent lengths. In separate sesslons, observers were required to respond as

accurately as possible within either a short deadline (260 msec, corresponding

to speed instructions), or a medium deadline (460 msec' corresponding to

instructions with no particular stress on speed or accuracY), or with no deadline

at all (corresponding to accuracy instructions). In agreement with the majority

of previous results, Link and Tindall (1971) found that both overall accuracy'

and accuracy at each of four values of stimulus difference' were higher under

the accuracy deadline condition than when the deadline was medium or short'

tink (1971) and Ascher i¡97q have shown that these results are also obtained

when the deadline conditions in this task are varied from trial to trial'

Atthough there may be some problems in generalising from the

finclings of choice reaction time tasks and same-different judgments to the

field of discrimination performance' these findings still appear to be relevant

to any discussion of the notion that observers can' and do vary the degree of
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caution with which they respond. In all three areas of study, there are data

showing evidence of changes in caution as the result of explìcit experimental

manipulations such as the use of instructions, deadlines or payoffs.

(b) Response time

(i) two-category iudgment. The effects of changes in caution on resPonse

time measures have also been studied: In the discrimination experiments of

Garrett (tgZZ), Johnson Olll¡, Festinger (l9A3a) and V/ilding lJ974), response

time measures were taken in addition to the accuracy measures discussed

above. For example, in the length discrimination experiment described above,

Garrett Og22) found that times for both responses were longer when the

stimulus exposure time was long, encouraging greater caution. Johnson (1939),

Festinger 0943a) and Wilding (-l97a) noted a similar increase in overall

response times as instructions were changed from those emphasising the speed

of responding to those in which there was no particular emphasis on speed or

accuracy. A further increase in response times occurred when instructions

stressing accuracy were used.

The studies of choice reaction time described above also included

response time measures. In the experiments of Howell and Kreidler (1963),

Fitts (1966) and Hale (1969) there was an unbiassed increase in response

times as the stress of instructions changed from speed, through usual, to

accuracy. Similarly, Pachella and Pew (1963) showed that overall response

times were longer when a biassed payoff matrix favoured accurate rather

than fast responding.

(ii) three-category iudgment. In the studies of same-different judgment

described above, Link and Tindalt (.ir97D, Link (197t) and Ascher (1974)

found that the mean times for both 'same' and 'clifferent' responses increased
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as the length of the deadline was increased (encouraging greater caution).

Times were longest when no deadline was imposed and therefore, caution was

high.

(c) Conf idence

(i) two-category iudgment. Only three studies are known in which an attempt

has been made to examine the influence of the observerts level of caution on

his conf idence. These are the experiments of Garr ett (1922), Johnson (1939)

and Festinger (1943a). The most detailed analysis of the effects of variations

in caution on confidence data was presented by Festinger (1943a) in his study

of length discrimination. In this experiment, observers were asked to rate

their confidence in each judgment on a scale ranging from 0 to 100. As

discussed above, variations in instructions from those stressing speed to those

emphasising accurate performance produced regular changes in both accuracy

and response time. However, there was no corresponding change in confidence.

In particular, Festinger (1943a) found that the standard deviations of ogives

fitted to the empirical data relating confidence and stimulus difference for

each observer did not show any consistent variation. Similarly, Johnson Q939)

did not find any difference in confidence ratings given under 'speed' or

'accuracy' instructions, while Garrett (1922) found that confidence remained

unchanged when stimulus exposure time was varied. The absence of any

relationship between caution and confidence is surprising, since an increase in

stimulus difference produces increases in both accuracy and confidence, and

it might be expected that an increase in caution would also produce concomitant

effects on these two dependent variables.

Ascher (1974) and Vickers (1979) suggested that this apparent

inconsistency may have arisen from the particular experimental design used
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by Garrett (1922), Johnson 0939) and Festinger (1943a), in which manipulations

of caution occurred between consecutive experimental sessions. Ascher (I974)

and Vickers (1979) noted that, as a consequence' it was possible and even

likely that observers would vary their employment of the confidence rating

scale from one session to the next. As Ascher (1974) notes, "the criteria for

confidence responses appear to be unstable and dependent upon the context in

which they are produced" (p. la). For example, in accordance with instructions

to use an entire percentage scale, observers may have decided to rate their

most confident response in any one session as 100, and their least confident

response as 0. That is, the observers may have chosen ratings which expressed

their degree of experienced confidence relative to other judgments in the same

session rather than to judgments made in different sessions. Such range

effects appear to be common in experiments in which conditions are varied

between sessions performed by the same observers and hence in which

differences are measured within observers (e.g. Poulton, 1973, I975, 1979)'

(ii) rhree-catesory iudsment. Link and Tindall (o971) and Link lJ971) did not

take measures of confidence. However, Ascher (1974) found that confidence

in both same and different responses increased with the length ol the deadline

and was highest when no deadline was imposed, encouraging maximum caution'

4. Effects of relationships between independent variables -

discriminabilitv and caution

Of the four possible interactions only that between discriminability

and caution has received much attention, and only in connection with times

for correct and incorrect responses.
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(i) two-cateRory iudRment. It appears that the relationship between

discriminability and response time depends on whether the response is correct

or incorrect, and on whether the observer is aiming to achieve accurate or

fast performance.

When discriminabitity is high, and speed is stressed, times for errors

are generally equal to, or faster than those for correct responses. For example,

Hornsby (1963) noted that when observers were instructed to respond'as

quickly as possible' in choosing which of two lamps was lit on a given trial,

there was no significant difference between times for errors and correct

responses. Laming (196S) used similar instructions in an easy two-category

discrimination task in which a priori stimulus probabilities were equal. In this

case, error response times were equal to, or shorter than times for correct

responses when the inter-trial interval was short (1 msec or 64 msec). However,

for longer inter-trial intervals (512 msec or 4096 msec) times for errors were

longer than times for correct responses.

When discriminability is low, and instructions stress accuracy, it is

commonly observed that errors take longer than the corresponding correct

response (e.g. Cross & Lane, 1962; Pierrel & Murray, 1963; Pickett, 1967 
'

1968; Audley & Mercer, 1968; Pike, l97l). La Berge (1961) found that this

relationship persisted when observers, discriminating the position of a light on

a vertical line, were trained to an asymptotic level of accuracy. Similarly' in

a task where observers were asked to indicate whether the right or lelt half

of a screen was darker, Kellogg (193i) found that errors took longer than

correct responses. However, he noted that the difference in times was less

marked for those less cautious observers who responded more quickly overall.

This difference between observers is more apparent when instructions

indicate that a compromise between speed and accuracy should be adopted'
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Differentiation between fast and slow observers in the analysis of error and

correct response times was first carried out by Henmon (l9ll). He found

that, for two of his observers, errors were slower than correct responses,

while for the third observer, distinguishable only by his overall speed of

responding and lack of accuracy, there was no difference between error and

correct response times. Similarly, Wollen (1963) and Pike (1963) found that,

in the case of slow, cautious observers, times for error responses were longer

than for the same response made correctly. However, they found no difference

between the times for errors and correct responses in the case of faster, Iess

accurate observers.

In a discussion of this problem, V/ilding (I974) proposed that discrimin-

ability was the major determinant of error response times. In an experiment

in which observers discriminated between lines varying in orientation, he

found evidence for two different types of errors, those faster than correct

responses when the stimuli were easily discriminated, and those slower than

correct responses when the stimuli were difficult to discriminate. V/ilding

(197q argued that, in addition to the direct effect of discriminability' the

observer may interpret tasl< difficulty as an indication of the relative

importance of speed or accuracy. Thus, a situation in which stimuli are easy

to discriminate would imply a speed emphasis, while a difficult discrimination

task would imply a stress on accuracy. Therefore, the apparent distinction

between fast and slow observers may be explained in terms of the perceived

implicit instructional bias, which is, in turn, a product of the perceived or

actual difficulty of the task. Similar results for confidence ratings have been

obtained by Pierrel and Murray 0961).

This analysis is consistent with other results reviewed in this section.

It implies that the relationship between discriminability and the times for
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correct and incorrect responses may be influenced by a number of factors.

These include the perceived difficulty of the task, the emphasis in instructions

on speed or accuracy (whether actual or implicit), and the level of caution

adopted by the individual observer.

(ii) three-category judgment. No data are known which examine the relation-

ship between discriminability and caution in three-category tasks.

5. RelationshiDs between deÞendent variables

Although the relationships between the dependent variables of accuracy'

time and confidence have been studied in some detail in two-category tasks, no

data are known on these relationships in three-category tasks.

(a) Accuracy and response time

The relationship between accuracy and time has been considered when

either discriminability or caution is varied. No studies are known which examine

the influence of bias on the relationship between accuracy and time.

As noted by Pike (1963), variations in discriminability result in changes

in response probability, with difficult discriminations producing probabilities

close to chance (0.5), and easy discriminations producing probabilities close to

0 and I for error and correct responses, respectively. Since times for correct

responses vary inversely with stimulus difference, which, in turn, is directly

related to accuracy, it might be expected that there would be a consistent

relationship between accuracy and time. Indeed, several studies have provided

evidence for an inverse function both v¿hen signal detection tasks are used

(e.g. Carterette et al., 1965; Sekuler, 1965; Gescheider et al., 1969; Pike &

Ryder, 197?) and in discrimination tasks (e.g. V/ollen, 1963; Pierrel & Murray,

1963; Pickett, 1967; Pike, 1968; Audley & Mercer, l963). However, Pike (t963)
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noted that the inverse nature of this latency-probability function depends on

the finding that times for errors are longer than times for correct responses,

and, as seen above, this relationship is influenced by many factors including

task difficulty, bias and caution.

Despite this problem, continuing interest has been shown in the

relationship between accuracy and time because the predicted form of the

latency-probability function varies between different models of the decision

process (Audley & Pike, 1965). Therefore, it appeared that the function might

form a useful basis for an evaluation of the models. Although several authors

have thrown doubt on this form of evaluation (Koppell, 1976; Weatherburn,

1978; Weatherburn & Grayson, 1982), Pike and Ryder (1978) and Pike and

Dalgleish (1952) claim that the establishment of the form of the latency-

probability function must at least contribute to a test of the models.

The relationship between accuracy and response time has also been

examined when caution is varied. It appears that, uninstructed, observers

adopt a level of caution which they feel is appropriate to the implicit demands

of the experimental task (Pachella, 1974). If this is so, any interpretation of

accuracy and response time must necessarily involve an assumption of the

observer's level of caution. The importance of this issue in studies which

consider accuracy and response time measures has resulted in extensive

investigation of the nature of the tradeoff between speed and accuracy. A

brief review of this work will now be presented.

Many studies of the speed-accuracy tradeoff have used choice reaction

tasks (e.g. Hick, 1952; Howell & Kreidler, 1963; Fitts, 1966; Pachella & Pew,

1968; Pew, 1969; Swensson, l972arb; Jennings, Wood & Lawrence, 1976;

Wood & Jennings, 1976; Bach, Corlett & Dickinson, 1978; Grice & Spiker,

1979), or memory tasks (e.g. Swanson & Briggs, 1969; Lyons & Briggs, l97l;
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Lively, 1972; Theios, 1972; Theios, Smith, Haviland, Traupman & Moy, 19731'

Reed, 1973, I976; Pachella, I974; Dosher, 1976; Corbett, 1977; Corbett &

llickelgren, I978). Relatively few studies of the tradeoff have employed

discrimination tasks.

One of the earliest studies of discrimination which was specifically

aimed at quantifying the speed-accuracy tradeoff was performed by Philip

(1936). His observers were asked to tap each occurrence of one of two types

of rhomboidal perforations which appeared on a strip of material which moved

past them. The rate at which the strip moved increased from trial to trial

for the first half of the experimental session and then decreased from trial to

trial for the second half of the session. As a measure of accuracy, the number

of taps made incorrectly was subtracted from the number of correct taps.

When the resulting number, expressed as a proportion of the total possible

number of correct taps, was plotted against the time taken for the strip to

move past the observer, the curve was ogival. On the basis of these data,

Philip (1936) suggested that the empirical curve relating speed and accuracy

was a form of psychometric function, while Thurstone (1937) proposed that

the relationship should be ogival on purely theoretical grounds. Further

empirical support for this form of function was provided in a later study by

Philip (1947) in which observers were required to discriminate between the

frequencies of coloured dots which were displayed for one of five exposure

times, ranging from.l33 sec to.668 sec. In this experiment, ogival curves

relating speed and accuracy were obtained both over al.l conditions, and at

each exposure time. In both experiments, Philip Ol)e, 1947) noted that the

exact shape of the curve varied between observers in an apparently random

way.
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More recently, Vickers et al. (197l) observed dif f erences in the

tradeoffs adopted by individual observers who were asked to indicate which

was the more frequent of two flashing lamps. In this case, data from all

observers were well described by a single curve, with the individual observers

lying at different points on the curve. However, in contrast to previous

results, Vickers g1_g!. (l971) found no clear evidence for an ogival f unction,

although the inverse nature of the relationship was obvious.

In addition to variations in the tradeoff functions obtained from

different individuals, it is commonly found that the slope of the function

changes with any variation in discriminability. For example, in the discrimi-

nation experiment described above, Philip 0947) found that the slopes of

tradeoff functions plotted for each observer increased as the proportions of

dots of different colours became more similar. Many other authors including

Swensson (I97Zarb), Lappin and Disch (I972a,b, 1973), Thomas and Myers

0972) and Harm and Lappin (1973) have found evidence for an increase in

the slope of the function relating speed and accuracy as task difficulty

increases. Lappin and Disch (1972a,b, 197Ð and Thomas and Myers (1972)

considered the well supported finding that tradeoff functions differ at

different levels of discriminability together with previous data showing

characteristic differences in the functions of individual observers, and

concluded that this implied that any measure of the tradeoff should include

an indicator of sensitivity, separate from the actual criterion adopted by the

observer.

Further detailed study of the form of the function relating response

time and accuracy has been undertaken. For example, Swensson (1972a) and

Lappin and Disch (l972arb, 197Ð assessed the fit of several functions to the

data of Schouten and Bekker (1967), Taylor, Lindsay and Forbes (1967)r'
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pachella, Fisher and Karsh (1968), Pew (1969), Pachella and Fisher (1969)

and Swanson and Briggs (1969). Empirically, the tested functions were as

good as each other, so it was impossible to choose between them on this

basis. Therefore, it appears that any choice will have to depend on other

considerations, such as the specifications provided by the most adequate

theoretical account of discriminative performance overall' ort at least the

best theoretical explanation of the speed-accuracy tradeoff. The role of

different theories in the determination of the form of the relationship will

be discussed in ChaPter 2.

Although it remains difficult to quantify the speed-accuracy tradeoff'

it seems to be emerging as an essential concept in the study of discrimination'

Indeed, Pachella i|.97Ð and Wickelgren (1977) suggested that an examination

of the exact tradeoff function which is operating in a given experiment should

be carried out before response time and accuracy measures are interpreted'

On the other hand, Schmitt and Scheirer (t977), Kantowitz (197S) and Dosher

(1979) argued that experimental measures o1 response time and accuracy may

be useful even when the exact tradeoff function cannot be specified.

(b) Accuracy and confidence

The relationship between accuracy and confidence has also been

investigated. For example, several researchers including V/illiamson (1915),

Jersild 0929) and Pierrel and Murray O96Ð noted that, over a wide range of

experimental tasks, and at different levels of discriminability, "the degree of

confidence given is largely an individual matter, and is not a very reliable

index of objective accuracy" (GarreTT., 1922, p. 63). Within the data for

individual observers, Henmon (l9ll) found that there was a direct relationship

between confidence and accuracy in some, though not all cases. More

recently,AudleyandMercer(1968)foundthat'whendiscriminabilitywas
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constant, all observers showed a direct relationship between confidence and

accuracy. Both sets of results are consistent with Trow's 0923) observation

that, although highly confident decisions were more likely to be correct,

observers who were more confident overall were not more likely to be accurate.

In addition, Hertzman (1937) noted this trend in the confidence ratings of

individual observers in a related study of memory, while, in contrast to

previous studies, Hoge (I970) found no evidence of any relationship between

confidence and accuracy in a complex decision task. In a discussion of these

studies, Adams and Adams (1961) suggested that the finding of a consistent,

direct relationship between confidence and accuracy in many experiments

implied some validity in the confidence rating as a measure of performance.

Another related finding, which has been widely reported, is that an

observer's confidence ìn his judgments tends to underestimate their accuracy

(Pierce & Jastrow, 1885; Fullerton & Cattell, I892i Henmon, l91l; Johnson,

1939; Festinger, l943bi Adams, 1957). However, Howell (Sel, 1970, l97l)

found evidence for overconfidence in observers' predictions of their performance

on a dart throwing task, while more recently, Fischhoff, Slovic and Lichtenstein

0977) and Koriat, Lichtenstein and Fischhoff (1980) found that their observers

were overconfident when rating their answers to general knowledge questions.

These data suggest that the finding that confidence underestimates accuracy

may be restricted to simple perceptual judgments.

(c) Confidence and response time

The relationship between confidence and response time has also been

studied. For example, in length discrimination tasks, Peters (1910) and

Henmon (l9ll) found that, when the levels of discriminability were considered

together, there was an inverse relationship between an observer's confidence
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in his judgment and the time that he took to respond. The same relationship

between confidence and response time has been observed by Seward 0925)

in a pattern recognition task, by Pierrel and Murray (1963), whose observers

were asked to decide which of two weights was heavier, and by Emmerich,

Gray, Watson and Tanis (1972), in an experiment on auditory signal detection.

Johnson (1939) suggested that the relationship between confidence

and response time was logarithmic, noting that "as doubt or uncertainty

increases arithmetically, judgment time increases geometrically" (p. 50), and

proposed a descriptivc equation

T = a(lorb(l-c) (t)

where T is response time, c is confidencer a is the intercept and b is a

constant. Alternatively, following a study of the inclination of pairs of lines,

volkmann 0934) suggested that the relationship was best described by a

hyperbolic function of the form

dT= z:r +b Q\

where T, b and c have the same meanings as in equation (l) and d is a

constant.

In contrast to these findings, it appears that in some situations,

confidence may vary directly with response time. For example, Irwin, Smith

and Mayfield (1956) had observers perform what they called an'expanded

judgment' task which was designed as an analogue of the hypothesised

psychophysical decision process. In this task, observers were Presented with

a set of cards on each of which was printed a number. After the presentation

of a given sample of cards, observers were required to estimate whether the

mean of the pack of 500 cards from which the sample had been chosen, was

greater or less than zero. They found that confidence ratings were higher
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after 20 cards had been viewed than after only l0 cards. This result was

also demonstrated by lrwin and Smith (1957) and Little and Lintz (1965)

using equivalent tasks, while a similar result was obtained in an experiment

by Geller and Pitz (1970)- in which confidence in probability estimates was

found to increase during the course of a random sequence of events occurring

with unequal probabilities.

From the review of the literature which is summarised in table l,

it is apparent that there are many areas which have received little or no

attention when considering the effects of the independent variables of

discriminability, bias and caution as measured by accuracy, time and

confidence. Overall, few studies of three-category tasks have been undertaken

and even studies of two-category tasks have tended to concentrate on the

manipulation of a single independent variable as measured by at most two

dependent variables. In addition, it is clear from the table that very few

studies have considered more than one independent variable at a time, while

relationships between response measures have been largely overlooked. As

a consequence, it appears that there are many areas in which research could

usefully be carried out.
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The number of studies of discrimination and idenËification
which have examined the effecÈs of any of the independent
variables of discriminability (D), bias (B) and caution (C)
on any of the dependent measures of accuracy (a), response
time (t) and confidence (c). Each entry represents the
number of studíes in which either t\^/o-category or three-
category Èasks were used to investigate the effects of the
specified independent variable or variables on the specified
dependent variable or variables. For example, there have
been 27 studies using two-caÈegory tasks which have examined
the effects of discrirninability on accuracy. A dash indicates
that no studies are known which fall in this category.
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CHAPTER 2

A. INTRODUCTION

This chapter begins with an outline of the main theoretical models

of discrimination and identification and an examination of certain features

common to these models. Among these, the notion of a criterion, responsive

to changes in stimulus parameters, payoffs and instructions, appears as

crucial. A number of mechanisms for the regulation of criteria in these

models, based on the influence of these factors, is then described.

B. MODELS OF DISCRIMINATION AND IDENTIFICATION

There are several possible classifications of the models which

describe discrimination and identification. When the dependent variables of

accuracy, time and confidence are being considered, a useful classification

arises from the distinction between models in which the observer makes his

decision on the basis of (a) a single observation, (b) a fixed sample of n

()l) observations or (c) a sample of n observations where n may vary from

trial to trial. The models below are considered in this order. As this

classification suggests, the models are ordered in terms of the increasing

flexibility of their accounts of response time.

1. The classical model

Within classical psychophysics, a primary interest has been the

determination of sensory thresholds. Fechner (t8eO, 1966') defined the

threshold as a boundary value on the stimulus dimension which separates

the stimuli which elicit one response from the stimuli which elicit a

different response or no response. Although the majority of early experi-

ments investigating threshold values studied absolute judgments, the concept
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of a threshold has since been generalised to apply to many types of task.

In the case of discrimination, the threshold is defined as the value of

stimulus difference, (V-S), which is discriminated accurately on a fixed

proportion, such as 50o/" or 7 5o/o, of presentations.

Most of the early studies of sensory thresholds used one of the

classical procedures outlined above. Commonly, data collected according

to any of the three procedures have been examined by means of graphs

showing the probability of a given response as a function of the value of

stimulus differences (V-S) (e.g. Stevens, l95l; Guilford, 1954; Woodworth

& Schlosberg, 1954). Since discrimination should be most accurate when the

difference between the stimuli is large, and least accurate when the stimuli

are very similar, response probability should be a positiu., in.."using function

of (V-S). Furthermore, if perfect discrimination were possible, the curve

relating response probability and stimulus difference should show an abrupt

discontinuity when (V-S) ta*es a non-zero value and discrimination becomes

possible. Below this point correct responses would never occur, while above

this point all discrimination judgments would be accurate. In this case the

function will be step-like, as seen in figure 2.

However, as seen above, even the earliest studies found no evidence

of any discontinuity in empirical functions (e.g. Pierce & Jastrow, 1885;

Brown, 1910). Jastrow (1888) was the first to suggest an explanation for

the continuous nature of the psychometric function. He attributed the

shape of the curve to the properties of the stimuli, proposing that the

sensory representation of a given stimulus was not constant, but varied

from one judgment to the next. It is commonly assumed that the combi-

nation of multiple independent and random sources of variation results in

the sensory representation of V and S being best approximated by two
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FIGURE 2 The step psychometric function which would
be expected if the observer, in a two-category
task, were able to discriminate perfectly.
The probability of responses tV>St is shown by
the solid line and the probability of responses
'V<St is shown by the broken line.

normal distributions with equal variances and mean values directly related

to the objective magnitudes of the stimuli (e.g. Jastrow, 1888; Cattell, 1893;

Boring, l9l7i Tanner & Swets, 1954). Thus, each judgment will be a function

of the difference between the momentary values of V and S on that trial.

Accordingly, over a series of trials, the distribution of stimulus differences

(V_S) wi' also be normal with a mean ffi) equat to (-V_S).

Based on this representation of the stimuli, Urban (1910) proposed

that, when V is objectively greater than S, the mean, y (=(V-S)), of the

distribution of stimulus differences will be positive and therefore it will lie

above the threshold value of zero (see figure 3). Thus, the probability, 0, of

making a resPonse 'V)s' to a given value of (V-s) wilt be equal to the area

under the curve to the right of the threshold (the shaded area, p' in figure 3).

As shown by Boring (I9I7), changes in y, the mean of the distribution of

stimulus differences, will produce corresponding changes in the probability 0'

to
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(v-s) when V
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zero. The
is represented
of the threshold

FIGURE 3.

of giving a response 'V)S', and the resulting function relating Q and y takes

the form of a cumulative normal ogive. An equivalent function may be

derived for the case when V is objectively less than S and therefore where

y is negative and 0 is the probability of a response'V(S'. The proposalt

commonly termed the phi-gamma hypothesis, was Presented as the basis for

the ogival nature of the psychometric function relating response probability

and stimulus dilference (e.g. Urban, l9l0; Boring, 1917; Thurstone, I92B;

Guilford, 1954).

The other assumptions of the model apPear to pose problems when

empirical findings are examined. For example, it is assumed that each

response is based on a single observation which is classified in comparison

to a cutoff in an error free way, and that the classification of each

observation takes the same time. Therefore, the model cannot account for

Probability densíÈy distribution of
is objectivelY greater than S. The

distribution, (V-S) (=Y) lies above
probability, 0, of a response 'V>S'
by the shaded area' P' to the right
value of zero.
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any variations in response time. More particularly, the model cannot explain

the.systematic variations which occur as a result of changes in discrimin-

ability from trial to trial. Problems for the model also arise when the

speed-accuracy tradeoff is considered, since, if it is assumed that each

decision is based on only one observation, there is no way of accounting for

the apparent increase in discriminative capacity which is associated with

taking a longer time to respond. In addition, although bias may be explained

in terms of the measure of CE, there is no theoretical counterpart to

explain why such variations should arise. Similarly, there is no mechanism

within the model to account for any changes in performance due to a change

in caution. Finally, since the model incorporates a single threshold there is

no possibility of accounting for three-category judgments.

In the light of these problems, modifications to the model have

taken the form of successively questioning each of the assumptions. It

appears that most of the problems result from the assumption of a single

observation which is classified in relation to a fixed threshold. As a

consequence of this, neither changes in discriminability nor changes in the

observer's attitude can be explained. The second main model, Signal

Detection Theory, was designed to overcome these problems, especially with

reference to detection tasks.

2. Sisnal Detection TheorY

(a) Two-category iudgment

Detaited discussions of Signal Detection Theory have been presented

in several books and articles devoted to this topic (e.g. Green & Swets, 1966;

Hake & Rodwanr Ig66; McNicol, 1972', Egan, 1976). However, since there
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are frequent references to the constructs of Signal Detection Theory in this

thesis, a brief account of the theory will be presented in order to explain its

application to discrimination.

Signal Detection Theory was formulated in an attempt to overcome

the problems which arose from the notion of a fixed threshold value in the

classical model. Since absolute thresholds had been the focus of most of

the experimental work in classical psychophysics, Signal Detection Theory

concentrated on the detection problem, in v¿hich the observer is presented

with stimuli (signals) which are weak compared with the background against

which they are presented (noise). As with the classical model, Signal

Detection Theory includes the assumption that the sensory effect of both

signal (s) and noise (n) varies according to normal distributions' so that the

detection situation may be represented by two normal distributions' one

showing the sensory effect of noise alone and the other showing the sensory

effect of the signal added to the sensory effect of noise. The signal + noise

distribution will always lie to the right of the noise distribution along the

dimension of sensorY effect.

In contrast to the classical model, Signal Detection Theory introduced

the notion of a variable criterion or cutoff which is adopted by the observer

and which determines the decision made. According to Signal Detection

Theory, the observer takes an observation of the sensory events occurring

within a fixed, usually short, interval of time and makes a decision on the

basis of the position of this observation relative to the criterion or the

position of the cutoff on the dimension of sensory effect. All observations

lying above the criterion value will be judged as occurrences of the signal,

while observations lying below the criterion will be treated as noise'

Consequently, responses may fall into one of four categories, a hit (the
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observer responds 'signal' when a signal occurred), a miss (the observer does

not respond 'signal' when a signal occurred), a false alarm (FA, the observer

responds 'signalt when no signal was presented) and a correct rejection (CR,

the observer judges that there was noise alone when a signal was not

presented).

Signal Detection Theory has been used extensively in the analysis of

detection tasks (e.g. Tanner, 1956, 1958; Clarke, 1960; Egan, Greenberg &

Schulman, 196I; Carterette & Cole, 1962; Eijkman & Vendrick, 1963).

However, fewer studies have used Signal Detection Theory to explain data

from discrimination tasks (e.g. Treisman & Watts, 1966; Bonnel & Noizet,

1979). In the case of two-category discrimination, it is assumed that the

two stimulus situations (V>S and V(S) are represented by normal distributions

of sensory effect lying along a continuum of sensory effect as in the classical

model. For example, in a two-category length discrimination task, the

distributions will take the relative positions as shown in figure 4. Rather

than a fixed threshold value, Signal Detection Theory assumes that the

observer will adopt a cutoff, x., which may be greater than, less than, or

equal to zero. (When the cutoff is at zero, the model is essentially the same

as the classical model.) Each observation of the stimuli will then be compared

with the cutoff, and a response will be made on the basis of the position of

the observation to the right or left of the cutoff. V/hen the observation lies

above the cutoff, the observer will respond 'V)S', while an observation lying

below the cutoff will produce a response 'V(S'.

As in the detection situation, this decision process gives rise to

four response categories which are commonly labelled in the same way as

in detection tasks for the sake of convenience. The choice of which stimulus

is to be denoted as the signal is arbitrary. According to the convention
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FIGURE 4. ProbabiliÈy density distribuÈions of stimulus difference
(V-S) appropriate to Signal DetecÈion Theory for two-
category tasks. The distribution_with mean less than
zero represents the case where V(S and the distribution
with mean above zero represents the case where V)S.
The dístance between the means of the two distributions,
d', represents discrimínability, while bias may be
varied according to the position of the cutoff, x^,
above or below zero. the location of x^ above zeYo
indicates a bias towards responses 'V<S''while the
location of x belo\r zero indicates a bias towatds
responses tv>t t 

.

adopted in this thesis the categories are, a hit (the observer responds'V)S'

when V is objectively greater than S), a miss (the observer responds 'V(S'

when V is objectively greater than S)r an FA (the observer resPonds 'V)S'

when V is objectively Iess than S) and a CR (the observer resPonds 'V(Sr

when V is objectively less than S).

In the analysis of detection and discrimination performance according

to Signal Detection Theory, the inclusion of the notion of a variable criterion

means that the observer's bias towards one response or the other can be

distinguished from his sensitivity. In the terms of the model, sensitivity, or

discriminability, d', is defined as the difference between the means of the
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two distributions of sensory effect as shown in figure 4, while bias is

indicated by the location of the cutoff, x., above or below zero. llhen the

cutoff is below zero the observer is biassed towards responding'V>Sr.

Alternatively, when the cutoff is above zero the observer will show a

preference for responding 'V(S'.

More particularly, the notion of a variable criterion provides a

means whereby the effects of manipulating bias can be measured. For

example, in the experiments discussed above, Laming (lle8, 1969) varied

bias by changing the a priori stimulus probabilities. In terms of the model

based on Signal Detection Theory this manipulation of stimulus probability

would be interpreted as inducing changes in the value of the criterion adopted

by the observer. For example, an increase in the probability of a stimulus

V)S would encourage the observer to adopt a lower criterion and hence to

respond 'V)S' more often. This prediction of the model receives support

f rom Laming's (1968, 1969) finding that observers made a higher proportion

of responses which were appropriate to the more probable stimulus.

Alternatively, the criterion value may change due to bias induced by the

use of payoff matrices favouring one response rather than the other.

(b) Three-cateRory iudgment

Following Greenberg's (t9g¡) modification to Thurstone's (1927a,b)

law of comparative judgment, Treisman and Watts (1966) and Olson and

Ogilvie (1972\ suggested a model for three-category judgments which is

expressed in terms of Signal Detection Theory.

In these models it is suggested that the observer adopts two cutoffs,

x and x.. on the distribution of stimulus difference, where x^ is greatergt'5
than xr. when the value of the observation of stimulus difference exceeds



42.

x,, the observer responds rgreater thanr, when the observation falls below
8'

x, he responds rless than' and when the observation falls between xg and x,

he responds 'equal to' (see figure 5). According to this approach, the psycho-

metric functions for the three responses should resemble those obtained by

Kellogg (1931) and Vickers (tgZ¡) as discussed above. In addition, in this

formulation, the first observation always gives rise to one of the three

possible responses and therefore, provided that the time taken to classify

the observation is independent of the size of the stimulus difference' response

times for the three categories of judgment will be identical. However,

empirical studies by Kellogg (1931) and Vickers (1975) have shown that the

times for the three responses may differ markedly, with the times for extreme

responses varying inversely with stimulus difference.

V.S V-S

o
c

UAGXITUDE OF DIFFEREXCF IN SET{SOßY EFFECT (V-S)

FIGURE 5 Probability density distributions of srimulus difference
(V-S) appropriate to Signal Detection Theory for three-
category tasks. The distribution with mean less Èhan
zero represents the case where V(S and the distribution
with mean above zero represents the case where V)S.
llhen observations fall beyond x, or beyond x- the
responses 'V<S' and tV>S' will Ëe made, respËctively.
I^Ihen observaÈíons fall between x- and x a resoonse
tv=st will be made. r g
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(c) Extensions of S ienal Detection Theorv to account for response

time and confidence

Although the model can explain the variations in response probability

resulting from the manipulation of resPonse bias in both two-category and

three-category tasks, as it stands, signal Detection Theory is not able to

account for any changes in response time or confidence. However, several

modifications have been suggested to enable the model to do so.

(i) response time. One possible extension of the model to account for

response time is the inclusion of latency functions as Proposed by Gescheider

et al. (196g), and extended by Gescheider et al. (1969) and Pike 097Ð. The

general signal Detection model assumes that the observer responds on the

basis of the information from a single observation. According to a latency

function hypothesis, the time taken to classify this observation, and hence,

the time taken to make a response, depends on the distance of the obser-

vation from the cutoff, with an observation which falls closer to the cutoff

requiring longer to classify. The time taken to classify an observation

decreases, according to the specified latency function, as the distance

between the observation and the cutoff increases'

The inclusion of one or more latency functions provides a means

whereby the theory can account for variations in response time resulting

from the manipulation of discriminability, bias or caution' For example,

the increase in response time which occurs as stimulus difference decreases

may be explained if it is assumed that, when the stimulus difference is

small, observations tend to lie close to the cutoff, and that the distance

between the observation and the cutoff tends to increase with stimulus

difference. changes in response time due to variations in bias may be

implemented by the inclusion of a different, probably asymmetrical latency
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function for each response, while changes in response time due to different

levels of caution would be associated with symmetric changes in the latency

functions for both responses.

Another modification to the model to enable it to account for

response time data was presented by Swets and Birdsall (1967\. They suggested

that, rather than basing his decision on a single observation, the observer takes

several observations, using his knowledge of signal strength, signal probability

and costs and payoffs to predetermine the number of observations on which

he bases his decision on any one trial. In this case, the decision is based on

the average of the positions of the observations. However, this mechanism

would be unlikely to produce the systematic variations in response time

which are observed when discriminability is varied randomly from trial to

trial.

(ii) confidence. Confidence measures may be accommodated by the model

if an hypothesis, suggested by Audley (1960), is adopted. In general terms,

Audley (1960) proposed that the confidence which an observer expresses in

a judgment is an inverse function of the time taken for a response. This

hypothesis can be combined with either of the extensions of the model which

account for response time. However, since the latency function hypothesis

appears to provide a more adequate account of existing empirical results,

only this alternative will be considered here. According to the latency

function hypothesis, response time increases as the distance between the

observation and the cutoff decreases. Therefore, following Audley (1960),

confidence will decrease as the distance between the observation and the

cutoff decreases. In other words, confidence will vary directly with the

distance between an observation and the cutoff. However, the ad hoc nature
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of the choice of a latency function determines any specific predictions

about confidence.

several other suggestions have been made which enable signal

Detection Theory to account for variations in response time and confidence'

Perhaps the most detailed proposals are the optional-stopping models

suggested by Pike 0973) and Pike et al. Q97Ð which will be discussed below'

3. Models involving multiple observations and optional-stoÞping, rules

(a) General assumptions and features of models for two-cateqorY iudgment

Several modifications to the model based on Signal Detection Theory

have been suggested on the basis of the proposal that the observer may take

more than one observation before making a decision. For example, Crossman

(195Ð suggested that the observer might make a series of y observations

of the stimulus difference and respond according to an avera8e of the

observations. Crossman Og5Ð argued that, if it is assumed that observations

are taken at a steady rate and that each observation takes the same time,

then d' should increase as a function of the square root of y' Therefore,

unlike Signal Detection Theory, crossman's (1955) model can account for

variations in response time as well as in accuracy. Empirical evidence in

support of this relationship between d' and y has since been presented by

Taylor et_el. 0967) in a re-analysis of data from auditory and visual

discrimination experiments perlormed by schouten and Bekker (-1967)'

This model has difficulty accommodating the regular changes in

response measures, especially the covariation of time and errors, which

occurs when discriminability is varied. In particular, the model does not

include any rationale for the adjustment of y from trial to trial in order
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to account for the empirical findings when discriminability is varied randomly

between trials.

In view of these difficulties, recent models of discrimination have

incorporated an additional assumption, that of optional-stopping, whereby

the observer may respond after a single observation, if the evidence in

favour of a given resPonse is sufficiently stron8r or may continue to take

observations until sufficient evidence is obtained. In addition, all of these

models share most or all of the following assumptions or features' Firstly,

unlike Signal Detection Theory, these models do not assume that sensory

effect varies only from trial to trial. Instead, following Thomson (1920),

it is assumed that the sensory effect varies from one instant to the next

within a single trial. Thus, on any one trial, the observer may take a

series of observations from the distribution of sensory effect, each of which

is likely to differ in the amount of evidence that it provides in favour of a

given response. As in Crossman's (1955) model, it is assumed that obser-

vations occur at a steady rate and are of constant duration. Secondlyr many

of these models assume that the observer stores the information obtained on

each observation, and that some asPect of the data from all observations

is taken into account when a decision is made. Thirdly, the models include

the notion of a criterion amount of information which is required before a

response can be made. Fourthly, in contrast to Signal Detection Theory,

the models incorporate the possibility that each response may have a

different criterion value and that these criteria may vary independently'

Fifthly, it is assumed that, when stimuli are easy to discriminate, the

majority of observations of the stimulus difference will favour the correct

response. Therefore, it is predicted that when discriminability is high' the

criterion amount of information for a response will be collected after fewer
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observations, and as a result, response times will be short. At the same time,

it would be expected that accuracy will be high, since it is unlikely that

observations will favour the incorrect response. A sixth common feature of

the model is that variations in response bias are implemented by differential

movements in the criterion values. For example, in a two-category

discrimination task, it is assumed that the preferred response has a relatively

low criterion when compared with the non-preferred response. Therefore,

it is predicted that the lower criterion for the preferred resPonse will tend

to be satisfied after fewer observations, and that, as a consequence' times

for this response will be shorter. In addition, the preferred response is likely

to be made accurately to the appropriate stimulus. on the other hand, the

preferred response may also be given in error to the alternative stimulus

because the lower criterion is more likely to be satisfied in error' The

seventh assumption shared by all of the models is that changes in the

observer's level of caution are implemented by a matching increase or

decrease in the criteria for both resPonses' with high levels of caution

corresponding to high criteria and low levels of caution corresponding to

low criteria. Thus, when caution is high resPonses will be slower and more

accurate than when caution is low'

(b) Specific models for two-cateRorY iudgment

Althoughthemodelsshareanumberofcommonfeatures,each

model can be distinguished by the nature of the information remembered

from each observation, and the precise formulation of the criterion for a

decision.

InaproposalresemblinganearliermodelbyCartwrightand

Festinger (I94Ð, Swets and Green (1961) suggested that an observer may
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adopt two cutoffs, rather than the single cutoff assumed in Signal Detection

Theory. In this case, if an observation falls beyond either cutoff the

appropriate response is made. If an observation falls between the cutoffs

the observer continues to take observations until he obtains one which is

more extreme than one of the cutoffs, at which point the corresponding

response will be made. Therefore, as in Crossman's (1955) model, d' should

increase as a function of 6 . However, unlike Crossman's (1955) model,

this model has no memory, since each decision is based on evidence from

only the last observation. In addition, the magnitude of the observation is

irrelevant to the decision.

A second model, proposed by Audley (1960), is commonly called the

runs model. Accordin g to this model, the observer makes a response when a

run of k observations favouring a particular response occurs, uninterrupted

by observations favouring the alternative resPonse. Thus, the model has a

partial memory, discarding the evidence from any runs which do not satisfy

the criterion and registering only the single critical run ol observations

which triggers a response. As in the earlier models, on each observation the

observer notes only which response is favoured, and does not take account of

the magnitude of the evidence obtained from the observation.

A third model, the recruitment process of La Ber ge (1962), involves

a more complete memory for the sampled information. According to this

model, observations may be positive or negative, favouring one of the

possible responses, or neutral, favouring neither resPonse. The criterion in

this process is the attainment of a predetermined total number of obser-

vations in favour of a particular response, irrespective of the number of

neutral observations or observations favouring the alternative resPonse

which intervene among the sampled series. In this way, the recruitment
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model takes account of all of the observations which are made prior to a

response. However, as with the earlier models, the magnitude of the

observations is ignored.

A fourth model of this general form is the random walk model

which was first presented by Edwards (1965). In this model a response is

made when the number ol observations in favour of one response exceeds

the number favouring the alternative resPonse by a given critical number'

All observations are considered when making a decision, but their magnitude

is not taken into account.

Another version of the random walk model which does take magnitude

into account was proposed by Stone (1960) and Laming (1968) and has been

developed by Link (tl7S, l978a,b) and Link and Heath (1975). In this version,

it is assumed that each observation provides evidence in favour of a

particular response, and that the magnitude of this evidence may vary from

observation to observation. A response is made when the total of evidence

in favour of one response exceeds the total of evidence in favour of the

alternative response by a critical amount.

A fifth model, which is closely related to the modified random walk

model, is the accumulator model, proposed by Vickers (t7lO, 1978, 1979)- tn

this process, it is assumed that, on each observation, the observer notes both

which response is favoured and the magnitude of the evidence in favour of

that response. A response is made when the total amount of evidence in

favour of one response reaches a criterion value specific to that alternative.

So far, evaluation of models has been conducted in terms of

response probabilities and times, and the evidence favouring the various

alternatives has been reviewed by Audley (J970), Rabbitt (J97I), Vickers

et al. |l971), Pachella Qg7Ð, wilding {o974) and Link (t9ls, 1978a, 1979).
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The main differences between the various models are concerned with the

prediction of the relative times for correct and incorrect responses, and

with the changes in the shape of the response time distributions as a function

of discriminability.

For example, Vickers et al. (fr971) and Wilding 097a) have argued

that neither a runs nor a recruitment process can account for the interaction

between discriminability, caution and the relative times for correct and

incorrect responses obtained in the experiments of Kellogg (1931), La Berge

(1961), Pickett (1967, 1968), Laming (1968) and Pike (1971').

Again, Vickers gl-el. (1971) and Wilding 097a) pointed out that

measures of the shape of the response time distributions for the runs and

recruitment models (standard deviation, skew and kurtosis) do not correspond

to empirical findings (e.g. Vickers et al., I97l; lfilding, 1974, 1978; Vickers,

reTe).

At the same time, the evaluation of models by means of the

comparison of empirical and theoretical distributions has been questioned.

For example, Taylor (1965\ and Wilding (1978) noted that empirical distri-

butions may be influenced by factors other than the simple statistical

variation in the number of observations required to satisfy a criterion.

Moreover, Ratcliff 0979) has pointed out that the moments of a response

time distribution are very susceptible to influence by outliers. Thus, it may

sometimes be misleading to use direct quantitative comparison between

empirical and theoretical measures as the basis for an evaluation of the

models.
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(c) Specific models for three-category iudgment

A modification of the random walk model to include equality

judgments, based on a model for same-different judgments proposed by

Nickerson (tl6l, l97l), is outlined by Vickers (1975). In this 'random walk

and clock' model it is assumed that the observer takes a series of observations

from the normal distribution of stimulus differences and sorts them into

separate stores according to whether they are positive or negative. The

observer continues to take observations either until the number in one store

exceeds the number in the other store by a critical amount, whereupon the

appropriate response of 'greater than' or tless than' is made, or until a set

time, t, has elapsed, when a resPonse 'equal to' is given. This proposal is

based on the existence of a neural clock which has been discussed previously

by McGill (1963\, Sekuler (1965) and Bindra, Williams and Vy'ise (1965).

Simulations of this model by Vickers (197 5) showed that the psycho-

metric functions for the three response categories correspond to those

obtained by Kellogg (193I) and Vickers (tgZl). However, contrary to the

findings of these experiments, the model predicts that all equality judgments

will be made with response time t, independent of the stimulus difference.

In addition, since equality responses are made only when an extreme response

cannot be given within the time t, all equality responses should be slower

than extreme responses. This prediction is not supported by data from the

experiments of Carlson et al. (1934), Cartwright (1941) and Vickers (tglS)

discussed above, in which observers were biassed towards extreme resPonses.

One possible solution to these problems was proPosed by Vickers

0975), who suggested that the clock may not be set at a constant time t,

but may vary at random. As a result, it would be possible for the time

taken to make an equality response to be shorter than the time for an

extreme resPonse. However, simulations of this form of the model show
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that, in this case, either mean response times for equality responses at all

levels of discriminability will be greater than times for the corresponding

extreme responses, or they will be less (Vickers, 1979, p. 109). This prediction

was not supported by Vickers' 0975) results, discussed above.

Vickers (J115, 1979) also proposed an extension of the accumulator

model to account for equality judgments. According to this model, the

observer stores observations of the stimulus difference in three accumulators,

one of which corresponds to each of the possible responses. As in the two-

category model, the magnitude of the evidence in favour of either extreme

response is stored in the accumulator for that response. Evidence for an

equality response is measured in terms of the sum of the totals t, and t, of

evidence for the extreme responses minus the modulus of their difference.

An equality response will be made when this value exceeds a critical value

k., or, as described in an equation, when

(r, + tr) - lrs - .rl ) k. (3)

Simulations of this model show that the predicted psychometric

functions for the three responses take the same general form as those

obtained by Kellogg (I931) and Vickers (1975) (Vickers, 1979). The simulations

also show the commonly observed inverse relationship between times for

extreme responses and stimulus difference. In general, in these simulations,

times for equality responses are among the longest, taking values close to

the times for extreme responses at small stimulus differences, but decreasing

slightly as stimulus difference increases.

Other models, which are closely related to those described above,

have been suggested to explain performance in three-category judgments.

For example, Pike {l973) proposed a multiple observations version of the
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model of Swets and Green (1961) based on Signal Detection Theory. As in

the Signal Detection Theory model, it is assumed that the observer adopts

two cutofls, xg and xrr on the distribution of stimulus difference. However,

in this case the observer takes more than one observation, counting the

number which fall above xrr betwe.n *g and x1, and below xr. The appropriate

response ('greater thanr, 'equal tor or rless than') is given when the total

number of observations in favour ol one response exceeds the criterion value

for that response (rg, ." or rr). Thus, the model involves the supposition of

both sensory criteria (x, and xr) and response criteria (t*, ." and rr), but

since there is such a small amount of empirical evidence available in this

area, it is doubtful whether this complexity is justified.

(d) Confidence in models for two-category iudgment

One aspect of performance which was not originally included rn

these models is subjective confidence. Subsequently, two hypotheses have

been suggested. The first suggestion was made by Audley (1960) and may

apply to any of the models. As mentioned above, Audley (1960) proposed

that confidence is an inverse function of the number of observations which

occur before a response is made, and thereforer an inverse function of

response time. This descriptive hypothesis can account for the direct

variation of confidence and discriminability reported by Garrett (1922),

Johnson (1939), Festinger 09a3a\ and Pierrel and Murray 0963). For

example, when discriminability is low, many observations will be required

to satisfy the criterion, so resPonse time will be correspondingly long, and

confidence will be low. The converse pattern wilt obtain when discriminability

is high. In addition, the hypothesis can predict the effects of bias and

caution on confidence. V/hen the observer is biassed towards a particular
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response, it is assumed that the criterion value for this preferred resPonse

will be low. Therefore, the time to make the response will be short, and

consequently confidence will be high. At the same time, the criterion value

for the non-preferred response will be high, so these responses will be slow

and less confident. On the other hand, when the observer is unbiassed but

caution is high, it is assumed that the criteria for both responses will also

be high. In consequence, both responses will be made with long response

times and low confidence. Conversely, when caution is low, the criteria for

both responses will be low, response times will be short, and confidence will

be high.

Another mechanism for confidence was proposed by Vickers lJ972)

and may apply to a recruitment process or an accumulator model. Vickers

(1972\ suggested that the observer's confidence is a measure of the 'balance

of evidencer, or the difference between the stored amounts of evidence in

favour of the two responses, when a decision is made. As with Audley's (1960)

hypothesis, this formulation can account for the relationships between

confidence and the independent variables of discriminability, bias and caution,

as well as the dependent variables of accuracy and time.

For example, the mechanism predicts the direct relationship between

confidence and discriminability. If discriminability is low, each observation

will tend to yield only a small amount of evidence, while the proportions

of observations which favour each response will be very similar. Therefore,

at the time of decision, the totals of evidence in favour of each resPonse

will not differ very much, so confidence will be low. If discriminability is

high, the majority of observations will yield a large amount of evidence in

favour of the correct response. Therefore, at the time of decision, little

evidence will have been collected in favour of the alternative résponse, so
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the difference between the totals of evidence will be large and conlidence

will be high.

If an observer is biassed towards a particular response, the criterion

for this preferred response will be low. Therefore, when the observer makes

this response, the maximum positive difference between the totals of evidence

will be equal to the low criterion value for the resPonser so confidence will

be correspondingly low. Alternatively, when the non-preferred response is

made, the totals of evidence may differ by an amount equal to the high

criterion value for the non-preferred response, and confidence will tend to

be high. Vickers (1979) suggests that the negative values of confidence

which might occur when errors are made in this situation could provide a

basis for the observerrs awareness of having responded in error.

similarly, variations in confidence due to changes in caution can be

predicted. When caution is high it is assumed that the criteria for both

responses are high. As a consequencer the totals of evidence may differ by

a greater amount than when caution is low and both criteria take corres-

pondingly low values. Therefore, confidence will tend to be greater when

caution is high.

The relationship between confidence and accuracy follows directly

from the relationship between confidence and discriminability. Since

confidence is higher for larger values of stimulus difference and these are

discriminated more accurately, confidence will vary directly with accuracy.

Similarly, the inverse relationship between confidence and resPonse time,

when nominal or average discriminability is held constant' can be explained

in terms of trial to trial variations in discriminability. In this situation, a

long response time indicates that a large number of observations was taken

before the total of evidence in favour of one response reached criterion'
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As a result, the evidence for the alternative response, which has not reached

criterion, will necessarily be greater than if only few observations had been

taken. Therefore, the difference between the totals of evidence will be

small and confidence will be low.

(e) Confidence in models for three-category iudRment

Audley's (1960) hypothesis that confidence is an inverse function of

the number of observations taken belore a responser may be applied in models

for three-category judgment, in which case it would be expected that confi-

dence would vary inversely with the times for each of the three responses.

The predictions of this hypothesis, when only the extreme responses are

considered, are outlined above. However, the inclusion of equality responses

gives rise to the possibility of an equivalent level of bias towards both

extreme responses when the observer is biassed away from equality responsest

or vice versa. In this situation the hypothesis would predict that confidence

should vary as an inverse function of the bias-induced changes in response

time. Similarly, as in the case of two-category judgments, it would be

expected that confidence will vary as an inverse function of changes in

response time resulting from variations in caution.

Vickers' (1979) balance of evidence hypothesis has also been extended

to include three-catetory tasks. By analogy with the two-category case'

confidence is defined as the average difference between the total of evidence

accumulated in favour of the given response and the totals of evidence for

the other two possible responses. Therefore, if tg and t, are the totals of

evidence in favour of 'greater than' and 'less than' responsesr respectively,

then the confidence in a 'greater than' response can be expressed as
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Ilrt 
lag - all + (t, - Ztr) ). Conversely, the confidence in a 'less than'

response can be expressed ^, 
I 

l r[ Itg - t,I + (t, - Ztr) l. Accordingly, the

confidence in an equality response will be the average of these two values,

or,'lr[ (tg * tI) - 2lt, - trl 1. simulations of this model show that

confidence in each of the extreme responses tends to decrease as stimulus

difference decreases while confidence in equality responses tends to remain

fairly constant (Vickers, 1979\. Once more it is predicted that confidence

will vary with changes in bias and caution. Simulations of the process show

that, for both extreme resPonses and equality responses' confidence is

greater for a non-preferred response for which the criterion value is relatively

high (Vickers, 1979). Similarly, when caution is high so that the criteria for

all responses are high, it is predicted that confidence will be high.

C. CRITERION REGULATION MECHANISMS

A number of different mechanisms has been suggested for the

regulation of criteria in the above decision models. Although they have

usually been applied to two-category judgments, in most cases they can also

be applied to the three-category case.

I The ideal observer hYPothesis

The actual performance of the observer in a discrimination task

may be compared with a normative model embodied in the so called 'ideal

observer' hypothesis (corso, 1967; Egan, I976). This hypothesis is most

commonly applied to signal Detection Theory but it can also be applied to

multiple observation models, and can regulate criterion changes in both
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two-category and three-category tasks. In terms of Signal Detection Theory'

the extension to the three-category case becomes clearer il both extreme

stimuli are classed together as occurrences of the signal, and the equal

stimuli are regarded as the presentation of noise alone, so that the task is

considered as a same-different judgment. In this caser as for two-category

tasks, the sensory effect of the stimulus difference may be represented by

a normal distribution on which the observer adopts a single cutoff'

According to the ideal observer hypothesis, the observer chooses a

criterion value, $, rationally, in such a way that he maximises the expected

value of his decisions. In order to do this, when choosing $, the observer

must take into account the a priori stimulus probabilities and the prescribed

costs and payoffs associated with making each response correctly or

incorrectly. In the detection situation, the optimal value of ß is defined as

oi - PId. (Yt-5 ) 
(u)Þr = õTsI (V,-s . c"* )

where p(n) and p(s) are the a priori probabilities of noise alone and of signal

plus noise and vr, and V"n are the values associated with hits and correct

rejectionsr and Crn and C*, are the costs of false alarms and misses'

respectively. In this section, notation in terms of signal (s) and noise (n)

will be used for the sake of simplicity. According to the convention

followed in this thesis, a signal may be regarded as corresPonding to a

stimulus V)S, while noise corresponds to a stimulus V(S'

The criterion, ßr ffiêY be expressed in terms of a likelihood ratio (LR)'

which is defined as the likelihood that a particular observation' x' arose when

a signal was present, or, in equation form

LR
p(xls)
p(x In)

(5)
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where p(x ls) is the conditional probability of observation x given that a

signal was present and p(x I n) is the conditional probability of observation x

given that there was no signal. When the two stimulus events are equi-

probable, the LR gives the odds in favour of a signal occurring. líhen the

stimulus events are not equiprobable, the actual probabilities must be taken

into account in the determination of the LR. Similarly, asymmetrical costs

and payoffs will influence the odds that a signal response will be made. Thus,

Egan (1976, pp. ll-18) shows that the choice of a criterion, $, may be

interpreted as the selection of a desired LR or minimum odds that a signal

occurred, and that a decision is made on the basis of whether the obtained

LR is greater or less than the desired LR.

The formula for ß (see equation (4)) implies that, if the payoffs

are symmetric and constant, then a change in the a priori probabilities of the

stimuli will produce a change in ß. For example, if p(s) = 0.2, so that p(n)

- 0.8, the adopted criterion will take the value, 3 = p(n)/R(s) = 0.8/0 -2 = 4.0.

However, if p(s) increases so that p(s) = p(n) = 0.5, according to the hypothesis,

the criterion will decrease to take the value B = 0.510.5 = 1.0' Conversely,

when the probability of a signal decreases, ß will increase. This increase in

the stringency of the criterion as the stimulus probability decreases has

often been proposed as an explanation for the decrease in the percentage of

hits which commonly occurs in vigilance tasks as the experimental session

progresses (e.g. Loeb & Binford, 1964, 1968; Colquhoun & Baddeley, 1964,

1967; Broadbent & Gregory, 1965; Jerison, Pickett & stenson, 1965;

Mackworth, 1965; Taylor, 1965; Binford & Loeb, 1966; Colquhoun, 1966'

1967, 1969; Levine, 1966; Baddeley & Colquhoun, 1969; Williges, 1969)'

since the aim of choosing a criterion according to the ideal

observer hypothesis is to maximise the expected value of each decision'
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the effects of a change in the value of p(s) can also be examined in terms

of the resulting change in expected value which is defined as

E(v) = p(s ls) e(s) Vr, * p(S In) R(n)crn + p(N ln) n(n) vrn

+ p(N ls) p(s) c*. (6)

For example, when p(s) = 0.2 and therefore p(n) = 0.8, ß = 4.0, as

seen above. If it is assumed that d' = 1.0 then, from Freeman 0964), p(Sls)

= 0.2 and p(S ln) = 0.03. Therefore, if the payoff matrix is symmetric with

unitary values so that VS. = VNn = 1.0 and CSn = CN, = -l'0, equation (6)

becomes

e(v) = @.2') @.2) (t.o) * (0.03) (0.s) (-l.o) + (o.s) (0.s) (1.0)

+ (0.97) (0.2) (_1.0) = 0.46

If the payoff matrix remains constant and the a priori probabilities change

so that p(s) = p(n) = 0.5 then, f rom Freeman (1964), p(S ls) = 0.69 and p(S In)

-- 0.3, In this caset

E(V) = (0.6e) (0.r) (l.o) + (0.3) (o.r) (-1.0) + (0.7) (0.5) (1.0)

+ @.j2) (0._:) (_r.o) = 0.3e

When the probability of signal plus noise increases further so that p(s) = 0'8

and p(n) - 0.2, then p(S ls) = 0.97 and p(S In) = 0.8 (Freèman, 1964). In this

case,

E(v) = @.e7) (0.s) (1.0) + (o.s) (0.2) (-l.o) + (0.2) (0.2) (1.0)

+ (0.03) (0.8) (_1.0) = 0.6)

Therefore, it can be seen that the expected value of a decision decreases

as the probability of a signal occurring increases from less than, to equal

to the probability of noise alone. When p(s) increases still further to take

a value greater than p(n), the expected value increases'

In addition, according to equation (4), if the stimulus probabilities

are constant, the criterion value may be manipulated by variations in the
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payoff matrix. For example, if p(s) = p(n) - 0.5, an observer may be asked

to maximise his earnings when VS, = VNn = 2.0 and CSn = C*, = -1.0.

In this case, according to equation (4)

^ 0.5 (2.0 - 1.0) , ^Þ - o¡ (ZJ-m) = 'r'u

If the value of hits is doubled so that vs, = 4'0 while all the other costs

and payoffs remain the same then

^ 0.5- 0.5
(2.0 - 1.0 0.34.0 -

The lower criterion increases the proportion of hits that will be made so

that the overall earnings of the observer will increase. However, many

studies have failed to find any variation in the empirical values of ß when

payoff matrices are varied (e.g. Lieblich & Lieblich, l969arb; Williges' I97l;

Guralnick, 1972). Swets (1977) noted that the variability in the effects of

payoffs on performance was not surprising when one considered that maximising

earnings was often dependent on the observer making errors. This would

appear to conflict with the preference of most observers for accurate

performance. In addition, the matrix itself may have little meaning in the

situation where there is a Iong time delay between the allocation of points

during the experimental session and their conversion to fractions of a cent

at the end of the day. Moreover, Swets 0977\ pointed out that, as the

experimental situation becomes closer to the experiences of the observer

in day to day living, the subjective values and costs of the situation to the

observer, based on his previous experiencer môY outweigh any experimental

manipulation.

An important property of the ideal observer hypothesis is that it

assumes that the observer's criterion is regulated in response to changes in

a priori probabilities. As in the ideal observer hypothesis, a priori probabilities
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may determine the criterion value in the random walk model. In the random

walk model, the observer's estimate of a priori probabilities is represented by

the distance between the starting point and each boundary. It follows that'

changes in the criterion value as a result of changes in 3 priori probabilities'

will correspond to changes in the relative distance between the starting point

and the two boundaries. This may be achieved by movement of the boundaries

or of the starting point, or both. However, since Laming (tles, p.33) and

Link and Heath (ttlS, p. 9l) have shown that these are equivalent changes'

following Ascher (1974) and Link (1978a) it will be assumed that variations in

a priori probabilities give rise to a change in the starting point. For example,

an increase in the probability of the stimulus V)S (signal) will produce a

movement of the starting point closer to the boundary corresponding to

responses'V>S'. In figure 6 this is represented by a move from SP, to SP'

'v. s' tvrs'

sPe sPr sPs

Schematic representatíon of the random walk model

showing three possible positions of the starting
point, favouring neither response (SP,), favouring
l"rpoá"u" 'v<s' (str) and favouríng ,å"pon'""
'V>S' (SP^). The diagrarn shows the form of a

hypothetiÈal random walk made by an observer who is
Uiassed towards responses 'V>St when a stimulus V)S

is presenEed.

FIGURE 6
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Similarly, changes in the criterion value of the ideal observer hypothesis

due to variations in costs and payoffs can also be accounted for in terms

of a movement in the starting point. In this process' the distance between

the starting point and the appropriate boundary will determine the number

of observations required before a response is made and therefore, the time

taken to make it. Since this distance, the LR, represents an estimate of

the probability that the response is correct, it aPPears likely that confidence

will vary as a direct function of this distance, or the size of the LR'

In the accumulator model, the observerrs estimate of a priori

probability is also represented by the relative values of the criteria for the

two responses. Therefore, variations in the criterion as a result of thanges

in a priori probability, will produce changes in the criterion values. Criterion

values will also vary with changes in costs and payoffs'

2. The response stabilisation hypothesis

Another mechanism which was suS8ested to regulate criterion

values in Signal Detection Theory is the response stabilisation hypothesis

of Vickers, Leary and Barne s 0977). According to Vickers 9!-g!. 0977),

the observer adjusts his criterion value in order to minimise any discrepancy

between the local probability of a signal response (L, estimated over a

limited number of recent trials) and the cumulatively determined probability

of making signal resPonses (C, estimated over the entire experimental

session including demonstration and practice trials). when the discrePancy

between these values exceeds some critical amount, the criterion is

adjusted. If L exceeds C, the criterion is adjusted upwards and if L is

less than C the criterion is adjusted downwards'
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An equivalent mechanism was outlined by Indlin (I976) who used

the analogy of the observer acting as a system with feedback. In this

system, the reference signal is the proportion of a given type of resPonse

made over the entire experimental session (corresponding to C) and the

feedback signal is the proportion of these responses made within a set time

interval prior to the current response (corresponding to L). A mismatch

between the reference signal and the feedback will give rise to a change in

the criterion in exactly the same way as described above for the resPonse

stabilisation hypothesis.

For example, an observer may perform a block of practice trials in

which stimuli are equiprobable and then change to experimental trials in

which the probability of a stimulus V)S is 0.8. In this case, in the practice

block, L and C will both tend to a value of 0.5, so there will be no change

in the criterion. However, when the experimental trials begin, the local

probability of a response 'V)S' will increase quickly to 0.8, while the

cumulative probability of this response will increase more slowly. Therefore,

L will be greater than C and the criterion will be adjusted upward. At the

same time, the value of L for the alternative response'V(S'will have

dropped to 0.2 while the corresponding value of C will be decreasing more

slowly. Consequently, L(C and the criterion for the resPonse 'V(S' will be

adjusted downward.

According to Vickers g!_el. 0977), in terms of signal Detection

Theory, if L>c for the response 'V)S" the cutoff will be adjusted, for

example, from x. to x. in figure 7, so that observations wiII be less
'l -2

likely to fall on the side of the cutoff corresponding to responses'V>S'.

Conversely, if L(C for the response'V)S', the cutoff will move to a position
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v.S V'S

*"a xc t"a

MAGNITUOE OF DIFFEFENCE IN SENSORY EFFECT (V-SI

Probability density distributíons of stimulus

difference (V-S) appropriate to Signal Detection

Theory for two-category tasks, showing three possible

positions of the cutoff, favouring neither response

(x ) favouring responses tV<S' (x" ), and favouring
2"rresponses 'v>s' (x )c

3

where observations are more likely to favour this resPonse (e.g. position

X in figure 7).t3

Alternatively, the resPonse stabilisation hypothesis can apply to a

rändom walk type of process. As the observerrs estimate of a priori probability

is represented by the distance between the starting point and the boundaries,

this mechanism of criterion regulation can be assumed to determine the

position of the starting point. In this caser when L)C for the response

'V)S', the starting point will move further from the boundary for this resPonset

for example from position SP, to SP, in figure 6. When L(C for the response

'V)S', the starting point will move closer to the boundary for this response

(e.g. position SP, in figure 6).
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When the response stabilisation hypothesis is applied to an accumulator

process, variations in the relative values of L and C will also produce changes

in the criterion values. For example, when L)C for the response 'V)S', the

criterion for this response will increase relative to the criterion for the

alternative response. Conversely, when L(C for the response 'V)S', there will

be a relative decrease in the criterion for this response.

3. The'adaptation-level' hypothesis

A third possible mechanism to regulate criteria within the framework

of Signal Detection Theory was outlined by Vickers and Leary (1983). This

mechanism does not presuppose that the observer has such detailed knowledge

of stimulus properties such as probabilities, but regulates criteria on the basis

of information from the previous stimuli in the experiment. According to

this formulation, when the payoff matrix is symmetric, and the observer is

not informed of the changes in signal probability, he adopts a cutoff value

which is equal to the mean of the sensory intensities of all observations

experienced up to that point in the experiment.

For example, if the probability of a stimulus V)S changes from 0.5

in practice trials to 0.8 in experimental trials, the number of observations

which favour the corresponding response will also increase. According to

the adaptation-level hypothesis, this will result in an increase in the criterion

for this response. This mechanism can be applied to Signal Detection Theory

and multiple observation models.

According to Vickers and Leary (1983), when the adaptation-level

hypothesis is apptied to Signal Detection Theory, in the situation where most

observations favour the response 'V)S', the cutoff will move to a position
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where observations will be more likely to favour the alternative response.

For example, the cutoff would move from x to x in figure 7.tl tz

In the random walk model, Link and Heath (I97 5) proposed that each

observation of successively presented stimuli is compared with a subjective

referent in order to determine the direction and magnitude of the evidence

it provides. As Link and Heath (197 5) noted "the ref erent must depend upon

prior exposure to the two stimuli, and, furthermore, may be shaped or

emphasized by the number of previous exposures to each stimulusr' (p. 7S).

Therefore, in this model it may be assumed that the adaptation level is

directly represented by the subjective referent. Correspondingly' when

stimuli are presented simultaneously, it appears that any categorisation of

observations must take place with reference to a neutral or indifference

point, similar to the subjective referent, which separates those observations

which favour one response from those which favour the alternative. It

appears likely that, as with the subiective referent, the value of the

indifference point will be influenced by previous experience of the stimulus

sequence and therefore, that its value wilt be directly related to the

adaptation level. For example, if the probability of a stimulus V)S increases

from 0.2 to 0.8, the indilference point will increase. As a consequence the

discriminability of stimuli V)S is effectively reduced.

Similarly, in the accumulator model, it can be assumed that the

adaptation-level hypothesis determines the value of an indifference point

which divides those observations which favour a resPonse 'V)S' from those

which favour a response'V<S'. As for the random walk model, an increase

in the probabitity of stimuli V)s will produce an increase in the value of

the indifference point or, effectively, a reduction in the discriminability of

these stimuli.
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4. The target confidence mechanism

Another criterion regulation mechanism was developed by Vickers

(1979) as part of the accumulator model. Vickers (1979') suggested that

the observer uses a measure of the confidence which he feels in his judgments

to regulate criterion values in such a way that he attempts to maintain a

certain 'target' level of confidence on average in all of his judgments.

Vickers (1979) proposed that, for each response, there is a pair of

control accumulators. After a given response, the difference between the

actual confidence at the time of decision and the target level of confidence,

k, is stored in the control accumulators. Overconfidence, when actual

confidence is greater than k, is stored in one accumulator, while under-

confidence, when actual confidence is less than k, is stored in the other.

If either the total of overconfidence or the total of underconfidence reaches

the criterion value of the corresponding control accumulator, the criterion

for the response in the primary decision process is adjusted upwards or

downwards, respectively. The amount by which the criterion changes will

be proportional to the difference between the totals of overconfidence and

underconfidence stored in the control accumulators at the moment when one

of them reaches criterion. For example, when an observer adopts a high

level of caution it would be assumed that his target levels of confidence

for both responses would be high. Initially it could happen, for example, that

an observer's confidence in both responses is lower than the target level.

Therefore, underconfidence would be collected in the control processes for

both responses. As a consequence, there would be an upward adjustment of

the criteria for both responses by an amount proportional to the net under-

confidence in each control process.
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In Signal Detection Theory, if response time is determined by the

inclusion of latency functions (e.g. Gescheider et al., 1968, 1969; Pike, 1973)

and Audley's (1960) hypothesis is the basis for confidence, it is assumed

that confidence is directly related to the distance between an observation

and the cutoff, so that an increase in confidence in one response can only

be achieved at the expense of a reduction in confidence in the alternative

response. Therefore, it is not possible to increase or decrease confidence in

both responses simultaneously as would be expected when caution increased

or decreased. Similarly, it is not possible to maintain the same target level

of confidence in both responses. Consequently, the notion of maintaining a

target level of confidence cannot be applied to Signal Detection Theory as

it stands.

The mechanism based on target confidence can be applied to a

random walk model. As seen above, the criterion in the random walk model

can be interpreted as the attainment of a fixed LR. In this case, since the

LR is an estimate of the probability that the response is correct, it appears

that confidence should be directly related to the value of the LR. As a

consequence, all responses should be made with the same confidence.

However, as this is not the case in empirical studies, it appears that the

LR is not fixed but that it may vary randomly from trial to trial. In other

words, the relationship between the starting point and the boundaries varies

at random from trial to trial. In this case, it has been suggested that

confidence varies as a direct function of the relative values of the starting

point and the boundaries, but is also influenced by the drift on a given trial

(Ascher, 1974; Link, 1978a). In equation form

c = K[o(A-S)] Q)

where K is a scaling constant, the response boundaries have values of A
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and -4, 0 is the drift on a given trial and S is the starting point with -A(S(4.

However, Pike (1968, p. 173) has shown that, when the criterion varies in this

way, errors tend to be made with shorter response times than correct responses

because the longer responses associated with the higher criterion values will

have a greater probability of being correct. In contrast, in most discrimination

experiments, errors are slower than correct responses. Therefore, it appears

that, if the observer is using an LR decision rule, the criterion remains

relatively stable. For example, Sanders and Ter Linden (L967\ have suggested

that the criterion does not vary randomly but that it diminishes as a regular

function of time. In this case, as time elapses the distance between the

starting point and either boundary decreases (see figure 8). If, as suggested

tvts'

sPz SPt SPs

FIGURE 8 Schematic representaÈion of the random walk model
hrith díninishing criterion, showing three possible
positions of the starting point, favouring neither
response (se, ), favouring responses tV<S t (SPr) and
favouríng reéponses tv>st(se"). The diagram'shows
the form of a hypotheÈical rándom walk made by an
observer who is biassed towards responses tV>St when
a stimulus V)S is presented.
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above, confidence is a direct function of the LR, then, as time elapses

and the LR decreases, confidence will also decrease. In other wordsr in this

process confidence will vary inversely with response time, as proposed by

Audley (1960). This form of the model appears to be more consistent with

empirical results. If the target confidence mechanism is applied to a random

walk model with a diminishing criterion, the process operates in a way which

is roughly similar to an accumulator model with the target confidence

mechanism. In order to maintain the target level of confidence the position

of the starting point relative to the boundaries will change. For example,

if confidence for a response 'V)S' is consistently lower than target confidence

then the distance between the starting point and the boundary for this

response will increase. As before, it is convenient to assume that the

starting point moves rather than the boundaries. Therefore, this corresponds

to a movement of the starting point from SP, to SP, in figure 8. Similarly'

if confidence in the response 'V)S' is consistently higher than target confidence,

the starting point will move closer to the boundary for this response or for

example, to position SP, in figure 8.

On the present statement of the models with variable criteria as

described above, it appears that the manipulation of instructions, payoffs

or stimulus probabilities should produce equivalent changes in performance.

In each of the models, these manipulations produce changes in performance

which are mediated by changes in criterion values. However, it is apparent

that the extent to which each model predicts the exact change in performance

to result from any of these manipulations depends on the precise form of the

mechanism which regulates the criterion values in the model. For example,

the ideal observer hypothesis of Signal Detection Theory predicts that the
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effects of instructions, payoffs and stimulus probabilities will be equivalent,

since each of these possible manipulations is always taken into account in

the determination of the criterion value according to this mechanism. In

contrast, in the other three mechanisms for criterion regulation, the contri-

bution of the stimulus characteristics such as discriminability and probability

is quite explicit while the role of instructions and payoffs is not as well

defined. As a consequence, although it seems obvious that criteria must be

susceptible to the effects of payoffs and instructions, it is not clear that

these mechanisms predict that the effects of these manipulations will be

equivalent. In addition, there is little empirical evidence to help determine

the relative effects of these manipulations. For example, comparatively few

studies have compared the effects of stimulus probability and instructions

(e.g.'Williges, 1969) or of stimulus probability and payoffs (e.g. V/illiges, l97l).

As shown by the review of the literature, there is no empirical

evidence in many of the areas which would appear to be relevant to any

assessment of the effects of criterion change. For example, although three-

category judgments appear to be sensitive to the effects of a change in

attitude such as may be induced by biassing instructions, this area has

received little attention. Similarly, the effects of bias in two-category

judgments have not been examined in detail, and confidence measures have

never been taken in this situation. In addition, comparisons between the

different forms of experimental manipulations have rarely been undertaken.

At the same time, even less attention has been paid to the

relationships between dependent variables. Indeed, the only relationship

which has been studied is that between accuracy and time, and this

relationship itself has been important in pointing out the inadequacies of

taking a single response measure. As seen above, the nature of the speed-

accuracy tradeoff has shown that the interpretation of either speed measures
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or accuracy measures on their own would be somewhat ambiguous. Even

when two dependent variables are recorded, the situation may be ambiguous,

as one may change when the other does not. For example, in the study of

v/ilding (r974), measures of accuracy and response time were recorded at

different levels of caution. Although there was no change in accuracy as

caution was increased (implying that criterion values had not been influenced

by instructions), there was a systematic increase in response time with

increasing caution (which would appear to be consistent with an increase in

the criterion values). For this reason it appears to be preferable, wherever

possible, to study the effects of all three dependent variables.

Initially the present thesis was aimed at an examination of criterion

regulation when response bias was induced in a three-category task, since

this form of task appeared to be particularly susceptible to the effects of

changes in attitude. In addition, it appeared that the measurement of all

three dependent variables of accuracy, time and confidence would produce

less equivocal results than previous studies in which only one or two response

measures were taken. Two experiments which provide data on this problem

are presented in Chapter 3. However, as the thesis progressed, other areas

emerged as central to the problem of criterion control and therefore were

investigated. In particular, it appeared that a comparison between the

effects of the independent variables would provide important evidence

for an evaluation of the criterion regulation mechanisms. Therefore, in

Chapters 4 and 5, three experiments on the biassing effects of a priori

probability in a two-category task are reported, while the two experiments

in Chapter 6 examine instruction-induced bias in the same task. It was

also apparent that one method of biassing responding, that of changing the
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relative difficulty of the possible responses, had been largely overlooked.

This form of experimental manipulation is examined in the two experiments

described in Chapter 7. In addition, there was a major inconsistency in the

findings of previous studies on the effects of manipulating caution. Data

on this problem are presented in Chapter 8. Finally, in Chapter 9, the

empirical findings from the manipulation of stimulus probabilities, discrimin-

ability and instructions are compared and examined in terms of the decision

processes.
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CHAPTER 7

A. EXPERIMENT I

l. Introduction

In Chapter I it was seen that many experimental studies have examined

the choice between two extreme responses in which the variable stimulus is

judged as either greater than or less than the standard. Less attention has

been paid to tasks involving three responses in which the third, intermediate

response, indicates the perception of equality, or no difference between the

stimuli. This comparative neglect is surprising, since the judgment of equality

seems intuitively to complement the judgment of difference.

In particular, in Chapter I it was noted that few studies using three-

category tasks have examined the effects of bias, even though equality judg-

ments appear to be highly responsive to changes in attitude. For example, in

early studies in which there was no explicit attempt to bias responding, results

implied that observers had a natural bias away from equality responses.

Equality responsês tended to be less probable, slower, and less confident than

extreme responses (e.g. Hayden, 1906; Angell, I9O7). However, Vickers (I975)

has shown that these trends can be changed when bias is induced by variations

in a priori probabilities. As seen above, Vickers (I97 5) f ound that when the

a priori probability of equal stimuli changed from low to high there was a

corresponding increase in the probability of accurate equality resPonses. In

addition, the times for correct equality responses changed from longer to

shorter than times for correct extreme responses at the smallest stimulus

difference. Equivalent results were obtained by Fernberger (l9l4arb, L9)I)

when instructions emphasising the validity of equality responses were used.

However, both Fernberger (l9l4a,b, l93I) and Vickers (1975) recorded only

accuracy and response time measures. No published data are known on the

effects of bias on confidence.
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Similarly, the effects of variations in discriminabitity on accuracy and

response time in three-category tasks have seldom been studied (Kellogg, l91I;

Vickers, 1975). As noted in Chapter l, Kellogg (1931) and Vickers (tgZl) found

that the probability of making an extreme response decreased as the stimulus

difference decreased, while the probability of an equality response increased

as the stimulus difference approached zero. Both Kellogg (llf t) and Vickers

(1975) noted an inverse relationship between response time and discriminability

for correct extreme responses, while correct equality resPonses took the same

time or were slower than correct responses to the smallest stimulus difference.

However, no data are known in which the relationship between discriminability

and confidence in three-category tasks is considered.

Typically, experiments on the effects of variations in bias have

employed either a between-subjects design or a within-subjects design, while

discriminability is commonly varied within subjects. Both of these forms of

experimental design have advantages and each involves some problems- This

is well illustrated when the manipulation of bias is considered. When bias is

manipulated in a between-subjects design, it is possible to examine a large

number of bias conditions using short experimental sessions, because each

subject performs under only one bias condition. As a result, fatigue and

boredom effects can be minimised. However, in a between-subjects design

the effects of individual differences will be included in any comparison of

bias conditions. Therefore, the variance due to individual differences may

mask the effects of bias. On the other hand, when a within-subjects design

is used, it is only practicable to examine a restricted range of bias conditions

within any one experimental session. Otherwise, within any one condition,

insufficient measures would be obtained to be reliable. Even when the number

of bias conditions is restricted, this form of design tends to result in lengthy
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experimental sessions in which carry-over effects may become important

(Winer, 1972). One alternative is to administer the different bias conditions to

each observer in separate exPerimental sessions. However, this too is likely to

involve problems with motivation, and the drop-out rate of observers may be

high. The major advantage of a within-subjects design is that the effects of

bias are not confounded with the variance arising from individual differences.

As an initial investigation of the effects of bias on accuracy, time

and confidence, a three-category task was used, since equality responses aPpear

to be very responsive to changes in bias. Variations in bias were induced by

changes in a priori probability following Vickers (I975)- At the same time,

since variations in discriminability did not apPear to mask the effects of bias

in Vickers' o97Ð study, it was decided to examine those effects also'

Therefore, data on confidence and discriminability could be obtained to

complement the findings of Vickers {o97Ð and Ketlogg (1931) on accuracy and

time. In this first study, a between-subjects experimental design was used so

that a broad range of bias conditions could be examined'

2. Method

(a) Stimuli

The stimuli were identical to those used by Vickers lJ975\, consisting

of two horizontally adjacent square arrals each comPrising 80 horizontal line

segments arranged in 8 colinear rows and 10 columns. In each column, the

left endpoints of each segment were colinear (see figure 9). The lengths of

the line segments were randomly determined from a truncated normal distri-

bution with a constant standard deviation of 5 display units (approximately

O.O75cm).Thestandardarraywithmeansegmentlengthof15displayunits

(approximately 0.225 cm) was positioned at random to the left or the right of
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FIGURE 9. An example of the type of stimulus used in
Experiment l. In this drawing the mean segment
length in the ríght array ís 2l display units and
the mean segment length in the left array is 15

dísplay units.

a variable array in which the mean segment length was 15, 17, I9r 2lr 23 or

25 units. Therefore, there were six levels of discriminability or stimulus

difference, one in which the mean segment lengths of the standard and

variable arrays were equal and five in which they were different. These six

levels have been labelled 0, I, 21 3, 4 and 5, respectively.

(b) Apparatus

Stimuli were generated by a PDP 8/L computer and plotted in refresh

mode on a Tektronix 611 display. Immediately in front of the observer was a

table of response keys comprising a centrally located triangular marker

positioned equidistant from each of 3 telegraph keys placed about 6 cm further

away from the. observer. Adjacent telegraph keys were 4 cm apart, centre to

centre.
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Responses were made by moving the right index finger from the apex

of the triangular marker to the appropriate key. Depression of any of the

keys by about 3 mm was necessary to make contact which ,,¡/as accompanied

by a discernible 'click'. Presentation of a stimulus was terminated by the

observer's response, or after 5 sec, whichever occurred first. For each

response, the time between the presentation of the stimulus and the key press

was measured and recorded by the computer.

Observers gave verbal ratings of their confidence after each response.

These ratings were recorded on a cassette tape recorder which was connected

to a microphone positioned around the observer's neck.

(c) observers

The 36 observers were students enrolled in the first year psychology

course at the University of Adelaide whose participation was credited towards

a course requirement. They ranged in age from 17 to 24 years and all

declared themselves to be right-handed. All observers were naive with respect

to the aims of the experiment.

(d) Design

Four groups each of 9 observers were formed. Each group performed

in a different experimental condition. Observers were tested individually for

two sessions both of which were aPProximately 45 minutes in length.

The four conditions were distinguished by the proportion of equal

stimuli in the stimulus sequence. The proportion of equal stimuli remained

constant within all blocks of trials in any given condition. In Conditions I to

4 the proportions of equal stimuli were 0.099r 0.4551 0.546 and 0.818'

respectively. (These proportions result from the use of five levels of
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discriminability for each of right and left stimuli and an equal stimulus.

Therefore, any balanced stimulus sequence must comprise multiples of eleven

stimuli.)

In each session, stimuli were presented in three blocks, one block of

I l0 stimuli preceding two blocks each of 225 stimuli. Within all blocks of

trials, the occurrence of the longer mean segment length in the right or the

left array was equiprobable and followed a random order. In addition, each

of the five levels of discriminability for extreme stimuli appeared with equal

probability, and the sequence was random. Blocks were separated by short

rest periods in which the observer was able to ask questions to clarify any

procedural details.

The first experimental session and the first block of trials in the

second session were treated as practice trials. In addition, the first five

trials in each block were treated as warm-up trials and discarded. Only the

data from the final two blocks of the second experimental session were

considered in the statistical analysis. In this way, only well practised

performance in which little further improvement could be expected was

examined.

(e) Procedure

The experiment was performed in a darkened room. Approximately

five minutes were allowed for adaptation to these conditions before commencing.

The observer, seated at the table of response keys, was about one metre directly

in front of the display screen. He was instructed that, on each trial, he should

decide whether the mean segment length in one set of lines was longer than

the other, or whether he considered the two sets to be equal in length' To

indicate a decision, he was asked to press one of the three resPonse keys, the
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Ieft key if the left array were judged longer, the right key if the right array

were judged longer, or the central key if the arrays were judged to be of

equal average length. The observer was required to respond using the index

finger of his right hand, replacing his finger on the apex of the triangular

marker at the completion of each response. Observers were instructed to

respond as quickly and accurately as possible.

In addition, the observer was asked to rate his confidence in the

accuracy of each response. It was explained that, after each key press, he

should indicate his confidence in that response by stating a number from I to

10, where I indicated the lowest possible confidence rating and l0 the highest

possible rating. This ten point scale was chosen because it allowed for the

expression of a large range of ratings, while being easy for the observer to

use. The experimenter stressed that the confidence rating should be considered

only after a key had been pressed, and that there was always a 2 sec interval

in which this judgment could be made following the termination of each

stimulus presentation. As a result, it was hoped to avoid any inappropriate

delay in responding due to intervening decisions about confidence ratings.

3. Results

Although strictly, the rating of confidence is only an ordinal measure-

ment, parametric significance tests, namely analyses of variance, were used

in its examination in all of the following experiments. This was necessary due

to the lack of an aPpropriate alternative. However, consideration of the

robustness demonstrated by analysis of variance overall, and in particular,

when the assumptions concerning the scale of measurement of the dependent

variable are violated (Anderson, l96l; Glass, Peckham & Sanders, 1972) showed

that this was unlikely to result in any misleading conclusions.
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In addition, in all experiments percentage scores were used to measure

the accuracy of responding. Since the percentage distribution is truncated, a

normalising transformation (2 arcsin ,6trñ) was applied to the accuracy

measures before any parametric tests of significance were undertaken (líiner,

1972; Cohen & Cohen, I975). In all cases' post hoc comparisons between

means were performed according to the Newman-Keuls procedure with a

Bonferroni adjustment to give a family-wise error rate of a = .05 (Winer, 1972).

Tabulations of the complete results of all analyses of variance are presented in

the appendices which are numbered to correspond to the experiments.

In this experiment, analyses of variance were carried out according

to a crossed factorial design with Condition (a priori probability of equal

stimuli, 4 levels as defined in section 4.2(d)) and Discriminability (stimulus

difference, 6 levels as defined in section 4.2(a)) as factors. There were

repeated measures on Discriminability. Separate analyses were performed on

(a) tfre percentage of stimuli for which responses were correct, (b) the mean

times for correct responses and (c) tt¡e mean confidence in correct responses.

(a) Accuracy

The analysis of accuracy data showed significant main effects of

condition (F0,3Ð = 5.46, Mserror = 0.40, p < .001) and Discriminability

(F(5,160) = 114.28, Mserror = 0.10, P < .001) and a significant Condition x

Discriminability interaction (F(15'160) = 2'70, Mserror = 0'l0r P < '01)'

The Condition main effect arose because accuracy was significantly

higher in Conditions I and 3 than in Conditions 2 and 4. The percentages of

stimuli for which responses rü/ere correct in Conditions I to 4 were 75'll"Á,

65.79"/", 76.56"/" and 63.14%, respectively.

The Discriminability main effect reached significance because

accuracy increased with stimulus difference, but at a decreasing rate' There
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was no difference in accuracy at Discriminability levels 0 and I and levels

4 and 5, while, at all other times, accuracy differed significantly between

different values bf stimulus difference. Accuracy rates for Discriminability

levels 0 to 5 were 45.73"/o1 46.92%1 65.75"/or 79.88"/"1 92.57"/" and 90'06"/",

respectively.

From table 2 it can be seen that the Condition x Discriminability

effect was significant because the pattern of data was the same in Conditions

l, 2 and 3, where the probability of equal stimuli was lower than, or approxi-

mately equal to, the probability of extreme stimuli, while these three conditions

contrasted with Condition 4, where equal stimuli were highly probable' In

Conditions 1,2 and 3, accuracy was lowest for responses to equal stimuli and

increased with the size of the stimulus difference. In Condition 4 there was

also a direct relationship between accuracy and stimulus difference for

extreme resPonses, but at all levels of discriminability the accuracy of

responses to extreme stimuli tended to be lower than in the other conditions'
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Percentage of stimuli for ¡¿hich responses Inlere correcE
at each of the six values of stimulus difference in
each condition. The percentages v/ere averaged over the
nine observers in each conditíon.

TABLE 2.
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ln addition, in Condition 4, accuracy for responses to equal stimuli was higher

than for responses to the smallest stimulus difference, and equality responses

were made with greater accuracy than in any other condition. This change

in the relative accuracy of equality and extreme responses from Conditions

l, 2 and 3 to Condition 4 can be seen in figure l0 where Conditions I and

4 are contrasted.
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FIGURE IO. The percentage of stimuli for which responses hrere
correct at each of the six values of stimulus
dífference in Condition I (solid line) and Condition
4 (broken line). The percentages v/ere taken over the
nine qbservers in each condition.

Figure I I shows the psychometric functions for right, Ieft and equality

responses in each condition. It can be seen that, in each condition, the functions

for the two extreme responses are ogival, while the function for equality

responses is bell-shaped. From the figure there appears to be some suggestion

of systematic change in the shape and position of these curves as a priori

probability changes.
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array is longer. zero values of stimulus difference indicate
Èhat the mean segment length in the two arrays is equal.
Negative' non-zero values of stimulus dífference indicate
that the mean segment length in the left array is longer.
Probabilities were taken over the nine observers in each
condition.
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For example, f rom figure I I it appears that the MP of equality

responses in Condition 4 was higher than in Conditions I, 2 and 3. However,

a one-way analySis of variance of MP for each condition was not significant

(F(3,32\ = 1.02, Mserror = 0.04, p > .05). On the other hand, when the total

probability of equality responses was considered, the analysis of variance was

significant (F(3r32) = 10.04, Mserror = 0.02, P < .001). The probability of an

equality response at any stimulus difference increased with the a priori prob-

abìlity of equal stimuli. The total probabilities of equality responses in

Conditions I to 4 were 0.15,0.30,0.31 and 0.47, respectively'

one-way analysis of variance on the size of the IU for the four

conditions produced a significant effect (F(3r32) = 2.93¡ Mserror = I.44, p < '05)'

The size of the IU increased from Condition I to Condition 3 and decreased

again in Condition 4. The mean size of the IU in Conditions I to 4 was 0.62'

0.78, 2.09 and 0.80, respectively. Observers in each condition were then

ordered according to their MP and their IU. However, as seen in table 3'

the rank-order correlation between these two orderings was not significant

for any condition.

0.32

0. r8

0.27

0.02

> .05

> .05

> .05

> .05

I
2

3

4

S PEAR¡I{AN R,N.IK. ORDER
CORRELATIOII COEFFTCIENTS

p (oNE-TAILED)CONDITION

TABLE 3. Spearman rank-order correlation coefficients and
significance values relating the MP and the IU
for indívidual observers in each condition.
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Similarly, observers were ordered according to their total probability

of equality responses and this ordering was correlated with the ordering

according to IU. From table 4 it is apparent that, once morer the correlations

were not significant and that, in this case, the correlation coefficient for

Condition 4 was negative.

0.28

0.22

0.25

-0 .07

> .05

> .05

> .05

> .05

I
2

3

4

SPEARIT{AN RAI,IK-ORDER
CORRELATION COEFFICIENTS

P (ONE-TATLED)CONDITION

TABLE 4. Spearman rank-order correlation coefficients and
significance values relating the total probabilicy
of equality responses and the IU for individual
observers in each condition.

An examination of figure I I also appears to indicate a tendency for

the ogival functions for extreme responses to become flatter as the probability

of equal stimuli increases. Therefore, one-way analyses of variance were

performed on thb measure of precision, h, of normal ogives fitted to the data

lor right responses and for left responses for each observer in each condition.

The precision of ogives for right responses varied significantly between

conditions (F(3,32) = ).02, Mserror = 0.02, p < .05) while the precision of

ogives for left responses did not (F(3r?2) = 235t Mserror = 0.02, P > -05).

However, the variation in h for right responses between conditions did not

appear to be systematically related to a priori probability. The mean values

of h for right responses for Conditions I to 4 were 0.40, 0.38' 0.48 and 0.28'

respectively.
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(b) Response time

The analysis of response time data showed a significant main effect

of Discriminability (F(5,160) = 38.58r Mserror = 5553, p < .001) and a significant

Condition x Discriminability interaction (n(t¡,tø0) = 5.53, Mserror = 5553,

P < .ool).

The Discriminability main effect arose because response time

decreased as stimulus difference increased, but at a decreasing rate. The

mean response times at Discriminability levels 0 to 5 were 857.95 msect

762.85 msec, 726.75 msec, 694.59 msec, 667.93 msec and 644.21 msec,

respectively.

From table 5 it can be seen that the relationship between discrimin-

ability and response time was the same in Conditions l, 2 and 3, where equality

responses were made more slowly than responses at the smallest value of

stimulus difference. However, in Condition 4, times for equality responses

were shorter than times for responses at the two smallest values of stimulus

difference. This change in the relative times for equality and extreme

responses, which gave rise to the Condition x Discriminability interactiont

can be seen in figure 12 where Conditions I and 4 are contrasted.

TABLE 5. Mean times for correct responses at each of the six values
of stimulus difference in each conditíon. The means were
taken over the nine observers in each condition.

r028.71

793.65

833 .03

776.39

8r1.90
72L.84

7L7.37

800 .27

739.23

676.ls
696.92

794.68

690.47

6s7 .47

676. s0

753 .91

637.4L

643.13

646.86

744.33

603.16

630 . 14

6L4.79

728.76

I
2

3

4

0 I 2 3 4 5CONDITION

STIMULUS DIFFERENCE
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FIGURE 12. Mean times for correct responses at each of the s1x
values of stimulus difference in Condition I (solid
line) and Conditíon 4 (broken line). The means l¡Iere
taken over the nine observers in each condition.

Figure 13 shows the curves relating times for both correct and

incorrect responses to right, equal and left stimuli and stimulus difference

in each condition. In Condition 4 there were very few correct responses when

the stimulus difference was small, so it was not possible to plot all points on

the curves for this condition. Therefore, the pattern shown by these data is

unclear and will not be discussed in detail. However, in Conditions l, 2 and

3 there is a clear inverse relationship between times for extreme resPonses

and stimulus difference. In all cases, the curves for equality responses lie

above the curves for extreme responses, and changes in their shape across

conditions appear to be unsystematic.
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STIIIULUS DIFFERENCE

Mean tímes for correct and incorrect right responses (solid
line), left responses (broken line) and equaliiy ,esponses(dotted line) at each value of stimulus ¿i¡terence for(a) Condítion l, (b) Con¿irion 2, (c) Condirion 3 and(d) con¿ition 4. Positíve, non-zero values of stimulus
difference indicate that the nean segment length in theright array is longer. zero values of stimulùs difference
indícate that the mean segment lengËh in the two arrays is
equa1. Negative, non-zero values of stimulus difference
indicate ÈhaÈ Ehe mean segment length in Ehe left array islonger. Times r¡rere averaged over the nine observers in
each condition. Missing values arose when not all observers
made a response at a given value of stimulus difference.
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A two-way analysis of variance with Condition and the Correctness

of responses as factors was performed on mean times for correct and incorrect

responses to equal stimuli. There were repeated measures on Correctness.

Both Correctness and Condition x Correctness were significant GOJZ) = 18'72,

Mserror = 5488, p (.01; FOr92) =7.OGt Mserror = 5488, p (.01, respectively)'

On average, correct responses were slower than incorrect responses' The mean

times for correct and incorrect responses were 857.94 msec and 782'8) msec'

respectively. However, from table 6 it is apParent that the condition x

Correctness interaction was significant because this pattern only held in

Conditions 1,2 and 3, while the size of the difference between the times for

correct and incorrect responses decreased from Condition I to Condition 3'

In Condition 4 correct responses were made more quickly than incorrect

resPonses.

TABLE 6. Mean times for correct responses and incorrect responses
to equal stimuli in each condiEion. The means were taken
over the nine observers in each condition.

The same form of analysis was carried out on mean times for correct

and incorrect equality responses. The main effect of Condition was significant

(F(3,32) = 4.93, Mserror = 61060, p ( .01)¡ but there was no consistent relation-

ship between the mean overall times for equality responses and Condition.

The mean overall times for equality responses in Conditions I to 4 were

1045.38 msec, 792.61 msec, 841.09 msec and 755.94 msec' respectively-

L028.7 9

793 .60

833.03

776.3L

830 .6 2

7L9.25

778.39

803 .07

I
2

3

4

CORRECT RESPONSES INCORRECT RESPONSESCONDITION
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(c) Conf idence

The analysis of confidence data showed a significant main effect of

Discriminability (F(5,160) = 75.99, Mserror = 0.53¡ p ( .001) and a significant

Condition x Discriminability interaction (F(15,160) = 1.89, MSerror = 0.53,

P < .05).

The Discriminability main effect arose because confidence increased

with stimulus difference, but at a decreasing rate. The mean values of

confidence at Discriminability levels 0 to 5 were 5.39, 5.991 6.4),7.20r 7.73

and 8.02, respectively.

From table 7 it is apparent that, in all conditions, confidence

increased with stimulus difference. Trend analyses performed on each

condition separately showed that, in each case, there was a significairt linear

trend (p < .05). However, the Condition x Discriminability interaction reached

significance because the rate of increase in confidence was slower in Condition

4 than in any other condition. At the same time, in Conditions I and 2, where

equal stimuli were less probable than extreme stimuli, confidence at each

level of discriminability tended to be higher than in Conditions 3 and 4 where

equal stimuli predominated. This is illustrated in figure l4 where Conditions

I and 4 are contrasted.

TABLE 7. Mean confidence in correct responses at each of the six
values of stimulus difference in each eondition. The
means were taken over the nine observers in each condition.

5.86

5 .86

4.23

s .6r

6.87

6.40

4 .80

s .88

7.43

7.01

5 .57

5 .70

7.87

7.92

6.48

6. sl

I .38

I .36

7.39

6.75

8.52

I .65

7 .69

7.22

I
2

3

4

0 I 2 3 4 5CONDITION

STIMULUS DIFFERENCE
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FIGURE 14. Mean confidence in correct responses at each of Ehe

six values of stimulus difference in Condition I

(solid line) and Condition 4 (broken line). Confidence
ratings l^rere averaged over the nine observers in each
condition.

Figure l5 shows the curves relating confidence for both correct and

incorrect responses to right, equal and left stimuli and stimulus difference in

each condition. In all conditions there was a direct relationship between

confidence in extreme responses and stimulus difference. This trend was

evident even in Condition 4 where the data for several points were not

sufficient to allow them to be plotted. In general, in all conditions the

curves for equality responses were fairly flat.
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l5..Mean confidence in correct and íncorrect right responses
(solid line), left responses (broken line) and equality
responses (dotted line) at each value of stinulus difference
for (a) Condition l, (b) conditíon 2, (c) CondiÈion 3 and
(d) Condition 4. Positive, non-zero values of stímulus
difference indicate Ehat the mean segment length in the right
array ís longer. Zexo values of stimulus difference indicate
that the mean segment length in the thro arrays is equal '
NegaEive, non-zero values of stimulus dífference indicate
that the mean segment length in the lefr array ís longer.
The confidence ratings vrere averaged over the nine observers
in each condition. Missing values arose when not all
observers made a response at a given value of stimulus
difference.



95.

A two-way analysis of variance with Condition and Correctness of

responses as factors (with repeated measures on Correctness) was performed

on mean confidence in correct and incorrect responses to equal stimuli' Both

Condition and C'orrectness main effects were significant G0r32) = 2'93,

Mserror = 3.78, p (.05; F0r32) = 5.33, Mserror = 0.18, p (.05, respectively)

but their interaction was not significant. There was no simple relationship

between overall confidence and Condition, with the mean overall confidence

in Conditions I to 4 taking the values 6.14, 5.92, 4.12 and 5.42, respectively'

Confidence in responses to equal stimuli decreased with an increase in the

proportion of equal stimuli from Condition I to Condition 3 and then increased

when equal stimuli became more probable than extreme stimuli in Condition 4.

The Correctness effect arose because confidence in correct responses was

higher than confidence in incorrect responses. The mean confidence for

correct and incorrect responses to equal stimuli was 5.39 and 5.16, respectively.

The same form of analysis was then carried out on confidence in

correct and incorrect equality responses. Only Condition was significant

(FOr3Ð - 4.28, Mserror = 3.45, p < .05) and mean overall confidence values

followed the same pattern across conditions as described above. The mean

overall confidence in Conditions I to 4 was 5.811 5.67,4.11 and 5.52,

respectively.

4. Discussion

(a) Accuracy

The finding that the accuracy of responses to equal stimuli increased

and the accuracy of responses to extreme stimuli decreased as the probability

of equal stimuli increased, agrees with Vickers'(1975) findings and can be

accounted for by the model based on Signal Detection Theory, the randöm
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walk and clock model or the accumulator model. In the model based on Signal

Detection Theory, an increase in the a priori probability of equal stimuli will

give rise to a change in the position of the cutoff, as determined by the ideal

observer hypothesis, in such a way that more equality responses will be given

overall. Therefore, the proportion of equal stimuli which are identified

correctly will increase. In the random walk and clock model, t will decrease

as the a rlorl probability of equal stimuli increases. once more, this will

result in an increase in the total proportion of equality resPonses, and

therefore the number made accurately should increase. Similarly, in the

accumulator model, when x. is relatively low as a result of bias towards

equality resPonses induced by an increase in the probability of equal stimuli'

equality resPonses will occur more often overall, and therefore the accuracy

rate should increase.

The observed psychometric functions, averaged over all observers,

are of the same general form as those found by Kellogg (1931) and Vickers

(197 5) and are predicted by each of the models. However, an examination of

the properties of the individual psychometric functions of each observer in

each condition provided littte support for previous findings. For example,

while Urban (1910) showed an increase in IU with an increase in the a priori

probability of equal stimuli, there was no consistent variation in IU in the

present data. In particular, IU increased from Condition I to Condition 3

but then decreased in Condition 4 where equal stimuli were most probable'

In addition, Urban (l9lO) and Vickers (1975) found that observers could be

ordered according to their MP or their IU, and that there was a perfect

positive correlation between the rank orderings of observers on these two

measures. There was no evidence of this correlation in the present data'

Similarly, from urban's (1910) results it would be expected that the

MP of equality responses would increase with the a priori probability of equal
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stimuli. Once more this was not the case in these data. In contrast, there

was a consistent increase in the total proportion of equality resPonses from

Condition I to Condition 4. As seen above, this would be expected on the

basis of any of the models. However, when observers were ranked according

to this measure of the probability of equality responses and these rankings were

correlated with rankings of IU, there was no significant relationship'

The increase in the total proportion of equality responses as the

probability of equal stimuli increased could be interpreted as evidence for a

tendency for a systematic change in the precision of the ogives for extreme

responses. Precision (h) should decrease with an increase in the a priori prob-

ability of equal stimuli. This was not supported by the statistical analysis

which showed a significant, but unsystematic, variation in h for right responses

and no change in h for left responses. Therefore, it appears that the increase

in the total proportion of equality responses rePresented instead a movement

of the points along the same ogive.

Although the overall analysis of accuracy data appeared to indicate

that bias towards equality resPonses increased systematically from Condition I

to Condition 4, this was not supported by the examination of the measures of

MP, IU and h. For these measures, bias towards equality responses appeared to

increase from Condition I to Condition 3, but in Condition 4 there was evidence

of a bias against equality responses. IU decreased and h for right responses

was very low in Condition 4. Since observers were not told the actual stimulus

probabilities, it is possible that, in Condition 4, their subjective estimates of

the probabilities were not as extreme as the actual probabilities' As a result,

they may have considered that they were making more equality responses than

were appropriate and therefore, they may have tried to reduce this apparent

discrepancy by adopting a bias against these resPonses'
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(b) Response time

The finding that times for correct equality responses decreased to

be shorter than times for correct extreme responses as the a priori probability

of equal stimuli increased provides support f or the f indings of Vickers (o97 5).

This finding can be accommodated by the model based on Signal Detection

Theory by means of the choice of an appropriate latency function. However,

the random walk and clock model cannot account for the finding that times

for equality responses were both shorter and longer than those for extreme

responses. In contrast, simulations of the accumulator model show a decrease

in the times for equality responses below the times for some extreme responses

when bias towards equality responses is increased (Vickers, 1979). On the

other hand, these simulations also show a consistent decrease in the times

for equality responses with an increase in the bias towards these responses.

This trend was not apparent in the present data.

The inverse relationship which was observed between resPonse time

and stimulus difference for equality and extreme resPonses in Conditions l,

2 and 3 can be accounted for by each of the models. These results can be

accommodated by the model based on Signal Detection Theory if an appropriate

latency function is adopted. Alternatively, in the random walk and clock

model, the assumption that t is higher than the times for extreme responses

would give rise to this pattern of data. Similarly, these findings may be

explained by an accumulator model where observations of a more discriminable

stimulus will provide more evidence towards a response. Therefore, fewer

observations will be needed to satisfy the criterion, so times will be shorter'

An examination of the curves relating response time and stimulus

difference showed that the form of the curves was the same as those found

by Kellogg (1931) and Vickers (1975). As in Vickers' lJ975) study, there was
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evidence that the position of the curve for equality responses changed with

a priori probability. As the a priori probability of equal stimuli increased,

the curve appeared to move downwards. This is consistent with all of the

models. However, in contrast to Vickers'(1975) findings, the shape of the

curve for equality resPonses did not apPear to vary systematically with the

a priori probability of equal stimuli. Instead, in all cases' times for correct

equality responses tended to be slower than times for incorrect equality

resPonses

(c) Conf idence

The finding that, in each condition, the direct relationship between

confidence and stimulus difference for equality and extreme resPonses showed

a significant linear trend, implies that confidence in equality responses lies

on a continuum with confidence in extreme resPonses. Therefore, these data

do not provide any support for the suggestion that equality iudgments fall on

a qualitatively different confidence scale (e.g. Fernberger, 1930; Kellogg'

l93I; Fernberger & Irwin, 197Ð-

Neither the model based on signal Detection Theory nor the random

walk and clock model can account for these changes in confidence with the

changes in stimulus difference. In the signal Detection Theory model, the

inclusion of Audley's (1960) hypothesis to account for confidence would result

in the prediction that confidence would vary inversely with response time'

This inverse relationship did not hold in condition 4, where times for equality

responses were short but confidence was low. Alternatively, if Audley's (1960)

hypothesis is incorporated into the random walk and clock model in which t

is constant, conlidence in both correct and incorrect equality responses should

always be lower than confidence in extreme responses. In these data, this
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was true only for Condition l. When it is assumed that t varies randomlyt

either confidence in equality responses should always be lower than confidence

in extreme responses or it should always be higher. This prediction also failed

to find any support in Conditions 2, 3 and 4 in the present data where confidence

in equality responses lay between the values of confidence for correct and

incorrect extreme resPonses.

on the other hand, the accumulator model predicts an inverse

relationship between confidence and stimulus difference for extreme responses.

However, according to the accumulator model, confidence in equality resPonses

should be directly related to the probability of equal stimuli' This was not

apparent in these data. Simulations of the accumulator model show sigmoidal

confidence functions for extreme responses as seen in the Present data, but,

according to this model, the curves for equality responses tend to be flat with

a bow upwards (Vickers, 197 r. Although the observed curves were relatively

flat, there was no consistent bowing between conditions' This was supported

by the statistical comparison of confidence in correct and incorrect equality

resPonses.

and Conclusions

The major findings from this experiment can be accommodated by

all of the models provided that it is assumed that there are systematic

changes in criterion valucs. Nevertheless' some of the indices which might

have been assumed to provide evidence of criterion change showed less

systematic variation.

The effects of the manipulation of a priori probability were evident

to some extent in all three dependent variables. For example, while there

was no difference in the accuracy measures in conditions 1, 2 and 3, in

condition 4, accuracy for extreme responses was lower than in the other

5
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conditions and accuracy for equality responses was higher than in the other

conditions and higher than accuracy for responses at the smallest stimulus

difference in this condition. Therefore, it appears that an increase in the

a priori probability of equal stimuli tended to result in an increase in the

accuracy of equality responses and a decrease in the accuracy of extreme

responses. The psychometric functions plotted from these data were of the

same form as previously observed empirical curves. In addition, there was

an increase in the total proportion of equality responses as the proportion

of equal stimuli increased.

At the same time, in each condition there was an inverse relationship

between response time and discriminability. In particular, the longest times

were for equality responses in all except Condition 4. It appears that when

the bias towards equality responses was high, times for these responses

tended to decrease. This finding received further support from the examination

of curves relating times for correct and incorrect responses and stimulus

difference. The curve for equality responses appeared to move downward

as the a priori probability of equal stimuli increased.

In addition, for all conditions, confidence decreased with stimulus

difference and was lowest for equality responses. However, once more

Condition 4 appeared to show evidence of the efJects of bias towards equality

responses. In this condition, the difference between confidence in equality

responses and confidence in responses at the smallest stimulus difference was

markedly smaller than for the other conditions.

Although there were these indications of the effects of bias, several

measures did not show any systematic changes. For example, there was no

consistent change in the MP or the IU of the psychometric functions from

condition I to Condition 4. similarly, the precision of the ogives for extreme

2

I
èlB
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responses did not vary systematically. At the same time, there was no

evidence of any variation in the shape of curves relating times for equality

responses and stimulus difference. In the same way, an examination of the

curves relating confidence in correct and error resPonses and stimulus

difference for each condition showed that there was no regular variation in

the shape or the relative position of the curves when a priori probability was

changed.

However, overall, it is Condition 4 which showed inconsistent effects

of bias. In most cases there were regular changes in the resPonse measures

from Condition I to Condition 3, but Condition 4 did not follow the same

pattern. It appears that the use of a very high probability for equal stimuli

in Condition 4 may have resulted in observers adjusting their performance to

match much less extreme subjective estimates of stimulus probability.

On the basis of these data alone, some measures do not appear to

be very good indicators of bias. However, possible reasons for this appear

to arise from limitations in several aspects of the experiment' For example,

since this study was performed to examine the effects of a priori probability'

observers were not given any information about the stimulus probability in

instructions. As a result, the contrast between the findings of Vickers (t975)

and the present experiment may be interpreted as indicating that the mani-

pulation of a priori probability, without informing observers of the actual

stimulus probability, does not have a strong biassing influence on responding'

Alternatively, as suggested above, this may have resulted in observers forming

inaccurate assessments of the stimulus probabilities which may have inÏluenced

their performance.

In addition, it appears that observers found this form of discrimination

task very difficult. This is suggested by the large number of practice trials
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required to reach stable performance and the low accuracy rates overall.

The inclusion of several levels of discriminability may have increased the

complexity of the demands placed on the observers. Furthermore, the use

of separate groups of observers for the different bias conditions may have

resulted in individual differences masking any variation between the groups.

B. EXPERIMENT 2

I Introduction

In Experiment 2, the effects of bias on accuracy, time and confidence

in a three-category task were examined using a simpler task (Vickers,

Nettelbeck & Willson, L972; Vickers et al., 1977), and a different design.

As in the previous experiment, bias was varied by means of changes in the

a priori probabilities of the three stimuli. However, since Condition 4 of

Experiment l, in which equal stimuli were much more probable than extreme

stimuli, appeared to produce anomalous results, the two values of a priori

probability used in this experiment were not as extreme as in that condition.

In addition, in this case, each observer performed under the two different

probability conditions within a single experimental session. The use of a

within-subjects design meant that the effects of individual differences were

not confounded with the effects of bias. To simplify the task further, in

this experiment discriminability was held constant. At the same time, the

confidence rating scale was changed to a five point scale and instructions

for its use were altered in an attempt to improve the consistency of

observers' ratings.
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2. Method

(a) stimuli

The stimuli consisted of two vertical lines 40 mm apart, with their

upper ends terminated by a horizontal line (see figure t6). These pi-shaped

figures were drawn in white on the medium grey background of the video

monitor. All lines were approximately 0.5 mm wide. The horizontal line was

of constant length (80 mm) and always appeared in the same position on the

screen. The vertical lines were either equal in length or of different lengths.

When equal in length, both vertical lines measured I87 mm. When of different

lengths, the longer line, which appeared on either the right or the left side,

measured 187 mm and the shorter line measured 185.5 mm. This difference

in length subtended a visual angle of less than 0.1o, when viewed from a

distance of four metres.

A drawing of the type of sÈimulus used in
Experiment 2. The horízontal line was 80 rnm

long. I{hen the vertical lines were of different
lengths, as represented here, the longer vertical
líne measured 187 uun and the shorter vertical line
measured 185.5 u¡n. When equal in lengEh, both
vertícal lines measured 187 urm. In the drawíng
the left vertical line is longer.

FIGURE 16.
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(b) Apparatus

A PDP 8/F digital computer under the control of a second disk-based

PDP 8/E digital computer generated the stimuli on a video monitor. It

determined whether the vertical lines would be of equal or different lengths,

and the side on which the longer line would occur when the lines were

different in length.

The observer was seated at a table on which were eight identical

microswitched perspex buttons, each 2 mm in diameter, and a PersPex marker.

The buttons were in two Broups. To indicate the side on which the longer

line occurred, or that the lines were equal in length, the observer pressed

one of three buttons which were centrally located on the table. The three

buttons were in a semicircle, adjacent buttons being 3 cm apart, centre to

centre, and all were equidistant from the perspex marker which was about

5 cm closer to the observer. Confidence was rated by pressing one of five

buttons which formed a line close to, and parallel with the further edge of

the table. These buttons were each 3 cm apart, centre to centre. There

was an easily distinguishable white spot on the table immediately below the

centre button of the row of five. Depression of any button by about l'5 mm

was necessary to make contact which was accompanied by a discernible

'click'.

The FDP 8/E computer measured the time between stimulus onset

and the response, and recorded and classified resPonses and confidence ratings.

(c) Observers

The 20 observers, l0 men and l0 women, were students enrolled in

the first year psychology course at the University of Adelaide whose parti-

cipation was credited towards a course requirement. They ranged in age lrom
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17 to 26 years and all declared themselves to be right-handed. All observers

were naive with respect to the aims of the experiment.

(d) Desißn

Two groups of ten observers were formed, each comprising five men

and five women. The groups performed under different order conditions,

observers being tested individually for approximately one hour.

In both order conditions, stimuli were presented in l0 blocks: 4

practice blocks each of 60 trials preceded 6 experimental blocks each of 120

trials. For both groups of observers, the occurrence of a stimulus in which

the right line was longer, the left line was longer, or the lines were equal in

length, was equiprobable (p = O.e¡) in each practice block and the first

experimental block. The remaining five experimental blocks took one of two

f orms:

A. The probability of an equal stimulus was 0.16 and right and left stimuli

were equiprobable with a probability of. 0.42.

B. The probability of an equal stimulus was 0.68 and right and left stimuli

were equiprobable with a probability of 0.16.

One group of observers, Order AB, performed the five blocks in order BABAB'

while the other group of observers, Order BA, performed the five blocks in

order ABABA. In both cases, the first of these experimental blocks was

treated as practice and only the last four blocks were considered in the

statistical analyses.

Practice blocks were separated by short rest periods in which

observers were given the opportunity to clarify instructions. Experimental

trials occurred in an uninterrupted sequence in which there was no indication

of the changes in stimulus probability which were taking place.



r07.

(e) Procedure

The experiment was performed in a dimly lit room. Approximately

five minutes were allowed for adaptation to these conditions before commencing.

The observer, seated at the table of response buttons, was four metres directly

in front of the video screen.

After the form of the stimulus was explained to the observer, he was

instructed that, for each stimulus presented, he should indicate the side on

which the longer line occurred or that the lines were equal in length by pressing

the appropriate response button, the left button if the left line were judged

Ionger, the centre button if the lines were judged equal in length or the right

button if the right line were judged longer. The observer was instructed that,

following each such response, he must rate his confidence in its accuracy by

pressing one of the row of five buttons. Before the practice trials began it

was explained that the left-most button represented the lowest confidence

rating, l, and the right-most button the highest ratingr 5, with the intervening

buttons completing a regular linear scale between these extremes. At the

completion of the second block of practice trials, the observer was instructed

that, when rating his confidence on all future trials, he should use the centre

confidence button, button 3 (Iabelled with a white spot), to indicate his average

level of confidence as experienced to this point. As before, lower ratings

would be represented by those buttons to the left on the table, buttons 2 and

1, while higher ratings would be given on buttons to the right, buttons 4 and 5'

The observer was required to use the index finger of his right hand

to respond. On each trial the observer should move his finger from the marker

to press first a resPonse button and then a confidence button, returning his

finger to the marker before the start of the next trial.
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3. Results

Analyses of variance with Order (AB or BA, as defined in section

8.2(d)), Period (first two experimental blocks or second two experimental

blocks), Probability (block type A or type B, as defined in section 8.2(d)),

Half (first or second half of an experimental block) and Response (right,

equality or left) as factors were used to analyse data from the last four

experimental blocks. Analyses of variance were carried out according to a

crossed factorial design with repeated measures on Period, Probabilityr Half

and Response. Separate analyses were performed on (a) the percentage of

stimuli for which responses were correct, (b) the mean times for correct

responses and (c) the mean confidence in correct responses.

(a) Accuracy

The analysis of accuracy data showed significant main effects of

period (F(l,lS) = lO.14, Mserror = 0.14, p <.OOl) and Response (F(2,36) = 12.39,

Mserror -- 0.72, P < .OOl) and a signif icant Order x Probability x Response

interaction (F(2,36) = 5.16, Mserror -- 0.15, p < .05).

The Period main effect reached significance because, for both Sroups

of observers, accuracy was higher in Period I than in Period 2. The percentages

of stimuli for which responses were correct in Periods I and 2 were 9I.52"/"

and 88.86%, resPectivelY.

The Response main effect arose because both right responses and

left responses were significantly more accurate than equality responses, while

there was no difference between the accuracy of right and left responses'

The percentages of right, equal and left stimuli for which resPonses were

correct were 93.68%, 80.61% and 92.40%, respectively'
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The interaction between Order, Probability and Response was signifi-

cant because, in all cases excêpt blocks of type B in Order BA, accuracy for

both extreme resPonses was significantly higher than accuracy for equality

responses, while there was no difference between the accuracy for responses

to right and left stimuli. However, in blocks of type B in order BA there

was no significant difference between the accuracy of the three resPonses.

From figure 17 it is apParent that the accuracy of equality resPonses in this

condition was significantly higher than in blocks of type B in Order AB and

blocks of type A in either order condition'

roo

eo

to

L\

to

t-ot!
frfr
o
(J

t¡,¡o
Fz
ul()
fr
t¡¡
À

OROEN AB

onDEi tA

-ff/

PñOOABILITV A

PNOBA¡ILITY ¡

PìO!ABILIIY A

Pno¡A¡tLtfY ¡

H
(-F 

--€

H
&---o

T
LEFI EOUALITY

RESPONSE

ttoxl

FIGURE 17 The percentage of left, equal and righÈ stimuli
for which responses llere correct for Probability A
(solid line) and Probability B (broken line) in
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(b) Response time

The analysis of response time data showed a significant main effect

of Response (F(2,36) = 6.6), Mserror = 87188, p < .01) and significant inter-

actions of Probability x Response FQr36) = 9.91t Mserror = 18422, p < .001)

and Period x Half x Response (F(2,36) = 4.11, Mserror = 1639V, p < .05).

The Response main effect arose because mean times for equality

responses were significantly longer than mean times for both right and left

responses, while there was no difference between times for right and left

responses. The mean times for right, equality and left responses were 915.30

msec, 10T.09 msec and 958.23 msec' respectively.

The pattern of times for each of the three resPonses for Probability A

and Probability B is shown in figure 18. The significant Probability x Response

interaction arose because, although equality resPonses were slower than both
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right and left responses in both probability conditions, this difference reached

significance only in Probability A. In addition, from the figure it is apparent

that the mean times for each of the three responses were shorter when the

corresponding stimulus had a high probability of occurrence than when the

stimulus was less likety to occur. In particular, mean times for equality

responses were shorter in Probability B than in Probability A' while mean

times for right and left responses were shorter in Probability A than in

Probability B.

The Period x Half x Response interaction was significant because

left responses were significantly longer in the first half of blocks in Period I

than at any other time (see figure l9). As a result, in the first half of
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blocks in Period I there was no difference between the times for equality

and left responses which were both significantly longer than times for right

responses. In all other casesr equality resPonses were significantly slower

than both extreme responses and there was no difference between the times

for the two extreme resPonses.

(c) Conf idence

The analysis of confidence data showed a significant main effect of

Response GQr36\ = 4.70¡ Mserror = 1.05, p < .05) and a significant Probability

x Half x Response interaction (F(2,36) = ).90, Mserror = 0.11, p < .05).

The Response main effect arose because, while there was no difference

between confidence in right and left resPonses, confidence in both of these

extreme responses was significantly higher than confidence in equality resPonses'

The mean confidence in right, equality and left resPonses was 3'58, 3'29 and

3.58, respectivelY.

The Probability x Half x Response interaction is shown in figure 20'

In blocks of type A, confidence in equality responses increased from the first

to the second half of blocks while confidence in extreme resPonses decreased

from the first to the second half of blocks. In contrast, in blocks of type B,

confidence in equality responses decreased from the first to the second half

of blocks while confidence in extreme resPonses increased from the first to

the second half of blocks. In addition, there were changes in confidence

between blocks. Confidence in equality responses increased while there was

no change in confidence in right and left responses from Half- 2 of blocks

of type A to Half I of blocks of type B. On the other hand, confidence in

equality responses decreased while confidence in right and left responses

increased from Half 2 of blocks of type B to Half I of blocks of type A'

However, none of these differences was significant'
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(d) Confidence and response time

To this point the analysis has examined only those relationships

exhibited between probability conditions. Consideration of the data within

probability levels provided information on the form of the relationship between

confidence and response time.

For each observer, for each block of trials, and for each response,

confidence ratings for correct and incorrect responses were plotted against

the corresponding response time values. From the total of 240 plots, 19l

of the slopes of the best fitting straight lines were negative (p <.001, binomial

test), showing an inverse relationship between confidence and response time.
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TABLE 8 The number of negative slopes obtained when, for each
observer, confidence ratings were p1oÈted against response
time values and straight lines were fitted. Separate lines
were fitted to data from each response in each block of
Ërials for each of the 20 observers So that the maximum
possible number of negaEive slopes for each response in
each probability condition was 40. The associaËed binomial
probability values are also shovm.

This inverse relationship was still evident when each response was considered

separately. In this case, from the total of 80 plots for each response, the

numbers of negative sloPes for right, equality and left resPonses were 60,

62 and 67, respectively (in all cases, p < .001, binomial test). The predominantly

inverse relationship was also evident when each response was considered in

each probability condition (see table 8).
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4. Discussion

(a) Accuracy

The finding that responses to equal stimuli were less accurate than

responses to extreme stimuli in both conditions aPPears to imply that observers

were biassed against equality responses throughout the experiment, irrespective

of the a priori probability of equal stimuli. This tendency was noted previously

by Hayden (1906) and Angell (1907). Each of the models can accommodate

this finding. For example, in the model based on Signal Detection Theory it

would be assumed that bias against equality responses would produce a change

in the value of the cutoff as determined by the ideal observer hypothesis as a

result of changes in the subjective costs and values of the three responses.

The cutoff would move to a point where few equality responses would be made

and therefore, the overall accuracy of equality resPonses would tend to be low'

Since costs and payoffs and a priori probabilities may vary independently in

the ideal observer hypothesis, this bias against equality resPonses is independent

of any effect of the manipulation of stimulus probability. According to the

random walk and clock model, t would be high, so few equality responses would

be made and overall accuracy would be low. In the accumulator model, x"

would be high relative to x* and x, sor once more the accuracy of equality

responses would tend to be low.

Since the Period main effect in accuracy data was not accompanied

by corresponding effects on response time or confidence, it seems unlikely

that it resulted from criterion change during the experiment. Instead it may

be associated with a progressive decrease in attention or increase in fatigue'

Therefore, although this result is not inconsistent with any of the models,

it is not a simple prediction of any of them'
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The Order x Probability x Response interaction aPPears to indicate

that the biassing effect of a priori probability was evident only in Order BA.

In Order AB, the accuracy of responses to the three stimuli did not change

from Probability A to Probability B. In both conditions, equality responses

were less accurate than extreme resPonses. In contrast, in Order BA, there

was a significant increase in the accuracy of equality resPonses from

probability A to Probability B. In Probability A, where equal stimuli had a

low probability, equality responses were less accurate than both extreme

responses, while in Probability B, where equal stimuli had a high probability'

there was no difference in accuracy for equality and extreme resPonses' It

appears that, ott the basis of the initial practice trials, observers may have

formed the expectation that the three stimuli would be equiprobable' If

observers subsequently experienced a block in which equal stimuli had a high

probability first, as in Order AB, they may have found that they were making

many more equality responses than expected. Therefore, in order to reduce

the apparent discrepancy between their expectations and their responding,

they may have adopted a bias against equality resPonses from that point on

in the experiment. In this case, equality responses should be Iess accurate

than extreme resPonses overall, as seen in Order AB in the present data' On

the other hand, if observers first experienced a block in which equal stimuli

had a Iow probability, as in order BA, they would have made fewer equality

responses than expected and therefore, they may have adopted a bias towards

equality responses. Such a bias would be more apparent when equal stimuli

were more probable in blocks of Probability B, as seen in these data' This

effect does not correspond to a simple prediction of any of the models but

it is not inconsistent with any of them.
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(b) ResÞonse time

The finding of Ionger times for equality responses than for extreme

responses confirms one of the earliest findings in the study of three-category

judgment (e.g. Hayden, 1906; Angell, 1907i George, l9L7), and appears to

imply that observers were biassed against equality responses throughout the

experiment. In the Signal Detection Theory model the choice of an appropriate

latency function would account for this relationship. Alternatively, the

assumption of a high value for t in the random walk and clock model, or of

x in the accumulator model would lead to the prediction of this finding'
e

However, the Probability x Response interaction implied that the

manipulation of a priori probability was influencing the degree of bias against

equality responses. When equal stimuli had a low probability, times for equality

responses were significantly longer than times for leJt and right responses'

on the other hand, when equal stimuli had a high probability, although times

for equality responses were longer than times for left and right resPonses'

this difference was not significant. In other words, there appeared to be a

greater or lesser degree of bias against equality resPonses depending on a priori

probability. This result can be explained in terms of the Signal Detection

Theory model by the choice of a suitable latency function' Alternatively' in

terms of the random walk and clock model, if it is assumed that t decreases

as the a priori probability of equal stimuli increases, times for equality

responses should decrease as observed in the present data' At the same time'

the model predicts that the times for equality responses will always be longer

than times for extreme resPonses. This pattern is suggested by the mean

values shown in figure 12, but an examination of the raw data showed that'

when times for individual responses were considered, this was not always the

case. on the other hand, in the accumulator model it is assumed that the



I 18.

criterion for equality responses decreases as the result of an increase in the

probability of equal stimuli, while the criteria for extreme resPonses increase.

Therefore, times for equality responses should decrease overall and times for

extreme responses should increase. This is the pattern seen in the present

data.

The Period x Half x Response interaction did not appear to be

indicative of the biassing effects of a priori probability and, although this

finding does not necessarily contradict any of the models, it does not correspond

to a simple prediction of the models as they stand'

(c) Conf idence

The finding that overall, confidence in equality resPonses was lower

than confidence in extreme resPonses aPPears to reflect the previous obser-

vations that equality responses involve doubt more often than extreme resPonses

(e.g. Fernberger, L91O¡ Fernberger & lrwin, 1932). Once more this seemed to

imply that observers were biassed against equality resPonses. This finding is

consistent with all of the models. Since confidence is varying inversely with

response time, Audley's (1960) hypothesis in combination with either the model

based on Signal Detection Theory or the random walk and clock model would

predict this result. Alternatively, in the accumulator model when the observer

is biassed against equality resPonsesr the value of x" is assumed to be low'

Therefore, the maximum Possible confidence in equality responses will be low'

As there is no comparable finding in the response time data, the

Probability x Half x Response interaction cannot be explained by either the

signal Detection Theory model or the random walk and clock model and

Audley's (1960) hypothesis. As stated by Vickers 0979\, the accumulator

model predicts higher confidence for the less probable response, since the
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criterion for this resPonse should be high, so that when it is made, the

difference in the accumulated totals should be at a maximum. In the present

data, this pattern was found in the second half of blocks. Confidence in

equality responses increased from Half I to Half 2 of blocks of type A when

equal stimuli had a low probability, and decreased from Half I to Half 2 of

blocks of type B when equal stimuli had a high probability. Confidence in

extreme responses varied in the opposite way. On the other hand, the

measures in the first half of blocks did not apPear to be consistent with the

accumulator model. However, since the changes in confidence across block

boundaries were in the same direction as the change within the preceding

block, it appears that there may have been a lag in the change in performance

in response to the change in probability. Indeed, in this experiment, since

observers were not told about the manipulation of a priori probability it is

possible that they would have become aware of the change only after several

trials. In this case, these data would be consistent with an accumulator model

in which there was a lag in the adjustment of the target levels of confidence'

(d) Confidence and resPonse time

From these data it is clear that there was an inverse relationship

between confidence and response time within bias conditions. This provides

support for Audley's (1960) proposal that confidence is an inverse function

of the number of observations needed for a decision. Therefore, this finding

may be accommodated by the model based on Signal Detection Theory or

the random walk and clock model in combination with Audley's (1960) hypothesis.

The inverse relationship between confidence and time is also predicted by the

accumulator model.
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5. Summary and Conclusions

The majority of the findings from this experiment are consistent with

all of the models in which they would be mediated by changes in criterion

values. However, the effects of variations in a priori probability appeared

to Vary between response measures, and, as in Experiment l, observers

appeared to be biassed against equality responses overall, so that the effects

of the experimental manipulation were less clear.

Although the findings from the present experiment were by no means

conclusive, there appeared to be some evidence of the influence of bias due

to changes in a priori probability in each ol the resPonse measures. The

accuracy data from Order BA showed clear changes in performance as a priori

probability was varied as predicted by all of the models. Responses to the

more probable stimulus were more accurate relative to responses to the less

probable stimulus. In contrast to the predictions of all of the models, accuracy

in Order AB did not change between conditions. In response time data, times

were shorter for resPonses to the more probable stimulus. This was consistent

with all of the models. However, the pattern of variation shown by confidence

measures contrasted with that shown by accuracy and response time data'

The influence of changes in a priori probability on confidence continued throughout

the subsequent block, with confidence changing from the first to the second half

of the block. In particular, it appeared that the measure in the first half of

the block represented a continuation of the change in performance from the

previous block, and that the effects of the change in a priori probability did not

become apparent until the second half of the block. This might be expected in

the situation in which observers were not told that a priori probability would

change. Since there was no corresponding finding in response time data, this

effect was not consistent with Audley's (1960) hypothesis applied to either
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Signal Detection Theory or the random walk and clock model. However, if

the confidence measures in the second half of the block did represent the

response to the change in a priori probability, these data were consistent with

an accumulator model.

From the data from both Experiments I and 2 it appears that the

manipulation of a priori probability in a three-category task does not induce

a strong bias in responding. One possible reason for this may be that the

observers, who were all enrolled in courses at a university, may be trained to

look for differences. In this way they may be biassed towards extreme responses

prior to the experiment. Furthermore, previous studies have shown that there

are large individual differences in willingness to make equality responses.

This variability, coupled with a trained reluctance to make equality responses

may have swamped the effects of a priori probability. In addition, as mentioned

above, in contrast to Vickers'(1975) study, no instructions were given about the

changes in a priori probability. In the light of Vickers' (197 5) results it appears

that instructions may have stronger effects on criterion change than do a priori

probabilities. Indeed, this would appear to support the notion that the observer's

assessment of probabilities may influence responding.

In order to overcome these problems it appears necessary to change

some aspects of the experimental task and procedure. For example, the

observer's natural reluctance to make equality responses could be counteracted

either by changing the instructions or by using a task in which equality

responses are not included.

Since the effects of a priori probability alone are of interest here,

a task which does not require equality responses will be used. Furthermore,

it appears that it would be better to use a task in which the observer's

estimates of a priori probability were more equal and where the pre-existing

bias towards any one resPonse was less marked.
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CHAPTER 4

A. EXPERIMENT 3

l. Introduction

From Experiments I and 2 it appeared that variations in a priori

probability alone did not induce a strong response bias in three-category

tasks. In addition, it appeared that observers' natural bias against equality

responses, coupled with their assessment of the probabilities in the experiment,

may have acted to obscure the already weak effects of the manipulation of

a priori probability, especially when equal stimuli were highly probable.

In order to obtain a clearer picture of the biassing effects of a priori prob-

ability, measure of accuracy, time and confidence were examined in a two-

category task. At the same time, since there has been no systematic

examination of the interaction between bias and discriminability, stimulus

difference was varied within each level of bias. A between-subjects design

allowed for the preliminary investigation of a broad range of bias conditions.

2. Method

(a) Stimuli

The stimuli were white pi-shaped figures presented against the

medium grey background of the video monitor as described in Chapter 3,

section 8.2(a). As in Experiment 2, the horizontal line was of constant

length, 80 mm, and always appeared in the same position on the screen.

The vertical lines always varied in length and the difJerence in their lengths

defined the discriminability of the stimulus. The longer vertical line, which

could occur on either the right or the left side, was always 187 mm in

length while the shorter line varied between 186.5 mm and 184.5 mm in

steps of 0.5 mm. Thus, there were live levels of discrinrinability which
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were labelled from l, the smallest stimulus difference, to 5, the largest stimulus

difference. These differences in length subtended a visual angle of less than

0.lo when viewed at a distance of four metres.

(b) Apparatus

The apparatus was identical to that used in Experiment 2 and described

in Chapter 3, section 8.2(b) except that the middle response button was not

present.

(c) Observers

The 50 observers, 25 men and 25 women, were students enrolled in

the first year psychology course at the University of Adelaide, whose partici-

pation was credited towards a course requirement. They ranged in age from

17 to 24 years and all declared themselves to be right-handed. All observers

were naive with respect to the aims of the experiment.

(d) Design

Five groups of l0 observers were formed, each comprising five men

and five women. The groups performed under different experimental conditions

distinguished by the probability that the right line of the stimulus was longer.

The probabilities used for the five Broups were 0.1r 0.3,0.5' 0.7 and 0.9, and

these groups were labelled Condition I to Condition 5, respectively. Observers

were tested individually for approximately one hour.

For all conditions, stimuli were presented in 9 blocks: 4 practice blocks

each of 50 trials preceded 5 experimental blocks each of 100 trials. \tf ithin

each block, both practice and experimental, the occurrence of the longer

line on the right or the left was random, given the probability restriction.
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The five levels of discriminability appeared equally often on a given side in

any condition and in a random sequence. Each level occurred on one fifth of

the trials for which the given side was the longer.

Blocks of practice trials were separated by short rest periods in

which observers were given the opportunity to clarify instructions. Consecutive

blocks of experimental trials were separated by a 5 sec pause.

(e) Procedure

The procedure was identical to that used in Experiment 2 and described

in Chapter 3, section 8.2(e) with one exception. In this experiment, observers

were instructed that the vertical lines would never be equal in length and that

they should always choose the longer of the vertical lines. Observers were

told to press the left button when the left line was choscn as thc longcr, arnd

the right button when the right line was chosen as the longer. Observers were

not told the stimulus probability restriction of the condition in which they were

performing. Confidence ratings were obtained in exactly the same way as in

Experiment 2, as described in Chapter 3, section 8.2(e).

3. Results

Analyses of variance with Condition (proportion of right longer

stimuli, 0.1r 0.3r 0.5r 0.7 or 0.9), Block (five levels, each block comprising

100 trials), Discriminability (five levels as defined in section ,\.2(a)) and

Response (right or left), as factors were used to analyse data from the 500

experirnental trials. Analyses of variance were ....i'.¿ out according to a

crossed factorial design with repeated measures on Block, Discriminability

and Response. Separate analyses were performed on (a) the percentage of

stimuli for which responses were correct, (b) the mean times for correct
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responses and (c) the mean confidence in correct responses. For the analyses

of response time and confidence data, missing values were replaced with the

overall mean value for that observer. This substitution was necessary because

the majority of missing values occurred in Conditions I and 5 where the prob-

abilities of right stimuli were 0.1 and 0.9, respectively, and when those cases

which included missing values were omitted, no observers remained in these

two groups.

(a) Accuracy

The analysis ol accuracy data showed significant main effects due to

Discriminability (F(4,1S0) = 340.15, Mserror = 0.16, p (.001) and Block

(p(+,t80) = 3.6), Mserror - 0.15, p < .01). In addition, there were significant

interactions of Condition x Response (F(4,45) - 8.75, Mserror - 1.52, p ( .001),

Condition x Response x Discriminability (n(te,I80) = 16.05, Mserror - 0.25,

p (.001) and Condition x Response x Discriminabitity x Block (p(e+JZO) =

1.52, Mserror = 0.14, p < .01).

The Discriminability main effect arose because the percentage of

stimuli for which responses were correct increased as stimulus difference

increased, but at a decreasing rate. The percentages of correct responses

at Discriminability levels I to 5 were 73.87%1 87.39"/"r 94.15"/",96.79% and

97 .46"/", respectively.

The Block main effect was significant because accuracy tended to

decrease during the experimental session. However, none of the differences

in accuracy between blocks was significant. The percentages of stimuli for

which responses were correct in Blocks I to 5 were 90.73%r 90.30"/"2 90.50"/",

88.56% and 89.57%, respectively.
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The interaction between Condition and Response was significant

because responses to the less probable right stimuli in Conditions I and 2

were significantly more accurate than responses to the more probable left

stimuli in these two conditions. Although the differçnce in accuracy for

right and left responses was not significant in any other condition, responses

to the less probable stimulus were more accurate in all conditions in which

the stimuli were not equiprobable. In Condition 3, where the stimuli were

equiprobable, responses to right stimuli were more accurate than responses

to left stimuli. From figure 2l it appears that, in Conditions I and 5 where

the less probable stimulus had a probability of 0.1, accuracy for the corres-

ponding response was markedly lower than in Conditions 2 and 4 where the

less probable stimulus had a probability of 0.3. However, these differences

were not significant.
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The interaction between Condition, Response and Discriminability

arose because, at the two smallest levels ol stimulus difference in all conditions

in which the stimuli were not equiprobable (Conditions Ir 21 4 and 5), accuracy

tended to be much higher for responses to the less probable stimulus than for

responses to the more probable stimulus. At the same time, in these conditions,

accuracy for the two responses was equivalent at the three easier levels of

discriminability. This is illustrated in figures 22(a) and 22(b) which show

accuracy in responses to right and left stimuli at each level of discriminability

for Condition I and Condition 5, respectively. Figure 22(c) shows the difference

in accuracy for responses to right stimuli and accuracy for responses to left

stimuli (right - left) at each level of discriminability, in each condition. From

the figure it is apparent that, in Conditions l, 21 4 and 5, the size of the

clifference in accuracy decreased as stimulus difference increased. ht Conditions

I and 2, where right stimuli were less probable, the differences tended to be

positive i.e. responses to right stimuli were more accurate than responses to

left stimuli. In Conditions 4 and 5, where left stimuli were less probable, the

differences tended to be negative i.e. responses to left stimuli were more

accurate than responses to right stimuli. In Condition 3, where the stimuli

were equiprobable, the curve remained fairly flat across all levels of discrimin-

ability, indicating that responses to both stimuli tended to be made with the

same relative accuracy, irrespective of the level of discrimlnability.

The Condition x Response x Discriminability x Block interaction apPears

to have several components. Firstly, as descrìbed above, when the stimuli

were not equiprobable, responses to the less probable stimulus were morc

accurate than responses to the more probable stimulus. Secondly, this

finding was much more apparent at the smaller values of stimulus difference.
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each condition. In all cases, the percentages were taken
over the l0 observers in each condition.
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This can be seen in figures 23(a) and 23(b) which show the difference in accuracy

for the two responses (right - left) at each level of discriminability in each

block, in Condition I and Condition 5, respectively. From the figures it is

clear that, at Discriminability level I in Condition l, the differences in each

block were large and positive, indicating that responses to right stimuli were

more accurate than responses to left stimuli. Conversely, at Discriminability

level I in Condition 5, the differences in each block were large and negative

showing that responses to left stimuli were more accurate than responses to

right stimuli. The differences became smaller for the larger values of

stimulus difference in both conditions, and the curve for one level of

Discriminability, level 5 in Condition l, included both positive and negative

differences. Indeed., when data at the easier levels of discriminability were

considered, there appeared to be sorne reversal of the finding that responses

to the less probable stimulus were more accurate. This can be seen from

figures 23(a) and 23b). For example, in Condition l, although all of the

differences were positive at Discriminability level l, at DiscriminabiÌity

Ievel 5 the differences were negative in Blocks 3, 4 and 5 indicating that

responses to left stimuli were more accurate than responses to right stimuli.

In addition, in Block I there was no difference in accuracy between responses

to right and left stimuli. Similarly, in Condition 5 at Discriminability level I

all differences were negative, but at Discriminability level 5 all differences

were positive. This indicates that responses to left stimuli changed from

being more accurate than responses to right stimuli to being less accurate

than responses to right stimuli.

Thirdly, in Condition 3, where stimuli were equiprobable' responses

to right stimuli were always more accurate than responses to left stimuli.
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Fourthly, there was a change in the relative accuracy of the two responses

across blocks of trials. Figure 23(c) shows the differences in accuracy for

right and left responses in each block (right - left) averaged over all discrimin-

ability levels for Conditions I and 2 and all discriminability levels for Conditions

4 and 5. From the figure it appears that, both when right stimuli were more

probable and when left stimuli were more probable, the size of the difference

tended to increase from Block I to Block 3 and then decrease from Block 3

to Block 5.

(b) Response time

The analysis of response time data showed significant main effects due

to Condition (R(4,41) = 2.99, Mserror = 360469, p < .Oi) and Discriminability

(F(4,iS0) -- 63.99, Mserror = 31664, p < .001) and a significant interaction

between Condition and Response (F(4,45) = 4.14, Mserror = 264431, p ( .01).

The Condition main effect was significant because, when the stimuli

were equiprobable, response times were short overall, and they increased as

the probabilities became more extreme. However, the increase was more

marked in Conditions I and 2, where the left stimulus was the more probable,

than in Conditions 4 and 5, where the right stimulus was the more probable.

The overall mean response times for Conditions I to 5 were 822.14 msec,

787.91 msec, 701.80 msec, 772.83 msec and 803.59 msec, respectively.

The Discriminability main effect arose because response times

decreased as stimulus difference increased, but at a decreasing rate. The

mean times for responses at Discriminability levels I to 5 were 871.06 msec,

812.69 msec, 759.54 msec, 73I.72 msec and 7I5.85 msec, respectively.

The interaction between Condition and Response is shown in figure 24

where it can be seen that, in Conditions 2, 3 and 4, right responses tended to
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be made more guickly than left responses, though the differences were not

significant. In contrast, in Conditions I and 5, where the probabilities of

the stimuli were most disparate, times for correct responses to the more

probable stimulus were significantly shorter than times for correct responses

to the less probable stimulus. In Condition l, left responses were faster

than right responses, while in Condition 5, right responses were faster than

left responses. From the figure it is apparent that in Conditions I and 5,

where the more probable stimulus had a probability of 0.9, times for this

response were significantly shorter than times for the corresponding response
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in Conditions 2 and 4, where the more probable stimulus had a probability of

0.7. In condition 3, where the stimuli were equiprobable, times for both

right and left responses were significantly shorter than in any other condition.

(c) Conf idence

The analysis of confidence data showed significant main effects due

to Discriminability (F(4,1S0) = 135.26, Mserror = 0.51, p ( .001) and Block

(f'(+,t80) = 5.37, Mserror = 0.54t p ( .001), and significant interactions of

Condition x Response (F(4,+¡) = I0.71, Mserror = 2.25¡ p <.001) and Condition

x Response x Discriminability (F(16,1S0) = 5.04¡ Mserror - 0.23, p < .O0l).

The main effect of Discriminability arose because confidence

increased with stimulus difference, but at a decreasing rate. The mean

confidence at Discriminability levels I to 5 was 2.50, 2.68, 3.01, 3.24 and

3.35, respectively.

The Block main effect reached significance because confidence in

Block 1 was significantly higher than confidence in any other block. The

other blocks did not differ significantly from one another. The mean confidence

in Blocks I to 5 was 3.08, 2.93, 2.90, 2.89 and 2.92, respectively.

The Condition x Response interaction arose because confidence was

higher for responses to the less probable stimulus than for responses to the

more probable stimulus in Conditions I, 2, 4 and 5 (see figure 25). In other

words, confidence was higher for right responses in Conditions I and 2 and for

left responses in Conditions 4 and 5. V/hen stimuli were equiprobable in

Condition 3, confidence was higher for right responses.
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The Condition x Response x Discriminability interaction is illustrated

in figure 26. Figures 26(a) and 26(b) show the mean confidence in right and

left responses at each level of discriminability in Condition I and Condition 5,

respectively. From these figures it is apparent that, at all levels of discrimin-

ability in both of these conditions, confidence was higher in responses to the

less probable stimulus. This was also the case in Conditions 2 and 4. In

Condition 3, where the stimuli were equiprobable, confidence was higher in

right responses. Figure 26(c) shows the difference in confidence in right and

left responses (right - left) at each level of discriminability for each condition.

The figure shows that in Conditions I and 2, where right stimuli were less

probable, and in Condition 3, where the stimuli were equiprobable, all differences

were positive i.e. confidence in right responses was higher than confidence in
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Ieft responses. In Conditions 4 and 5 where right stimuli were more probable,

all differences were negative i.e. confidence in right responses was lower than

confidence in left responses. However, in all cases, it is apparent that the

difference in confidence for the two responses decreased as stimulus difference

increased.
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(d) Confidence and response time

For each observer in each condition, confidence ratings were plotted

against the corresponding response time values, and straight lines were fitted.

This was done for right and left responses separately at each level of

discriminability, producing 500 plots. It was found that 358 of the slopes

of the best fitting straight lines were negative, showing that, overall, there

was an inverse relationship between confidence and response time (p <.001,

binomial test). This inverse relationship was still evident when right and

left responses were considered separately for each condition. This can be

seen from table 9 where the number of negative slopes of the 50 best fitting

straight lines in each case is given. In all cases except right responses in

Condition l, the majority of best fitting straight lines had a negative slope.

25

40

40

43

44

n.s.
< .00t
<.00r
<.001

< .001

44

48

4I
39

3l

< .00r
< .001

<.001

<.00L

<.00t

I
2

3

4

5

NEGATIVE SLOPES
RIGHT RIISPONSI:S

p NDGATIVB SLOPNS
LEFT RESPONSI]S

PCONDIT]ON

TABLE 9 The number of negative slopes obEained when, for each
observer in each condition, confidence ratings were
plotted against the corresponding response time values
and straight lines were fitted. Separate plots were
made for data for righE responses and for left responses
at each leve1 of discriminability, resulting in 50 plots
for each type of response in each condition. The total
number of negative slopes obtained in cach case is shown
with its associated binomial probability.
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Little can be concluded from the discrepant results in condition I since the

probability of a right stimulus in this condition was 0.1, so the results being

considered here were based on very few responses. This would also account

for the less significant result for left responses in condition 5. It appears

that, independent of variations in stimulus probability, there was a predominantly

inverse relationship between confidence and response time.

4. Discussion

(a) Accuracv

The direct relationship between accuracy and stimulus difference is

a common findìng in discrimination tasks (e.g. Henmon, 1906; Lemmon, I9Z7;

Kellogg, l93l; Johnson, 1939; Festinger, l943a,b) and is a simple prediction

of each of the mechanisms for criterion regulation applied to any of the

models, as described in Chapter 2.

The slight decrease in accuracy during the experimental session

does not appear to indicate response bias but appears to be best explained

in terms of a decrement in performance due to fatigue. This explanation

is consistent with all of the mechanisms, though the effect is not specifically

predicted by them. However, since the changes in accuracy which gave rise

to this effect were very small (<2"/") it must be interpreted with reservation.

The finding that responses to the less probable stimulus were more

accurate than responses to the more probable stimulus contrasts with Laming,s

(tlea, 1969) findings and cannot be explained in terms of some of the mechanisms

for criterion regulation. For example, according to the ideal observer hypothesis

applied to signal Detection Theory, when one stimulus is highly probable, the

cutoff will move to a position where observations will be more likely to fall
on the side of the cutoff for the corresponding response. Therefore, the



I 38.

response which is appropriate to the more probable stimulus will be made

more often than the response which is appropriate to the less probable

stimulus. As a consequence, it seems likely that errors will take the form

of responses appropriate to the more probable stimulus being made when the

less probable stimulus is presented. In other words, the ideal observer

hypothesis in Signal Detection Theory predicts a pattern of results which is

the opposite of the one found in the present experiment. This is also the

case when the ideal observer hypothesis is combined with the random walk

or accumulator models.

These data are consistent with the response stabilisation hypothesis

of Vickers et al. (1977) in combination with any of the models if it is assumed

that the observer's initial assessment of the stimulus probabilities tends to be

less extreme than the actual probabilities. For example, as in this experiment,

when observers are not given any information about actual stimulus probabilities

and stimuli are equiprobable in the practice trials, it seems likely that their

original expectation will be that the stimuli will continue to be equiprobable.

In this situation, the local probability of responses to the more probable

stimulus will tend to exceed the cumulative probability, or the observer's

expectation of the probability of this responses and the corresponding criterion

will be adjusted upwards. As a consequence, accuracy of responses to the

more probable stimulus will decrease.

These data are also consistent with the adaptation-level hypothesis

of Vickers and Leary (1983). In this case, the mean of the sensory intensities

of all observations will tend to take a value close to the intensity of the

more probable stimulus and so, in Signal Detection Theory terms, the cutoff

will tend to move in the direction of the more probable stimulus. Alternatively'

in a random walk process or the accumulator model, the indifference point
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will take a value closer to the intensity of the more probable stimulus so

that the effective discriminability of the more probable stimulus is reduced.

As a consequence, in all cases, fewer responses which are approPriate to the

more probable stimulus will be made and more responses which are appropriate

to the less probable stimulus will be made. Therefore, accuracy will be

higher in responses to the less probable stimulus.

The current data are not consistent with the target confidence

mechanism according to which unequal a priori stimulus probabilities will

give rise to changes in the relative values of the criteria, so that the criterion

for responses to the more probable stimulus will be low relative to the criterion

for responses to the less probable stimulus. Therefore, the response appropriate

to the more probable stimulus will have a high probability of occurrence, both

when it is correct and when it is in error, so that accuracy wilì be higher for

these responses.

None of the mechanisms for criterion regulation predicts the drop in

the accuracy of responses to the less probable stimulus in Conditions I and 5.

However, this change in accuracy could be accommodated in terms of a shift

in criterion values, if it is assumed that, in these conditions, the observers

became aware of the large discrepancy in the accuracy rates for right and

left responses and tried to compensate for it. Further evidence for this

interpretation is discussed below in terms of the interaction of Condition

x Response x Discriminability x Block.

When the Condition x Response interaction is considered in the case

where the stimuli were equiprobable (Condition 3), responses to right stimuli

were more accurate than responses to left stimuli. This appears to indicate

that observers had a pre-existing bias towards right responses independent of

the manipulation of a priori probability. This is not surprising since all



I 40.

observers were right-handed. Although this result is not predicted by any of

the mechanisms, it is not inconsistent with any of them.

The actual changes in accuracy which gave rise to the Condition

x Response x Discriminability interaction are predicted by the response

stabilisation and adaptation-level hypotheses, as described above. However,

the general finding that the Condition x Response effect applied at each

level of Discriminability is consistent with all of the mechanisms. In addition'

it appears that the effects of probability were shown more stronglya rlorl

at the more difficult levels of discriminability, where the differences in

accuracy were greatest. As with the Condition x Response interaction, this

becomes more meaningful when considered with refe'rence to the Condition

x Response x Discriminability x Block interaction.

Each component of the Condition x Response x f)iscriminability x

Block interaction will be discussed in turn. As seen above, the finding that

when the stimuli were not equiprobable, responses to the Iess probable stimulus

were more accurate, is consistent with the response stabilisation hypothesis

and the adaptation-level hypothesis, while the finding that right responses

were more accurate than left resPonses in Condition 3, where the stimuli

were equiprobable, apPears to arise from a bias to right responses of right-

handed observers.

In addition, in these data, the finding that responses to the less

probable stimulus were more accurate was more aPParent at lower levels

of discriminability. Although this is not a specific prediction of any of the

mechanisms, it is consistent with an explanation in terms of variable criteria'

However, the suggestion that the trend reversed, so that responses to the

more probable stimulus were more accurate at higher levels of discriminability'

contrasts with the predictions of all of the mechanisms. In order to explain
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this finding it would be necessary to assume that observers adopted different

criterion levels when responding to stimuli of different levels of difficulty.

Since the different levels of discriminability were Presented in a random

order, this explanation cannot be accommodated by any of the mechanisms.

On the other hand, one possible explanation for this trend was suggested

by the evidence in Condition 3 for a bias for right responses independent of

a priori probability. The tendency for responses to the more probable stimulus

to be more accurate at Discriminability level 5, which was most marked in

Condition 5, may arise from the bias towards right responses. It seems likely

that this bias would be more evident at easy levels of discriminability where

it is clear which line is longer, and more especially when right stimuli were

the more probable, as in Condition 5. This finding would not l¡e inconsistent

with any of the mechanisms.

Finally, there appeared to be some variation in the relative accuracy

of responses to right and left stimuli across blocks. The size of the difference

in accuracy tended to increase from Block I to Block 3 and then decrease from

Block 3 to Block 5. In order to explain this in terms of variable criteria, it is

necessary to assume that the criterion values for right and left responses were

similar in Block l, but that they were adjusted so that one was much higher

than the other in Block 3 and then they returned to take similar values in

Block 5. This form of criterion adjustment is not a simple prediction of

any of the mechanisms for criterion regulation. However, as suggested by

Vickers (I979), it is possible that criterion values may be influenced by the

expectations of the observer which may not correspond to the actual stimulus

situation. For example, in this experiment it seems likely that, since

observers were not told of the differences in the probabilities of the stimuli,

they would have made an assessment of the probabilities dr-rring the practice
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trials. As there had been no indication that probabilities might be very

disparate, it is possible that the observersr assessments were not as extreme

as the actual probabilities. Therefore, to begin with, their criteria for the

two responses would be relatively similar. Consequently, in Condition I for

example, as the session progressed observers would find that they were making

more left responses than was consistent with their assessment of the prob-

abilities. In order to compensate for this mismatch, observers might increase

the criterion for left responses relative to the criterion for right responses.

V/ith the progress of trials, it is likely that the observers' assessments of

the probabilities would become more accurate, resulting in another change

in criteria, and leading to a more appropriate representation of the actual

stimulus probabilities. However, it appears that this adaptation was not

completc by the end ol Block 5.

If this explanation applies, the finding that responses to the less

probable stimulus were more accurate is no longer inconsistent with any of

the mechanisms for criterion regulation in combination with any of the decision

models. This result can be viewed as the product of an inappropriate compen-

satory shift in criteria by observers who had underestimated the difference

in the probabilities of the two stimuli.

(b) Response time

The finding that response times were shortest in Condition 3 and

increased as the stimulus probabilities became more extreme appears to have

two components. Firstly, the shortest time in Condition 3 seems to indicate

that observers found this condition, in which the stimuli were equiprobable,

less difficult. This may be because, in this condition alone, the actual stimulus

situation agreed with the observers' expectations based on the experience of



r4).

the practice trials, that the stimuli would be equiprobable. Secondly, the

more marked increase in Conditions I and 2 than in Conditions 4 and 5 may

be interpreted in terms of a bias towards right responses arising from the

right-handedness of observers. In Conditions I and 2, where the majority

of stimuli were left stimuli, most responses would have been the slower left

responses. Therefore, the overall mean response time would be longer than in

Conditions 4 and 5 where the majority of responses to highly probable right

stimuli would have been the faster right responses. Although this finding

can be accommodated by all of the mechanisms, it does not correspond to

a specific prediction of any of them.

The inverse relationship between response time and discriminability

is a well established finding in the literature (e.g. Henmon, 1906; Lemmon,

1927; Kellogg, l93l Johnson, 1939; Festinger, l943a,b) and is prcdictcd

by all of the mechanisms.

The Condition x Response interaction showed that, in Conditions l,

2, 4 and 5, responses to the more probable stimulus were made more quickly

than responses to the less probable stimulus, while in Condition 3, left

responses were made more slowly than right responses. These differences in

times are consistent with Laming's (tle8, 1969) results and can be explained

by the ideal observer hypothesis applied to Signal Detection Theory, by the

choice of an appropriate latency function for each condition. Alternatively,

when the ideal observer hypothesis is applied to a random walk or an

accumulator model, the criterion amount of information necessary to mal<e

the response to the more probable stimulus will be low, so that times for

this response will be short, as seen in these data. The pattern of results in

Conditions I and 5 is also consistent with the target confidence mechanism

applied to either a random walk or an accumulator rmodel. In either caset
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the criterion for responses to the more probable stimulus will be low relative

to the criterion for responses to the less probable stimulus and, as a result,

it is likely to be satisfied more quickly. In this way, responses to the more

probable stimulus are likely to be faster than responses to the less probable

stimulus, as is seen in these data in Conditions I and 5. The results of

Conditions 2, 3 and 4 are not as simply accommodated by the target confidence

mechanism. In particular, the different patterns shown by Conditions I and

2 contrast with the predictions of the target confidence mechanism. However,

it seems likely that the right-handedness of the observers is producing the

shorter times for right responses, at least in Condition 3 and possibly in

Conditions 2 and 4 as well.

These data conflict with the response stabilisation and adaptation-

level hypotheses. As seen above, according to the response stabilisation

hypothesis, the criterion for responses to the more probable stimulus will be

high relative to the criterion for responses to the less probable stimulus, while

according to the adaptation-level hypothesis, the effective discriminability of

the more probable stimulus will be reduced. Therefore, in both cases more

observations will be needed before a response can be made and so responses

will be slower.

(c) Conf idence

The direct relationship between confidence and stimulus difference

is a common finding in previous studies (e.g. GarreTt, 1922; Johnson, 1939;

Festinger, 1943a; Pierrel & Murray, 1963) and is consistent with ¿rll of the

mechanisms.

The finding that confidence decreased from Block I to Block 2 appears

to provide further evidence for Vickers' (1979) notion of the influence of
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expectation. If, as suggested above, at this point observers were becoming

aware that their assessment of the stimulus probabilities did not correspond

to their pattern of responding, they may have increased the criterion for

responses to the more probable stimulus which they appeared to be making

too often. This variation in criteria is consistent with all of the mechanisms.

As a result, the response to the less probable stimulus would increase in

frequency, and since the criterion for this response is low, according to the

balance oJ evidence hypothesis, confidence will be low. On the other hand,

these data are not consistent with Audley's (1960) hypothesis. V/hen response

time and confidence data are considered together, there is a direct relation-

ship between confidence and time in Conditions l, 2 and 3.

V/hen considered in the absence of response time data, the finding

that confidence was higher in responses to the less probable stirnulus is

predicted by the response stabilisation and adaptation-level hypotheses applied

to Signal Detection Theory or the random walk model. These mechanisms

predict that times for responses to the less probable stimulus will be short

so, following Audley (1960), confidence will be high. However, when response

time and confidence data are considered together, the Condition x Response

interaction is not consistent with Audley's (1960) hypothesis in combination

with any of the criterion regulation mechanisms applied to Signal Detection

Theory or the random walk model. In Conditions 4 and 5, left responses

were made more slowly but with higher confidence than right responses.

However, when the response stabiiisation hypothesis is considered with the

balance of evidence hypothesis it would be predicted that confidence will be

higher for responses to the more probable stimulus. This is opposite to the

trend shown in these data.
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On the other hand, according to the balance of evidence hypothesis

of the accumulator model in combination with the mechanism based on target

confidence, confidence should be higher for responses to the less probable

stimulus because the criterion for this response will tend to be high relative

to the criterion for responses to the more probable stimulus. Therefore, the

maximum difference between the accumulated totals is possible when the

higher criterion is satisfied, and consequently, confidence will tend to be

higher for this response. This is the pattern shown in Conditions lr 21 4 and 5.

However, when the finding in Conditions I, 2, 4 and 5 is considered together

with response time data there is some inconsistency. The shorter times for

responses to the less probable stimulus imply that the criterion for this

response is low and therefore confidence should be low. In addition, this

explanation does not include the case of Condition 3 where the stimuli were

equiprobable. According to the target confidence mechanism, in this situation,

confidence should be the same for both responses. From figure 26 it is apparent

that this was not the case in these data. In Condition 3, confidence was

higher for right responses than for left responses.

This result is also inconsistent with any explanation in terms of the

bias towards right responses of right-handed observers. If bias towards right

responses is accommodated by supposing that the observer had a relatively

low criterion for this response; it would be predicted that right responses

would be less rather than more confident than left responses.

The finding that responses to the less probable stimulus tended to

be more confident was also obtained at each level of discriminability giving

rise to the Condition x Response x Discriminability interaction. Although

this finding, considered on its own, is consistent with the balance of evidence
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hypothesis, when it is considered in conjunction with response time data it

is not consistent with any of the processes.

(d) Confidence and response time

When the relationship between confidence and response time was

considered within bias conditions, there was overwhelming evidence that

confidence varied inversely with response time. As seen above, this relation-

ship is consistent with Audley's (1960) hypothesis and the balance of evidence

hypothesis and may therefore be accommodated by any of the models. However,

this conclusion must be presented with caution in the light of the conflicting

results when variations in time and confidence are considered between bias

conditions.

5- Summary and Conclusions

V/hen the effects of a priori probability on the three dependent

variables are considered together, all of the changes observed were not

consistent with any one of the mechanisms for criterion control in the models.

However, the influence of discriminability was systematic.

As in Experiment l, accuracy and confidence increased and response

time decreased as stimulus difference increased. This finding is predicted by

all of the mechanisms.

The effects of the manipulation of a priori probability were evident

in accuracy and confidence measures, while response time data remained

unclear. In all conditions in which stimuli were not equiprobable, responses

to the less probable stimulus were more accurate and were made with higher

confidence. However, right responses tended to be made more quickly than

left responses at each level of discriminability in each condition.
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The findings for accuracy and confidence do not correspond to a

simple prediction of any of the mechanisms, although when considered singly,

each set ol data can be explained in terms of a different mechanism. Accuracy

data are consistent with the response stabilisation or adaptation-level hypo-

theses in combination with any of the models, while the pattern shown by

confidence is predicted by the balance of evidence hypothesis in combination

with the target confidence mechanism. At the same time, the finding that

Ieft responses were slower than right responses is consistent with any of the

models but when it is considered with confidence data, problems arise for

all of the mechanisms.

In addition, when the relationship between confidence and response

time was considered within bias conditions, as predicted by both Audley's

(1960) hypothesis and the balance of evidence hypothesis, confidence was

higher when responses were faster. On the other hand, when these measures

were examined between bias conditions there was no consistent variation and,

in some cases, the relationship between them was direct.

Overall, the findings from this experiment appear to be consistent

with an explanation in terms of variable criteria. However, the influence of

the observers' assessments of the stimulus probabilities appears to be an

important determinant of criterion regulation in the situation where they are

not told the actual stimulus probabilities. As a result, there appeared to be

factors acting in this experimental situation which did not correspond to

specific predictions of the models. In addition, in order to examine the

differences in the response to different bias conditions, comparison had to be

made between probability conditions which were performed by difÏerent groups

of observers. As a consequencer such comparisons can be made only with

some reservation.
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B. EXPERIMENT 4

l. Introduction

In Experiment 3, the data from the three dependent variables

considered together were not consistent with any one of the mechanisms of

criterion regulation as applied to the three decision models. It appeared that

the influence of both the observer's assessment of the stimulus probabilities

and his right-handedness may have masked the effects of a priori probability.

Since probability was varied according to a between-subjects design, comparisons

of effects between different bias conditions were confounded with individual

differences. In addition, in Experiment 3, the relationship between confidence

and response time appeared to vary according to whether it was examined

within bias conditions or between bias conditions. Therefore, in Experiment 4,

the effects of a priori probability on accuracy, time and confidence were

examined using the same task as in Experiment 3, but in a within-subjects

design. As a result, the effects of changes in probability could be examined

independently of the effects of individual differences, while the relationship

between confidence and response time could be studied within and between

bias conditions performed by the same observer.

2. Method

(a) Stimuli

The stimuli were identical to those used in Experiment 3 and

described in section ,\.2(a).

(b) Apparatus

The apparatus was identical to that used in Experiment 3 and

described in section 4.2(b).
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(c) observers

The 20 observers, 10 men and l0 women, were students in the first

year psychology course at the University of Adelaide, whose participation

was credited towards a course requirement. They ranged in age from 17 to

26 years, and all declared themselves to be right-handed. All observers were

naive with respect to the aims of the experiment.

(d) Desißn

Two groups of lo observers were formed, each comprising five men

and five women. The groups performed under different order conditions.

observers were tested individually for approximately one hour.

In both order conditions, stimuli were Presented in I I blocks:

4 practice blocks each of 50 trials preceded 7 experimental blocks each of

l0O trials. For both groups of observers, in each practice block and the first

experimental block, the occurrence of the longer line on the right or the

left was equiprobable (p = Q.5). The remaining six blocks of experimental

trials took one of two forms:

A. The probability of the longer line occurring on the right was 0.8 and

therefore, the probability of the longer line occurring on the left was 0.2.

B. The probability of the longer line occurring on the right was 0.2 and

therefore, the probability of the longer line occurring on the left was 0.8.

one group of observers, order AB, performed the last six experi-

mental blocks in order ABABAB, while the other grouP of observers, Order

BA, performed the last six experimental blocks in order BABABA. For both

groups of observers the first two of these experimental blocks were treated

as practice and omitted from the analyses. Only the last four experimental

blocks were considered in the analyses.
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Within each block, both practice and experimental, the occurrence of

the longer line on the right or the left was random, given the probability

restriction. The five levels of discriminability appeared equally often on a

given side in blocks of type A or blocks of type B, and in a random sequence.

Each level of discriminability occurred on one fifth of the trials for which the

given side was longer.

Practice blocks were separated by short rest periods in which observers

were given the opportunity to clarify instructions. The seven blocks of experi-

mental trials were performed in an uninterrupted sequence.

(e) Procedure

The procedure was identical to that of Experiment 3 and described

in section 4.2(e).

3. Results

Analyses of variance with Order (AB or BA, as defined in section 8.2(d)),

Period (first two experimental blocks or second two experimental blocks),

Probability (block type A or type B, as defined in section 8.2(d)), Half (first

or second half of an experimental block), Discriminability (5 levels, as defined

in section 4.2(a)) and Response (right or left) as factors were used to analyse

data from the last 4 experimental blocks. Analyses of variance were carried

out according to a crossed factorial design with repeated measures on Period,

Probability, Half, Discriminability and Response. Separate analyses were

performed on (a) the percentage of stimuli for which responses were correct,

(¡) tfre mean times for correct responses and (c) tfre mean confidence in

correct responses.
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(a) Accuracy

The analysis of accuracy data showed a significant main effect of

Discriminability G9,72) = 70.12, Mserror - 0.38, p < .001) and significant

interactions of Probability x Half x Response (F(1,18) = 33.80, MSerror = 0'18,

p ( .001), period x Probability x Half x Discriminability G@,72) = 3.38,

Mserror = 0.32, p ( .05)r Period x Half x Discriminability x Response (F(4r12)

= 3.80, Mserror = 0.34, p < .05) and Probability x Half x Discriminability x

Response (F(4,72) = 3.00' Mserror -- O-29' p < .05).

The Discriminability main effect reached significance because accuracy

increased as a direct function of stimulus difference, but at a decreasing rate.

The percentage of stimuli for which responses were correct at Discriminability

Ievels I to 5 were 76.37"/o1 87.42%r 93.44%1 95.39"/" and 96.95%, respectively'

The interaction between Probability, Half and Response is sho'uvn in

figure 27 where it can be seen that the pattern of change during a block of

trials depended on the probability of a response. In both types of block,

accuracy of responses to the more probable stimulus decreased lrom the

first to the second half of blocks, though the differences were not significant.

In contrast, accuracy of responses to the less probable stimulus increased

significantly from the first to the second half of blocks. In addition, the

figure shows that, in the first half of blocks, responses to the more probable

stimulus were more accurate than responses to the less probable stimulus.

In thìs way, the respective decrease and increase in accuracy during the

block of trials resulted in very similar rates of accuracy for both responses

by the second half of the block of trials. From the figure it can also be

seen that accuracy of responses to right stimuli in Half 2 of blocks of

type A was significantly higher than accuracy of responses to right stimuli

in Half I of blocks of type B. Accuracy of responses to left stimuli decreased
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at the same time, but the difference was not significant. Similarly, there

was a significant increase in the accuracy of responses to right stimuli from

Half 2 of blocks of type B to Half I of blocks of type A, while the decrease

in accuracy of responses to left stimuli across this block boundary was not

signif icant.
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PROBABILITY A PROSAEILITY B

The percentage of right stimuli (solid line) and
left stinuli (broken line) for which responses l¡Iere
correct in Half I and Half 2 of blocks of Probability
A. (teft pair of lines) and blocks of Probability B
(right pair of lines). The percentages were taken
over 20 observers, the l0 observers in Order AB and
the l0 observers in Order BA.
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The interaction between Period, Probability, Half and Discriminability

and the interaction between Period, Half, Discriminability and Response can

be seen in figures 28 and 29, respectively. It appears that both of these

interactions reached significance because of apparently unsystematic fluctuations

in accuracy rates between periods. This random variation was most evident at

the easiest levels of Discriminability, levels 3, 4 and 5. There was no clear

pattern of change between periods in either set of data.
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DISC RIII XABILI Y Y DI SC RITI XAOILI T Y

The percentage of stimuli for which responses r¡/ere
correct at each level of discriminability in ttalf I
(solid line) and Half 2 (broken line) of blocks of
Probability A (circles) and blocks of Probability B
(squares) in (a) Period I and (b) Period 2. The
percentages \^rere taken over 20 observers, the l0
observers in Order AB and the l0 observers in Order BA
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(circles) and HaLf 2 (squares) of blocks ín (a) Period
I and (b) perio¿ 2. The percentages were taken over
20 observers, the l0 observers in Order AB and the l0
observers in Order BA.

As shown in figure 30, the tendency for accuracy rates to become

more similar from the first to the second half of blocks was still evident

when data were considered for each level of dìscriminability, especially for

blocks of type B. In addition, responses to right stimuli in the first half of

blocks of type A tended to be more accurate than responses to right or left

stimuli at any other time. This trend resulted in a significant interaction

between Probability, Half, Discriminability and Response.



156.

(A¡ P¡OBA¡¡LITY A

ts.

(b) PßOBABILITY B

t00

90

lo o

to-- 
- -o

a

..- --a

Þ------l

låll I flrs¡l
f sl I

Hâll 2 Rrghl
1.il

e- =: l-1

5

r)

90

6060

70to

8060

o
Fo
ø
E
E
o
o

u
|9

F
z
U
o
E
U4

!ts()
u
G
E
o
o

o
F
z
E
IJ
Eu
À

t

t.: I

DrscnrrrNAEtLtlY OISCRIIIINABILITY

FIGURE 30 The percentage of right stimuli (solid line) and
left stimuli (broken line) for which responses r¡/ere
correct at each leve1 of discriminability in Half I

(circles) and HaLf 2 (squares) of blocks of (a) Probabílity
A and (b) probability B. The percentages were taken
over 20 observers, the l0 observers in Order AB and the
l0 observers in Order BA.

(b) Response time

The analysis of response time data showed significant main eflects

of Half (F(1,18) = 6.68, Mserror = 24543, p < .05) and Discriminability

(F(4,72) = 28.72, Mserror = 69325, p ( .001) and significant interactions of

Probability x Response (F(1,18) = 46.94, Mserror = 92989, p ( .001), Probability

x Half x Response (F(1,18) = 3I.78, Mserror = 20294, p ( .001), Period x

Probability x Half x Discriminability (F@,72) = 3.63, Mserror = 29859, p ( .01),

Period x Half x Discriminability x Response (F(4172) -,3.67, Mserror = )8425,

p <.01) and Probability x Half x Discriminability x Response x Order (F(4,72)

= 3.16, Mserror = 30429, p < .05).
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The Half main effect arose because response times were longer in

the first half than in the second half of blocks. The mean times for responses

in Half I and Half 2 of blocks were 802.98 msec and 782.73 msec, respectively.

The Discriminability main effect reached significance because

response times decreased as stimulus difference increased, but at a decreasing

rate. The mean response times at Discriminability levels I to 5 were 907.54 msect

836.44 msec, 762.78 msec, 747.54 msec and 709.95 msec, respectively.

The Probability x Response interaction, shown in table 10, arose

because, in both types of block, times were shorter for resPonses to the more

probable stimulus. Specifically, in Probability A, right responses were faster

than left responses and, in Probability B, left responses were faster than

right responses.

724.98

838.74

842.34

757.25

Right
LefÈ

PROBABILITY

A BRESPONSE

TABLE IO. Ifean times for correct right and left responses
in blocks of Probability A and blocks of
Probability B. The means were taken over 20

observers, the l0 observers in Order AB and rhe
l0 observers in Order BA.
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Figure 3l shows the interaction between Probability, Half and Response.

From the figure it can be seen that times for responses to the more probable

stimulus increased from Half I to Half 2 while times for responses to the

less probable stimulus decreased from Half I to Half 2. In particular, in

blocks of type A, times for right responses increased and times for left

responses decreased from the first to the second half of the block. At the

same time, in blocks of type B, times for right responses decreased and times

9ûO

800

1

E

uI
|-
u
vt
z
oc
tt
U
ac

z
u
I

t)- - ' - - -()

700

6fio

Rrght resPorlso
| )- - -() Lell respons€

HALË

PßOBABILITY A

Mean times for correct right responses (solid line)
and correct left responses (broken line) in Half I

and Half 2 of blocks of Probability A (left pair of
lines) and of Probability B (right pair of lines).
The means were taken over 20 observers, the l0
observers in Order AB and the l0 observers in Order BA.

t2
L ,---------, J

PROAAAILIT Y B

FIGURE 3 I.



159.

for left responses increased from the lirst to the second half of the block.

However, the changes in times for left responses were not significant. In

addition, there were significant changes in times across block boundaries.

Times for right responses increased from Half 2 of Probability A to Half I

of Probability B. Then, they decreased from Half 2 of Probability B to Half I

of Probability A. Left responses showed the opposite pattern.

The interaction of Period x Probability x Half x Discriminability is

shown in figure 32. Although this interaction was also significant for accuracy

data, this result did not appear to indicate any clear trend in response time.
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Similarly, the interaction between Period, Half, Discriminability and

Response, shown in figure 33, did not appear to result from any consistent
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the l0 observers in Order AB and Ehe I0 observers in
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variation in response times even though there was a corresponding result in

accuracy data. Instead, it appeared to arise from apparently random fluctu-

ations in response times between periods, especially at the easiest levels of

Discriminability, levels 3, 4 and 5.

The interaction of Probability x Half x Discriminability x Response

x Order is shown in figure 34 where it is apparent that this interaction reached

significance due to unsystematic changes in response times across levels of

discriminability. However, from the figure it can be seen that, in blocks of
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FIGURE 34



t62.

type A in both orders, left responses tended to be slower than right responses

at all levels of discriminability. Similarly, in blocks of type B in both orders,

right responses tended to be slower than left responses at all levels of

discriminability. In addition, it appeared that responses in Order BA tended

to be slower overall.

(c) Conf idence

The analysis of confidence data showed significant main effects due

to Half (n(t,t8) = 14.79, Mserror = 0.40, p <.01) and Discriminability (F(4,72)

= 50.56, Mserror = 0.99, p < .001). In addition there were significant inter-

actions of Probability x Half (F(1,18) = 5.07, MSerFoÍ = 0.40, p <.05)' Period

x Discriminabitity (F(4,72) - 2.82, Mserror = 0.31, p ( .05), Probability x

Response (F(1,18) = 9.09, Mserror -- 1.41, p ( .01), Probability x Half x Order

(F(1,18) = 6.00, Mserror = 0.40r p (.05), Period x Probability x Response

(F(l,lS) = 4.52, Mserror = 0.37, p ( .05), Half x Response x order (F(l,lS)

= 4.70, Mserror = 0.27, p ( .05), Probability x HaIf x Response (F(1,18) =

13.01, Mserror = 0.42, p ( .01), Period x Probability x Half x Discriminability

GG,72) = 3.95, Mserror = 0.26, p ( .01), Period x Discriminability x Response

x Order (F(4,72) = 2.52t Mserror = 0.33, p < .05) and Period x Probability

x Half x Discriminability x Response x Order (tr(4,7Ð = 2.86, MSerror = 0.20,

P < .05).

The Half main effect arose because confidence was lower in the

first half of blocks than in the second half of blocks. Mean confidence in

Half I and Half 2 was 2.79 and 2.92, respectively.

The Discriminability main effect reached significance because

confidence increased with stimulus difference, but at a decreasing rate.
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The mean confidence at Discriminability levels I to 5 was 2.30, 2.62, 2.92,

3.14 and 3.28, respectively.

The Probability x Half interaction is shown in table I I where it can

be seen that confidence was higher in Half I of blocks of type A than in

Half I of blocks of type B. There was no difference between confidence

in Half 2 of blocks of types A and B.

2.86

2.9L
2.72

2.92

rIALF

I
2

PIìOIJABILITY

A B

TABLE I I. Mean confidence in correct responses in Half ¡and Half 2 of blocks of probabifiry A and blocksof Probability B. The means were taken over 20observers, the lO observers in Order AB and thel0 observers in Order BA.

The period x Discriminability interaction (see figure 3j) reached
significance because, at Discriminability level l, confidence was higher in
Period I than in period 2. This trend was reversed at Discriminability
level 2 where confidence was rower in period l than in period 2.
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20 observers, the l0 observers in Order AB and the
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The Probability x Response interaction is shown in table l2 where

it can be seen that, in both types of block, confidence was higher in responses

to the more probable stimulus. In particular, in Probability A, confidence was

higher in right responses than in left responses. Conversely, in Probability B,

confidence was higher in left responses than in right responses.

Figure 36 shows the interaction between Probability, Half and Order.

From the figure it is apparent that this interaction reached significance because

there was a significant increase in confidence from the first to the second half

of blocks of type B in Order BA" Confidence did not vary from the first to

the second half of blocks in any other case.

()
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3 .01

2.76

2.76

2.87

Right.

Left

PROBABILITY

A BRESPONSE

Mean confidence ín correct right and lefÈ
responses in blocks of probability A and
of Probability B. The means were taken over
20 observers, the l0 observers in Order AB
and the l0 observers in Order BA.

TABLE 12.

FIGURE 36
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(broken line). The means were taken over the
l0 observers in each order.
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The Period x Probability x Response interaction, shown in table 13,

arose because there was no difference in confidence in right and left responses

between periods in blocks of type A. In contrast, in blocks of type B, confidence

in right responses decreased from Period I to Period 2, while confidence in

left responses increased from Period I to Period 2. At the same time, in

blocks of type A in both periods, confidence was higher for right responses

than for left responses. In blocks of type B, in Period I there was no difference

in confidence for right and left responses and in Period 2, lett resPonses were

more confident than right responses.

TABLE I3. Mean confidence in correcr right and left responses
in blocks of Probability A and of Probabiliry B in
Period I and Period 2. The means were taken over
20 observers, the l0 observers in Order AB and the
l0 observers in Order BA.

In f igure 37 it can be seen that the Half x Response x Order inter-

action arose because, in Order AB, there was a greater increase in confidence

in left responses than in confidence in right responses from Half I to Half 2.

Conversely, in Order BA, confidence in right responses showed a greater

increase from Half I to Half 2 thar-r did confidence in left responses. In

addition, confidence was higher overall in Order AB than in Order BA.

2.BI
2.18

2.1L

2.96
3.0t
2.75

3.00

2.76
tuig h t
Left

[,lìoljAuI L]'I'Y B

PtrRIC)l) I I)l:ìItlOD 2

I)IìOBAIJILITY A

PEIIIOD I PERIOD 2l{I::SPONSIL
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Figure 38 shows the interaction between Probability, Half and Response.

From the figure it can be seen that confidence increased from Half I to Half 2

for all except right responses in Probability A. In this case, confidence

decreased from Half I to Half 2. Confidence in right responses decreased

from Half 2 of Probability A to Half I of Probability B and increased from

Half- 2 of Probability B to Half I of Probability A. Confidence in left responses

showed the opposite changes. None of these differences in confidence in

either right or left responses was significant.

FIGURE 37.
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From figure 39 it appears that the interaction between Period,

Probability, Half and Discriminability was not indicative of any systematic

changes in confidence. Instead, this interaction appeared to reach significance

as a result of inconsistent fluctuations in confidence between Discriminability

levels. Similarly, the interaction between Period, Discriminability, Response

and Order (see figure 40) was not due to any systematic variations in confidence

in right and left responses between periods in the different order conditions.

However, confidence did appear to be lower overall in Order BA.

t2
| 
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The 6-way interaction between Period, Probability, Half, Discriminability,

Response and Order is shown in table 14. However, since this level of interaction

is outside the usual range of predictions of any model, no attempt was made to

interpret ìt.

Mean confidence in correct right and left responses at each
level of discriminabiliLy in each half of bloclcs of
Probability A and Probability B in both Period I and Period 2

Means are shown for Order AB and for Order BA. The means

were taken over the l0 observers in each order.

ORDER AB

RESPONSE

RIGHT

ORDER BA

RIGHT

x
H
H
È
H
Íl4z
H

H
úo(n
H
a

¡
Ê{
H
È
H
ra

z
H

Hú(J
(n
H
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LEFT

LEFT

I
2

3

4

5

I
2

3

4

E¿

t
2

3

4

5

I
2

3

4

5

2.93

3.0r
3 .31

3.51

3.62

2.55

2.25

2.90

3 .10

3.30

2.29

2.62

2.75

3.O2

3 .3r

r. 80

2.L5

2.90

2.70

2.85

2.63

2 .88

3.37

3.62

3 .59

2.70

2.75

3.25

3 .35

3.35

2.50

2.75

2.95

3.20

3.3s

2.5L

2.77

3 .04

3.27

3.42

2.85

2.85

3.20

3 .30

3 .35

2.77

2.90

3 .19

3.32

3 .50

2.66

3 .06

3.2L

3 .58

3 .53

2. 00

2.90

2.45

2.90

3.3s

2.52

3 .06

3.08

3 .50

3.62

2.55

2.75

3.r0
3.45

3 .30

2.70

2.90

2.95

3 .05

3.10

2.52

2.87

3.36

3.sr
3.44

2.55

3.10

2.95

3 .30

3 .35

2.62

2.99

3 .18

3 .3s

3 .60

2.08

2.55

2.80

3 .04

3 .17

1.60

2.05

3 .10

2.95

3 .3s

I. BO

2.L5

2.35

2.55

2.70

r. 85

2.L3

2.25

2.75

3 .00

2.60

2.45

2.75

3 .00

3 .55

2.L2

2.24

2.79

2.87

2.99

2.30

2.73

2.99

3.22

3.27

1.85

2.50

2.6s

2.95

3.20

2.LL

2.38

2.92

3.06

3.34

2.LO

2.50

2.75

3 .10

2 -80

r.50
r.45
2.65

2.85

2.80

2.25

2.62

2.84

2.94

3.16

r.45
2.75

2.4s

2.90

3.s0

2.26

2.67

2.80

3 .04

3 .07

II2I2I 22

A BAB

PERIOD 2PERIOD I
PROBABILITY

HALF

TABLE I4
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(d) ConJidence and response time

For each observer in each group, confidence ratings for both correct

and incorrect responses were plotted against the corresponding values of

response time, and straight lines were fitted. This was done for right and

left responses separately and for each level of discriminability in Probability A

and in Probability B. There were 400 plots. It was found that 289 of the

slopes of the best fitting straight lines were negative, showing that overall,

there was an inverse relationship between confidence and response time

(p (.001, binomial test). The inverse relationship was still in evidence when

right and left responses at each level of discriminability were considered for

each type of block. Table 15 shows the number of negative slopes of the

100 best fitting straight lines in each case. Here it can be seen that, in all

cases, the majority of the best fitting lines had a negative slope.

TABLE I5. The number of negative slopes obtained when, for each of
the l0 observers in each order condition, confidence ratings
were plotted againsl the corresponding response time values
and straight lines were fitted. Separate lines were fitted
for right responses at each level of discriminability in
blocks of Probability A and of Probability B and for left
responses at each level of discriminability in blocks of
Probability A and of Probability B. Therefore, the maximum
possible number of negatíve slopes for each response in
each probability condition was 100. The associated binomial
probability values are also shown.

76

76

<.001

<.001

79

70

<.00r
<.001

A

B

NBGATIVE SLOPI]S
LEFT RESPONSES

P
NEGATIVIT SLOPES
RIGHT RESPONSES

PPROBAI]ILITY
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4. Discussion

As in Experiment 3, the effects of the variations in discriminability

which were observed in this experiment are consistent with the predictions

of any of the mechanisms for criterion regulation. On the other hand, the

manipulation of bias produced some results which cannot be explained in

terms of any of the processes. However, it appears that many of these results

were not due to the experimental manipulation. Instead, these findings appear

to have arisen from the division of the data from the experimental session

into blocks of 50 trials. Random changes within each block of trials of the

experimental session appear to have produced significant effects which do

not reflect the experimental manipulation and which do not correspond to

simple predictions of any of the decision mechanisms. Therefore, only main

effects and 2-way and 3-way interactions will be considered.

(a) Accuracy

The interaction between Probability, Half and Response indicated

that there was a change in the relative accuracy of right and left responses

both across block boundaries, where a priori probability changed, and within

blocks of trials in which a priori probability was constant. Since the parti-

cular responses varied according to the probability of the associated stimulus,

these changes appear to arise from the manipulation of a priori probability,

but it was not apparent whether the change in performance in response to

the step change in probability was indicated by the measure in the first or

the second half of a block.

If the measure in the first half of a block indicated the effects of

the change in probability then an increase in the a priori probability of a

stimulus produced an increase in accuracy, while a decrease in a priori
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probability produced a decrease in accuracy. This finding contrasts with

the results of Experiment 3. However, it is consistent with Laming's (1968,

1969) findings and can be explained in terms of the ideal observer hypothesis

applied to any of the models if it is assumed that the observer uses a measure

of the cumulative probability of right responses and of left responses as an

estimation of the actual stimulus probabilities. For example, when there is

a step increase in the probability of a right (or signal) response' ß will

decrease so that more right resPonses will be made and accuracy in right

responses will increase. The ideal observer hypothesis would not predict the

subsequent decrease in accuracy as the block progresses. However, in Experiment

3, accuracy data suggested that observers made an assessment of the stimulus

probabilities which was not as extreme as the actual probabilities. It appeared

that, in order to compensate for the apparently inappropriately large number

of responses of one kind which they were making when compared with their

probability assessment, observers would adjust the criterion for this response

upwards. This form of compensatory criterion adjustment would explain the

change in accuracy from the first to the second half of blocks in the present

experiment and is consistent with all of the mechanisms of criterion regulation.

These data are not consistent with the response stabilisation hypothesis

according to which a step increase in the probability of a stimulus will mean

that the local probability will exceed the cumulative probability for the

corresponding response so that there will be an increase in the criterion for

that response. As a result, fewer responses witl be made to the more probable

stimulus and accuracy will be lower. This is the opposite of the pattern

shown by data in the first half of blocks. Similarly, the adaptation-level

hypothesis predicts that, in those blocks in which for example, right stimuli

are more probable, in terms of Signal Detection Theory, the cutoff will move
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so that fewer right responses will be made and accuracy will decrease. When

these mechanisms are applied to the random walk or accumulator models the

qualitative predictions will be the same as those for Signal Detection Theory.

On the other hand, these data are predicted by the target confidence

mechanism. For example, in terms of the accumulator model, when there

is a step increase in the probability of one stimulus, the criterion for the

corresponding response will decrease relative to the criterion for the other

response and, as a consequence, accuracy for responses to the more probable

stimulus will increase. Since this control mechanism reacts quickly to any

change in the stimulus sequence (for example, see Vickers, 1979, fig. la3(a))

it would be expected that the response to a change in probability would be

evident in the first half of a block. In addition, simulations of the process

show that, over time, the change in criteria in response to a step change in

probability takes the form of a series of decreasing oscillations (see Vickers,

1979, fig. la3(a)). In other words, after criterion values diverge they tend

to converge again. The decrease in the accuracy of responses to the more

probable stimulus in the second half of a block would be predicted as part

of such a reversal. It appears that the reversal is interrupted by the next

step change in probability.

These data appear to contradict the findings in Experiment 3.

However, from the trend shown by accuracy across blocks in Experiment 3

it appeared that observers were adjusting their criterion values in accordance

with subjective assessments of stimulus probability, which were becoming more

accurate as the session progressed. Indeed, it appeared that, if observers

had performed several extra blocks, the pattern would have resembled that

found in the present experiment. In addition, in both cases, the results can

be accommodated by the models in terms of variations in criteria. Therefore,
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it seems likely that this conflict indicates a difference in the rate of adjust-

ment of criteria in the different experimental situations rather than a

different response to the change in probability. It appears that, in Experiment

3, data from the entire experimental session comprised a single adaptation

to the stimulus probabilities, while in Experiment 4 observers adapted to

different values of a priori probability in each block.

Alternatively, if it is assumed that the measure in the second half of

the block represented the change in response to the variation in a priori

probabitity, these data showed that accuracy decreased as a priori probability

increased. This is the same pattern as was observed in Experiment 3, but it

is contrary to the findings of Laming (11e8, 1969) and conflicts with the ideal

observer hypothesis and the target confidence mechanism. However, as

described above, this pattern is predicted by the response stabilisation and

adaptation-level hypotheses.

The data are most easily explained if it is assumed that the measure

in the first half of the block was the response to the change in probability.

The change in accuracy during the block may indicate that the observer's

assessment of the probabilities was not appropriate and that he was making

compensatory adjustments in criteria to try to reduce the discrepancy between

his expectations and his responding. On the other hand, it may indicate a

reversal in the regulatory control of a negative feedback system as in the

accumulator model due to an initial overshoot.

Alternatively, if it is assumed that the measure in the second half was

the response to the change in probability, then the measure in the first half

is best interpreted as a continuation of the trend in the previous block.

However, this does not appear to be the case in these data, where the change

in accuracy across block boundaries tended to be steeper than the change

within blocks.
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(b) Response time

The main effect of Half and the interactions of Probability x Response

and Probability x Half x Response all appear to arise from the same variation

in response time and will be discussed together in terms of the 3-way inter-

action. Times for responses to the more probable stimulus increased and

times for responses to the less probable stimulus decreased from the first

to the second half of blocks. Once more it is not clear whether the response

to the change in probability was shown by the measure in the first or the

second half of the block.

If the measure in the first half is interpreted as the response to

a priori probability, response times decreased when probability increased.

This corresponds to Laming's (1968, 1969) findings and can be explained in

terms of the ideal observer hypothesis in Signal Detection Theory by the

choice of an appropriate latency function. These data are also consistent

with the ideal observer hypothesis applied to the random walk or the

accumulator model. In both cases, according to the ideal observer hypothesis,

the criterion amount of information required for responses to the more

probable stimulus will be low so that these responses will tend to be fast.

As for accuracy data, the subsequent change in times during the block could

indicate a compensatory adjustment in criteria by observers whose assessment

of stimulus probabilities did not match their responding.

These data are not consistent with the response stabilisation or

adaptation-level hypotheses which, for example, in terms of Signal Detection

Theory, predict that the criterion for the response to the more probable

stimulus will be high, so that times for this response will be long. Predictions

of these mechanisms applied to the random walk and accumulator models

are qualitatively identical to those for Signal Detection Theory.



177.

However, these data are predicted by the target confidence mechanism

applied to the random walk or accumulator models, since the low criterion for

resPonses to the more probable stimulus will give rise to fast responses. Once

more' this process would predict that reversals in the adjustment of criteria

during the block would produce corresponding reversals in response time.

Therefore, the model predicts the increase in times for the more probable

response in the second half of blocks.

If the measure in the second half is interpreted as the response to

a priori probability, response times increased with probability. This contrasts

with Laming's (1968, 1969') results but it can be explained by the response

stabilisation hypothesis according to which the criterion for responses to the

more probable stimulus will be adjusted upwards because the local probability

of this response exceeds its cumulative probability. Alternatively, the adap-

tation-level hypothesis predicts that the indifferehce point will be adjusted

to correspond to the mean of all observations so that the discriminability

of the more probable stimulus is reduced. In both cases, the adjustment will

result in longer times for responses to the more probable stimulus.

As in accuracy data, it appears more likely that the measure in the

first half of blocks represented the change due to a priori probability because

the changes in response times across block boundaries tended to be steeper

than the changes within blocks.

(c) Conf idence

As with response time data, the main effect of Half and the inter-

actions of Probability x Half, Probability x Response and Probability x Half

x Response appear to result from the same effect, so they will all be discussed

together in terms of the Probability x Half x Response interaction. In general,
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confidence in both right and left responses increased from the first to the

second half of blocks while there were no consistent changes in confidence

between blocks. When this result is considered in conjunction with response

time data it is apparent that confidence was not always varying inversely

with response time. In particular, for left responses in blocks of type B there

was a direct relationship between confidence and response time. Therefore,

these data are not consistent with Audley's (1960) hypothesis, so they cannot

be explained by any of the mechanisms for criterion regulation applied to

Signal Detection Theory or the random walk model. In addition, when this

finding is considered in terms of the balance of evidence hypothesis of the

accumulator model, some problems arise. In order to be able to account for

accuracy and response time data in terms of the target confidence mechanism

it was necessary to assume that the response to the change in probability was

represented by measures in the first half of blocks. In this way, high accuracy

and short times for responses to the more probable stimulus would indicate a

low criterion for that response. Therefore, the balance of evidence hypothesis

would predict that confidence in this response will be low. This is the opposite

of the data in the first half of blocks. Conversely, the low accuracy and long

times for responses to the less probable stimulus should correspond to a high

criterion and therefore confidence should be high. This prediction did not

receive any support from the confidence data. Similarly, in contrast to these

data the adaptation-level hypothesis predicts that confidence in responses

to the more probable stimulus will be lower than confidence in responses to

the less probable stimulus.

V/hen tlre response stabilisation hypothesis is applied to the accumu-

lator model, the criterion for responses to the more probable stimulus will

be high so that confidence will be high. This is the trend found in the first
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half of blocks. Conversely, this mechanism predicts that confidence for

responses to the less probable stimulus will be low, as seen in the first half

of blocks. However, as seen above, this mechanism could not account for

accuracy or response time results.

If the measure in the second half of blocks indicated the response

to a change in probability, the ideal observer hypothesis, the target confidence

mechanism or the adaptation-level hypothesis can explain the data in blocks

of type A where confidence in responses to the more probable stimulus is

relatively low. However, none of the mechanisms can account for the findings

in blocks of type B where confidence in responses to both stimuli increases

from Half I to Half 2. Therefore, it appears that when all aspects of the

confidence data are considered together they are not consistent with any one

of the mechanisms.

The Period x Discriminability interaction appears to result from a

difference in confidence in right and left responses at Discriminability level 2.

In this way, it is not a specific prediction of any of the models. However,

it does not conflict with the basic form of any of the models.

Similarly, the higher order interactions obtained with Order (Probability

x Half x Order, Half x Response x Order) are not inconsistent with any of

the models but they do not correspond to simple predictions of the models.

At the same time, although it is not apparent how the Period x

Probability x Response interaction could be derived from the models, this

interaction does not conflict with the models as they stand.

(d) Confidence and response time

llhen the relationship between confidence and response time was

considered within bias conditions, confidence varied inversely with time.
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However, as in Experiment 3 it appears that this was not necessarily the form

of the relationship between confidence and response time between bias conditions.

5. Summary and Conclusions

For each dependent variable, the variations in discriminability produced

systematic effects which were consistent with all of the models. However,

the effects of a priori probability were much less well defined, especially in

confidence data.

A major problem arose when considering the effects of the manipulation

of bias. In each dependent variable, the response to the step change in prob-

ability varied from the first to the second half of blocks and there was little

to indicate which measure represented the initial response to the change in

probability. Furthermore, the accuracy and response time measures from the

first and the second half of blocks could not be accommodated equally well by

the models. None of the models can explain confidence measures in either

the first or the second half of blocks in terms of the effects of bias.

It appeared likely that the measure in the first half of blocks indicated

the change due to the variation in probability because the changes in the

dependent variables across the block boundaries were more marked than the

changes within the blocks. In this case, accuracy and response time data are

consistent with the ideal observer hypothesis, the target confidence mechanism

and the adaptation-level hypothesis. However, the measures in the first half

of blocks in the present experiment showed a trend opposite to that found

when accuracy measures were compared across conditions in Experiment 3.

It is possible that the trend shown in Experiment 3 merely represented the

effects of a between-subjects design with individual differences within the
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different Broups of observers giving rise to this result. However, it appears

more likely that this finding stems from the slow rate at which observers

adapted to the stimulus probabilities in Experiment 3 in comparison to the

rapid adaptations which appeared to occur here.

Alternatively, it could be the second measure in each block which

indicates the initial response to the change in probability. If this is the case,

accuracy and response time data are consistent with the response stabilisation

hypothesis. In addition, this would imply that the measure in the first half

of the block was a continuation of the trend from the previous block. This

seems unlikely in the light of the finding that the change in performance

across block boundaries tended to be steeper than the change within blocks.

In order to clarify this situation it would be necessary to examine

in more detail the change in performance in response to a step change in

probability. In particular, it appears that the change which occurs between

measures taken before and after a step change in probability may indicate

the speed with which any adaptation occurs. In addition, it appears that the

inclusion of different levels of stimulus difference increased the variability

of the data and may have obscured the pattern in confidence ratings. As in

Experiment 3, the lack of clarity in confidence measures gave rise to findings

which suggest that confidence varied directly with response time between

bias conditions while there was strong evidence that there was an inverse

relationship between confidence and response time within bias conditions.

This apparent ambiguity might be resolved if confidence measures were taken

at only one level of discriminability.
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CHAPTER 5

A. INTRODUCTION

In Chapter 2 it was noted that each mechanism for criterion regulation

in two-category tasks can be applied to each decision model, except in the

case of the target confidence mechanism and Signal Detection Theory. As a

preliminary examination of these processes in a situation in which a priori

probabilities were varied, Experiments 3 and 4 were performed to investigate

the pattern of empirical evidence. However, it was not possible to distinguish

adequately between the processes on the basis of these data alone.

The way in which each mechanism for criterion regulation can be

applied to the three decision models was described in Chapter 2. The detailed

predictions of each model for accuracy, response time and confidence, when

there are step changes in a priori probability will now be examined. In

particular, predictions are considered for the situation in which the a priori

probability of right stimuli, p(R), alternates between 0.8 and 0.2 in successive

blocks of trials, as in Experiment 4; Since a step increase in the probability

of a right stimulus (or signal) necessarily corresponds to a step decrease in

the probability of a left stimulus, predictions for responses to left stimuli

vary in the complementary way to those for right stimuli, and detailed

predictions will be presented in terms of responses to right stimuli only.

Similarly, for all response measures, the change which results from a step

decrease in probability is the converse of that from a step increase, so only

the case of a step increase in probability will be considered in detail. In the

specification of the predictions of each of the mechanisms it will be assumed

that, as in Experiment 4,300 practice trials in which p(R) = 0.5 and 100

practice trials in which p(R) = 0.2 were performed prior to the first experi-

mental block. Following the design of Experiment 4, it will be assumed that

p(R) takes the values of 0.8, 0.2, 0.8 and 0.2 in the four subsequent blocks
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each of 100 trials. Graphical illustrations of the predictions show these four

blocks of trials which are numbered l, 2, 3 and 4, respectively. It will be

assumed that d' - 2.0, corresponding to the calculated value from data for

discriminability level 2 in Experiment 4. To avoid the complication of

negative intensities, the means of the normal distributions of sensory effect

for left and right stimuli will be assumed to take the values l0 and 12,

respectively, with o = 1.0 for both distributions.

I The ideal observer hyoothesis

(a) Signal Detection Theory

From equation (4) it can be seen that, according to the ideal observer

hypothesis, the value of the cutoff varies with changes in a priori probability

and in costs and payoffs. If costs and payoffs are constant, it can be assumed

that step changes in stimulus probabilities will produce changes in the position

of the cutoff at a rate determined by the nature of the subjective probability

estimates. These may be based on either (i) recent stimulus probability

(calculated, for example, over the last x = l0 trials), or (ii) cumulatively

determined stimulus probability (calculated over the entire experimental session,

including practice trials).

(i) recent probability. If the ideal observer hypothesis is based on recent

stimulus probability calculated over the last x trials, a step increase in p(R)

from 0.2 to 0.8 will produce a step decrease in the expected value of ß from

p(n)/p(s) = (0.810.2) = 4.00 to (0.2/0.8) = 0.25 within x trials. This corresponds

to a movement of the cutoff from x^ to x^ in figure 41. It is apparenttl -z
that the rate at which this change in ß takes place depends on the size of

x, with smaller values of x giving rise to more rapid adaptation. For example,
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FIGURE 4 I. Theoretical probability density distributions of subjective
values of stimulus difference (V-S) appropriate to Signal
Detection Theory for t\,ro-category tasks. The right-hand
distribution represents the case where the right line is
longer and the left-hand distribution represents the case

where the left line is longer. Two possible positions of
the cutoff are shown. At the position x. , responses tleft.

longer' are preferred, while at posraroit*"^, responses
-)tright longert are preferred. Therefore, thã case when

p(R)=0.2 and. tleft longer' responses are preferred would

be represented by cutoff x" -. An increase in p(R) from

0.2 to 0.8 wiÈh a concomitaåt increase in bias towards
rrighÈ longert responses would correspond to a movement of
the cutoff from x to x

"l "2

if x = 4, the adaptation of ß described above will be completed by the end

of the first four trials after a step increase in p(R). Alternatively, if x = 10,

the adaptation of ß will be completed by the end of the first l0 trials. Once

the adaptation has taken place, the value of ß (or the position of the cutoff)

will remain constant until there is another change in p(R). The variation in



I 85.

the expected value of ß based on recent stimulus probabilities calculated

when x = l0 is shown in figure 42(a).

From figure 41 it is apparent that, when P(R) increases from 0.2 to

0.8, and the expected value of ß decreases from 4.00 To 0.25, observations

will be more likely to fall on the side of the cutoff corresponding to right

responses. As a consequence, responses to right stimuli will be more accurate.

For example, when p(R) = 0.2 so that the expected value of S = 4.00, from

Freeman's 0964) tables it can be seen that the probability of correct responses

to right stimuli is constant aI 0.62. Conversely, when P(R) = 0.8 so that the

expected value of s = 0.25, The probability of correct responses to right

stimuli is constant at 0.95. Figure 42(b) illustrates the expected variations

in the accuracy of responses to right stimuli which correspond to the changes

in ß shown in figure Az(a).

In Chapte r 2 it was noted that, in terms of Signal Detection Theory'

response time nìay be assumed to be an inverse function of the distance

between an observation and the cutoff. The average position of observations

which favour right responses can be estimated by the mean of the truncated

normal distribution corresponding to correct right responses (the shaded area

in figure 41). Therefore, the distance between this mean value and the cutoff

will correspond to the average distance of observations favouring right

responses from the cutoff. Specific estimates of this distance may be

calculated for the experimental situation described above (Pearson & Hartley,

I976). In this case, when p(R) - 0.2, the average distance in standard

deviation unitsr'o, between observations favouring right responses and the

cutoff is 0.93. Conversely, when p(R) = 0.8, the average distance between

observations lavouring right resPonses and the cutoff is 1.80o. Since response

time varies inVersely with this distance, the predicted response times will
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Signal Detection Theory when the probabilit
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assümed that 300 practice trials in which p(R)=0.5 and 100
practice trials in which p(R)=0.2 preceded the trials which
are plotted and that Ehe distributions of sensory effect of
left and right stimuli are normal with means of l0 and 12,
respectively, with o=1.0 for both distributions and d'=2.0.
The figures show Èhe expected variation in (a) Èhe criterion,
ß, (b) responsg probability, (c) response time and (d) confidence.
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vary in the same way as the reciprocal of these values as shown in figure az(c).

Times for right responses will be longer when P(R) = 0.2 than when P(R) = 0.8.

In Chapter 2 it was also noted that confidence may be assumed to

vary as a direct function of the distance between an observation and the

cutoff. As seen above, when p(R) = 0.2, the average distance between obser-

vations favouring right responses and the cutoff is 0.93o, while when p(R) = 0.8'

this average distance is 1.80o. Therefore, as shown in figure 42G), the predicted

confidence in right responses will be lower when p(R) = 0.2 than when p(R)

= 0.8.

(ii) cumulatively determined probability. Alternatively, ß may depend on

the stimulus probabilities cumulatively determined over the entire experimental

session. In this case, the expected changes in ß are in the same direction as

those described above, but are more gradual and continue throughout the

subsequent block. For example, figure 43(a) shows the variations in the

expected value of ß, based on cumulative stimulus probability, which occur in

response to step changes in p(R) in the experimental situation described above-

There is a ramp decrease in ß following a step.increase in p(R). From the

figure it is apparent that the size of the change in the expected value of ß

decreases with each successive step change in p(R). This occurs because the

cumulatively determined probability varies by smaller amounts as the number

of trials over which it is calculated increases.

These changes in ß will give rise to changes in all three resPonse

measures and, since the size of the variation in the expected value of ß

decreases with successive step changes in p(R), the magnitude of the expected

cfianges in the response measures will decrease accordingly. For example,

figure 43(b) shows the variations in the probability of correct responses.to
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right stimuli which correspond to the expected values of S plotted in figure

a3(a). A step increase in p(R) gives rise to a ramp increase in the probability

of correct responses to right stimuli which begins soon after the step change

and continues throughout the block.

secondly, as noted above, response time may be assumed to vary

as an inverse function of the distance between an observation and the cutoff.

As described above, the average distance between observations which favour

right responses and the cutoff can be estimated by subtracting the cutoff

value from the mean of the truncated normal distribution for correct right

responses. The expected changes in response time values can be seen from

a plot of the reciprocal of these differences which is given in figure 43k).

The figure shows that times for correct right responses decrease soon after

a step increase in p(R) and continue to decrease throughout the block.

Thirdly, since confidence may be assumed to vary as a direct function

of the distance between the observation and the cutoff, it will vary as shown

in figure 43(d).

(b) The random, walk model

V/hen the prior odds aspect of the ideal observer hypothesis is applied

to a random walk type of Process, it is assumed that changes in a priori

probability will produce variations in the position of the starting point. For

example, if subjective probability is determined on the basis of recent stimulus

probabilities, a step increase in p(R) will result in an immediate movement of

the starting point to a position close to the boundary for right resPonses'

corresponding to a shift from SP, to SP, in figure 6. The starting point will

then remain in this position until there is another change in p(R). This process

gives rise to qualitative predictions for accuracy and resPonse time which
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resemble those for Signal Detection Theory, while confidence predictions are

the opposite of those for Signal Detection Theory. For example, since the

starting point will lie close to the boundary for right responses after a step

increase in p(R), many right responses will be made and, as a consequencet

accuracy will be high.

Similarly, response time and confidence will vary with the position

of the starting point. Since response time and confidence both vary as a direct

function of the distance between the starting point and the boundary, times

for correct right responses will be short and confidence will be low when the

starting point lies close to the boundary for right responses following a steP

increase in p(R).

On the other hand, subjective probability may be determined on the

basis of cumulative stimulus probabilities. In this case, as in Signal Detection

Theory, the expected changes will be in the same direction as those described

above, but the initial movement of the starting point will begin soon after the

step change in p(R) and it will continue throughout the block. For example,

a step increase in p(R) will give rise to a gradual movement of the starting

point towards the boundary for right responses, corresponding to a gradual

shift from SP, towards SP, in figure 6. As a consequence, there will be

a ramp increase in the accuracy of right responses, while both times and

confidence for right responses will show a ramp decrease.

(c) The accumulator model

In the accumulator model, changes in subjective probability will

produce changes in the relative values of the criteria for the two responses.

If subjective probability is determined on the basis of recent stimulus
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probabilities, a step ìncrease in p(R) will produce an immediate decrease in

the relative value of the criterion for right responses. Alternatively, if

subjective probability is determined on the basis of cumulative stimulus prob-

abilities, a step increase in p(R) will produce a gradual decrease in the

relative value of the criterion for right responses. Therefore, the qualitative

predictions of this process are identical to those described above for the

random walk model.

2. The response stabilisation hypothesis

(a) Signal Detection Theory

When the response stabilisation hypothesis is applied to a Signal

Detection Theory model, a mismatch in the local probability (L) and the

cumulative probability (C) of a response will produce a movement in the

cutoff. For example, when there is a step increase in p(R) from 0.2 to 0.8,

the local probability of right responses, calculated over the last x trials, will

increase to 0.8 within x trials. At the same time, if the practice trials

described above were performed prior to the step increase in p(R), the

cumulative probability of right responses will increase only slowly. Therefore,

L will be greater than C, and the criterion will be adjusted upwards. In the

experimental situation described above, the value of (L-C) for right responses

will vary as shown in figure 44.

A computer simulation of the response stabilisation hypothesis

applied to Signal Detection Theory was performed in the above experimental

situation. Local probability was calculated when x = l0 trials. It was assumed

that the initial value of the cutoff was 1.0 and the coefficient of adjustment

of the criterion was set at 0.1. The simulated experiment was run 20 times

and averaged. Figure 45(a) shows the expected values of ß which correspond
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The expected changes in the difference between the
local probability, L, and rhe cumulative probability,
C, of a right response when the probability of a
right stimulus, p(R), Èakes the values 0.g, O,2, O.g
and 0.2 in blocks of 100 trials whích are numbered
l, 2, 3 and 4, respectively. It is assumed that 300
practíee trials in which p(R)=0.5 and I0O practíce
tríals in whích p(R)=0.2 preceded the rrials which
are plotted.

to the values of (I--C) as shown in figure 44. As would be expected from the

variation in (L-c), when there is a step increase in p(R), the expected value

of ß increases within x trials and continues to increase throughout the block.

The ramp increase in ß following a step increase in p(R) corresponds

to a gradual movement of the cutoff from x^ towards x^ in figure 41.tz tr o'
From figure 4l it is apparent that, as the cutoff moves, there will be a

progressive decrease in the probability that observations will fall on the side

of the cutoff favouring right responses. Thereforer as ß increases the accuracy

of right responses will decrease. Figure 45(b) shows the variation in the

probability of correct responses to right stimuli which corresponds to the



193.

to

LO

t.o

to

oa

oa

ot

oô

FIGURE 45.

l6l CiltERlO¡

rLoct xur¡ai

(cl ltl?oxl: llrl

lo (bl 
^ccuR^cY

o.a

ot

ldl coxFtDEtact
l.a

la

t2

to

tt

iLOCX TUIAEF

E

a
a
o
3¡
I
t
Io
I
I
f

(¡.

¡
J

I
o¡
Þ
C
u

i
t

!
o,
o
Ê
a
o
u

i

!

I;
t
o

a

2l

BI.OCK }'UTBT¡

I 1

aLocx t{ufBEn

Pattern of change in (a) the criterion, ß, (b) response
probability, (c) .esponse time and (d) confidence obtained
in a simulation of the response stabilisation hypothesis
applied to Signal Detection Theory when the probability
oi a right stimulus, p(n), Èakes the values 0'8, 0'2, 0'8
and 0 .2 ín blocks of l0O trials which are numbered l, 2,
3 and 4, respectively. 300 practice Èrials in which
p(R)=0.5 and- 100 pracEice tríals in which p(R)=0.2 preceded
th" t.i"ls whích are ploÈted. Local probability was

calculated over blocks of l0 trials. It hras assumed that
the initial value of S=1.0 and that Èhe coefficient of
adjustment of the criterion was O. I. The distributions
of sensory effect of left and right stimuli were assumed

to be normal wiÈh means of l0 and 12, respectively, wiÈh
o=1.0 for both disËributions and d'=2.0. Each curve is
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expected values of ß shown in figure 45(a). Accuracy for right responses

shows a ramp decrease in the block following a step increase in p(R).

Since response time varies as an inverse function of the distance

between an observation and the cutoff, changes in the expected value of ß

will also give rise to changes in response time. The average distance between

observations favouring right responses and the cutoff was estimated as

described above. Response time will vary with the reciprocal of this distance

as shown in figure A5(c). In other words, times for correct right resPonses

show a ramp increase in the block following a step increase in p(R).

confidence will also vary with ß. since confidence is a direct

function of the distance between the observation and the cutoff, confidence

for rìght responses will vary as shown in figure 45(d). A step increase in p(R)

will produce a ramp decrease in confidence.

(b) The random walk model

In Chapter I it was noted that when the response stabilisation

hypothesis is applied to the random walk model it determines the position

of the starting point relative to the boundaries. For example, when L > C

for right responses following a step increase in p(R) (see figure 44), the

starting point will move away from the boundary for right responses. As

the distance between the starting point and the boundary increases, fewer

right responses will be made, so accuracy in right responses will decrease.

At the same time, response time and confidence will vary directly

with the distance between the starting point and the boundary. Thereforet

when L > C as a result of a step increase in p(R), times and confidence for

right responses will increase as the starting point moves away from the

boundary for right responses.
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(c) The accumulator model

líhen the response stabilisation hypothesis is applied to the accumulator

model, a mismatch in L and C for a given response will produce a change in the

value of the criterion for that response. For example, when L > C following

a step increase in p(R), the criterion for right responses will increase. The

resulting qualitative predictions for accuracy, response time and confidence

are the same as, those described above for the random walk model.

3. The adaptation-level hypothesis

(a) Signal Detection Theory

V/hen the adaptation-Ievel hypothesis is applied to Signal Detection

Theory, the position of the cutoff is directly determined by the adaptation

level. Since a change in p(R) produces a change in the value of the adaptation

level, it will give rise to a movement of the cutoff. For example, figure 46(a)

shows the actual changes in the adaptation level, calculated when x = l0 trials,

in the experimental situation described above. The adaptation level shows a

ramp increase following a step increase in p(R). In addition, it can be seen

that the magnitude of the variation in the adaptation level decreases with

each successive step change in p(R). Since accuracy, response time and

confidence vary as a function of the adaptation level, there will be a corres-

ponding decrease in the amount of variation in these measures with successive

changes in p(R).

A ramp increase in the adaptation level following a step increase

in p(R) corresponds to the gradual movement of the cutoff from x^ towardst2
x^ in figure 41. As the cutoff moves, the probability that observations-l
will favour right responses decreases, so accuracy will decrease. Figure 46(b)

shows the variation in the probability of correct right responses which
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corresponds to the expected values of the cutoff in figure 46(a). After a

step increase in p(R) there is a ramp decrease in accuracy for right responses.

Since response time varies as an inverse function of the distance

between an observation and the cutoff, the changes in the position of the

cutoff as determined by the adaptation-level hypothesis will produce changes

in response time. For each value of the cutoff in figure 46(a)r the average

distance between an observation favouring right responses and the cutoff was

estimated as described above. Times for correct right responses will vary

with the reciprocal of this distance, as shown in figure a6(c). There is a ramp

increase in times for right responses following a step increase in p(R).

Since confidence is a direct function of the distance between an

observation and the cutoff, it will vary as shown in figure 46(d). There is

a ramp decrease in confidence in right responses following a step increase

in p(R).

(b) The random walk model

As described in Chapter 2, in the random walk model it may be

assumed that the indifference point, which separates those observations which

favour one response from those which favour the alternative, directly reflects

the adaptation level. In this case, when there is a step increase in p(R), the

indifference point will increase to take on a value closer to the intensity of

right stimuli. As a consequence, the effective discriminability of right stimuli

will be reduced, so fewer right responses will be made and their accuracy

will decrease.

Since many observations will be needed before a right response is

made, times for right resPonses will increase following a step increase in

p(R). At the same time, since the effective discriminability of right stimuli

is reduced, following Ascher $974) (see equation (7)) confidence in right

responses will decrease.
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(c) The accumulator model

The adaptation-level hypothesis can also be assumed to determine

the value of the indifference point in the accumulator model. For example,

a step increase in p(R) will give rise to an increase in the value of the

indifference point with the result that right stimuli will be less discriminable.

Therefore, the qualitative predictions of this process are identical to those

described above for the random walk model.

4. The target confidence mechanism

In Chapter I it was noted that it is not possible to combine the

mechanism based on target confidence with Signal Detection Theory, so discussion

is restricted to the variable sample models.

(a) The accumulator model

In the accumulator model, the target confidence mechanism controls

the values of the criteria in the primary decision process. For exampler if it

is assumed that the target confidence values for both responses are the same'

a step increase in p(B) witl give rise to an increase in the proportion of trials

on which right responses are made correctly and with high confidence. As a

result, on the majority of trials, actual confidence in right resPonses will tend

to exceed target confidence, so overconfidence will be stored in the appropriate

control accumulator. Therefore, the critical amount of overconfidence is likely

to be reached before the criterion for underconfidence is satisfied, and the

criterion for right responses in the primary decision process will be lowered.

Changes in the relative values of the criteria in the primary decision

process will give rise to variations in the response measures. For example,

the decrease in the relative value of the criterion for right resPonses following
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a step increase in p(R) will result in an increase in the number of right

responses being made, with a consequent increase in accuracy.

Since the criterion for right responses is low after a step increase

in p(R), few observations will be needed to satisfy it, so times for right

responses will be short. In addition, when the criterion for right responses

is reduced following a step increase in p(R), the maximum possible confidence

in right responses will be equal to the lower criterion value. Therefore,

confidence in right responses will tend to be low.

These predictions can be confirmed by comparison with a computer

simulation of the accumulator model performing a closely similar signal

detection task which was carried out by Vickers (1979). The major difference

between the signal detection process and the discrimination situation is that,

in the signal detection process the criteria for signal and nonsignal responses

are not symmetrical, while in the discrimination process the criteria for the

two responses may be assumed to be identical. In particular, in this simu-

lation the specilication of signal and nonsignal criteria incorporates a bias

towards signal responses. However, this is the only difference between the

two forms of the model which is important in this situation. In the simu-

lation it was assumed that the target levels of confidence for signal responses

and nonsignal responses were equal at the start of the trials with a value of

6.0, and that the criteria for both responses in the primary decision process

were equal to 5.0. The difference between the means of the distributions

of sensory effect for signal and noise was set at 1.80 and the coefficient of

adjustment of the criteria was 1.50. Twenty blocks each of 50 trials were

run. In the first six blocks the a priori probability of a signal was 0.5.

Follolving this, the probability of a signal was 0.2 for two blocks and then

0.8 for two blocks and it continued to alternate in this way for the remaining
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blocks of trials. Therefore, the manipulation of the signal probability was

equivalent to the manipulation of p(R) in the experimental situation described

above, and the results for signal responses may be used to indicate the expected

variation in right responses. The simulated experiment was run l0 times and

the data were averaged.

Figure 47(a) shows the variation in the probability of correct signal

responses (hits) which results from step changes in signal probability. Following

a step increase in the probability of a signal, the accuracy of signal responses

is high. Figure 47(a) also shows the variation in the probability of correct

nonsignal responses (correct rejections). It is apparent that the probability

of correct rejections varies in the complementary way to the probability of

hits. However, the probability of hits is always higher than the probability of

correct rejections. This is the result of the bias towards signal responses

which is incorporated in the specification of the criteria, and therefore it is

not a necessary prediction of the model. In addition, from the figure it can

be seen that there is no consistent pattern in the variation in accuracy within

probability conditions, even though, in the majority of cases there appears to

be a decrease in accuracy from the first to the second half of blocks. These

trends are an indication of the state of the adaptive process at the time when

each step change in probability takes place, and result from the imposition of

a cyclic step change in probability on a periodic adaptive process which is

changing with a different periodicity. Since previous simulations of the

accumulator model have shown that the initial response to a step change in

probability occurs within 10 trials (e.g. Vickers, 1979, fig. 143), the unsystematic

variation of accuracy within blocks is not critical to the predictions of the

model.
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Figure 47(b) shows the pattern of response times for hits and correct

rejections from the simulation. As with accuracy measures, there is clear

evidence of a bias towards signal responses which are always made more

quickly. However, times for hits and correct rejections show the same pattern

of variation. In particular, times for hits are short following a step increase

in probability. Although the variations in response time within blocks of trials

appear to be systematic, the pattern of change is not a specific prediction of

the model. Instead, as for accuracy, the changes in response time within blocks

indicate the state of the adaptive decision process when each step change in

probability took place.

The variation in confidence in hits and correct rejections obtained in

the simulation is shown in figure 47(c). From the figure it can be seen that

confidence in hits is low after a step increase in probability. Confidence in

correct rejections varies in the complementary way. However, the bias towards

signal responses in the specification of the criteria is evident in blocks 2 and 4

where confidence in hits is much higher than confidence in correct rejections.

In addition, as for accuracy and response time, the variations in confidence

within blocks indicate the state of the adaptive decision process at the time

of each step change in probability and therefore, these changes do not corres-

pond to a specific prediction of the model.

(b) The random walk model

As discussed in chapter 2, in order to be able to aPply the target

confidence mechanism to the random walk model it is necessary to assume

that the value of the desired likelihood ratio diminishes over time. In other

words, the distance between both of the boundaries and the starting point

decreases with each successive observation taken before a decision is mãde

(see figure 8). V/ithin this model, the target confidence mechanism will
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determine the position of the starting point relative to the diminishing

boundaries. For example, if it is assumed that the target confidence values

for both responses are the same, a step increase in p(R) will result in a decrease

in the number of right responses made incorrectly and with low confidence.

As a result, the actual confidence in right responses will tend to exceed target

confidence. Therefore, the starting point will be likely to move towards the

boundary for right responses. This process is analogous to the target confidence

mechanism applied to the accumulator model and its predictions are qualitatively

identical to those described above for the accumulator model.

5- Summary

The qualitative predictions of the mechanisms for criterion regulation

applied to each decision model are summarised in figure 48. All of the

predictions are given in terms of right responses, so a high value of stimulus

probability, H, indicates that there has been a step increase in p(R), and a low

value of stimulus probability, L, indicates that there has been a step decrease

in p(R). From the figure the processes appear to be grouped on the basis of

the mechanisms for criterion control and their application to specific decision

models.

In particular, the predictions of the ideal observer hypothesis and

the target confidence mechanism appear to contrast with the predictions of

the response stabilisation and adaptation-level hypotheses. V/hen either the

ideal observer hypothesis or the target confidence mechanism is applied to

any of the decision models, the accuracy and resPonse time predictions of

the resulting processes are the same. Similarly, when either the response

stabilisation hypothesis or the adaptation-level hypothesis is applied to any

of the decision models, the accuracy and response time predictions of the
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resulting processes are the same. However, in this case, the predicted changes

in accuracy and response time are the opposite of those predicted by the ideal

observer hypothesis and the target confidence mechanism. Therefore, it appears

that accuracy and response time predictions depend on the form of the mechanism

for criterion regulation.

In contrast, the confidence predictions of the processes appear to

depend on the nature of the decision model. For the ideal observer hypothesis

and the target confidence mechanism, the critical factor appears to be whether

a decision is based on a single observation, as in Signal Detection Theory, or on

multiple observations, as in the random walk and accumulator models. From

figure 48 it is apparent that, for this pair of criterion regulation mechanisms,

the confidence predictions for Signal Detection Theory are the opposite of

the confidence predictions for either the random walk model or the accumulator

model. On the other hand, this distinction does not hold for the response

stabilisation and adaptation-level hypotheses. In this case, when either of

these mechanisms is applied to Signal Detection Theory or when the adaptation-

level hypothesis is applied to the random walk or accumulator models, confidence

predictions are the opposite of those obtained when the response stabilisation

hypothesis is applied to the random walk or accumulator models.

This categorisation highlights the interaction between the nature of

the mechanism for criterion regulation and the type of decision model, when

considering predictions lor accuracy, response time and confidence. Consider-

ation of the predictions for accuracy and response time results in a dichotomous

classification of the processes in terms of the mechanisms for criterion

regulation. An examination of confidence predictions then distinguishes

between the processes within each pairing on the basis of the combination

of criterion regulation mechanisms with specific decision models. Therefore,

it appears that the measurement of confidence is critical to any comparison

of the processes.
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B. EXPERIMENT 5

l. Introduction

In order to evaluate the predictions of the different mechanisms for

criterion regulation applied to any of the three decision models, measures of

accuracy, response time and confidence were taken in a situation which

allowed for a more detailed examination of the data than was possible in

Experiments 3 and 4. Of particular interest was the nature of the variation

in accuracy and in response time and the relationship between these changes

and the pattern of confidence ratings. The experimental design was the same

as in Experiment 4 except that discriminability was held constant in order to

reduce the variability within bias conditions. Since the order in which observers

performed the two bias conditions did not account for a significant proportion

of the variance in Experiment 4, in this experiment all observers performed

under the same order condition. As a consequence, the effective sample size

was increased, producing an increase in the reliability of response measures.

2. Method

(a) Stimuli

The stimuli were white pi-shaped figures identical to those used in

Experiment 3 and described in Chapter 4, section 4.2(a) except that, in this

case, discriminability did not vary. The longer line was always 187 mm in

length while the shorter line was always 186 mm in length.

(b) Apparatus

The apparatus was identical to that used in Experiment 3 and

described in Chapter 4, section 4.2(b).
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(c) Observers

The 30 observers, l5 men and 15 women, were students enrolled in

the first year psychology course at the University of Adelaide, whose parti-

cipation was credited towards a course requirement. They ranged in age from

17 to 24 years and all declared themselves to be right-handed. All observers

were naive with respect to the aims of the experiment.

(d) Design

All observers performed under the same conditions with each observer

being tested individually for approximately one hour.

Stimuli were presented in l0 blocks: 4 practice blocks each of 50

trials preceded 6 experimental blocks each of 100 trials. In each practice

block and the first experimental block, the occurrence of the longer line on

the right or the left was equiprobable (p(R) = 0.5). The remaining five blocks

of experimental trials took one of two forms:

A. The probability of the longer line occurring on the right was 0.8 and

therefore, the probability of the longer line occurring on the left was 0.2.

B. The probability of the longer line occurring on the right was 0.2 and

therefore, the probability of the longer line occurring on the left was 0.8.

All observers performed the last five experimental blocks in the order BABAB.

The first two experimental blocks were treated as practice, so only the last

four experimental blocks were considered in the analyses.

Within each block, both practice and experimental, the occurrence of

the longer line on the right or the left was random, given the probability

restriction.

Consecutive practice blocks were separated by short rest periods in

which observers were given the opportunity to clarify instructions. The.six
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experimental blocks were performed in an uninterrupted sequence, and observers

were not given any indication of the manipulation of a priori probability.

(e) Procedure

The procedure was identical to that of Experiment 3 and described

in Chapter 4, section 4.2(e).

3. Results

Analyses of variance with Period (first two experimental blocks or

second two experimental blocks), Probability (block type A or type B as defined

in section 8.2(d)), Half (first or second half of an experimental block) and

Response (right or left) as factors were used to analyse data from the last

four blocks of experimental trials. Analyses of variance were carried out

according to a crossed factorial design with repeated measures on all factors.

Separate analyses were performed on (a) the percentage of stimuli for which

responses were correct, (b) the mean times for correct responses and (c) the

mean confidence in correct responses.

(a) Accuracy

The analysis of accuracy data showed a significant interaction between

Probability, Half and Response (F(1,29) = 41.18, Mserror = 0.13, p (.001)

The percentages of right and left stimuli for which responses were

correct in each half of each type of block are shown in table 16. Halves I and

2 of Probability A in which p(R) = 0.8 are labelled Hl and H2, respectively,

and Halves I and 2 of Probability B in which p(R) = 0.2 are labelled Ll and

L2, respectively. When there was a step increase in p(R) from 0.2 to 0.8

between L2 and Hl, there was a significant increase in the accuracy of

responses to right stimuli and a significant decrease in the accuracy of
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TABLE I6. Percentage of correct responsest mean response times and
mean confidence for correct right and left responses in
Half I (Hl) and HaLf 2 (tt2) of blocks of Probability A

and in Half I (L¡) and HaIf 2 (L2) of blocks of Probability
B. The measures were taken over 30 observers.

responses to left stimuli. On the other hand, when there was a step decrease

in p(R) from 0.8 to 0.2 between H2 and Ll, there was a significant decrease

in the accuracy of responses to right stimuli and a nonsignificant decrease

in the accuracy of responses to left stimuli. At the same time, accuracy

for right responses decreased significantly and accuracy for left responses

increased significantly from the first to the second half of blocks of type A

(i.e. from Hl to H2). In contrast, accuracy for right responses increased

significantly and accuracy for left responses decreased significantly from the

first to the second half of blocks of type B (i.e. from Ll to L2).

(b) Response time

The analysis of response time data showed a significant main effect

due to Response (F(1r29, = 9.58, Mserror = 22099, p ( .01) and significant

interactions of Period x Probability (F(1'29) = 8'41, Mserror = 6247, p ( '01),
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Probability x Response (F(1,29) = 6.19, Mserror = 14513, p (.05) and

Probability x Half x Response (F(1,29) = 19.14, Mserror = 14966, p < .001).

The Response main effect arose because right responses were faster

than left responses. The mean times for right and left responses were 10L9.53

msec and 1061.54 msec, respectively.

The Period x Probability interaction reached significance because,

in Probability A, the mean times for responses in Period I were significantly

longer than the mean times for responses in Period 2. The respective mean

response times were 1060.39 msec and 1018.94 msec. In contrast, there was

no difference between the times for responses in Periods I and 2 in Probability

B. The mean times for responses in blocks of type B in Periods I and 2 were

l04l.l9 msec and 1041.60 msec, respectively.

The Probability x Response interaction is shown in table l7 where

it can be seen that right responses were faster in Probability A than in

Probability B. Conversely, left responses were faster in Probability B than

in Probability A.

Mean Èimes for correct right responses
and correct left responses in blocks of
Probability A and of Probability B.
The means were taken over 30 observers.

PROBABILITY

RESPONSE A B

RÍ9ht
Lefb

1004.98

1074.34

r034 .08

r045.7I

TABLE 17.
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The Probability x Half x Response interaction is summarised in table 16

where it can be seen that, when there was a step increase in P(R) between

L2 and Hl, there was a significant decrease in the times for right responses

and a significant increase in the times for left responses. Conversely, when

there was a step decrease in p(R) between H2 and Ll, there was a nonsignificant

increase in the times for right responses and a nonsignificant decrease in the

times for left responses. In addition, times for right responses increased

significantly and times for left responses decreased significantly from Half I

to Half 2 of blocks of type A (i.e. from Hl to H2). In contrast, times for

right responses showed a nonsignificant decrease and times for left responses

showed a nonsignificant increase from Half I to Half 2 of blocks of type B

(i.e. from Ll to L2).

(c) Conf idence

The analysis of confidence data showed a significant main effect due

to Response (p(t r29') = 8.47, Mserror = 0.62, p < .01) and significant interactions

of Probability x Response G$r29) = 4.60, Mserror = 0.I7¡ p <.05) and Probability

x Half x Response (F(l ,29) = 31.62' Mserror = 0.13, p < .00i).

The Response main effect arose because confidence was higher in

right responses than in left responses. The mean confidence for right and

Ieft responses was 3.00 and 2.79, respectively.

The Probability x Response interaction is shown in table 18 where

it can be seen that confidence in right responses was higher in Probability A

than in Probability B. Conversely, confidence in left responses was higher

in Probabitity B than in Probability A.

The Probability x Half x Response interaction is summarised in

table 16. V/hen there was a step increase in p(R) between L2 and Hl there
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PROBABILITY

RESPONSE A B

Right
Left

3.0¿

2.75

2.95

2.82

TABLE I8. Mean confidence in correct right responses
and correct left resPonses in blocks of
Probability A and of Probability n. The
means were taken over 30 observers.

was a significant increase in confidence in right responses and a nonsignificant

decrease in confidence in left responses. When there was a step decrease

in p(R) between H2 and Ll there was a nonsignificant decrease in confidence

in right responses and a significant increase in confidence in left responses.

In addition, confidence in right responses decreased significantly and confidence

in left responses increased significantly from Half I to Half 2 of blocks of

type A (i.e. from Hl to H2). Conversely, there was a significant increase

in confidence in right responses and a significant decrease in confidence in

Ieft responses from HaIf l to Half 2 of blocks of type B (i.e. from Ll to L2).

(d) Confidence and response time

For each observer, confidence in all responses (correct and incorrect)

was plotted against the corresponding response time values and straight lines

were fitted. Separate plots were made for right and left resPonses in each

block. It was found that 146 of the total of 240 plots had a negative slope,

showing that overall, there was an inverse relationship between confidence

and response time within blocks (p <.001, binomial test). The predominantly
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inverse relationship was still evident when the 60 plots for each of right and

left responses were considered separately in each type of block. In blocks

of type A, the numbers of negative slopes for right and left responses were

43 and 39, respectively (p <.001, p (.05, respectively, binomial test). In

blocks of type B, the numbers of negative slopes for right and left responses

were 37 and 44, respectively (p <.05, p <.001, respectively, binomial test).

In all cases, the majority of the best fitting straight lines had a negative

slope indicating an inverse relationship between confidence and response time

for responses to both the less and the more probable stimulus in each prob-

ability condition.

4. Discussion

Several of the effects which reached significance do not appear to

have arisen from the manipulation of bias by varying a priori probability.

For example, both response time and confidence measures showed a signifi-

cant main effect of Response. Right responses were faster and more confident

than left responses. This appears to result from a general, pre-existing bias

towards right responses shown by right-handed observers. Although this

finding does not correspond to a specific prediction of any of the processes,

it is not inconsistent with any of them.

Similarly, the Period x Probability interaction in response time data

does not appear to reflect the manipulation of response bias. Instead, this

interaction may be interpreted in terms of a mismatch between the

observer's expectations or probability assessment and his responding,

combined with the influence of a general bias towards right responses. The

mean response time in blocks of type B, in which most responses were left

responses, did not change from Period I to Period 2. In contrast, in the
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block of type A in Period l, which was the first experimental block, the mean.

response time was longer than in any other block. It seems tikely that, on

the basis of the initial practice trials, observers would expect that the stimuli

would be equiprobable. The discrepancy between this assessment and the

evidence from their responses in the last practice block and the first experi-

mental block (the block of type A in Period t) may have made observers more

cautious in these blocks and therefore, response times would be longer. It

appears that the manipulation of a priori probability may have become apparent

by the block of type B in Period l, producing a change in expectations to

match responding, with a consequent decrease in response times. The faster

times in the block of type A in Period 2 appear to reflect the bias towards

right responses of right-handed observers since, in this block, p(R) = 9.3.

The effects of the step changes in a priori probability were evident

in the Probability x Half x Response interaction which accounted for a signi-

ficant proportion of the variance in all three response measures. In addition,

the Probability x Response interaction was significant for response time and

confidence. These effects will be discussed in terms of the higher order

interaction. The Probability x Half x Response interaction comprises two

major components, with each response measure showing variations both between

probability conditions and within probability conditions. These will be discussed

in turn.

The changes in accuracy and response time which occurred as the

result of step changes in probability are consistent with Laming's (I968, 1969)

findings and conform to the predictions of the ideal observer hypothesis or

the target confidence mechanism applied to any of the decision models.

However, these results run contrary to the predictions of the response

stabilisation or adaptation-level hypotheses applied to any of the models.
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when confidence ratings are considered, it is possible to make a

further distinction between the ideal observer hypothesis and the target

confidence mechanism and their application to the three decision models.

In particular, the pattern of change observed in confidence is not consistent

with the target confidence mechanism as applied to any of the models.

Confidence findings also contrast with the adjustment of criteria to conform

to changes in subjective probability in either the random walk or accumulator

models. However, when the ideal observer hypothesis is applied to Signal

Detection Theory, the process predicts the observed variation in confidence

as well as the changes in accuracy and response time. In addition, when

confidence data are considered alone, they are consistent with the response

stabilisation hypothesis applied to the random walk model or the accumulator

model. However, as seen above, these processes cannot account for the

accuracy and response time data.

In the introduction to this chapter it was pointed out that an important

feature which distinguishes between the different decision processes is the

nature of the predictions for confidence. While the changes in accuracy and

response time between probability conditions in the present experiment are

consistent with a range of processes, on the other hand, consideration of the

confidence data makes it possible to distinguish between them. Since only

Signal Detection Theory predicts the findings for all three response measures,

it appears that there may be a need for some modification of the formulations

for confidence in the random walk and accumulator models. However, since

these models can account for confidence data when criteria are regulated

by the response stabilisation hypothesis, it may be that it is the nature of

the criterion regulation mechanism, which indirectly determines confidence,

which is inappropriate rather than the formulation for confidence itself.
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Empirical support for the ideal observer hypothesis applied to Signal

Detection Theory has also been obtained in the closely related field of vigilance

performance. In particular, in studies in which signal probability underwent a

step change between the practice and experimental trials but remained constant

thereafter (e.g. Colquhoun, 196I; Colquhoun & Baddeley, 1964, 1967), or when

instructions indicated the actual signal probability (e.g. Williges, 1969, 1971,

1973), observers adopted optimal values of ß as determined by the ideal observer

hypothesis.

However, a contradiction appears to arise from several vigilance

studies in which there were apparent or actual changes in a priori probability

during the experimental session. For example, by giving observers the misleading

expectation that signal probability would be 0.5, V/illiges (1969) induced an

apparent gradual change in signal probability during the experimental session

of a detection experiment. In this situation, Williges 0969) found that

observers did not adopt optimal values for B as determined by the ideal

observer hypothesis on the basis of either the expected signal probability or

the actual signal probability. Instead, in contrast to the ideal observer

hypothesis, observers adopted a high value for ß when the actual signal

probability was high and a low value for S when the actual signal probability

was low. Similar results were obtained in a detection experiment by Vickers

and Leary (1983) in which there was a ramp decrease in signal probability

from 0.5 to 0.06 during the experimental session. In this case, observers

adopted ß values which decreased with signal probability. In a similar

discrimination experiment, Vickers gI_g!. 0977) found that when the probability

of one stimulus underwent a ramp decrease from 0.5 to 0.05 during the session,

observers also decreased their criterion values.
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One possible reason for the mismatch between these sets of findings

appears to be the different ways in which a priori probability was varied in

these studies. In both the present experiment and the previous detection

studies which found support for the ideal observer hypothesis applied to Signal

Detection Theory, the changes in a priori probability were obvious to observers.

Either a priori probability was known exactly or it underwent large, abrupt

changes which would have been apparent even to observers who were not told

to expect these changes. In contrast, in Williges'(1969) study the difference

between the expected signal probability and the actual signal probability would

have become apparent only gradually, if at all, as the trials progressed. Similarly,

in the studies of Vickers and Leary (19S3) and Vickers et al. 0977) a priori

probability changed very slowly. Therefore, it appears that the knowledge

or expectation that a priori probability will vary, results in observers selecting

criteria as determined by the ideal observer hypothesis. This is consistent

with Vickers' (1979) suggestion that there are two indicators of the stimulus

situation operating on the decision mechanism, one of which represents the

actual stimulus situation and the other of which incorporates expectations

about it. Further evidence for the existence of two such indicators is found

when the changes within and between probability conditions in the current

data are considered together, so this notion will be discussed below with

reference to these findings.

Although the changes in the response measures which occur between

probability conditions are well described by the ideal observer hypothesis

applied to Signal Detection Theory, the changes within probability conditions

are less easily explained. Variations in the response measures within blocks

of trials are not always a specific prediction of the decision processes. However,

evidence of any change within blocks has some implications for the form of
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the process which is operating. In particular, the finding that response measures

varied within blocks is inconsistent with the ideal observer hypothesis based

on recent stimulus probability. In addition, from table 16 it is apparent that

the changes within blocks did not correspond to a continuation of the changes

between blocks since they were in the opposite direction. Therefore, these

data also conflict with the ideal observer hypothesis based on cumulative

stimulus probability according to which the initial change due to a step change

in probability will continue smoothly throughout the subsequent block.

When the variations in the three response measures which occurred

within and between blocks are considered together it is apparent that, in each

case, the initial change in response to a step change in probability underwent a

reversal during the subsequent block. One possible explanation for this is

that there are two indicators of the stimulus situation which are varying with

different periodicities. For example, Vickers and Leary (19S3) have suggested

that the conflict between the results of traditional vigilance studies and the

studies of Vickers et al. 0977) and Vickers and Leary (1983) can be resolved

if criteria are determined on the basis of either the response stabilisation

hypothesis or the adaptation-level hypothesis, both of which incorporate two

indicators of the stimulus events. In the response stabilisation hypothesis,

criteria are determined on the basis of the values of L and C. Alternatively,

according to the adaptation-level hypothesis observers adopt a criterion equal

to their adaptation level. It is possible that, initially, the criterion might

be based on a measure of recent probability or on expectations. The subse-

quent adaptation level could be viewed as the effect of cumulative changes

on this initial level. However, as seen above, the decrease in accuracy and

confidence and the increase in response time following a step increase in p(R)

which are predicted by these two mechanisms, contrast with the present data.
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In addition, an examination of the rate at which the two indicators

of the stimulus events vary in each of these mechanisms shows that the

predicted variations within blocks of trials will always be in the same direction

as the initial change, so that the changes in response measures would not

be expected to undergo a reversal during the block. For example, in the

response stabilisation hypothesis both L and C are directly related to the

stimulus probability, so both L and C will always vary in the same direction

in this type of experimental situation. In particular, when there is a step

increase in p(R), the local probability of right responses will increase

immediately to take a value near p(R). At the same time, the cumulative

probability of right responses will immediately start to increase, but at a

slower rate. Therefore, both L and C will increase throughout a block and

so, the initial change following a step increase in p(R) will continue throughout

the block (see figure 44). The direction of change in both L and C will be

reversed only when there is a subsequent step decrease in p(R). As a

consequence, L and C have the same periodicity in this situation and do not

give rise to reversals in performance. The indicators in the adaptation-level

hypothesis will also vary in the same direction and with the same periodicity

in this experimental situation. Indeed, from the predictions of the processes

set out in the introduction it can be seen that the only process which shows

any evidence of reversals in performance is the target confidence mechanism

applied to the accumulator model. However, as described in the introduction,

this is not a specific prediction of the process. Instead, it results from the

state of the adaptive process at the time of each step change in probability.

As a consequence, there may be no reason to expect that the changes within

blocks will always be in the opposite direction to the changes between blocks.

It appears that none of the existing processes incorporates independent

indicators of the stimulus situation which, in combination, could give rise
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to the observed variation within and between blocks. However, these data

are not inconsistent with Vickers' Q979) notion that there is one indicator

which represents the actual stimulus situation and another which incorporates

expectations about it. In contrast to the existing mechanisms, two such

indicators would not necessarily vary with the same periodicity as each other

or as the stimulus sequence. As a result, the summation of their effects might

produce reversals in performance as seen here. Indeed, there is some evidence

in the Period x Probability interaction for response time data, described above,

that observers do use their expectations in the determination of performance,

and that, in this case, expectations did not change at the same rate as stimulus

probability.

5. Summary and Conclusions

In summary, it appears that there are problems involved in any attempt

to account for the findings of the present experiment in terms of any of the

processes. The changes in accuracy and response time between probability

conditions are consistent with the ideal observer hypothesis or the target

confidence mechanism applied to any of the models. However, only the ideal

observer hypothesis applied to Signal Detection Theory can also account for the

changes in confidence between blocks although the response stabilisation

hypothesis applied to the random walk or accumulator models can account

for the confidence data on its own. This finding would aPPear to indicate

some shortcomings in the formulations for confidence in the decision Processes.

In particular, the role of the criterion regulation mechanisms in the determi-

nation of confidence apPears to be important.

In addition, when the changes in the response measures within prob-

ability conditions are considered as well, the findings are no longer consistent
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with the ideal observer hypothesis based on either recent or cumulative

probability. Instead the reversals in the direction of change of the response

measures during blocks suggest that there may be two measures of the

stimulus situation contributing to the determination of the criterion, and that

these two measures vary at different rates. This general form of mechanism

is embodied in the response stabilisation and adaptation-level hypotheses.

However, in these two mechanisms, the two indicators of the stimulus

sequence are necessarily dependent in this experimental situation, so both

indicators will always vary in the same direction and their combination will

not give rise to reversals. As a conseguence, according to these mechanisms,

the initial change in the criterion in response to a step change in probability

should continue throughout the block rather than change direction as found

in the present data.

It appears that no single process incorporates all of the features

necessary to explain these findings. In particular, one aspect which needs

some clarification is the formulation for confidence. From the experiments

performed so far it appears that the manipulation of a priori probability may

not be the most effective way of inducing changes in confidence ratings.

In addition, criterion regulation mechanisms such as the adaptation-level

hypothesis are relatively insensitive to variations in a priori probability. One

possible alternative appears to be changes in discriminability since, on a trial

to trial level, confidence is more directly determined by the level of

discriminability than by a priori probability or other such factors.
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CHAPTER 6

A. INTRODUCTION

In Chapter 5 it was noted that, while some of the mechanisms for

criterion regulation, such as the resPonse stabilisation hypothesis, were

sensitive to changes in a priori probability, other mechanisms, such as the

adaptation-level hypothesis, were relatively unresponsive. In contrast, it was

observed that the adaptation-level hypothesis is sensitive to variations in

discriminability, with the result that criterion values may vary from trial to

trial, but that the response stabilisation hypothesis does not provide any

predictions in this situation. Similarly, on a trial to trial basis, some of the

mechanisms which may determine confidence are more directly determined

by discriminability than by a priori probability.

The effects of variations in discriminability or stimulus intensity

have often been examined in studies of signal detection (e.g. Grice & Hunter,

1964; Grice, 1968; Kohfeld, 1968; Gescheider et al., 1968, 1969; Murray'

1970 Lappin & Disch, 1972b). However, only one discrimination experiment

is known in which criterion values were examined as discriminability was

varied. In an experiment in which observers were asked to judge whether

circles lay to the right or left of a central marker, Curry, Nagel and Gai

0977) defined discriminabitity as the distance between each circle and the

marker. They found evidence of variations in the values of $ adopted by

individual observers as this distance was manipulated, but the pattern of

change in ß was not consistent across observers. Only accuracy measures

were taken in this study and no evidence is available concerning the biassing

influence of discriminability on resPonse time and confidence.
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B. PREDICTIONS OF THE DECISION PROCESSES

l. The adaptation-level hypothesis

(a) Sienal Detection TheorY

When the adaptation-level hypothesis is applied to Signal Detection

Theory, the position of the cutoff will vary as a direct function of the value

of the adaptation level which, in turn, is determined by discriminability' For

example, discriminability may be varied in a within-subjects design similar to

Experiment 5. Accordingly, it will be assumed that there are three possible

levels of discriminability (easy, medium and difficult) for both right and left

stimuli, and that these levels are varied so that experimental blocks take one

of two forms in alternation. In context RD (right difficult) blocks' right

stimuli are of either medium or difficult discriminability while left stimuli

are of either easy or medium discriminability. In context RE (right easy)

bloclcs, right stimuli are of either easy or medium discriminability and left

stimuli are of either medium or difficult discriminability. The four levels of

discriminability used in each type of block occur with equal probability in

the block. Prior to the experimental session there are 400 practice trials

in which the six levels of discriminability are equiprobable' The experimental

session consists of two practice blocks followed by four test blocks each of

120 trials, forming a sequence of contexts RD : RE : RD : RE : RD : RE'

Since a change from context RD to context RE for right stimuli necessarily

corresponds to the opposite change for left stimuli, predictions for responses

to left stimuli vary in the complementary way to those for right stimuli and

detailed predictions are presented in terms of right stimuli only' Similarly'

since the variation in the response measures is the same at each level of

discriminability, only the medium level of discriminability is considered' In

addition, for all response measures the variation which results from a çhange
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from context RD to context RE is the converse of that from a change from

context RE to context RD, so only the change from context RE to context RD

is described in detail.

In order to avoid the problem of negative intensities it will be assumed

that the distributions of the sensory effect of easy, medium and difficult

left stimuli and easy, medium and difficult right stimuli are normal with means

of 6, 8, lO, 16, 14 and 12, respectively, and that o = 1.0 for all distributions.

In this experimental situation, the adaptation level, calculated every 20 trials

(i.e. x = 20, see Chapter 5) varies as shown in figure a9(a). The adaptation

lcvcl shows a ramp decrease in context RD. In addition, it carr be seen that

the magnitude of the variation in the adaptation level decreases with successive

blocks. Since the changes in all three response measures are a direct result

of the variation in the adaptation level, the changes in the response measures

will ¿rlso dccrcase in size with successive blocks.

The ramp decrease in the adaptation level in context RD corresponds

to a gradual movement of the cutoff from x^ towards x- in figure 41.tl tz
As the cutoff moves, the probability that observations will favour right

responses will increase, so that more right responses will be made, with a

consequent increase in the proportion of correct responses to right stimuli.

Figure 49(b) shows the variation in the accuracy of the medium discriminability

right responses which corresponds to the expected values of the cutoff shown

in figure 49(a). There is a rarnp increase in accuracy in context RD.

Since response time is an inverse function of the distance between

an observation and the cutoff, the changes in the position of the cutoff, as

determined by the adaptation-level hypothesis, will give rise to changes in

response time. As described in Chapter 5, the average distance between an

observation and the cutoff can be estimated by subtracting the cutoff .from
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the mean of the truncated normal distribution corresponding to correct right

responses. Figure 49(c) shows the reciprocal of the values of this difference

lor each cutoff value in figure a9(a). Times for right responses show a ramP

decrease in context RD.

confidence, which is a direct function of the distance between an

observation and the cutoff, will vary as shown in figure 49(d). Confidence

in right resPonses shows a ramP increase in context RD'

(b) The random walk model

when the adaptation-level hypothesis is applied to the random walk

model in this experimental situation, it may be assumed that the variation

in the adaptation level due to the changes in discriminability will give rise to

a change in the, rate at which evidence in favour of one response or the other

is collected. For example, it may be assumecl that the distributions of the

sensory effect of medium discriminability left stimuli and right stimuli are

normal as represented in figure 41. In this case, the decrease in the adaptation

level in context RD will correspond to a movement of the indifference point,

which marks the change in observations from favouring right to favouring

Ieft responses, from x^ towards x^ in figure 41. As the value of thetr tz
indifference point changes, there will be an increase in the number of

observations which favour right responses and each observation will tend to

yield a large amount of evidence in favour of a right response. In terms of

the random walk model, in context RD, the size of the steps (or the drift, 0)

which favour right responses will tend to be large. As a result, the boundary

for right responses is likely to be reached first, so more right responses will

be made with a consequent increase in accuracy'
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Similarly, since the number and magnitude of observations which

favour right responses will increase as the adaptation level decreases in

context RD, there will be a corresponding decrease in the number of obser-

vations required before the boundary for right responses is reached. Thereforet

times for right responses will decrease.

As seen in chapter 2, Ascher (I97Ð suggested that, in the random

walk model, confidence varies as a function of the value of the starting pointt

the boundaries and the drift (see equation (7)). Since the starting point and

the boundaries do not change in this situation, confidence is directly related

to the drift, O. Therefore, when the adaptation level decreases in context

RD, producing an increase in 0, confidence will increase'

(c) The accumulator model

As in the random walk model, when the adaptation-level hypothesis

is applied to the accumulator model in this experimental situation, it can be

assumed that changes in the adaptation level give rise to variations in the

rate at which evidence in favour of one response or the other will be collected.

For example, the decreasing adaptation level in context RD will result in an

increase in the number and magnitude of observations which favour a right

response. Therefore, the qualitative predictions of this Process are identical

to those described above for the random walk model'

2. The target confidence mechanism

In Chapte r 2 it was noted that it is not possible to apply the target

confidence mechanism to Signal Detection Theory, so only the variable sample

models will be considered.
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(a) The accumulator model

V/hen the target confidence mechanism is applied to the accumulator

model it deterrnines the relative values ol the criteria in the primary decision

process. For example, when right stimuli are of either medium or difficult

discriminability in context RD, the magnitude of observations which favour

right responses will tend to be small, so that many observations will be needed

to satisfy the criterion for right responses. In this case' it is likely that some

observations which favour left responses will also be collected before the

right response i5 made, resulting in lower confidence in the right response'

As a consequence, confidence in right responses will tend to be less than

target confìdence and, on the majority of trials, underconfidence will be stored

in the appropriate control accumulator. Therefore, it is likely that the

criterion for underconfidence will be satisfied before the criterion for over-

confidence, so the criterion for right resPonses in the primary decision Process

will increase.

The increase in the relative value of the criterion for right responses

in context RD will result in fewer right responses being made, so accuracy

will be low. At the same time, a large number of observations will be needed

to satisfy the high criterion, so times for right responses will tend to be long'

Confidence will also vary with the relative values of the criteria' For example'

in context RD, ,when the criterion for right responses is high, the maximum

possible confidence in right resPonses will be equal to the high criterion value'

Therefore, confidence in right responses will tend to be high.

(b) The random walk model

As seen in Chapter 2, in order to be able to apPly the target

confidence mechanism to the random walk model it is necessary to assume
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that the value of the desired liketihood ratio diminishes over time. This

corresponds to a decrease in the distance between the boundaries with each

successive observation taken before a resPonse is made (see figure 8)' In

this form of the model, the target confidence mechanism determines the

relative distance between each boundary and the starting point' In the present

experimental situation, variations in discriminability may be interpreted as

giving rise to changes in the relative caution with which the alternative

responses are made. Therefore, in accordance with Relative Judgment Theory

it may be assumed that the boundaries are adjusted relative to the constant

starting poinr (Ascher, 1974; Link & Heath, 1975; Link, 1978a). Since the

Ievels of caution for alternative responses may vary in opposite ways' it may

be assumed that each boundary is ad justed ìndependently (Link & Heath, 197 5)'

For example, when right responses are of either medium or difficult discrimin-

ability in context RD, observations which favour right responses will tend to

yield only small amounts of evidence, so the drift or step size of the random

walk will be small. Therefore, right responses will be made only after many

observations and, since the boundary for right responses diminishes with each

observation, confidence will tend to be less than target confidence' As a

consequence, the boundary for right responses will be likely to move away

from the starting point. This process is analoBous to the target confidence

mechanism applied to the accumulator model, and its predictions are

qualitatively identical to those for the accumulator model as destribed above'

3. Summary

The qualitative predictions of the adaptation-level hypothesìs arrd

the target confidence mechanism applied to each of the decision models are

summarised in figure 50. AII of the predictions are given in terms of responses
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to right stimuli of medium discriminability. Context RD indicates a block

in which right stimuli are of either medium or difficutt discriminability while

left stimuli are of either easy or medium discriminability' Context RE

indicates a block in which right stimuli are of either easy or medium discrimin-

ability and left stimuli are of either medium or difficult discriminability.

From figure 50 it appears that the processes can be grouped on the

basis of the mechanism for criterion regulation. The accuracy and response

time predictions of the adaptation-level hypothesis applied to any of the

decision models are opposite to those of the target confidence mechanism

applied to the random walk or accumulator models. On the other hand, both

of the mechanisms for criterion regulation provide the same predictions about

confidence. Therefore, the Processes may be compared on the basis of their

accuracy and response time predictions in relation to the confidence prediction'

For example, the adaptation-level hypothesis predicts an inverse relationship

between resPonse time and confidence between contexts, while the target

confidence mechanism predicts a direct relationship in this situation'

C. EXPERIMENT 6

l. Introduction

In order to evaluate these predictions, measures of accuracyr response

time and confidence were taken when bias was manipulated by variations in

discriminability according to a within-subjects design'

2. Method

(a) Stimuli

The stimuli were white pi-shaped figures identical to those used in

Experiment 3 and described in Chapter 4, section 4.2(a) except that three
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Ievels of discriminability were used. The longer line was always 187 mm in

length and the shorter line was either 186.5 mm, 185.5 mm or 184.5 mm in

length. These levels of discriminability were labelled I (difficult), 3 (medium)

and 5 (easy) respectively, to correspond to previous experiments in the thesis.

(b) Apparatus

The apparatus was identical to that used in Experiment 3 and described

in Chapter 4, section 4.2(b).

(c) Observers

The 20 observers, l0 men and l0 womenr were students enrolled in

the first year psychotogy course at the university of Adelaide, whose partici-

pation was credited towards a course requirement. They ranged in age from

17 to 20 years and all declared thcmselves to be right-handed. All observers

were naive with respect to the aims of the experiment'

(d) DesiRn

Two groups of lo observers were formed, each comprising five men

and five women. The groups performed under different order conditions with

each observer being tested individually for approximately one hour'

In both order conditions stimuli were Presented in l0 blocks:

3 practice blocks each of 60 trials preceded 7 experimental blocks each of

l20 trials. For both Broups of observers, in each block of trials whether

practice or experimental, the occurrence of the longer line on the right or

the left was equiprobable (p(R) = 0.5) and right and left stimuli appeared in

a random sequence. In addition, within all blocks of practice trials and the

first block of experimental trials the three levels of discriminability occurred
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on the right and the left with equal probability. The remaining 6 blocks of

experimental trials took one of two forms:

RD: Discriminability levels I (difficult) and 3 (medium) occurred when the

right line was longer and discriminability levels 3 (medium) and 5 (easy)

occurred when the left line was longer'

RE: Discriminability levels 3 (medium) and 5 (easy) occurred when the right

Iine was longer and discriminability levels I (difficult) and 3 (medium)

occurred when the left line was longer'

onegroupofobservers,orderRD/RE,performedthelastsixexperr-

mental blocks in the order RD : RE : RD : RE : RD : RE, while the other

group of observers, order RE/RD, performed the last six experimental blocks

in the order RE : RD : RE : RD : RE : RD. The two appropriate levels of

discriminability occurred equally often on the side to which they were assigned

in any given btock of trials and observers were given no indication that the

context was being manipulated. The six experimental blocks were performed

in an uninterrupted sequence. For both SrouPS of observers the first two

blocks were treated as practice and only the last four experimental blocks

were considered in the analYses'

(e) Procedure

The procedure was identical to that used in Experiment 4 and described

in Chapter 4, section 4.2(e).
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). Results

Analyses of variance with order (RD/RE or RE/RD, as defined in

section C.2(d), Period (first two experimental blocks or second two experimental

btocks), Context (block type RD or type RE, as defined in section C'z(d))'

Half (first or second half of a block) and Response (right or left) as factors

were used to analyse data from responses to the common level of discrimin-

ability, Ievel 3 (medium) from the last four experimental blocks' Analyses

of variance were carried out according to a crossed factorial design with

repeated measures on Period, Context, Half and Response' Separate analyses

were performeci on (a) the percentage of stimuli for which resPonses were

correct, (b) the mean times for correct resPonses and (c) the mean confidence

in correct resPonses.

(a) Accurac

The analysis of accuracy data showed significant interactions of

period x Order (F(1,18) = 4.73¡ Mserror = O.Og¡ P <.05) and Half x Response

x order (F(l,ls) = 14.13, Mserror = 0.03, P < '01)'

From table 19 it can be seen that, in Order RD/RE there was a

nonsignificant decrease in accuracy from Period I to Period 2' In contrast'

in Order RE/RD there was a nonsignificant increase in accuracy from Period

I to Period 2. This pattern Eave rtse to the Period x Order interaction'

98 .67

97.2'¿

97 .32

97.74

RD/RB

RBlRD

PERIOD

I 2ORDER

Percentage of stimuli for which responses
h/ere correct in Periods I and 2 of Order
RD/RE and Order RE/RD. The Percentages
were taken over the l0 observers in each
order.

TABLE I 9.
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The Half x Response x Order interaction is shown in figure 51. In

Order RD/RE, the accuracy of right responses decreased while the accuracy

of left responses increased from the first to the second half of blocks'

Conversely, in Order RE/RD the accuracy of right responses increased while

the accuracy of left responses decreased from the first to the second half

of blocks.
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(b) Response time

The analysis of response time data showed a significant main effect

of Response (F(1,18) = 10.37, Mserror = 13599, p < '01)'

The main effect of Response was significant because right responses

were made more quickly than left responses. The mean times for right and

left responses were 787.40 msec and 829.39 msec, respectively.

(c) Conf idence

The analysis of confidence data showed significant interactions of

Half x Response (F(1,1S) = 6.07¡ Mserror - 0.04, p ( .05)1 Period x Half x

Response (F(l,lS) - 4.98, Mserror - 0.03, p < .05) and Period x Context x

Half x Response x Order (F(1,1S) - 6.28, Mserror = 0.05, p < '05)'

From table 20 it can be seen that confidence in right responses

decreased while confidence in left responses increased from the first to the

second half of blocks. This gave rise to the Half x Response interaction.

3.14

3.03

3.19

2.97

RIGHT

LEFT

HALF

I ?.RESPONStr

TABLE 20. Mean confidence in correct right and left
responses in Half I and HaIf 2 of blocks.
The means were taken over 20 observers,
the l0 observers in Order RD/RE and Ehe
l0 observers in Order RE/RD.
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The Period x Half x Response interaction is shown in figure 52 where

it can be seen that, although none of the changes in confidence from the first

to the second half of blocks was significant, right responses in the second

half of blocks in Period 2 were significantly more confident than left resPonses

in the second half of blocks in Periods I and 2.
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Mean confidence in correct right responses (solid
line) and left responses (broken line) in Half I

and ltal f 2 of blocks in Period I (círcles) and
Period 2 (squares). The means were taken over 20
observers, the l0 observers in Order RD/RE and the
lO observers in Order RE/RD

FIGURE 52.
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The Period x context x Half x Response x order interaction is shown

in table 21 where it is apparent that confidence in right and left resPonses

did not vary systematically between contexts. In addition, there was no

consistent change in confidence as the session Progressed'

TABLE 2 I Mean confidence in correct right and left responses ln
the firsE and second halves of blocks of Context RD and

of Context RE in each period for Order RD/RI and for
Order RE/RD. The means were taken over the l0 observers
in each order.

(d) Confidence and resPonse time

For each observer, confidence in all resPonses' (notn correct and

incorrect), was. plotted against the corresponding resPonse time values and

straight lines were fitted. Separate plots were made for right and left responses

in each block. of the total of 160 plots, 114 of the slopes were negative,

indicating a predominantly inverse relationship between confidence and response

time within blocks (p <.001, binomial test). The inverse relationship was

still evident when the 40 plots for right and left responses in each context

were considered. In Context RD, the numbers of negative slopes for right

and left responses were 29 and 27 respectively (p < .01, P ( .05, respectivelyt

binomial test). In Context RE, the numbers of negative slopes for right and

3. 19

3.16

3 .06

3.27

2.81

2.98

3.09

3 .09

3.13

3.33

3.16

3.22

2.84

2.93

2.9L

3 .00

3 .10

3.15

3.14

3.03

3 .09

2.99

3.02

3.18

3 .08

3.22

3.13

3 .17

2.99

2.92

3. r8

2.97

PERIOD

ORDER RD/RE
t
2

I

2
ORDNTì RE,/RD

CONTEXT

HALF

RESPONSE

RD RE

I 2 I 2
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left responses were ?6 and 32 respectively (P 1 '05, p ( '001, respectively'

binomial test). Therefore, there is an inverse relationship between confidence

and response time for right and left responses within blocks, irrespective of

context.

4. Discussion

It appears that the effects which reached significance in the analysis

of accuracy, response time and confidence did not result from the manipulation

of discriminability. For example, both the Period x Order interaction and the

Hall x Responsè x Order interaction which were found in accuracy measures

may be explained in terms of differences in the performance of individual

observers in the two order conditions. Therefore, these findings do not

correspond to explicit predictions of any of the Processes'

similarly, the Response main effect shown by response time data

provides further evidence for the pre-existing preference of right-handed

observers for right responses which were made more quickly. This finding

can be accommodated by any of the processes but it is not specifically

predicted by anY of them.

In addition, confidence data showed several significant interactions

which did not appear to be a simple result of the variations in discriminability'

It appears that the interactions of Half x Response, Half x Response x order

and Period x context x Half x Response x order arose as a result of

unsystematic variations in responding which occurred as the experimental

session progressed. Therefore, although these findings are not inconsistent

with the decision processes, they are not predicted'
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From these findings it seems that the manipulation of discriminability

used in this experiment did not change the relative caution of responding'

This may indicate that this form of manipulation does not have a strong influence

on performance. However, a more likely explanation is suggested by the

accuracy data. Accuracy rates for both right and left resPonses at the common

level of discriminability were consistently high (> 95%) indicating that this was

not a very diffièult discrimination. consequently, these findings may merely

show the effects of a ceiling in performance which was reached at easy levels

of discriminability. If this were the case, these data are consistent with the

results obtained in Experiments 3 and 4 where the three resPonse measures'

accuracy, time and confidence, tended to an asymptote at discriminability

levels 3, 4 anc) 5. Therefore, it appears that no conclusions about the effective-

ness of this manipulation of discriminability can be drawn from these findings'

D. EXPERIMENT 7

l. lntroduction

The experiment was rePeated but, in this case' a smaller stimulus

difference was used for the medium level of discriminability common to right

and left stimuli. Since there was no evidence of asymptotic performance at

Discriminability level 2 in Experiments 3 and 4, this was chosen as the common'

medium level. As there were no significant main effects due to the order in

which observers performed the two tyPes of context in Experiment 6, only

one order condition was considered in this experiment'
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2. Method

(a) Stimuli

The stimuli were white pi-shaped figures identical to those used in

Experiment 3 and described in chapter 4, section 4.2(a) excePt that three

levels of discriminability were used. The longer line was always 187 mm in

length and the shorter line was either 186.5 mm, 186.0 mm or 184.5 mm in

length. These levels of discriminability were labelled I (difficult), 2 (medium)

and 5 (easy), respectively, to correspond to previous experiments in the thesis.

(b) Apparatus

The apparatus was identical to that used in Experiment 3 and described

in Chapter 4, section 4.2(b).

(c) observers

The l0 observers were women enrolled in the first year psychology

course at the university of Adelaide, whose participation was credited

towards a course requirement. They ranged in age from 17 Io 30 years and

all declared themselves to be right-handed. All observers were naive with

respect to the aims of the experiment'

(d) Desißn

The design was identical to that of Experiment 6 described in section

C.2(d) except that all observers performed the experimental blocks in the

order RD : RE : RD : RE : RD : RE'
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(e) Procedure

The procedure was identical to that used in Experiment 3 and

described in Chapter 4, section 4.2(e).

3. Results

Analyses of variance with Period (first two experimental blocks or

second two experimental blocks)r Context (bloct type RD or type RE, as

defined in section C.2(d)), Half (first or second half of a block ) and Response

(right or teft) as factors were used to analyse data from the responses to

the common level of discriminability, level 2 (medium), from the last four

experimental blocks. Analyses of variance were carried out according to a

crossed factorial design with repeated measures on all factors. Separate

analyses were performed on (a) the percentage of stimuli for which responses

were correct, (b) the mean times for correct responses and (c) tne mean

confidence in correct responses.

(a) Accuracy

The analysis of accuracy data showed a significant interaction of

Period x Half (F(1,9) = 8.64, Mserror = 0.04' p <.05).

From table 22 it can be seen that, in Period 1, accuracy increased

from the first to the second half of blocks. In contrast, in Period 2, accuracy

decreased from the first to the second half of blocks.

95 .83

97.66

96.83

95.16
I
2

PERIOD

I 2HALF

Percentage of stimuli for which responses
r{rere correct in Half I and Half 2 of blocks
in Periods I and 2. The percentages were
taken over the l0 observers.

TABLE 22.
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(b) Response time

The analysis of response time data showed a significant Context x

Half x Response interaction (F(1,9) = 12.29, Mserror = 3545, p < .01).

The Context x Half x Response interaction is shown in figure 53.

It is apparent that response time varied both between and within contexts'
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FIGURE 53. Mean times for correct right responses (solid
line) and left responses (broken line) in Half I

and Half 2 of blocks of Context RD and of Context
RE. The means were taken over the l0 observers.
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V/hen discriminability changed from the second half of Context RD to the

first half of Context RE, there was a significant increase in times for right

responses and a significant decrease in times for left responses. Conversely,

when discriminability changed from the second half of Context RE to the

first half of Context RD, there was a significant decrease in times for

right responses and a significant increase in times for left responses. At the

same time, times for right responses showed a significant decrease and times

for left responses showed a significant increase from Hatf I to Half 2 of

blocks of Context RD. Conversely, times for right responses increased

significantly and times for left responses decreased significantly from Half I

to Half 2 of blocks of Context RE.

(c) Confidence r

The analysis of confidence data showed a significant Context x Half

x Response interaction (F(1,9) = 10.89, Mserror = 0.02, P < .01).

The Context x Half x Response interaction is shown in figure 54

where it is apparent that confidence changed both between and within contexts.

When discriminability changed from the second half of Context RD to the

first half of Context RE there was a nonsignificant increase in confidence

for right responses and a significant decrease in confidence for left responses.

líhen discriminability changed from the second half of Context RE to the

first half of Context RD there was a nonsignificant decrease in confidence

for right responses and a significant increase in confidence for left responses.

On the other hand, confidence in right responses showeC a nonsignificant

increase and confidence in left responses showed a significant decrease from

Half I to Half 2 of Context RD. In Context RE, confidence in right resPonses

showed a nonsignificant decrease while confidence in left resPonses did not

change from Half I to Half 2.
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FIGURE 54. Mean confidence in correct right responses (so1id
line) and left responses (broken line) in Half I

and Half 2 ot blocks of ContexÈ RD and of Context
RE. The means were taken over the l0 observers.

(d) Confidence and response time

For each observer, confidence in all responses, (notn correct and

incorrect), was plotted against the corresponding response time values and

straight lines were fitted. Separate plots were made for right and left

responses in each block. It was found that 66 of the 80 best fitting straight

lines had negative slopes (p (.001, binomial test), indicating a predominantly

inverse relationship between confidence and response time within blocks.

The inverse relationship was still evident when the 20 plots for right and

left responses in each context were considered separately. In Context RDt
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the numbers of negative slopes for right and left resPonses were 20 and l5

respectively (p < .001, p I .05, respectively, binomial test). In Context RE'

the numbers of negative slopes for right and left responses were 14 and 17

respectively (p >.05, p (.01, respectively, binomial test). Therefore, for

all except right responses in Context RE, there was a significant inverse

relationship between confidence and response time for right and left responses

within blocks, irrespective of context.

4. Discussion

The Period x Half interaction in accuracy data does not appear to

result from the manipulation of discriminability. Although, according to the

adaptation-level hypothesis, the size of the variation in response measures

should decrease with successive changes in context, this form of consistent

change across blocks would be expected to produce a Period x Context x

Half interactiçn and does not aPPear to have given rise to the 2-way

interaction. Instead, the Period x Half interaction may be interpreted in

terms of fluctuations in arousal which are not related to the organisation

of the experiment into contexts or to the nature of the stimulus material'

Since these changes were not found in either resPonse time or confidence

data and the greatest variation in accuracy was less than 2"/", this interaction

reflects only minor changes in the efficiency of performance.

The effects of the manipulation of discriminability are evident in the

Context x Half x Response interaction which was significant for response

time and confidence. Therefore, in contrast to the findings of Curry 91--gL'

(1977), in this experiment there is evidence of variations in criterion values

which were consistent across observers.

From a comparison of the changes in response time between contexts

with the predictions of the decision Processes' it is apparent that the increase
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in times for right responses and the decrease in times for left responses from

Context RD to Context RE is consistent with the adaptation-level hypothesis

but not with the target confidence mechanism.

The pattern of confidence data was less clear. The lack of any change

in confidence in right responses from Context RD to Context RE contrasts

with the predictions of all of the decision processes according to which

confidence should vary between contexts. Similarly, the decrease in confidence

in left responses from Context RD to Context RE is opposite to their

predictions. riíhile this finding was significant for only one response and

therefore must be interpreted with some reservation, it would appear to

suggest that, independent of the way in which the criterion is regulated,

observers may modify their internally experienced level of confidence before

reporting it. Intuitively, it seems likely that observers will judge their

confidence in the medium level of discriminability of a stimulus relative to

tlreir confidence in the more extreme level of discriminability of the same

stimulus. Therefore, in Context RD, medium discriminability left stimuli

would be judged in comparison to easy discriminability left stimuli. Since

it would be expected that responses to easy discriminability stimuli will be

highly confident, if the observer uses this high level of confidence as an

anchor and contrast effects are operating (Helson, 1964), he will adjust his

1

internally experienced confidence in responses to medium discriminability

stimuli downwards. Conversely, in Context RE it would be expected that

observers will adjust their confidence in responses to medium discriminability

stimuli upwards. This would give rise to a pattern of change in confidence

in agreement with these data but opposite to the predictions of the decision

Processes.
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Alternatively, it is possible that, in the case where the stimulus is

paired with a difficult discrimination which will not always be accurately

discriminated, the observer assesses this stimulus as less probable. Therefore,

an adaptation-level type of mechanism may give rise to an effective increase

in the discriminability of this stimulus and hence, confidence in the corres-

ponding response will be higher.

Similarly, there are problems involved in the explangtion of the

different patterns of change in response time and confidence within contexts.

The adaptation-level hypothesis predicts that changes within contexts will

take the form of a continuation of the changes between contexts. In contrast,

the target confidence mechanism does not yield any specific predictions about

these changes. Instead, the nature of the changes within conditions depends

on the state of the decision process at the time of each change in context.

Iìor example, if there is damping in the decision process, the effect of the

change in context may not be apparent until some time after it occurs, so

the change between contexts would continue and then reverse at some point

later in the block. In this case, the change within contexts would take the

form of a continuation of the change between contexts. Alternatively, the

change in performance due to a change in context may be immediate so that

the change within contexts would be opposite to the change between contexts.

As a consequence, according to this process the changes in response measures

within contexts may vary from one block to the next.

For response time, the changes within contexts form a continuation

of the changes between contexts as predicted by the adaptation-level

hypothesis. In contrast, the change in confidence within contexts is in the

opposite direction to the change between contexts. This is in direct contrast

to the adaptation-level hypothesis but it is not inconsistent with the târget

confidence mechanism.
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5. Summary and Conclusions

It appears that there are problems involved in any attempt to account

for the changes in response measures both within and between contexts.

When only the changes between contexts are considered, response time data

are consistent with the adaptation-level hypothesis applied to any of the

decision models, while confidence data do not correspond to the predictions

of any of the processes. Similarly, the changes in response time within

contexts are predicted by the adaptation-level hypothesis. On the other

hand, the changes in confidence within contexts are in direct contrast to

those predicted by the adaptation-level hypothesis but they are not inconsistent

with the target confidence mechanism.

Despite the equivocal nature of these findings, an examination of the

changes between contexts alone appears to have some implications for the

nature of formulations for confidence. In this study, confidence varies directly

with response time between conditions, while in Experiment 5 there was an

inverse relationship between confidence and response time between conditions.

It is apparent that any formulation for confidence must be able to account

for these different relationships between confidence and response time.

Although these data provide some evidence towards an evaluation of

the processes, any conclusions must be tentative. Since accuracy measures

did not show any effect due to the manipulation of discriminability, it appears

that this form of manipulation does not exert a strong influence on performance.

Indeed, it seems that manipulations in which observers are not specifically

instructed about the nature of the changes often produce confusing results.

This has been the case in the experiments in this thesis in which a priori

probability was varied as well as in these studies. A more explicit manipulation

may be required to produce consistent effects on performance, perhaps by

the use of instructions rather than changes in stimulus properties.
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CHAPTER 7

A. INTRODUCTION

To this point in the thesis, the predictions of the decision processes

have been compared with the findings of experiments in which bias or relative

caution was manipulated by varying either a priori probability or discriminability.

In these experiments observers were not informed of the changes which would

occur in these stimulus properties. As noted in Chapter 2, another manipulation

which might be expected to have equivalent effects on performance is the

variation of instructions. The extent to which each mechanism for criterion

regulation predicts the exact change in performance to result from any of

these manipulations depends on the precise form of the mechanism. In

particular, the ideal observer hypothesis predicts that all of these manipulations

will give rise to equivalent changes, while in the other three mechanisms, the

contribution of stimulus probabilities and discriminability is quite explicit

while the role of instructions is not as well defined. At the same time, no

discrimination studies are known in which the effects of the different mani-

pulations have been compared, and there is little empirical evidence on the

effects of instructions in discrimination tasks.

Although the use of instructions to produce changes in relative caution

has been a focus of attention in the study of three-category tasks (e.g. Brown,

l9l0; Fernberger, I9l4arb, l93I), only one study is known in which instructions

were varied in an attempt to vary relative caution in a two-category discrimination

task. As described in Chapter l, Festinger (1943a,b) found that there were

systematic changes in the PSE as instructions changed from favouring one

response to favouring the alternative. However, details of response time and

confidence were not given in this study.
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B. PREDICTIONS OF THE DECISION PROCESSES

Neither the response stabilisation hypothesis nor the adaptation-level

hypothesis is designed to provide predictions about the effects of instructionst

so only the ideal observer hypothesis and the target confidence mechanism

will be considered.

In the experimental situation to be considered, there are two sets of

instructions. One set (set RA, right accurate) is intended to increase the

relative caution with which right responses are made by stressing the accuracy

of right responses and the speed of left resPonses. The other set (set RS,

right speed) is intended to reduce the relative caution with which right resPonses

are made by stressing the speed of right resPonses and the accuracy of left

responses. As a consequencer when there is an increase in the relative caution

of right responses there will be a decrease in the relative caution of left

responses and vice versa. Therefore, predictions for left responses will vary

in the complementary way to those for right resPonsesr so detailed predictions

are presented in terms of right responses only. In addition, since the two sets

of instructions will have complementary effects on performance, only the

predictions for set RA are considered.

l. The ideal observer hYPothesis

(a) Sisnal Detection Theory

Although the effects of instructions do not have any direct represen-

tation in the ideal observer hypothesis, it seems likely that variations in

instructions will produce changes in the subjective costs and Payoffs associated

with each decision. Therefore, if the observer is trying to maximise the

expected value of his decisions, the value of the cutoff will vary according

to the subjective costs and payoffs which are set uP by the instructions'
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For example, when instructions in set RA stress the accuracy of right responsest

the subjective value of making a right response will be low compared with the

subjective value of making a left response. Therefore, it would be expecteå

that the cutoff will move from position x^ towards position x^ in figure 4lttz'cl
so that observations are less likely to fall on the side of the cutoff corresponding

to right responses. As a result, fewer right responses will be made, so accuracyt

or the percentage of right stimuli for which responses are correct will tend to

be low. As seen above, response time is an inverse function of the distance

between an observation and the cutoff. Therefore, in set RA, when the cutoff

moves towards x^ (see figure 4I), observations which favour right responsestl
will tend to lie close to the cutoff, so times for right resPonses will be long.

At the same time, since confidence varies as a direct function of the distance

between an observation and the cutoff, confidence will tend to be low.

(b) The'random walk model

In the random walk model, changes in relative caution due to variations

in instructions can be conceived of as producing changes in the starting point.

For example, in set RA, the starting point may be assumed to move away

from the boundary for right resPonses.

This movement will give rise to changes in accuracy, response time

and confidence. In set RA, when the starting point lies at a distance from

the boundary for right responsesr few right resPonses will be made, so accuracy

will tend to be low. Since response time and confidence vary as a direct

function of the distance between the starting point and the boundary, in set RA,

right responses will tend to be slow and highly confident (see equation (7)).
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(c) The accumulator model

changes in the subiective costs and payoffs associated with each

decision will produce changes in the relative values of the criteria for the

two responses in the primary decision Process of the accumulator model'

For example, in set RA there will be an increase in the relative value of the

criterion for right responses. Therefore, the qualitative predictions of this

process are identical to those for the random walk model described above.

2. The target confidence mechanism

As seen above, the target confidence mechanism may be applied to

either the random walk model or the accumulator model. In both cases' when

instructions produce changes in the relative caution of responses, it may be

assumed that target confidence for a resPonse will vary as a direct function

of the level of caution for that resPonse. For example, in set RA when

caution in right responses is high, target confidence for right resPonses may

be assumed to be high. Therefore, since criterion values change in accordance

with target confidence, the criterion for right resPonses will increase. As a

result, the qualitative predictions of the target confidence mechanism will be

the same as those described above for the ideal observer hypothesis applied

to either of these decision processes.

3. Summary

The qualitative predictions of the ideal observer hypothesis and the

target confidence mechanism applied to each decision model are summarised

in figure 55. In the figure, all of the predictions are given in terms of the

influence of instructions on right responses. Instructional set RA indicates

that instructions stressed the accuracy of right responses and the speed of



254.

left responses, and instructional set RS indicates that instructions stressed

the speed of right responses and the accuracy of left responses.

la lu lc lVo lVc

RA RS RA RS

RA RS RA RS

RA BS RA BS

INSTRUCTIONAL SET

FIGURE 55. A summary of the qualiEative predictions of the
ideal observer hypothesis and the target confidence
mechanism applied Ëo each of the decision modcls.
All of the predictions are given in terms of the
influence of insEructions on right responses.
Instructional set RA indicates that instructions
stressed the accuracy of right responses and the
speed of left responses, and instructional set RS

indicates that instructions stressed the speed of
right responses and the accuracy of left responses.
The decision processes are labelled as in figure 48(b)

o
É,

o
o

UJ

=
ul
tt,z
o
À
tt
l¡l
rE

l¡J
oz
Lr.¡

e
lr
z
o
o



255.

From the figure it is apparent that the decision processes may be

differentiated on the basis of confidence predictions. All of the decision

processes predict that accuracy will be lower and response times longer und.,

set RA than under set RS. However, when the ideal observer hypothesis is

applied to Signal Detection Theory, it is predicted that confidence will be

Iower under set RA than under set RS. In contrast, when either the ideal

observer hypothesis or the target confidence mechanism is applied to the

random walk model or the accumulator model it is predicted that confidence

will be higher under set RA than under set RS.

C. EXPERIMENT 8

l. Introduction

No studies are known in which all three response measures have been

taken when instructions have been varied in order to manipulate relative

caution in a two-category discrimination task. Therefore, an experiment was

carried out in which measures of accuracy, response time and confidence

were taken when the relative caution implied by instructions was varied

according to a within-subjects design. Since the confidence measures were

of greatest importance in the evaluation of the processes, discriminability

was varied within each instructional set in an attempt to increase the range

of confidence ratings.

2. Method

(a) Stimuli

The stimuli were white pi-shaped figures identical to those used in

Experiment 3 and described in Chapter 4, section '\.2(a) with the five levels

of discriminability as defined therein.
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(b) Apparatus

The apparatus was identical to that used in Experiment 3 and described

in Chapter 4, section 4.2(b) with one addition. On top of the video monitor,

directly above the stimulus display, was a black board on which were positioned

a red and a green neon lamp and a buzzer. The lamps were I cm in diameter

and 15 cm apart, centre to centre. The green lamp, on the right side of the

board, was labelled 'right accurater and the red lamp, on the left side of the

board, was labelled 'left accurater. The buzzer was placed in the centre of

the board. The PDP 8/E computer controtled the illumination of either lamp

and the sounding of the buzzer.

(c) observers

The 20 observers were women enrolled in the first year psychology

course at the University of Adelaide, whose participation was credited towards

a course requirement. They ranged in age from 18 to 2l years and all declared

themselves to be right-handed. Observers had accurate red-green colour

discrimination and all were naive with respect to the aims of the experiment'

(d) Desisn

Two groups of ten observers were formed. The groups performed

under different order conditions with each observer being tested individually

for approximately one hour.

In both order conditions, stimuli were presented in l0 blocks:

4 practice blocks each of 50 trials preceded 6 experimental blocks each of

100 trials. For both groups of observers and within each block of trials, both

practice and experimental, the occurrence of the longer line on the right or

the left was equiprobable (p(n) = 0.5) and the sequence was random. In
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addition, each of the five levels of discriminability occurred equally often

for right stimuli and for left stimuli within each block of trials and the

sequence was random. Each block of trials was performed under one of two

types of instructional set:

RA. Respond as accurately as possible when the right line is longer

and as quickly as possible when the left line is longer'

RS. Respond as quickly as possible when the right line is longer and

as accurately as possible when the left line is longer.

One group of observers, Order RA/RS, performed the first practice block

under instructional set RA and the second practice block under instructional

set RS. Thereafter, instructions alternated between consecutive blocks of

trials so that the six blocks of experimental trials took the form RA : RS :

RA : RS : RA : RS. Conversely, the other SrouP of observers, Order RS/RA,

performed the first practice block under instructiorral set RS and the second

practice block under instructional set RA, with instructions alternating in the

remaining blocks. Therefore, the six experimental blocks took the form RS :

RA : RS : RA : RS : RA. For both SrouPS of observers, the first two blocks

of experimental trials were treated as practice and only the last four blocks

were considered in the analYses.

Practice blocks were seParated by short rest periods in which

observers were given the opportunity to clarify instructions. Experimental

trials were performed as an unbroken sequence of 600 trials with the transitions

between blocks marked only by the buzzer sounding for 1.5 sec and the

concomitant change in the colour of the lamp which was illuminated'
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(e) Procedure

The general procedure was identical to that used in Experiment 3

and described in Chapter 4, section ,\.2(e).

In addition, the observer was instructed that, on those trials for which

the green lamp was illuminated she should respond as accurately as possible

when the right line was longer and as quickly as possible when the left line

was longer. This was instructional set RA. Alternatively, when the red lamp

was illuminated she should respond as quickly as possible when the right line

was longer and as accurately as possible when the left line was longer. This

was instructional set RS. It was explained that one lamp would remain on

over a series of trials and that there would be a pause in the stimulus sequence,

marked by the sounding of a buzzer, to indicate that the alternative lamp was

about to be illuminated. Due to the relative ease with which unpractised

observers make accurate rather than fast responses, the speed stress of

instructions was emphasised in initial instructions and during practice trials.

3. Results

Analyses of variance with order (RAiRS or RS/RA, as defined in

section C.2(d)), Period (first two experimental blocks or second two experi-

mental blocks), Set (instructional set RA or set RS, as defined in section C.2(d)),

Half (first or second half of a block), Discriminability (five levels, as defined

in Chapter 4, section ,\.2(a)) and Response (right or left) as factors were used

to analyse data from the last four experimental blocks. Analyses of variance

were carried out according to a crossed factorial design with repeated measures

on Period, Set, HaIf, Discriminability and Response. Separate analyses were

performed on (a) the percentage of stimuli for which responses were correct'

(b) the mean times for correct responses and (c) the mean confidence in

correct responses.
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Since the Set x Response interaction, showing the effects of

instructions, was significant only for response time measures, while many

higher order interactions with Discriminability did reach significance and were

difficult to interpret, the results of the analyses of accuracy, response time

and confidence are summarised in table 23. The table shows those effects

which reached significance and their probabilities. Complete analysis of

variance tables for each response measure, showing the values of the F-ratios,

the degrees of freedom and the error terms for these significant effects are

given in Appendix 8.

ACCURACY IìESPONSE
TIME

CONIT I DTINC IJ

The probability values of significant main effects and
interactions from Ehe analyses of accuracy, response time
and confidence. Analyses of variance were performed with
order (o), period (P), ser (s), ttatf (H), Discriminabiliry (D)
and Response (R), as factors.

< .001

< .05

< .0t

< .01
< .05

< .0t
< .05

< .0r

< .00r

< .05
< .01

< .01

< .0I

< .05
< .0r

< .00I
< .05
< .05

< .0r

< .0,;

D

P

R

SxO
SxD
SxR
DxR
PxD
SxDxO
HxDxR
PxHxD
SxHxDxO
PxHxDxR
PxSxDxO
PxDxRxO
llxDxRxO
PxSxHxDxRxO

SIGNIIfICANT EF'FECTS

TABLE 23.
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(a) Accurac

The Discriminability main effect arose because the percentage of

stimuli for which responses were correct increased with stimulus difference,

but at a decreasing rate. The percentages of stimuli for which responses were

correct at Discriminability levels I to 5 were 81.0I%r 94.25%1 97.69"Á,98.94"Á

and 99.387o, respectivelY.

From table 24 it can be seen that the Set x Order interaction arose

because, for Order RA/RS, accuracy was higher under Set RA than under

Set RS while, for Order RS/RA, accuracy was higher under Set RS than under

Set RA.

94.70

93.95

93.40

95.10
RA

RS

ORDBR

RA/RS RS,/l{ASUT

TABLE 24. Percentages of stimuli for which responses
\¡rere correct in blocks of Set RA and SeÈ RS

in Order RA/RS and in order RS/ne. The
percentages hlere taken over the I0 observers
in each order.

From table 25 it is apparent that the Discriminability x Response

interaction arose because the accuracy of right and left responses differed

only at Discriminability level l, where responses to right stimuli were signi-

ficantly more accurate than responses to left stimuli.

Figure 56 shows that the Half x Discriminability x Response inter-

action was significant because this difference in accuracy for right and left
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responses at Discriminability level I only reached significance in the first

half of blocks. There was no difference in accuracy for right and left responses

in the second half of blocks.

Riqht
Left

I 2

DISCRIMINABILITY

34 E)RBSPONSE

TABLE 25 Percentages of right and left stimuli for which responses
hrere correct at each level of discríminability. the
percentages hrere taken over 20 observers, the l0 observers
in Order RA/RS and the l0 observers in Order RS/m.

't oo

9()

84.13

77 .58

,
u

94 .00

94 .50

97.13

98.25

98.88

99.00

99.50

99.25

l-
o
UJ
tc
û.
o
o
tl¡
o
F
z
trl
o
.c
l¡¡
À

80

70

1 lìishl
Lclt

2 Rrght
Lol I

2 3 4 5

DISCRIMINABILITY

The percentages of right stimuli (solid line) and
left stimuli (broken line) for which responses \{ere
correct at each level of discriminability in Half I

(squares) and Ha1'f 2 (circles) of blocks. The
percenÈages r¡/ere taken over 20 observers, the l0
observers in 0rder RA/RS ånd the l0 observers in
Order RS/RA.

1

FIGURE 56.
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Figure 57 shows the Period x Half x Discriminability interaction.

This interaction arose because, at Discriminability level l, there were signi-

ficant differences in accuracy between the first and second halves of blocks

in each period. In particular, in Period l, accuracy increased significantly

from the first to the second half of blocks while in Period 2 accuracy decreased

significantly from the first to the second half of blocks. Accuracy did not

vary from the first to the second half of blocks at any other time.

1()0 {t

90

fl

|,-
()
u.¡
0É
fr
o()
UJ(,
t-z
l¡l
o
IE
u.l
À

8()

70

Porlod I Hall 1

H"ll 2

Pø r¡od 2 Ha ll 1

Hall 2

t 2 3 4 5

DI SCRIM ]N ABILITY

The percentages of stimuli for which responses ldere
correct at each level of discriminability in ttalt I

(solid line) and Half 2 (broken line) of blocks in
Period I (squares) and in Period 2 (circles). The
percentages were taken over 20 observers, the l0
observers in Order RA/RS and the l0 observers in
Order RS/RA.

FIGURE 57.



From table 26 it can be seen that the Period x Half x Discriminability

x Response interaction arose because the difference in accuracy for right and

left responses in the two halves of blocks at Discriminability level I also

varied from Period I to Period 2. In particular, at Discriminability level I

in the second half of blocks in Period l, left responses were significantly more

accurate than right responses. At all other times, at Discriminability level I

right responses were significantly more accurate than left responses'

263.

lì

PERIOD I
HALF ]- HALF 2

LRL

PEIìIOD 2

HA r ,F I u/\l,I¡ 2

l{LLRI{USPONSII

TABLE 26. Percentages of right and left stimuli for which
responses r¡rere correct at each level of discriminabiliEy
in Half I and Hal-f 2 of blocks in Period I and in
Period 2. The percentages were taken over 20 observers,
Èhe l0 observers in Order RA/RS and the l0 observers in
Order RS/RA.

80.00

94. B6

97 .46

99.4r
98.49

86.46

94.50

96.54

98 .49

99.5r

76.81

93 .46

99.51

9 U. 5.1

98.41

u2.58

93.27

97.50

99.48

99.00

87.31 83.51 80.47
95.02 95.00 93 . 55

96.95 97.51 97 .54

99.20 99.00 98.49

99.54 t00.00 100.00

7 L.29

94.48

98.52

99 .46

98 .97

DISCIIIMINABILITY

-ì.

2

3

4

5
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Similarly, from table 27 it can be seen that the difference in accuracy

for right and left responses at Discriminability level I varied between the

first and second half of blocks, depending on the order condition. In partiiular,

there was no difference in accuracy for right and left responses at Discrimin-

ability level I in the second half of blocks in Order RA/RS, while in all other

cases at Discriminability level 1, right responses were significantly more

accurate than left responses. This pattern Bave rise to the Hall x Discriminability

x Response x Order interaction.

TABLE 27. Percentages of right and left stimuli for which responses
\4/ere correct at each leve1 of discriminability in Half I

and Hal f 2 of blocks in Order RA/RS and Order RS/RA. The

percentages r¡/ere taken over the l0 observers in each order.

From table 28 it appears that the Period x Set x Discriminability

x Order interaction arose because of unsystematic changes in accuracy as

stimulus difference increased. In particular, in the block ol Set RS in

Period 2 of Order RS/RA, accuracy was higher at Discriminability level 3

than at Discriminability levels 4 and 5. ì

82.06

93 .47

97.25

99.4Ì
99.03

86.49

95.32

96.41

98.52

99 .48

80.50

94.00

99. l2
98.31

99.00

u5.2t
92.47

97.53

98.49

99. 30

69. t3

96.20

99. r3

99.58

99 .50

B7 .00

94 .50

97 .49

99.20

99.46

80.0r 78.30

94.49 94.10

98.37 97 .52

99.52 99.56

99.50 r00.00

DISCRIMINABILI

t
2

3

4

5

tr]

ORDER RS,/R,A

I HALF r ITALF 2

LIILR

oRDER RÀ/RS

HÀLF 1 TIÀLF 2

LRLRRESPONSE
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ORDER RS/RA

PERIOD I PERIOD 2

RA RS RA RS

TABLE 28. PercenEages of sÈímuli for which responses were correct
aE each level of discrimínabilicy in blocks of Set RA

and of SeE RS in Periods I and 2. Order RA/RS and
Order RS/n¿, are shown separately. The percentages \dere
Laken over Ehe l0 observers in each order.

(b) Response time

The Discriminability main effect arose because resPonse time

decreased as stimulus difference increased, but at a decreasing rate. The

mean response times at Discriminability levels I tb 5 were 1070.55 msec,

948.04 msec, 848.03 msec, 82I31 msec and 805.87 msec' respectively.

From table 29 it is apparent that the Set x Discriminability interaction

arose because, at Discriminability levels 1,2 and 3 times for responses made

under Set RA were significantly shorter than times for responses made under

Set RS. In contrast, at Discriminability level 4 there was no difference in

times for responses made under Sets RA and RS while at Discriminability

level 5, responses made under Set RA were significantly slower than responses

made under Set RS.

83 .50

93 .26

96. 61

98.48

99. 50

81.46

94.00

97.28

99.53

99. 59

82.00 87.09

94.00 93.68

95.56 I00.00
98.00 98.51

98.50 98.63

78.39 78.61 82.00 74.98

95.98 94.54 95.46 92.8s

98.03 97.91 98.50 97 .4L

99.50 98.60 99.36 I00.00
99.50 r00.00 I00.00 98.98

DISCRIMIN-
ABILITY

I
2

3

4

5

SET

ORDER RA/RS

PERIOD I PERIOD 2

RA RS RA RS
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1050 . 15

1090 .95

944.40

9s1.67

840.50

855.55

822.2s

820.36

813.59

798 .15

RA

RS

T 2

DISCRIMINABILITY

3 4 5SET

TABLE 29 Mean times for correcÈ responses at each level of
discriminability in blocks of Set RA and Set RS.
The means were taken over 20 observers, the lO
observers in Order RA/RS and the l0 observers in
Order RS/RA.

The Set x Response interaction, shown in table 30, arose because,

under Set RA, right responses were significantly slower than left responses,

while under Set RS, left responses were significantly slower than right

responses.

TABLE 30. Mean times for correct right and left responses
in blocks of Set RA and Set RS. The means rdere
taken over 20 observers, the l0 observers in
Order RA/RS and the l0 observers in Order RS/RA

853 .40

934.96

974.6L

832.06

RA

RS

RESPONSE

LEFT RIGHTSET
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From figure 58 it can be seen that the Set x Discriminability x Order

interaction arose because there was no difference ih mean times for responses

at Discriminability levels 3, 4 and 5 in blocks performed under Set RA in

Order RA/RS. In all other cases, mean response times decreased significantly

from Discriminability level 3 to Discriminability level 5.

1 100
q

\t

o
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É

r¡J
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a¡,
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1 0()0
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700

Ordor RA/RS

Ord.Ì ßS/RÀ

Sot

Sot

Sot

Scl

RA

RS

8A

RS

2 3 4 5

O ¡ SC R I MINAB ¡LIT Y

Mean times for correct. responses aE each level of
discriminabitiÈy ín blocks of SeE RA (solid line)
and SeE RS (broken line) in Order RA/RS (squares)
and in Order RS/nn (circles). The means were
taken over the l0 observers in each order.

FIGURE 58.
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Table 3l shows tlre Set x Half x Discriminabitity x Order interaction

which arose because, in the first half of blocks, mean resPonse times decreased

as stimulus difference increased. ln contrast, in the second half of blocks'

exccpt for blocks of Set RS in Order RS/RA, mean resPonse times were longer

at Discriminability level 5 than at Discriminability level 4.

TABLE 3 I. Mean Èimes for correct responses at each level of
discriminability in Half I and HaLf 2 of blocks of
Ser RA and Set RS for Order nA/ItS and for order RS/RA

The means were taken over Ehe l0 observers in each
order.

The Period x Discriminability x Response x Order interaction is

shown in table 32. It appears that this interaction arose from unsystematic

variations in the mean times for right and left reSponses between the

different levels of Discriminability in Periods I and 2 of each order condition.

similarly, there did not appear to be any clear Pattern of variation in response

time to account for the Half x Discriminability x Response x Order interactiorl

which is shown in table 33.

1008 .08

913.L7

846.80

847.98

78r. 17

1048.81

949.04

854 . s9

79r.08
8r2.56

1169.8I
939.22

856.30

812.38

799. B6

LO46.20

950.58

855 .62

8r3.07
803. t4

1075 .5s

919.49

825.85

823 .88

8r1.64

1068.45

935.89

834.77

826.05

848.96

LO47.40

952.22

961. s7

8s8.39

782.44

tl00 .36

964.6s

848.7r

797 .58

807.15

DISCRIMIN-
ABILITY

I
2

3

4

5

ORDER RS/RA

SET R,A SET RS

I 2 I 2

oRDER RA/P.S

SET RÀ SET RS

L2lHALF 2



TABLE 32. Mean times for correct right and left responses at
each level of discrirninability in Periods I and 2

of Order RA/RS and of Order RS/n¡. The means were
taken over the l0 observers in each order.

269.

ORDER RS/RÀ

HALtr' I HALF 2

RLL R

L080.22

989.40

884 .90

839. sr
803 .46

L097 .67

922.99

818.20

820 . 86

777 .59

1054.58

942.07

863.77

8I3.38
837.47

1040.43

9s7. s5

846.45

790.78

778.23

Mean Èimes for correcÈ right and left responses at
each level of díscriminabilicy in Half I and Half 2

of btocks in Order RA/RS and in Order RS/RA. The
means were taken over the l0 observers in each order.

1046 .87

992.92

903 .36

817.5s

829.70

Ilr0 .85

947 .28

827.96

822.51

777 .82

1087.93

938. s5

845.3r

835 .34

811.23

L027.25

933.27

836 .69

789 . 13

778 .00

rlr0 .38

979.48

874.L4

834.46

836 .95

IO47.26

951. 4 0

828.25

799.25

797 .75

1068. t0
936.2L

832.83

862.27

836.50

1065 .73

90s.19

835 .70

809.93

778.99

DISCRIMIN-
ABILITY

I
2

3

4

5

ORDER

PERIOD I
LR

RS/RA

PERIOD 2

LR

ORDER

PERIOD I
LR

RÀ/RS

PERIOD 2

LRRESPONSE

IIL2.38
943.70

861.84

880.29

8L7.29

1010.28

928.02

82s.59

801.98

776.78

t066. rr
97I.98

845.13

816 .44

856. 16

1102.71

928.56

838.36

807. 19

799.96

DISCRIMIN-
ABILITY

1

2

3

4

5

ORDER RA/RS

HALF I HALF 2

RLRESPONSE RL

TABLE 33.
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(c) Conf idence

The Period main effect arose because confidence increased from

Period I to Period 2. The mean confidence ratings for Periods I and 2 were

2.89 and 2.96, respectively.

The main effect of Discriminability reached significance because

confidence increased with stimulus difference, but at a decreasing rate. The

mean confidence at Discriminability levels I to 5 was 2.45, 2.7 5, 3.02, 3.I7

and 3.24, respectively.

The Response main effect arose because confidence was higher for

right responses than for left responses. The mean confidence for right and

left responses was 3.04 and 2.82, respectively.

The Period x Discriminability interaction is shown in figure 59 where

it can be seen that the interaction arose because, for Discriminability levels

I and 2, confidence was significantly lower in Period I than in Period 2.

There was no difference in confidence between the periods at Discriminability

levels 3, 4 or 5.

The interaction of Period x Set x Half x Discriminability x Response

x Order is shown in table 34. It appears that there was no evidence of any

systematic variation in the data to give rise to this interaction.



?7 t.

L

l

I

I

I

3.5

2.5

2.o

Ð-

3.Ou¡
o
z
¡Àl
o
Ëz
o
o
z
l¡l
E

D

o

FIGURE 59.

f-+
tr- - --o

Period 1

Perlod 2

1 2 3 4 5

D ISCRIM¡NABILITY

Mean confidence in correct responses at each
level of discrímínabiliry in Period I (solid
line) and Period 2 (broken line). The means
were taken over 20 observèrs, the l0 observers
in Order RA/RS and Èhe l0 observers in Order
RS1RA.



272.

Mean confidence in correct right and left responses at
each level of discriminability in each half of blocks
of SeE RA and of Set RS. The means are shown for
Periods I and 2 of Order RA/RS and of Order RS/RA.
The means were taken over the l0 observers in each order.

ORDER RA/RS 
RIGHT

>r
Ê{
H
Þl
H
04z
t-{

Húo
(f)
H
â

ORDER RS/RÀ

LEFT

RTGHT

LEFT

I
2

3

4

5

I
2

3

4

5

I
2

3

4

5

I
2

3

4

5

2.44

2.8L

3.10

3.23

3.3r

2.45

2.78

3 .04

3.23

3 .0s

2.L5

2.89

3. 16

3 .50

3.O2

2.36

2.5L

2.78

2. ao

3.00

2.09

2.55

2.84

3.O2

3.08

1.96

2.5L

2.85

3 .08

3.20

2. r8

2.50

2.80

3.L2

3 .16

2.26

2.48

2.70

3 .06

3.23

2.25

2.72

3 ,07

3.16

3.44

2.35

2.60

3.32

3.31

3.50

2.29

2.79

3 .II
3.41

3.40

2.56

2.7L

3.28

3.24

3.37

2.4L

2.88

3.L2

3.L2

3 .34

2.63

2.63

3. r0

3.41

3.51

2.4s

3 .07

3.22

3 .43

3.4r

2.27

2.65

3.22

3. 14

3.58

2.52

2.s8

2.9r
3 .00

2.76

2.54

2.55

2.76

3 .09

3.L2

2.60

2 .80

2.82

3.19

3.18

2.59

2.68

3 .04

3.07

2.74

2.30

2.47

2.82

2.90

2.98

2.34

2.85

2.7I
3.L2

2.95

2.49

2.7r
2.70

2.92

3.2L

2.64

2.79

2.86

2.96

3.27

2.6L

2.92

3.O2

3 .16

3 .31

2.65

2.94

3.16

3.37

3 .34

2.84

2.95

3.t2
3 .38

3.35

2.66

2.96

3 .37

3.37

3.42

2.82

2.97

3.2L

3.L2

3. rs

2.59

3.01

3.24

3.28

3 .30

2.70

2.75

3. 11

2.92

3.22

2.35

2.59

3.14

3.32

3.52

PERTOD I
RÀ SET RS

212

PERIOD 2

RA SET RS

2L2HALF I
SETSET

T

TABLE 34.
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(d) Confidence and response time

For each block of trials, confidence ratings for both correct and

incorrect responses were available for each of the 20 observers for each

level of discriminability and for right and left responses. These ratings were

plotted against the corresponding response time values and straight lines were

fitted to each of these 800 plots. It was found that 602 of the slopes of the

best fitting straight lines were negative, showing that there was a predominantly

inverse relationship between confidence and response time within blocl<s

(p <.001, binomial test). This inverse relationship was still evident when the

400 plots for Set RA and for Set RS were considered separately. In this case,

DISCRIMIN_
ARILITY

TABLE 35.

OVIIIìALL

No. of negaÈive
slopes p

The number of negative slopes and Ehe associated binornial
probabilities obtained when, for each of the 20 observers,
àr each level of discriminabí1ity, confidence ratings were

plotEed against the corresponding response rime values for
.igtrc and left responses seParately, and straight lines
rarere f itEed. Data from each block performed under each

instructional seE vtere considered separaLely, yielding a

Cotal of 80 ploEs for each set, or 160 plocs overall'
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60

70
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<.00r
<.001
<.001
<.001

<.00r

L46

148

II6
130

114

a.00I
<.001

< .00r

<.00r
<.001

70

72

56

60

62

<.00r
< .00r
<.00r
< .001

< .001

I
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3
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SET IìS

No. of negative
sloPes p

SET RA

No. of negative
sIoPes p
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the numbers of negative slopes were 320 and 334, respectively (p ( .001t

p (.001, respectively, binomial test). Therefore, there was a highly signifi-

cant inverse relationship between confidence and resPonse time within each

block, irrespectiye of the instructional set. When individual levels of

discriminability were considered separately, combining data from both

instructional sets at each level, a significantly higher proportion of the 160

slopes for each level was negative at all levels of discriminability' This was

also the case when the 80 slopes for Set RA and for Set RS were considered

separately for each level of discriminability. In this case' the actual

proportions with the associated probabilities are given in table 35.

4. Discussion

The majority of the effects which reached significance did not appear

to reflect the manipulation of relative caution by variations in instructions'

Instead, these findings appeared to arise from unsystematic changes in the

response measures between the levels of discriminability in the different

order conditions. As a consequence, although these findings may not be

inconsistent with any of the decision Processes, they do not correspond to

simple predictions of the Processes. Therefore, they will not be discussed

in detail. In particular, due to the difficulty of interpretation of higher order

interactions, and since these findings are not a simple result of the experi-

mental manipulation, only main effects and 2-way and 3-way interactions

will be discussed.

The only finding which indicated that instructions produced changes

in relative caution was the Set x Response interaction in response time data'

This effect showed that observers complied with instructions to make one

response more quickly than the other and therefore it is consistent with the
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predictions of both the ideal observer hypothesis and the target confidence

mechanism. However, the lack of any equivalent variation in accuracy or

confidence contrasts with the predictions of all of the processes.

As in earlier experiments in this thesis, accuracy and confidence

increased and response time decreased as stimulus difference increased. The

rate of change in all three response measures decreased at large values of

stimulus difference. This Discriminability effect is consistent with previous

research and it is predicted by all of the decision processes. At the same

time, as in previous studies, there was a clear inverse relationship between

response time and confidence within blocks of trials, both when all levels

of discriminability were considered together and when each was considered

separately. This finding is consistent with Audley's (1960) hypothesis and

the balance of evidence hypothesis.

(a) Accurac

The Set x Order interaction in accuracy data would appear to indicate

that observers were more accurate when performing under the instructional

set which they experienced first. This could indicate that accuracy was

decreasing from the beginning to the end of the experimental session as a

result of fatigue. However, this seems to be a less plausible explanation when

it is noted that the Period effect was not significan!. Alternatively' it is

possible that observers found the task less difficult when performing under

the set that they learnt first, resulting in higher accuracy. It is possible that

the adoption of one instructional set is not very difficult but that the subse-

quent adoption of an alternative, very similar set leads to some confusion in

responding, with a consequent reduction tn accuracy.
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The Discriminability x Response interaction in accuracy data may

be explained in terms of a tendency to favour right responses over and above

any variation in relative caution induced by instructions. This preference for

right responses overrode instructions only at the smallest stimulus difference.

A preference for right responses does not seem unlikely in right-handed

observers and it has been observed in previous experiments in the thesis where

it occurred at all levels of Discriminability. The finding that, in this case'

the effect was restricted to Discriminability level I aPPears to indicate the

influence of averaging the two sets, one of which, instructional Set RAt

operates against a preference for right responses by stressing left resPonses'

As a result, the preference for right responses would be apparent only when

it was strongest, at Discriminability level l.

Variations in the tendency to favour right responses as the experimental

session progressed and between order conditions would aPpear to accotlnt for

the interactions of Period x Half x Discriminability x Response and Half x

Discriminability x Response x Order, while the finding that the pre-existing

preference for right responses is only significant at Discriminability level I

in the first half of blocks gives rise to the Half x Discriminability x Response

interaction.

The Period x Half x Discriminability interaction does not appear to

be directly related to the manipulation of instructions. The increase in accuracy

from Half I to Half 2 of blocks in Period I may indicate the influence of

increasing familiarity with the requirements of the instructional set as the

block progressed. In contrast, the decrease in accuracy from Half I to

Half 2 of blocks in Period 2 appears to indicate a decline in performance

due to fatigue at the end of blocks of trials which are performed at the

conclusion of a lengthy experimental session.
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(b) Response time

Many of the significant effects in response time data appear to arise

from an increase in the variability in response times at the larger values of

stimulus difference. For example, the Set x Discriminability interaction arose

because, at Discriminability levels 11 2 and 3, response times under Set RA

were faster than response times under Set RS. This appears to result from

the combination of a natural tendency to favour right resPonses with the

different instructional sets. Since right responses tended to be faster than

left responses, irrespective of instructions, it would be expected that when

instructions stressed the speed of left responses, as,in Set RA, overall response

times would be faster. However, this trend was not found at Discriminability

levels 4 and 5. There was no difference in response times under the two sets

at Discriminability level 4 and responses under Set RA were slower than

responses under Set RS at Discriminability level 5. Although there is no

apparent reason for this variation, it does correspond to the increase in the

variability of response times at the largest stimulus difference which has

been found in previous studies in the thesis.

Similarly, the Set x Discriminability x Order interaction occurs

because the inverse relationship between response time and discriminability

did not always hold at large values of stimulus difference. In particular,

there was no difference in response times at Discriminability levels 3, 4 and

5 in blocks of Set RA in Order RA/RS. In general,' it appears that the

unsystematic changes in response time occurred because, at the larger values

of stimulus difference, times were tending to a minimum. Therefore, at this

point, relatively small variations would be noticeable and would be likely to

give rise to significant effects.
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(c) Conf idence

The Period main effect in confidence data appears to indicate the-

effects of fatigue since confidence decreased from Period I to Period 2.

In addition, the finding that this effect was more marked at Discriminability

levels I and 2 produced the Period x Discriminability interaction. Fatigue

effects are not unlikely in a lengthy experimental session and are not

inconsistent with any of the decision processes. But, if this effect is due

to fatigue, it is surprising that it was evident only in confidence data.

As suggested by accuracy data, the Response effect in confidence

appears to indicate a tendency to favour right responses irrespective of

instructions.

5- Summary and Conclusions

In this experiment, only response time measures showed any

systematic variation with changes in instructions. The observed changes in

response time were consistent with the predictions of both the ideal observer

hypothesis and the target confidence mechanism. Since there were no effects

on confidence data no distinction can be drawn between the processes. The

majority of the significant effects took the form of higher order interactions

with Discriminability and were best explained in terms of unsystematic

changes in performance between levels of Discriminability which were not

directly related to the manipulation of instructions.



279.

D. EXPERIMENT 9

l. Introduction

The experiment was repeated with discriminability held constant as

the relative caution of instructions was varied according to a within-subjects

design. In order to avoid ceiling effects which were evident in accuracy data

at Discriminability levels 3, 4 and 5, level 2 was used for all stimuli' The

use of level 2 rather than level I meant that completely error-free performance,

in accordance with instructions, would be possible'

2. Method

(a) Stimuli

The stimuli were white pi-shaped figures identical to those used in

Experiment 3 and described in Chapter 4, section 4.2(a) excePt that, in this

case, discriminability did not vary. The longer line was always 187 mm in

length while the shorter line was always 186 mm in length.

(b) Apparatus

The apparatus was identical to that used in Experiment 8 as described

in section C.2(b).

(c) Observers

The 20 observers were men enrolled in the first year psychology

course at the university of Adelaide, whose participation was credited towards

a course requirement. They ranged in age from 17 to 20 years and all declared

themselves to be right-handed. observers had accurate red-green colour

discrimination, and all were naive with respect to the aims of the experiment'
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(d) Design

The design was identical to that of Experiment 8 as described in

section C.2(d) except that, in this case, discriminability did not vary.

(e) Procedure

The procedure was identical to that used in Experiment 8 as

described in section C.2(e).

3- Results

Analyses of variance with Order (RA/RS or RS/RA, as defined in

section C.2(d)), Period (first two experimental blocks or second two experi-

mental blocks), Set (instructional Set RA or Set RS,las defined in section C.2(d))'

Half (first or second half of a block) and Response (right or left) as factors

were used to analyse data from the last four experimental blocks. Analyses

of variance were carried out according to a crossed factorial design with

repeated measures on Period, Set, Half and Response. Separate analyses were

performed on (a) the percentage of stimuli for which responses were correctt

(U) tne mean times for correct responses and (c) the mean confidence in correct

resPonses.

(a) Accuracy i

The analysis of accuracy data showed a significant main effect of

HaIf (F(tr18) = 9.26, Mserror = 0.02, p ( .0t) and a significant Set x Response

interaction (F(1,18) = l7.ll, Mserror = 0.20, p < .001).
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The Half main effect arose because accuracy was lower in the first

than in the second half of blocks. The percentages of stimuli for which

responses were correct in Half I and Half 2 of blocks were 94.55% and 95.057",

respectively.

The Set x Response interaction is summarised in table 36. Under

Set RA, right responses were significantly less accurate than left responsest

while under Set RS, right responses were significantly more accurate than

left responses.

92.85 96.75

97 .05 92.55

918.28 790.67

820.66 983 . t3

TABLE 36. PercenÈages of right and left stimuli for which
responses htere correct and mean times for correct
rigtrt and left responses in blocks of Set RA and

of Set RS. Measures were taken over 20 observers,
the l0 observers in Order RA/RS and the l0 observers
in Order RS/RA.

RIGHT

LEFT

LEFT

ACCURACY

RESPONSE
TIME

RESPONSE

RIGHT

RA RS

SET
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(b) Response time

The analysis of response time data showed signif icant interactions'

of Period x Response (n(t,I8) = 6.83, Mserror = 6146, p ( .05), Set x Responsê

(F(l,lS) = 20.42, Mserror = 82410, p ( .001), Period x Set x Half x Order (F(1,18)

= 5.18, Mserror = 8464, p < .05) and Period x Set x Response x Order (F(l'18)

= 8.07; Mserror = 4735, p < .05).

The mean times for right and left responses in Periods I and 2 are

shown in table 37. The Period x Response interaction arose because right

responses were significantly slower in Period I than in Period 2, while there

was no difference in the times for left responses in Periods I and 2. Right

responses were significantly faster than left resPonses in both periods.

874.67

899. 19

834.28

904.6r
RIGHT

LEFT

PERIOD

I 2RESPONSE

TABLE 37. Mean tímes for correcE righc and lett
responses in Period I and in Períod' 2.
The means were taken over 2O observers,
Ehe l0 observers in Order RA/RS and the
l0 observers in Order RS/RA.

The Set x Response interaction, shown in table 36 arose because,

under Set RA, right responses were significantly slower than left resPonses,

while, under Set RS, right responses were significantly faster than left

resPonses.

The Period x Set x Half x Order interaction is shown in figure 60

where it can be seen that the change in response time from the first to the

second half of blocks varied between sets and periods in the two order
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(A) ORDER RA/RS (b} OROER RS/RA
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FIGURE 60 Mean times for correct responses in Half I

and Half.2 ot blocks of Set RA (solid line) and
Set RS (broken line) in Period I (squares) and
Period 2 (circles) in (a) Order RA/RS and
(¡) Order RS/RA. The means were taken over Èhe
l0 observers i-n each order.

conditions. In general, times increased from the first to the second half of

blocks in Order RA/RS and decreased from the first to the second half of

blocks in Order RS/RA. However, this was not always the case. In both

order conditions, times for responses made under Set RS in Period I changed

in the opposite way. In particular, in Order RA/RS, times decreased from

the first to the second half of the block of Set RS in Period l, while in

Order RS/RA, times increased from the first to the second half of the block

of Set RS in Period l.

2
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FIGURE 6 I. Mean times for correcr righÈ responses (solid tine)
and lefË responses (broken line) in blocks of Set RA
(squares) and Set RS (circles) in each period of
(a) order RA/RS and (b) order RS/RA. The means were
taken over the l0 observers ín each order.

From figure 6l it is apParent that the Period x Set x Response x

Order interaction was significant because right responses showed a regular

pattern of variation while the pattern for left responses varied between sets

within each order condition. For both orders and under both sets, right

responses were slower in Period I than in Period 2. In contrast, in Set RA

of Order RA/RS and Set RS of Order RS/RA, left responses were slower in

Period I than in Period 2, while in Set RA of Order RA/RS and Set RS of

Order RS/RA, left responses were faster in Period, I than in Period 2.

{
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(c) Conf idence

The analysis of confidence data showed significant interactions of

Set x Order (F(1,18) = 4.97, Mserror = 0.15, P < .05), Period x Response

(F(l,lS) = 6.46, Mserror - 0.10, p (.05), Period x Half x Response x Order

(F(t,18) = 10.48r Mserror = 0.07¡ p < .01) and Period x Set x Half x Response

(F(1,18) = 5.72, Mserror = 0.08, P <.05).

Table 38 shows that the Set x Order inteiaction arose because, for

both sets, confidence was lower for Order RA/RS than for Order RS/RA.

At the same time, for Order RA/RS, confidence was lower in Set RA than in

Set RS, while for Order RS/RA, confidence was higher in Set RA than in

Set RS.

2.99

3.50

3.10

3.42
RA/RS

RS /RA

SET i

RA RSORDER

TABLE 38. I"lean confidence in correcE responses
in bLocks of SeE RA and SeÈ RS in
Order RA/RS and in Order RS/RA.
The means were taken over fhe l0
observers in each order.

The Period x Response interaction, shoùn in table 39, was signifi-

cant because there was a significant increase in confidence in right responses

from,Period I to Period 2 while confidence in left responses did not change.

Figure 62 shows the Period x Half x Response x Order interaction.

In Order RA/RS, there was a significant decrease in confidence in left

responses from Half I to Half 2 of blocks in Period 2. Confidence did not
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TABLE 39.

¿l .o

3.5

3.O

2.6

3.20

3. t8
3 .43

3.22

RIGfIT

LEFT

PERIOD

I 2RESPONSE

i

Mean confidence in correcc right and lefË
responses in Period I and Period 2. The means
were taken over 2O observers, Ehe l0 observers
in Order RA/RS and the l0 observers in Order
RS/RA.
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of (a) Order RA/RS and (b) Order RS/RA. The means were
taken over Ehe l0 observers in each order.
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FIGURE 62.
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change between the halves of blocks at any other time in Order RA/RS. ln

period I of Order RS/RA, confidence in right responses increased signifi-

cantly and confidence in left responses decreased significantly from Half I

to Half 2. In Period 2 of Order RS/RA, confidence in right responses did

not change between halves, but confidence in Ieft responses increased

significantly from Half I to Half 2.

The Period x Set x Half x Response interaction is shown in figure 63

where it can be seen that, under both sets, confidence in right responses in

{A) SET RA
(b) sEr Rs
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Mean confidence in correct right responses (so1id tine)
and left responses (broken line) in Half I and Hal f 2

of blocks in Period I (squares) and Period 2 (circles)
of (a) Set RA and (b) Set RS. The means were taken over
20 observers, Ehe l0 observers in Order RA/RS and [he
l0 observers in Order RS/RA.

FIGURE 63
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Period I was higher than both confidence in left responses in Period I and

confidence in right and left responses in Period 2. There were no significant

differences in confidence between Half I and Haff. 2 except for left resPonses

in Period I of Set RS where there was a significant decrease from Half I

to Half 2.

(d) Confidence and response time

For each block of trials, confidence ratings were available for each

of the 20 observers for both right and left responses. These ratings were

plotted against the corresponding response time values and straight lines were

fitted to each of these 160 plots. It was found that l4l of the slopes of the

best fitting straight lines were negative, showing that there was a

predominantly inverse relationship between confidence and response time

within blocks of trials (p ( 
'001, binomial test). This inverse relationship was

still evident when the 80 plots for each instructional set were considered

NO. OF NEGATIVE
SLOPES

p (binomial test)

33

38

35

35

<.00r
<.001

<.001

<.00r

TABLE 40. The number of negative slopes and the associaÈed binomial
probabilíties obtained when, for each of the 20 observers,
confidence ratings were ploCEed against Ehe corresponding
response Eime values for right and left responses separately,
and straighE lines were ficÈed. Data from each block
performed under each insfructional sef ldere considered
separately, yielding a Eotal of 40 plots for each response
in each set.

RA

RS

RIGHT

LEFT

RIGHT

LEFT
SET

SET

RESPONSE
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separately. In this case, the numbers of negative slopes for Set RA and for

Set RS were 7l and 70, respectively (p <.001 in both cases' binomial test).

Thus, there was a significant inverse relationship between confidence and

response time within each block of trials and irrespective of the instructional

set. When right and left responses were considered separately for Set RA

and Set RS, the relationship was still significant for each response under each

instructional set. The number of negative slopes from the 40 plots available

f or'each of right and left responses under the two sets of instructions is

shown in table 40 where the associated probabilities are given.

4- Discussion

The changes in relative caution due to instructions were evident in

the Set x Response interaction which accounted for a significant proportion

of the variance in both accuracy and response time data. The observed

changes in accuracy and response time are consistent with the predictions

of both the ideal observer hypothesis and the target confidence mechanism.

However, since there was no significant change in confidence in response to

variations in instructions it is not possible to make any distinction between

the processes.

The lack of variation in confidence with changes in instructional

set may be due to the emphasis on speed rather than accuracy of responding

in the original instructions and during practice trials. This emphasis may

have given rise to the relatively small differences in mean response times

between Set RA and Set RS of about IOO-lr0 msec. Therefore, the longer

times under Set RS are likely to overlap with the shorter times under Set

RA. Since it would be expected that confidence ratings would be related

to response times, independent ol the instructional set, this would result

in a large amount of overlap between the confidence ratings from the

different sets.
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Although there was no systematic change in confidence between

instructional sets there was a clear inverse relationship between confidence

and response time within each set. This relationship, which is consistent with

all of the formulations for confidence, has been observed in previous experi-

ments and perseveres across variations in instructions or stimulus properties.

The other effects which reached significance did not appear to arise

from the manipulation of relative caution by varying instructions. For example,

in accuracy data, the Half main effect does not obviously reflect an

instruction induced change in relative caution. Higher accuracy in the first

half of blocks might indicate that observers are more attentive immediately

after a change in instructions.

Similarly, response time and confidence data showed several inter-

actions which cannot be explained in terms of the manipulation of instructions.

For example, the Period x Response interaction found in both response time

and confidence measures did not arise from the variation in instructions.

Indeed, this interaction does not appear to be consistent with any explanation

in terms of experimental factors. It is possible that this effect arose from

variations in response time as the experimental session progressed which were

unrelated to the experimental manipulation and which, in turn, gave rise to

variations in confidence.

The Period x Set x Half x Order interaction in response time data

arose because, from Half I to Half 2 in the first block of Set RS in each

order condition, times varied in a direction opposite to the variation in any

other block. There appears to be no possible explanation of this effect in

terms of the changes in instructions. Once more it aPpears that this change

in response times is not related to tl-re experimental manipulation. Similarly'

the Period x Set x Response x Order interaction in response time data arose

because of unsystematic changes in times for left resPonses between periods.
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In the second type of block performed in each order condition, times for left

responses increased from Period I to Period 2 while, in all other casesr times

for right and left responses decreased from Period I to Period 2. The reason

for this variation is not apparent and does not appeär to involve the manipu-

lation of instructional set.

The Set x Order interaction in confidence data can only be explained

in terms of random variations in confidence betweeh the order conditions.

In particular, it does not appear to result from any intended change in

relative caution due to instructions. Similarly, the Period x Half x Response

x Order interaction in confidence measures appears to be the result of

unsystematic changes in confidence in each response from the first to the

second half of blocks as the experimental session progressed. At the same

time, the Period x Set x Half x Response interaction is evidence of random

variations in confidence ratings for each response from the two instructional

sets during the experimental session.

5. Summary and Conclusions

It appears that, as with changes in stimulus probability and discrimin-

ability, the use of instructions to change relative caution does not have a

very strong influence on performance. Indeed, when discriminability was

varied within each instructional set in Experiment 8, only response time

showed any consistent change due to instructions. When only instructions

were varied in Experiment 9, both accuracy and response time showed

consistent changes due to instructions but confidence still remained unchanged.

In both experiments, the changes in both accuracy and response time were

consistent with the predictions of both the ideal observer hypothesis and the
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target conlidence mechanism. However, since in this situation these

mechanisms could be differentiated only on the basis of their predictions

about confidence, it was not possible to distinguish between them on the

basis of these data.
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CHAPTER 8

A. INTRODUCTION

In Experiment 9, the manipulation of relative caution by instructions

produced systematic changes in accuracy and resPonse time but not in

confidence. This may have arisen because instructions emphasised the response

which was to be made quickly at the expense of stressing the accuracy of the

alternative response. It appears that this resulted in very similar times for

both responses under both sets of instructions. Since it seems likely that

confidence is related to response time, the difference between confidence for

each response under the two sets of instructions would be expected to be

correspondingly small. The differentiation between the levels of caution may

be enhanced if instructions manipulate overall rather than relative caution,

so that speed is not emphasised at the expense of accuracy'

As seen in Chapter l, variations in caution have been studied using

choice reaction time tasks (e.g. Howell & Kreidler, 1963; Fitts, 1966;

Pachella & Pew, 1968; Hale, 1969) and same-different judgments (e'g' Link,

l97I; Link & Tindall, I97l; Ascher, I974). However, only four studies are

known in which there has been an explicit manipulEtion of caution in a two-

category discrimination task. These studies by Garrett 0922), Johnson (1939),

Festinger (1943a) and Wilding Ollq were described in detail in Chapter l,

so only a brief summary of the findings will be presented here.

In these studies, caution was varied betwe,en seParate experimental

sessions either by changing the stimulus display time or by the use of

instructions. Garrett (1922), Johnson $919) and Festinger (1943a) found that

accuracy and response time increased with cautioni, while confidence did not

change. On the other hand, Wilding Q974) found that response time increased

while accuracy remained the same as caution increased. Confidence measures
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were nor taken in Wilding's (1974) study, but discriminability was varied within

each level of caution. He noted that, within a given level of caution, accuracy

decreased and response time increased as discriminability decreased and thàt

the rate of change of the response measures was fastest when instructions

stressed accuracy so that caution was high.

The lack of any variation in confidence in the studies of GarreTt (1922),

Johnson Qgig\ and Festinger (1943a) is surprising in the light of the general

finding that, within observers, confidence increases with accuracy as discrimin-

abitity increases (Garrett, 1922; Johnson, 1919; Festinger, L943a; Pierrel &

Murray, 1963). Given the evidence reviewed in Chapter I which indicates

that observers can and do trade speed of responding for accuracy' it is surprising

that, when observers increase the overall accuracy of their performance, for

example, in response to instructions, this increase in discriminative capacity is

not reflected in confidence ratings. At the same time, the finding that

confidence did not vary in a situation in which it would be assumed that

criterion values are varying is not consistent with any of the decision Processes'

As seen in Chapter l, Ascher ifr97Ð and Vickers (1979) suggested that

the lack of any variation in confidence may have arisen as the result of an

unwanted range effect (Poulton, 1973, I975,1979) due to the nature of the

experimental design. Ascher (1974\ and Vickers (tgZq) noted that, since

caution was varied between separate experimentAl sessions, observers may

have rated their confidence in judgments in relation to other judgments in

that session alone, rather than in comparison with all judgments made in all

experimental sessions. For example, in chapter I it was noted that, in

accordance with instructions to use an entire percenta8e scale, observers may

have decided to rate their most confident response in any one session as 100,
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and their least confident response as 0. As a consequence, within each level

of caution, confidence ratings may be spread over the entire scale.

B. PREDICTIONS OF THE DECISION PROCESSES

As noted in Chapter 7, neither the response stabilisation hypothesis

nor the adaptation-level hypothesis is designed to account for changes in

performance due to variations in instructions. Although the effects of

instructions do not have any direct representation in the ideal observer

hypothesis, in Chapt er 7 it was suggested that changes in instructions would

be likely to produce variations in the subjective costs and payoffs associated

with each decision. Therefore, if the observer is trying to maximise the

expected value of his decisions, it would be expected that the cutoff will

vary as instructions change the subjective costs and payoffs. However, in

the case in which instructions are used to manipulate overall caution for

both responses, so that the subjective costs or payoffs associated with both

responses will vary in the same way, it would be expected that the overall

sensitivity of the observer, d', would vary rather than the criterion, B.

Therefore, only the target confidence mechanism provides predictions about

changes in performance when overall caution is manipulated by instructions.

The target confidence mechanism applied to the accumulator model

predicts that criterion values will change in response to changes in instructions.

For example, if instructions stress the accuracy of both responses, it would

be assumed that the target confidence for both responses will be high. As a

consequence, the criteria for both responses in the primary decision process

will increase, giving rise to changes in all three response measures.
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For example, when instructions stress accuracy and the criteria for

both responses are high, responses will be made only after considerable evidence

has been collected. Therefore, it is unlikely that the criterion will be reached

in error due to the random accumulation of evidence in favour of the inappro-

priate response. As a result, accuracy wilt tend to be high. Since many

observations will be required before either high criterion is satisfied, times for

both responses will tend to be long. At the same |irn", the maximum possible

confidence in either response will be equal to the high criterion value' so mean

confidence for both responses will tend to be high. When instructions stress

the overall speed of responding, the predictions witl be the opposite of those

just described.

When the target confidence mechanism is applied to the random walk

model in the situation in which instructions stress the accuracy of both responses'

the increase in the target confidence for both resPonses may be assumed to

produce a movement of both boundaries away from the starting point.

Therefore, the qualitative predictions of this procets are identical to those

for the accumulator model described above'

C. EXPERIMENT IO

l. Introduction

In this experiment, instructions were used to change the level of

caution between successive btocks within a single experimental session' In

an attempt to increase the range of confidence ratings, discriminability was

varied within each level of caution.
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2. Method

(a) stimuli

The stimuli were white, pi-shaped figures, identical to those used in

Experiment 3 and described in Chapter 4, section 4.2(a) with the five levels

of discriminability as defined therein.

(b) Apparatus

The apparatus was identical to that used in Experiment 3 and described

in Chapter 4, section 4.2(b), with one addition. On top of the video monitor,

directly above the stimulus display, was a black board on which were positioned

a red and a green neon lamp and a blzzer. The lamps were I cm in diameter

and 15 cm apart, centre to centre. The green lamp, on the right side of the

board, was labelled 'fast' and the red lamp, on the left side of the board, was

labelled raccurater. The buzzer was placed in the centre of the board- The

PDP S/E computer controlled the illumination of either lamp and the sounding

of the buzzer.

(c) Observers

The 20 observers, l0 men and lO women, were students enrolled in

the first year psychology course at the University of Adelaide, whose parti-

cipation was credited towards a course requirement. They ranged in age from

18 to 25 years and all declared themselves to be right-handed. Observers

had accurate red-green colour discrimination and all were naive with respect

to the aims of the exPeriment.
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(d) Desisn

Two groups of l0 observers were formed, each comprising 5 men

and 5 women. The groups performed under different order conditions with'

each observer being tested individually for approximately one hour.

In both order conditions, stimuli were presented in I0 blocks: 4

practice blocks each of 50 trials preceded 6 experimental blocks each of 100

trials. For both groups of observers, and within each block of trials, both

practice and experimental, the occurrence of the longer line on the right or

the left was equiprobable (p(R)=0.5) and the sequence was random. In addition,

each of the five levels of discriminability occurred equally often for right

stimuli and for left stimuli within each block and the sequence was random.

Each block of trials was performed under one of two types of instructior-ral

set:

A. Respond as accurately as possible

S. Respond as quickly as possible

For all observers, the first and third practice blocks were performed under

Set S, and the second and fourth practice blocks were performed under Set A.

One group of observers, Order AS, performed the first experimental block

under Set A while the other group of observers, Order SA, performed the

first experimental block under Set S. The instructional sets alternated in

the remaining five experimental blocks. The first two experimental blocks

were treated as practice, so only the last four experimental blocks were

considered in the analyses.

Practice blocks were separated by short rest periods in which

observers were given the opportunity to clarify instructions. Experimental

blocks were performed as an unbroken sequence with the transitions between

blocks marked only by the buzzer sounding for 1.5 sec and the concomitant

change in the colour of the lamp which was illuminated.
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(e) Procedure

The general procedure was identical to that used in Experiment 3

and described in Chapter 4, section 4.2(e).

In addition, the observer was instructed that, on those trials for

which the red lamp was illuminated he should respond as accurately as

possible, attempting to achieve error-free performance. This was instructional

Set A. Alternatively, on those trials for which the green lamp was illuminated

he should respond as quickly as possible. This was instructional Set S. It was

explained that one lamp would remain on over a series of trials and that there

would be a pause in the stimulus sequence, marked by the sounding of the

buzzer, to indicate that the alternative lamp was about to be illuminated.

3. Results

Analyses of variance with order (AS or sA, as defined in section

C.2(d)), Period (first two experimental blocks or second two experimental

blocks), Set (A or S, as defined in section C.2(d)), Half (first or second half

of a block), Discriminability (five levels, as defined in Chapter 4, section ,\.2(a))

and Response (right or left) as factors were used to analyse data from the

last four experimental blocks. Analyses of variance were carried out

according to a crossed factorial design with repeated measures on Period,

Set, Half, Discriminability and Response. Separate analyses were performed

on (a) the percentage of stimuli for which responses were correct, (b) the

mean times for correct responses and (c) tfre mean confidence in correct

responses.

The results of the analyses of accuracy, response time and confidence

are summarised in table 4l which shows only those effects which reached

significance and their probabilities. From the table it is apparent that only



<.001
<.001
< .05
< .05
< .05

< .05

< ' .001
< .00I
< .00I

< .01
<.001
<.00Ì

< .05
< .0'l

300

< .05

< .01¡

< .01_

05
05

< .05
< .05

< .05
< .05 - .0Ì

TABLE 4 I. The probability value of significant main effects and
interactions from Èhe analyses of accuracy, response
time and conf idence. Analyses of variance I¡/ere
performed with order (o), Period (P), Set (s), Half (H),
DiscriminabiliËy (D) an¿ Response (n) as factors.

the main effects of Set and Discriminability and the Set x Discriminability

interaction were significant for all three response measures. At the same

time, many higher order interactions with Discriminability and Order reached

significance for individual response measures and were difficult to interpret.

Complete analysis of variance tables for each response measure showing the

values of F-ratios, the degrees of freedom and the error terms for these

significant effects are given in Appendix 10.
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(a) Accurac.y

The Set main effect arose because accuracy was higher under Set A

than under Set S. The percentages of stimuli for which responses were correct

under Sets A and S were 94.28% and 85.86"/", respectively.

The Discriminability main effect reached significance because accuracy

increased with stimulus difference, but at a decreasing rate. The percentages

of stimuli for which responses were correct at Discriminability levels I to 5

were 76.76%, 88.08"/", 93.18"/", 95.747" and 96.59"/", respectively.

The interaction between Set and Discriminability is shown in figure

64 where it is apparent that accuracy rates tended to an asymptote more

rapidly under Set A than under Set S. When normal ogives were fitted to

these data, the standard deviations of the ogives for Set A and Set S were

2.30 and 1.19, respectively.
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Percentage of stimuli for which responses \^rere
correct under Set A (open squares) and Set S

(titte¿ squares). The percentages were taken
over 20 observers, the l0 observers in Order AS
and the l0 observers in Order SA.

FIGURE 64.
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The set x Discriminability x Response interaction is shown in

table 42. This interaction arose because, under Set A, responses to right

stimuli were significantly more accurate than responses to left stimuli at

Discriminability level l, while responses to right stimuli were significantly

less accurate Llrart responses to left stimuli at Discriminability level 2. Under

Set S, responses to right stimuli were significantly less accurate than responses

to left stimuli at both Discriminability levels I and 2. There was no signifi-

cant difference in accuracy for right and left responses at any other level

of Discriminability.
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TABLE 42. Percentage of right and left stimuli for which responses
r¡/ere correct at each level of discriurinability in blocks
of SeÈ A and of Set S. The percentages were taken over
20 observers, the l0 observers in Order AS and the l0
observers in Order SA.

Table 43 shows the Set x Half x Order interaction. It can be seen

that the two order conditions show converse patterns of variation. In Order

AS, accuracy decreased from Half I to Half 2 of blocks of Set A and increased

from Half I to Half 2 of blocks of Set S. In contrast, in Order SAr accuracy

increased from Half I to Half 2 of blocks of Set A and decreased from Half

I to Half 2 of blocks of Set S.
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Percentage of stimuli for which responses r^/ere correct
in each half of blocks of Set A and of Set S in Order AS

and in Order SA. The percentages were taken over the l0
observers in each order.

Percentage of stimuli for which responses r^/ere correct
at each level of discriminability in blocks of Ser A and
of Set S in Periods I and 2 of Order AS and Order SA.
The percentages were Eaken over the l0 observers in each
order.

TABLE 43.
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Table 44 shows the Period x Set x Discriminability x Order interaction

which reached significance because, in Order AS, accuracy did not show a

monotonic increase with stimulus difference in the blocks of Set A in Periods

I and 2. Similarly, in Order SA, accuracy decreased from level 4 to level 5

of Discriminability in the block of Set S in Period l.

Non-monotonic changes in accuracy as stimulus difference increased

also gave rise to the Period x Set x Half x Discriminability x Response x Order

interaction which is shown in table 45. These changes in accuracy did not

appear to follow any consistent pattern.

(b) Response time

The Set main effect arose because response times were longer under

Set A than under Set S. The mean times for responses made under Sets A

and S were 1003.47 msec and 685.10 msec, respectively.

The main effect of Discriminability was significant because response

times decreased as stimulus difference increased, but at a decreasing rate.

The mean times for responses at Discriminability levels I to 5 were 988.91 msec,

887.2I msec, 8L2.97 msec, 78L.28 msec and 751.08 msec, respectively.

The Set x Discriminability interaction is shown in figure 65 where

it can be seen that there was no significant change in response time as

stimulus difference increased under Set S. In contrast, under Set Ar response

time decreased significantly from Discriminability levels I to 3 but it did

not vary from Discriminability levels 3 to 5.

The mean times for right and left responses in Half I and Half 2

of blocks in Period I and Period 2 are shown in table 46. The Period x HaIf

x Response interaction was significant because times for right resPonses

increased significantly from Half I to Half 2 in Period I but did not charrge
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Percentage of right and left stimuli for which responses
ü/ere correct at each level of discriminability in each
half of blocks of Set A and of Set S ín Periods I and 2

of Order AS and Order SA. The percencages were taken
over the l0 observers in each order.

TABLE 45.



306.

1700 tHl Set A

l---l Set S

()
0)
rt,

E

ul
¿
F-

lrl
.D
z
o
fL
U'
t¡J
fr
z
t!

1500

1300

1100

900

700

500

12345

FIGURE 65

DISCRIMINABILIf Y

Mean times for correct responses at each level
of discriminability under Set A (open squares)
and SeÈ S (filled squares). The means were
taken over 20 observers, the l0 observers in
Order AS and Ehe l0 observers in Order SA.

Mean times for correcL left and right responses ln
Ilalf I and HaIf.2 of blocks in Period I and Period 2'
The means were taken over 20 observers, the l0 observers
in Order AS and the l0 observers in Order SA'

835 . B0

863 .01

87r.32

837. s3

830.07

830.28

838 .68

847.61

RIGHT

LEFT

PERIOD I PERIOD 2

HALF I 2 I 2RESPONSE

TABLE 46.
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TABLE 47. Mean times for correct left and right responses at each
level of discriminability in Period I and Period 2.
The means were taken over 20 observers, Ehe l0 observers
in Order AS and the l0 observers in Order SA.

from Half I to Half 2 in Period 2. At the same time, left responses decreased

from Half I to Half 2 in Period I and increased from Half I to Half 2 in

Period 2.

Table 47 shows the Period x Discriminability x Response interaction.

It appears that this interaction resulted from unsystematic changes in response

time between the levels of Discriminability. In particular, there was no

difference in times for left responses at Discriminability levels 3 and 4 in

Period 2. This contrasts with the steady decrease in times for right and

left responses in Period I and right responses in Period 2 when stimulus

difference increased.

Similarly, unsystematic changes in response time between levels of

Discriminability in Order AS appear to have given rise to the Half x

Discriminability x Response x Order interaction which is shown in table 48.
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780.55

308.
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TABLE 48. Mean times for correcc lefc and right responses at each
level of discriminability in Half I and Half 2 of blocks
in Order AS and in Order SA. The means were taken over
the l0 observers in each order.

For both right and left responses in both halves of blocks in Order SA, times

decreased as stimulus difference increased. In contrast, only times for left

responses in Half 2 of blocks in Order AS showed a regular inverse relationship

with stimulus difference. 
t,

The Set x Half x Response x Order interaction, shown in table 49,

arose because times for right and left responses showed apparently irregular

increases and decreases from Half I to Half 2 of blocks, while in all cases'

response times were shorter in Order AS than in Order SA.

Table 50 shows the Set x Half x Discriminability x Response x Order

interaction. Once more this interaction arose due to irregular variations in

response time between levels of Discriminability. Similarly, the Period x

Set x Discriminability x Response x Order interaction (see table 5l) and the

Period x Set x Half x Discriminability x Order interaction (see table 52)

appear to have arisen due to unsystematic changes ln response time across

levels of Discriminability. There was no clear trend in the pattern of changes

for any of these signif icant interactions.
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TABLE 49

309.

Mean times for correct left and righE responses in each
half of blocks of Set A and Set S performed in Order AS

or in Order SA. The means were Eaken over tlte l0
observers in each order.

Mean times for correct lefr and right responses at
each level of discriminability in Half I aLrd HaLf 2

of blocks of Set A and of Set S in Order AS and

Order SA, The means were taken over the l0 observers
in each order'
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TABLE 50.
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of Order SA. The means were taken over the l0
observers in each order.



3l l.

L092.44

1000.75

t012.0r
878.79

8L2.92

1136 . r8

1042.0r

89r.16

889.63

828.14

705 . t5
69s . ts
6L7.47

616 . 83

608. 64

694 .8r
7L7.3s

63s .39

64L.82

617. rB

r2L2.43

96s .04

863 .68

861.01

794.45

L2s7.s9

lI19 .5 I
95s.78

9r3 .65

898.79

664.5L

645.23

687. 13

677 .42

646.86

735.90

684.27

6rs.64

598.25

634.27

L323.79

lrl7.63
993 .93

922.6L

928.4s

L262.00

r098.92

r028.70

932 . 15

889.02

820.49

736.L2

720.73

699. 89

684 .3s

862.72

784.3I
738. 14

716.80

682.23

L24s.52

1098.45

960.96

940.58

84s.61

13rt.36
1059 .0r

950 .67

904.42

89S.ss

767.94

736.97

678.33

680.9t
630 .55

729.72

694.90

651 .73

625.59

617 .30

ORDER AS

>t
H
H
È
H
É¡4z
H

Húo
rn
H
a

I
2

3

4

5

ORDER SA

>l
E-r
H
È
H
r0
4,z
H

Hú(J
(¿
H
a

I
2

3

4

5

PERIOD 1 PERTOD 2

SET A SET S SET A SBT S
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TABLE 52. Mean Eimes for correct responses ar each level
of discriminability ín each half of blocks of
Set A and of Set S in Period I and Period 2.
Order AS and Order SA are shown separately.
The means were Eaken oven the l0 observers in
each order.
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Since only 6% of all responses made when performing under set A

were incorrect, data on response times for errors were available for all

observers only at the most difficult level of Discriminability, level l. For

this level, error response times under Set A were longer than times for the

corresponding correct responses, while error resPonse times under Set S were

equal to correct response times for this set. The mean times for correct

and incorrect responses were IOO3.47 msec and 1317.47 msec, respectively

for Set A, and 685.10 msec and 734.15 msec, respectively for Set S. A two-

way analysis of variance with repeated measures on both factors showed

significant main effects due to the response being correct or incorrect (F(1'19)

= 5.45¡ Mserror = 31056, p ( .001) and the set for speed or accuracy (F(1,19)

-- 29.35, Mserror = 297977, p < .001). The interaction of these two factors

was also significant (F(1,19) = 5.02t Mserror = 33260, P < '05)'

(c) Conf idence

The Set main effect arose because confidence was higher under

Set A than under Set S. The mean confidence in Sets A and S was 3.40 and

3.17, respectively.

The Discriminability main effect reached significance because

confidence increased with stimulus difference, but at a decreasing rate. The

mean confidence at Discriminability levels I to 5 was 2.71,3.04' 3.381 3.58

and 3.72, respectively.

The Set x Discriminability interaction, shòwn in figure 66, arose

because, at Discriminability levels 3, 4 and 5, confidence in Set A was

significantly higher than confidence in Set S. There was no difference in

confidence in Sets A and S at Discriminability levels I and 2.
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FIGURE 66 Mean confidence in correct responses at each level
of discriminability in Set A (open squares) ancl
Set S (fiffe¿ squares). The means were taken over
20 observers,, thc l0 observers in Ordcr AS and tlrc:
l0 observers in Order SA.

The Period x Set x Discriminability interaction, shown in table 53,

was signif icant because, for Set A, confidence at Discriminability levels I

and 2 decreased from Period I to Period 2. ln contrast, for Set S, confidence

at Discriminability levels I and 2 increased from Period I to Period 2.

Confidence at the other levels of Discriminability did not change from Period

I to Period 2 f.or either set.

The interaction of Period x Half x Discriminability x Response (see

table 54) resulted from unsystematic changes in confidence during the

experimental session. Variations in confidence for both left and right resporìses

from Half I to Half 2 of blocks were most marked at Discriminability levels

I and 2, and did not apPear to follow a clear Pattern.



PERIOD I PERIOD 2

3t4.

SET S

2.83

3 .02

3.2L

3.39

3.49

SET A

2.78

3. 19

3. s3

3.70

3 .9r

SET S

2.s6

2.86

3 .28

3.47

3.s7

SET A

2.66

3 .08

3.49

3.73

3.89

TABLE 53.

TABLE 54.

Mean confidence in correct responses at each level of
discriminabitity in blocks of Set A and Set S in each
period. The means ü/ere taken over 20 observers, the
l0 observers in Order AS and the l0 observers in
Order SA.

Mean confidence in correct left and right responses
at each level of discriminability in ttalf I and

HaIf 2 of blocks in Period I and Period 2' The

means were taken over 20 observers, Ehe l0 observers
in Order AS and the l0 observers in Order SA;
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2.63

2.99

3 .37

3 .63

3 .5r
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2.97
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3.s8
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3.29

3.50
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2.79
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3.37

3.59
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2.89

3 .09

3 .43

3.7r
3 .8r
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HALF I 2 I 2
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Similarly; the Period x Set x Half x Response x Order interaction

appeared to arise from irregular changes in confidence during the experimental

session (see table 55). There was no systematic variation in confidence even

within order conditions. Such irregularities in confidence during the experi-

mental session, coupled with non-monotonic changes in confidence as stimulus

difference increased, also appeared to give rise to the Period x Set x Half

x Discriminability x Response x Order interaction (see table 56).

PERIOD } PERIOD 2

SET A SET S SET A SET S

HALF I 2 t 2 I 2 I 2

3 .43

3.2L

3 .60

3 .58

3.15

3.r5
3.L2

2.94

3 .36

3. 14

3.05

2.86

3 .34

3 .38

3.20

3.L2

3.6r
3 .5s

3 .39

3.01

3.s6

3.sl

3 .05

2.82

2.98

2.79

3 .6r
3.43

3 .68

3.57

3.40

3 .40

TABLE 55. Mean confidence in correcl right and left responses
in Half I and Half 2 of blocks of Set A and Set S

in each period. Order AS and Order SA are shown

separately. The means were Eaken over the l0
observers in each order.

ORDER AS

RIGHT

LEFT

ORDER SA

RIGHT

LEFT
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l'lean confidence in correct righE and left responses
aE each level of discriminabiliry in Half I and

HaLf 2 of blocks of Set A and Set S in each period'
Order AS and Order SA are shown separately' The

means were t.aken over Ehe lO observers in each order

ORDER AS
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3.64
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3.60
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3.29
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3 .30
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3.27
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3 .68
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3.72
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2.62
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2.7L

3.30

3 .53

3 .70
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3.53
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3.88

3 .17

3 .33

3.32
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SET S
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SET A SET S

L2I
SET A

HALF 1 z

TABLE 56.
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Confidence ratings for incorrect resPonses were available for all

observers only at Discriminability level l. For this level, the mean confidence

for all observers for correct and incorrect resPonses was 3.40 and 2.49,

respectively under Set A, and 3.17 and 2.24, respectively under Set S. A two-

way analysis of variance with repeated measures on both factors showed a

significant effect due to the correctness or incorrectness of resPonses (F(lrl9)

= 24.09, Mserror = 0.14r p < .01) with confidence in errors being lower than

confidence in correct responses. The influence of Set and the interaction

between Correctness and Set were not significant.

(d) Confidence and response time

For each block, confidence ratings were available at each level of

discriminability for each observer. These ratings were plotted against the

corresponding response time values and straight lines were fitted. Thus, for

each of the 20 observers there were five plots, one at each level of discrimin-

ability, in each of four blocks of trials, making 400 plots in all. It was found

that 268 of the slopes of the best fitting straight lines were negative, showing

that there was a predominantly inverse relationship between confidence and

response time within blocks (p (.001, binomial test). V/hen the 200 plots

for each of Set A and Set S were considered separately, the numbers of

negative slopes were 154 and l14, respectively (p (.001, p (.05, respectively,

binomial test). Thus, irrespective of set, there was an inverse relationship

between confidence and response time within blocks. When individual levels

of discriminability were considered separately, combining sets at each level,

a significantly higher number of the 20 slopes for each level was negative

for four of the five levels of discriminabitity (see table 57).



3r8.

16

L7

16

10

15

< .001

< .01
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< .05
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NO. OF NEGATIVE
SLOPES

pDISCRIMINABILITY

TABLE 57 The number of negative slopes when, for eacl-r
observer, confidence vras ploEÈed against the
corresponding response Eime values for eacl-¡
level of discriminabilíty and scraíght lines
were fiÈted. Data from the four blocks of
experimental trials \¡rere considered [ogether.
Therefore, Ehere were 20 plo[s at each level
of discrirnínability.

When discriminability levels were considered for Set A and for Set S

separately, the relationship was no longer significant. However, there appeared

to be a consistent variation in this relationship between the two sets. The

coefficients of slope and the intercepts of the straight lines fitted to the data

for Set A and for Set S are shown in table 58. The slopes for Set A were

steeper than those for Set S at all except Discriminability level 4, but this

was not significant (p ) .05, binomial test). However, the intercepts from

Set A were larger at each level of Discriminability than the corresponding

intercepts for Set S (p < .05, binomial test).

When the mean confidence for all responses (correct and incorrect)

at each level of discriminability was plotted against the corresponding rnean

times for these responses, the inverse relationship persisted (see figure 67).

The relationship varied between the two sets with longer mean response times

and higher mean confidence being obtained under Set A.
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The coefficienÈs of slope and y-intercepts of sEraight
lines fitted Ëo plots of confidence in correct and
incorrect responses against the corresponding response
Eime values at each level of discriminabilicy in each
set. For each observer, data from the two blocks
performed under each set r¡rere considered together and
then means \.rere Èaken over Ehe 20 observers.

TABLE 58.
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Mean confidence for all responses (correct and
incorrect) aE each level of discriminability under
Set A (open squares) and Set S (fitte¿ squares)
ploEted as a function of the corresponding mean
response time values. The means were taken over
20 observers, the l0 observers in Order AS and
the l0 observers in Order SA.

FIGURE 67.
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4. Discussion

The majority of the effects which reached significance did not appear

to reflect the manipulation of overall caution by variations in instructions.

Instead, these findings appeared to result from unsystematic changes in the

response measures between levels of discriminability in the two order

conditions. Therefore, although these findings may not be inconsistent with

any of the decision processes, they do not correspond to simple predictions

of any of them. As a consequence, they will not be discussed in detail. In

particular, in view of the difficulty of interpretation of the higher order

interactions and since these findings do not follow simply from the experi-

mental manipulation, only main effects and 2-way and 3-way interactions

will be discussed.

All three response measures showed evidence of the effects of

instructions in a significant Set main effect and a Set x Discriminability

interaction. A comparison of the response measures from the two instructional

sets showed that the effects of variations in overall caution are consistent

with the predictions of the target confidence mechanism' As in the studies

of Garrett 0922), Johnson 0939) and Festinger (1943a), accuracy was higher

and response times were longer under set A than under set s. In contrast

to these previous studies, confidence varied with instructions and was higher

under set A than under set s. This finding lends supPort to the suggestion

of Ascher (1974) and Vickers (1979) that the lack of variation in confidence

in previous studies was a product of the form of design used.

The Set x Discriminability interaction arose because, for all three

response measures, the change with stimulus difference occurred at a faster

rate under Set A than under Set S. This finding is consistent with the results

from Wilding's (1974) study and this pattern of variation is evident in simu-

Iations of the target confidence mechanism applied to the accumulator model

(Vickers, 1979, f\9, 77).
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In addition, the Discriminability main effect was significant for all

of the response measures. The finding that accuracy and confidence increased

and response times decreased as stimulus difference increased is a basic

finding in discrimination studies, consistent with all of the decision Processest

and has been demonstrated in previous experiments in the thesis.

(a) Accuracv

The Set x Discriminability x Response interaction appears to indicate

that the effects of instructions were strongest for right resPonses at the two

smallest values of stimulus difference. Right responses were more accurate

than left responses at Discriminability level I in Set A and right responses

were less accurate than left responses at Discriminability levels I and 2 in

Set S. This finding is consistent with the suggestion made in previous studies

in the thesis, that right-handed observers may have a pre-existing preference

for right responses which is more apparent at difficult levels of discriminability.

Therefore, although this finding does not correspond to a simple prediction

of the decision processes, it is not inconsistent with any of them. However,

this form of explanation cannot account for the lower accuracy in right

responses than in left responses at Discriminability level 2 in Set A. As a

consequence, it may be that this effect merely rePresents unsystematic

variations in accuracy which occur when discriminability is low, and as such,

it is not related to the experimental manipulation of instructions.

The Set x Half x Order interaction arose because, for both order

conditions, accuracy decreased from Half I to Half 2 of blocks of the set

performed first and increased from Half I to Half 2 of blocks of the set

performed second. This effect appears to arise from the order in which the

blocks were performed rather than the specific instructions given. This would
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be consistent with an explanation in terms of the target confidence mechanism

applied to the accumulator model, according to which the state of the adaptive

process at the time of a change in experimental conditions will determine the

nature of any changes within conditions. Since all observers performed

practice blocks in the same order, it is possible that, for all observers, the

basic adaptive process was in the same state at the start of the experimental

trials. As a result, it is possible that the variations within blocks will be

determined by their position in the series of experimental blocks and will

be independent of the specific instructional set which applied in each block.

Therefore, all observers will show the same changes within blocks I, 2, 3 and

4 of the experimental session irrespective of variations in set.

(b) Response time

The Period x Half x Response interaction does not aPPear to be

related to the manipulation of instructions. Instead, it appears to result from

irregular changes in times for right and left resPonses during the progress

of the experimental session. Similarly, the Period x Discriminability x Response

interaction aPPears to arise from non-monotonic changes in times for left

responses in Period 2 as discriminability increased. This effect does not

appear to be related to the manipulation of overall caution by variations in

instructions.

When times for correct and incorrect resPonses are comPared, the

finding that they did not differ under set s, but that errors were longer than

correct responses under Set A, is consistent with the target confidence

mechanism (Vickers, 1979\. For example, in Set A when criterion values are

high, it would be expected that an error response will be made only after a

considerable amount of evidence for both alternatives has been collected,

with the result that times will be long. Alternatively, when a correct resPonse
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is made, it is likely that less evidence in favour of the incorrect alternative

will have been collected, so times will be relatively short. Under Set S, when

criterion values are low, the collection of evidence for the incorrect alteri

native will make relatively little difference to the time for the resulting

response, whether correct or incorrect.

(c) Conf idence

The Period x Set x Discriminability interaction appears to arise from

unsystematic variations in confidence at small values of stimulus difference

and does not appear to be related to the manipulation of overall caution by

instructions.

As for response time data, the finding that confidence was higher

in correct responses is consistent with the target confidence mechanism.

As described above, when correct responses are made it is likely that little

evidence favouring the incorrect alternative will have been collected, so

confidence will tend to be high. On the other hand, an error will tend to

be made when the amounts of evidence favouring the alternatives are very

similar, so confidence will be low.

Although confidence shows a direct relationship with response time

between the two instructional sets, this is not the case when the relationship

is considered within each set. Within blocks, for four out of five of the

levels of discriminability, confidence was inversely related to response time.

This would appear to suggest that any formulation for confidence must be

able to account for both types of relationship. This suggestion receives

further support from the finding of an inverse relationship between confidence

and response time across the different levels of discriminability. In addition'

since the functions are different for the two sets, it appears that confidence

cannot be simply determined by the number of observations taken.
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5- Summarv and Conclusions

The use of instructions to manipulate overall caution according to

a within-subjects design produced clear variations in accuracy' resPonse time

and confidence which were consistent with the target confidence mechanism

applied to the random walk or accumulator models. The changes in confidence

had not been found in previous studies.

For all response measures the variations across levels of discrimin-

ability were more marked when caution was high, as found by Wilding 0974\,

while the relationship between confidence and response time varied within

and between conditions. This result pointed to the need for a formulation

for confidence which can explain both direct and inverse relationships with

response time.
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CHAPTER 9

The experiments in this thesis were carried out in order to investigate

the variations in criterion values which mediate changes in performance in

response to the manipulation of either stimulus properties or instructions.

The empirical findings were examined in relation to the predictions of four

criterion regulation mechanisms (the ideal observer hypothesis, the response

stabilisation hypothesis, the adaptation-level hypothesis and the target

confidence mechanism), applied to each of three decision models (Signat

Detection Theory, the random walk model and the accumulator model).

In all cases, when the effects of each experimental manipulation were

considered individually, they were consistent, at least in terms of signal

Detection Theory, with an explanation in terms of variations in criterion

values. However, in some cases, the actual changes in performance were

consistent with the predictions of several of the decision processes' while

in other cases, they were not consistent with the predictions oT any of the

decision processes. when the findings from all of the experiments are

considered together they appear to have implications for both the criterion

regulation mechanism and the associated formulation for confidence'

In different experiments, an attempt was made to manipulate bias

by variations in a priori probability in both three-category and two-category

tasks and by variations in discriminability in two-cateSory tasks' In addition'

relative and overall caution were varied by instructions in two-cate8ory

tasks. The empirical findings from each of these experimental manipulations

will be summarised and examined in terms of the adequacy of the theoretical

explanations. In each case, the implications of the findings for the criterion

regulation mechanisms and the confidence formulations will be discussed'
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Methodological problems which appear important for further examination

of these issues will then be considered.

For each experiment, those findings which arose as a direct result

of the experimental manipulation as predicted by ahy of the decision processest

have been assigned a number. In each case, the number of the experiment is

lollowed by a digit which refers to a specific finding within that experiment.

The findings have been tabulated in terms of theseinumbers, according to the

criterion regulation mechanisms and decision models with which they agree or

disagree. Separate tables are given for each form of experimental manipulation

and for three-category tasks and two-category tasks where appropriate. In

some cases, although a finding is not predicted by any of the decision processes'

it may be accommodated by the adoption of assumptions specific to the

individual finding. However, such findings cannot Gontribute to the confirmation

or disconfirmation of the predictions of the Processes and are not included

in the summary tables. In addition, the effects of variations in discriminability

were examined both when bias was varied by changes in a priori probability

in three-category and two-category tasks, and when instructions were used

to vary relative caution and overall caution. In all cases' the empirical

findings which resulted from the variations in discriminability were consistent

with all of the decision processes. Since they do not differentiate between

the processes, these findings are not tabulated.
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A. THE MANIPULATION OF BIAS BY VAR IATIONS IN A PRIORI

PROBABILITY

1. Three-category tasks

(a) Summ arv of empirical findings

An attempt was made to manipulate bias by variatiotls in a priori

probability in three-category tasks in Experiments I and 2. In Experiment l,

discriminability was varied within each condition while in Experiment 2,

discriminability was held constant.

In Experiment l, a priori probability was varied according to a

between-subjects design. The accuracy of responses to extreme stimuli

decreased and the accuracy of responses to equal stimuli increased as the

probability of equal stimuli increased (El:l). This finding agreed with

vickers' iog7:D results and was consistent with signal Detection Theory'

the random walk and clock model and the accumulator model in all of which

these differences in accuracy are mediated by changes in the cutoffs or

the relative values of the criteria for the three responses. In Signal Detection

Theory it would be assumed that, as the probability of eqrJal stimuli increases,

the cutoJfs move to a position where equality resPonses are more likely to

be made. In the random walk and clock model it would be assumed that t

decreases, while in the accumulator model, x" decreases to be low relative

to x and x,. As a result, all of the models also predict an increase in the
gr

total proportion of equality resPonses as the probability of equal stimuli

increases. This was also found in these data (El:2). However, although the

general form of the psychometric functions was the same as that predicted

by all of the models and found in previous studies (Kellogg, I93I; Vicl<ers,

1975) (El:3), in contrast to the studies of Urban (1910) and Vickers (1975),
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there was no consistent variation in MP, IU or h as a priori probability

changed. When the probability of equal stimuli was less than, or approximately

equal to the probability of extreme stimuli, MP and IU increased with the

probability of equal stimuli as predicted by all of the models' However, in

contrast to the predictions, whetl equal stimuli bccame much more probable

than extreme stimuli, Mp and IU decreased. It was suggested that this may

have arisen because, in this condition, observers' assessments of stimulus

probabilities were not as extreme as the actual probabilities' As a result,

theymayhavefoundthattheyweremakingmoreequalityresponsesthan

they expected. Therefore, in order to reduce the number of equality responses

made, they may have adjusted their criteria in the direction opposite to that

predicted on the basis of actual stimulus probabilities' The variation in h

did not apPear to be related to stimulus probability'

As in Vickers' i]-975) study, times for equality responses decreased

and times Jor extreme responses increased as the probability of equal stimuli

increased(E1:4).InSignalDetectionTheorythiscanbeaccommodatedby

the ad hoc choice of a latency function. In the accumulator model, as for

accuracy data, it would be assumed that, when equal stimuli have a high

probability, x. takes a value which is low relative ,o *g and xr. However'

this finding is not consistent with a random walk and clock model in which

t is fixed, and in which either times for equality responses should aII be

longerthantimesforextremeresponsesortheyshouldallbeshorter.

confidence findings in Experiment I were less clear' confidence in

equality responses fell on the same straight line as confidence in extreme

responses at different values of stimulus difference' Tl-ris appears to indicate

that confidence in both equality and extreme resPonses is determined by a

singlemechanism,asisthecaseinallofthemodels.Atthesametime,



329.

confidence in both equality and extreme resPonses was lower when the

probabitity of equal stimuli was low. There was no consistent variation in

the relative confidence in equality and extreme resPonses as a priori p.oUåUitity

was manipulated. As a result, the changes in confidence between conditions

were not inversely related to the corresponding changes in respotrse time.

Therefore, Audley's (1960) hypothesis, applied to either Signal Detection

Theory or the random walk and clock model, cannot account for the confidence

data. In addition, and in contrast to these data, the accumulator model with

the balance of evidence hypothesis predicts that confidence in equality

responses should decrease as xe decreases when the probability of equal

stimuli increases. However, confidence measures were beìng compared

between conditions which were performed by different SrouPS of observers.

Therefore, the lack of clarity in these findings may be a result of range

elfects which would be expected in this type of experimental situation

(Poulton, 1973, I975,1975\. As a consequence' any conclusions about these

results must be made with reservation.

In Experim enT 2, a priori probability was varied according to a within-

subjects design. Responses to equal stimuli were less accurate than responses

to extreme stimuli, irrespective of a priori probability' This appeared to

indicate that, as in earlier studies (e.g. Hayden, 1906; Angell, 1907), there

was a bias against equality responses which was not related to the experi-

mental manipulation. As such, this finding is consistent with all of the

decision processes in which it would be assumed that the criterion for equality

responses was higher than those for extreme responses, throughout the entire

experimental session. However, there appeared to be solne overriding effect

of the experimental manipulation in one order condition. For this group of

observers, the accuracy of responses to equal stimuli increased with the



310.

probability of equal stimuli. This result was equivalent to the accuracy

findings in Experiment I and therefore, it can be explained by all of the

models in terms of variations in the relative values of criteria for equality

and extreme responses. The finding that this effect arose in only one order

condition appeared to be a result of the influence of observers' expectations

about stimulus probabilities on criterion values. On the basis of practice

trials, it seems likely that observers would expect that the stimuli would be

equiprobable. Therefore, in order to reduce the discrepancy between these

expectations and responding, the group of observers for whom the first

experimental block had few equal stimuli, may have adopted a bias towards

equality responses. since this form of compensatory adjustment of criteria

works against the overall bias against equality responses' in this group, this

form of criterion adiustment may have resulted in the influence of a priori

probability becoming apparent. conversely, in order to reduce the difference

between expectations and responding, the group of observers for whom the

first experimental block had many equal stimuli may have adopted a bias

against equality responses. In this case, the overall bias against equality

responses is reinforced and therefore, it may completely mask the eflects

of a priori ProbabilitY.

Response time data also showed evidence of an overall bias against

equality responses which were made more slowly than extreme responses'

irrespective of a priori probability. This finding is consistent with accuracy

data and can be accommodated by the models as described above for the

accuracy finding. In addition, there was a change in the degree of the bias

againstequalityreSPonsesasaPrioriprobabilitywasvaried.Therewasa

decrease in the times for equality responses relative to the times Ïor extreme

responses when the probability of equal stimuli increased (eZ:t)' As in
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Experiment l, this can be accommodated in Signal Detection Theory by the

ad hoc choice of a latency function and is predicted by the accumulator

model, in which there would be a decrease in x" relative to xg and xr.

However, as in Experiment l, these data are not consistent with the random

walk and clock model according to which, either times for equality resPonses

should all be longer than times for extreme responses' or they should all be

shorter.

Confidence data also showed evidence of an overall bias against

equality responses which were less confident than extreme responsest

irrespective of a priori probability. This finding was consistent with both

accuracy and response time data and can be accommodated by all of the

models as described above for the accuracy finding. In addition, confidence

varied both within and between blocks of different a priori probability. In

general, confidence increased when stimulus probability increasecl (F2:2), and

continued to increase throughout the subsequent block. Since there was no

corresponding finding in response time data, Audley's (1960) hypothesis,

applied to either Signal Detection Theory or the random walk and clock

model, cannot account for this finding. Similarly, this finding is not consistent

with the accumulator model, which predicts that the criterion for responses

to a stimulus of high probability should be low and therefore, that confidence

should be low.

In addition, when response measures were considered within conditions,

there was a predominantly inverse relationship between confidence and

response time for each of the three responses in each condition. This finding

is consistent with Audley's (1960) hypothesis applied to either Signal Detection

Theory or the random walk and clock model. Simitarly, it is predicted by

an accumulator model in which a short response time indicates that the

criterion for a given resPonse has been satisfied after only a few observations'
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In this case it is likely that the majority of observations favoured that response.

Therefore, the difference in the accumulated totals will tend to be large and

confidence will be high.

(b) Implica tions for the decision Processes

The findings from Experiments I and 2 are summarised in table 59.

From the table it appears that the accuracy findings were consistent with

variations in the relative values of the criteria for the three responses in

each decision process. The response time findings were as predicted by the

accumulator model. They could also be accommodated by Signal Detection

Theory by the ad hoc choice of a latency function. However, in this form,

the model merely gives a description of any resPonse time data, and can

provide little insight into the nature of the underlying decision process.

Meanwhile, the response time data cannot be accommodated by the random

walk and clock model, since the inclusion of a response time deadline gives

rise to the prediction that all times for equality responses will be longer

than times for extreme responses' or all will be shorter, and this prediction

receives no support from these data.

From table 59 it appears that confidence data provide little evidence

towards an evaluation of the decision Processes. In E'xperiment l, confidence

in equality responses lay on the same straight line as confidence in extreme

responses at different values of stimulus difference. This suggests that

confidence in both equality and extreme responses, is determined by a single

mechanism, as is the case in all of the models. However, contrary to

Audley's (1960) hypothesis, when measures were taken between conditions

in both experiments, confidence did not Vary as an inverse function of

response time. At the same time, in contrast to the predictions of the

accumulator model, confidence increased with stimulus probability in
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EMPIRICAL FINDINGS
DECISION PROCESSES

ACCURACY RESPONSE TIME CONFIDENCE

SIGNAL DETECTION

THEORY

RANDOM [/üALK

AND CLOCK

MODEL

ACCUMULATOR

MODEL

TABLE 59:

El : I accuracy
increased with
a priori
probabili ty

El:2 total
proportion of
equality
responses
increased with
a priori
probability of
equal stimuli.

El:3 shape of
psychometric
functions

El:I
EI.2

EI.3

El: I

El:2

EliS

ELi4 EziI
response time
decreased as

a priori
probabiJ.ity
increased

EI :4

E2.I

lEz:2) confidence
increased with
a priori
probability

A summary of the findings from Experiments I and 2 in which bias

was manipulated by varlations in a priori probabiÌity in three-
calegory tasks. Those findings which arose as a direct resul-t of
the experimental manipulation, as predicted by any of the decision

processes, were assigned a number in the text. The findings (as

represented by these numbers) have been tabulated according to the

decision processes with which they are consistent' A b¡ief
description oi the actual finding i-s given next to the first entry

of each finding. Those findings shown in square brackets are the

opposite of the predictions of the decision plocess aqainst which

they appear.
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Experiment 2. Finally, when measures were compared within conditions

in Experim enl 2, there was an inverse relationship between conf idence and

response time. This linding is consistent with both Audley's (1960) hypothesis

and the balance of evìdence hypothesis. However, since any formulation for

confidence should account for the different relationships with response time

within and between conditions, Audley's (1960) hypothesis seems less adequate

than the balance of evidence formulation.

Several factors other than the manipulation of a priori probability

appear to have influenced the results. For example, in Experiment 2 there

was clear evidence of a pre-existing bias against equality resPonses' As seen

in Chapter 1, this finding is consistent with the majority of early studies in

which three-category tasks were used, and can be accommodated by all of

the models. In addition, it appears that observers can and do vary criterion

values in order to respond in accordance with their expectations or assess-

ments of stimulus probabilities, independent of a particular experimental

manipulation. The ability of observers to manipulate their criteria in this

way resembles the effects induced by changes in instructions in previous

studies (e.g. Fernberger, l9l4a,b, l93l). An important possibility, suggested

by Experiments I and 2, is that observers' expectations about stimulus

probabilities may have as stronS an influence on performance as experimental

manipulations of a priori probability'

2. Two-cateRorY tasks

(a) Summar v of empirical findings

InExperiments3,4and5,anattemptwasmadetomanipulatebias

by variations in a priori probability in two-category tasks. In Experiments

3 and 4, discriminability was varied within each condition, while in

Experiment 5, discriminability was held constant'
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In Experiment 3, a priori probability was varied according to a between-

subjects design. Accuracy was lower for responses to the more probable

stimulus (E3:l). This is the opposite of Laming's (t168, 1969) findings and'

it is not consistent with the ideal observer hypothesis or the target confidence

mechanism. According to both of these mechanisms, the criterion for responses

to the more probable stimulus should be low, so the accuracy of the corres-

ponding response should be high. However, these data are consistent with

the response stabilisation and adaptation-level hypotheses. In terms of the

response stabilisation hypothesis, the criterion for responses to the more

probable stimulus should be high, while in terms of the adaptation-Ievel

hypothesis, the indifference point will move in such a way that the discrimin-

abitity of the more probable stimulus is reduced.

There was a change in the magnitude of the difference in accuracy

as the experimental session progressed. The size of the difference in accuracy

of responses to the less and the more probable stimulus increased from block

I to block 3 and then decreased from block 3 to block 5. This could be

explained in terms of the influence of observers' expectations or assessments

of the stimulus probabilities on criterion adjustment. In seems likely that,

on the basis of practice trials, observers would exPect the stimuli to be

equiprobable. As a result, criterion values would be very similar in block l.

By block 3, observers could have become aware that they were making more

of one response than they expected and, in order to compensate for this

apparent inconsistency, they may have adjusted the criterion for resPonses

to the more probable stimulus upward. This would have resulted in lowcr

accuracy for responses to the more probable stimulus. It seems lil<ely that'

by block 5, observers would have realised that the stimuli were not equi-

probable. Therefore, they would adiust the criterion for resPonses to the



336.

more probable stimulus downward. Given the actual stimulus probabilities'

this downward adjustment should continue until the criterion for responses

to the more probable stimulus is lower than that for responses to the less

probable stimulus. At this point, responses to the more probable stimulus

would be more accurate. lt appears that this final adjustrnent had not bccn

completed bY block 5.

The finding that resPonses to the more probable stimulus were faster

(8322) was not consistent with the explanations for accuracy data. This

result is predicted by the ideal observer hypothesis and the target confidence

mechanism according to which the criterion for responses to the more probable

stimulus is low. However, it cannot be accounted for in terms of the resPonse

stabilisation hypothesis in which the criterion for resPonses to the more

probable stimulus is high, or the adaptation-level hypothesis in which the

indifference point moves so that the discriminability of the more probable

stimulus is reduced.

In addition, confidence was lower for responses to the more probable

stimulus (E3:3). As for resPonse time data, this was not consistent with the

explanations for the accuracy findings. As it stands, this finding is consistent

with the ideal observer hypothesis or the target confidence mechanism if

confidence is determined according to the balance of evidence hypothesis.

In these mechanisms, since the criterion for responses to the more probable

stimulus is low, the maximum possible confidence in these resPonses is equal

to the low criterion value, so mean confidence is likely to be low' Since

confidence is varying as a direct function of response time, these data are

not consistent with Audley's (1960) hypothesis in combination with arry of

the criterion regulation mechanisms'
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In Experiment 4, bias was manipulated by variations in a priori

probability according to a within-subjects design. All three response measures

showed changes both between and within conditions. The change in the

response measures across block boundaries tended to be in the opposite

direction to the change within blocks, so it did not appear to be a colrtinuatiotr

of the change within the previous block. In addition, the changes across block

boundaries were steeper than the changes within blocks. Therefore, it appears

Iikely that the change across block boundaries represented the response to

the variations in a priori probability. The changes within blocks may represent

a subsequent adjustment of the criteria in the opposite direction in order to

reduce a mismatch between expectations and responding. Alternatively, the

form of the basic decision process may give rise to reversals in performance

during the block which are not a direct result of any experirnental manipulation.

When the measures in the first half of blocks were considered, accuracy

was higher for responses to the more probable stimulus (E4:I)' This contrasts

with the findings from Experiment 3, but it is consistent with Laming's (1968,

1969) results. The accuracy data are predicted by the ideal observer hypothesis

and the target confidence mechanism according to which the criterion for

responses to the more probable stimulus is low. However, the ideal observer

hypothesis cannot account for the subsequent change in accuracy within the

probability condition. It is possible that this change arose because the

observers' assessments of the stimulus probabilities did not change as rapidly

as the actual probabilities. Immediately after a step change in a rlorr

probabitity, responding may have matched the stimulus probabilities. However,

as the block progressed, observers would have become aware that they were

making more of one response and fewer of the alternative response than they

expected on the basis of their less extreme assessment of the stimulus



338.

probabilities. In order to reduce this discrepancy, observers may have adjusted

the criteria in the opposite direction, thus giving rise to the variation found

in these data. This form of criterion change is not inconsistent with the

ideal observer hypothesis. Alternatively, depending on the state of adaptation

of the basic decision mechanism of the accumulator model, a step change

in a priori probability may give rise to a reversal in performance during the

subsequent block.

The response time measures in the first half of blocks were consistent

with Experiment 3 and with Laming's (1968, 19691 findings. Times for response

to the more probable stimulus were short (84:2). Therefore, as described

above, these data are consistent with the ideal observer hypothesis ancl the

target confidence mechanism, but contrast with the predictions of the response

stabilisation and adaptation-Ievel hypotheses. However, once more, the

subsequent change during the block is not a simple prediction of the ideal

observer hypothesis. As described above, it may correspond to some form

of compensatory criterion adjustment in response to an inappropriate

assessment of stimulus probabitities. On the other hand, as noted above,

the target confidence mechanism applied to the accumulator model predicts

cyclical changes in performance which need not be directly related to the

experimental maniPulation.

In the first half of blocks, confidence tended to be higher for responses

to the more probable stimulus. This finding contrasts with the ideal observer

hypothesis and the target confidence mechanism when confidence is determined

according to the balance of evidence hypothesis. In both of these mechanisms,

the criterion for responses to the more probable stimulus will be low, so

confidence will be low. However, these data are consistent with the response

stabilisation and adaptation-level hypotheses in combination with the balance

o1 evidence hypothesis. According to these hypotheses, the criterion for
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responses to the more probable stimulus will be high so confidence will tend

to be high. The changes in confidence wÌthin blocks did not show any regular

pattern. In particular, although confidence was inversely related to response

time in the first half of blocks, when the entire experimental session was

considered, confidence did not vary as an inverse function of response time'

Therefore, these data are not consistent with Audley's (1960) hypothesis

applied to any of the decision processes.

In E,xperiment 5, bias was manipulated by variations in a priori prob-

ability according to a within-subjects design. In this case' accuracy (85:1)

and confidence (E,5:3) increased, and resPonse time decreased (8 522) when the

a priori probability of a stimulus increased. As seen above, both accuracy

and response time data are consistent with Laming's (1968, 1969) findings

and are predicted by the ideal observer hypothesis or the target confidence

mechanism applied to any of the models. These data cannot be explained

in terms of the response stabilisation or adaptation-level hypotheses'

Confidence data, considered together with accuracy and response time data,

are consistent with only the ideal observer hypothesis applied to sìgnal

Detection Theory according to which confidence varies inversely with response

time. However, the ideal observer hypothesis is unable to account for the

opposite changes in the resPonse measures which occurred within blocks'

As described above, these changes may be explained if it is assumed that

observers make subsequent adjustments to their criteria in order to account

for their exPectations.

Ineachoftheseexperiments,whenmeasuresweretakenwithin

conditions, there was an inverse relationship between confidence and response

time. This finding is consistent with both Audley's (1960) hypothesis and the

balance of evidence formulation'
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(b) Imp lications for the decision processes

(i) the criterion req,ulation mechanisms. The empirical findings from

Experiments 3, 4 and 5 are summarised in table 60. From the table it can

be seen that, in Experiment 3, accuracy data were consistent with the

response stabilisation and adaptation-level hypotheses. In contrast, in

Experiments 4 and 5, accuracy data were consistent with the ideal observer

hypothesis and the target confidence mechanism. This apparenf contradiction

may perhaps be explained in terms of a difference in the rate at which

observers adapt to the a priori probability values in between-subjects and

within-subjects designs. V/hen a priori probability is consistent throughout

the experimental session (as in Experiment 3), adaptation aPPears to be much

slower than when a priori probabitity varies in step changes (as in Experiments

4 and 5). It appears that the step changes in stimulus probability may indicate

to observers that a priori probability is being manipulated' As a result,

their expectations about the nature of the experimental task may change'

Alternatively, it is possible that the use of a between-subjects design in

which individual differences are necessarily confounded with the effects of

different values of a priori probability may have given rise to this apparently

anomalous result. similarly, ran8e effects, which tend to be stronger in

this form of design may be influencing results (Poulton, 1973, 1975, 1979)'

This seems more likely since any explanation of accuracy data from

Experiment 3 in terms of criterion variations contrasts with the response

time measures.

Itrrom table 60 it can be seen that, for all three experiments' resPonse

time findings were consistent with the ideal observer hypothesis and the

target confidence mechanism.
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TABI-E 60:

DECISION PROCESSES

MODEL

EMPIRICAL FINDINGS

CRITERION

REGULATION

MECHANISM

ACCURACY

E4: I E5: I
accuracy higher
for responses
to more probable
stimulus

IE]: I l

Ef: I accuracy
lower for
responses to
more probable
stimulus

Ir¿: r ]

IE5: I ]

E3II

Ie+: r ]

IE5: r ]

RESPONSE TIME

E3z2 E4t2
E5:.2

responses to
more probable
stimulus
faster

CONFIDENCE

AudJ-ey's Balance
hypothesis of evidence

hypothesis

SIGNAL I.
DETECTION

THEORY

icleal
observer
hypothesis

IETJ]

lzszt)

lE'il
Ir¡:¡]

lE3rf
Its:tl

E3¿3 E5:3
confidence
Iower in
responses
to more
probable
stimul-us

lEitil
Itsztl

2 response
stabilisation
hypothesis

adaptation-
level
hypothesis

lE3z2)

Itq:zl
lE52l

3 lE3:2)

lEA:2)

Its:zl

l=:t)
lE5il

RANDOM

üìIALK

MODEL

E4:.L

E5: I

IE]: I l

E3:l

IE4: r ]

IE5: I ]

E3: I

IEa:I]

IE5: I ]

E4:1

E5: I

IE]: I l

E1:2

E4:.2

E5z2

Itl:zl
Ir.t+:zl

lE5z2l

lE32l

lE4:2)

lE5:2)

E7.a

E4:.2

E5:.2

lE3i)
185.3)

lrt:t)
lr-s:t)

Ittzt)
lE5:31

lEl:3)

lE5:31

E3:3

F5:i

LEj jl

lE5:3)

lettl
Its:tl

-1 .aL). )

E5IJ

I

2

3

ideal
observer
hypothesis

response
stabil-isation
hypothesis

adaptation-
level
hypothesis

target
confidence
mechanism

4
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TABLE 60 (cmtin¡ed)

DECISION PROCESSES

MODEL CRITERION

REGULATION

MECHANÏSM

EMPIRICAL FINDINGS

ACCURACY RESPONSE TIME CONFIDENCE

Audleyrs BaLance
hypothesis of evidence

hypothesis

ACCUMU-

LATOR

MODEL

E4: I
E5: I

IE]: I l

EJ: I

IE4: I ]

Irt:r]

E3:I

Ir+: I ]

IE5: ] l

E4:,L

E5: I

IE]:1 l

E3:2

E4:2

E5:.2

l1l:21

lE\2l
Its:z)

lE3:2)

lE4z2)

lE5t2l

E3.2

E4:.2

E5:2

lEi,3l
l¿s:ll

lEj jl

lE5:71

lE3sl
lE5.3l

lEl:31

lE5:3)

E3tt

852,3

2

3

ideal
observer
hypothesis

response
stabilisation
hypothesis

adaptation-
l-evel
hypothesis

target
confidence
mechanism

l1l.il
IE5:]l

4

lE3z3l

lE5z3l

E3:3

E5z3

TABLE 60. A summary of findings from Experiments 3, 4 and 5 in which bias was

manipulated by variations in a priori probability in two-category tasks.
Those findings which arose as a direct resuÌt of the experimental
manipulation, as predicted by any of the decision plocesses, were assigned

a number in the text. The findings (as represented by these numbers) have

been tabulated according to the decision processes with which they are

consistent. A brief description of the actuaf finding is given next to
the first entry of each finding. Those findings shown in square brackets
are the opposite of the predictions of the decision plocess against which

they appear.
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Only Experiments 3 and 5 showed systematic changes in confidence

as a priori probability was varied. In Experiment 3, confidence data were

consistent with either the ideal observer hypothesis or the target confidenåe

mechanism in combination with the balance of evidence hypothesis. In

Experiment 5, conlidence data were consistent with the ideal observer

hypothesis applied to Signal Detection Theory in which case confidence is

an inverse function of time.

To this point it would appear that the observer re6ulates criteria

either on the basis of estimates of stimulus probability, as in the ideal

observer hypothesis, or attempts to maintain a given level of target confidence.

However, the ideal observer hypothesis cannot accommodate the apparent

reversal in criterion adjustment which takes place during the block following

a step change in a priori probability. As seen above, in terms of the ideal

observer hypothesis, the changes which occur across a block boundary should

continue throughout the subsequent block. On the other hand, in the

accumulator model, the nature of the variation within a block depends on the

state of adaptation of the decision mechanism when the step change in

a priori probability occurs. For example, simulations of the accumulator

model performing an equivalent signal detection task (vickers' 1981) show

that the nature of the variation within blocks may vary from block to block'

depending on the parameter specifications. Therefore, although the type of

reversal within blocks which is found in simulations of the accumulator

model may appear systematic, these measures may have a more restricted

significance than it at first appears. As a result, the accumumator model

does not necessarily predict the regular reversals during blocks which were

observed in ExPeriment 5.
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In Chapter 5 it was suggested that the reversals in response measures

during blocks could be explained if the observer was using two independent

measures of the experimental situation as the basis for criterion regulatioñ.

If these measures varied at different rates they might, in combinatìon, produce

a reversal in criterion values. Since a priori probability is being manipulated

in these experiments, it seems likely that the observer is keeping some form

of tally of the actual probability of the stimuli he has experienced, and it

is possible that this is one of the measures used to regulate criteria. There

is a measure of actual or estimated stimulus probability in each of the ideal

observer, response stabilisation and adaptation-level hypotheses, while an

estimate of stimulus probability is indirectly included in the target confidence

mechanism due to the influence of average experienced confidence' For

example, in terms of the response stabilisation hypothesis this tally would

correspond to the measure of cumulative probability, c. This form of measure

of the actual stimulus probability will necessarily vary with the same

periodicity as the stimulus sequence.

Another measure which appears to influence criterion regulation in

the studies in this thesis in which a priori probability was varied but in which

the observers were not given any information about its manipulation, is the

expectation held by the observer. Several findings in the first five experiments

have appeared consistent with the notion that observers regulate criteria in

order to reduce a mismatch between their responding and their expectations

based on their assessment of the stimulus probability. As noted in the

discussion of several different results, the observers' assessments of stimulus

probability may be influenced by many factors other than the experimental

manipulations. For example, in this experimental situation it appears likely

that the stimulus probabilities experienced in practice trials would have a
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strong influence on the observers' probability estimates. Therefore, there

is no necessary relationship between the step changes in a priori probability

and the variations in the observersr expectations. As a consequencer it is'

possible that the combination of a measure of the actual stimulus probabilities

with a measure of the observers' assessment of stimr-ll-rs probabilities in a

response stabilisation type of criterion regulation mechanism may produce

reversals in criterion values and hence, in response measures within blocks.

For example, as noted above, in the form of design used in E,xperiment

5, a measure of actual stimulus probability will vary with the same periodicity

as a priori probability. However, on the basis of previous experience and the

practice trials, it seems likely that observers will expect the stimuli to be

equiprobable. Since no information is given about the variations in a priori

probability, observers may consider that the apparent inequalities in stimulus

probabitities which arise from a step increase in p(R) merely correspond to

an unrepresentative subset of trials in a sequence which is equiprobable

overall. Therefore, their assessment of the stimulus probabilities may vary

during the btock on the basis of an overall expectation that the stimuli are

equiprobable. For example, when there is a step increase in p(R) observers

may continue to exPect equiprobable stimuli for several trials' As the block

progresses, it should become apparent that these expectations are not

confirmed, so the observers may change to expect a majority of right stimuli'

However, in the light of an overall expectation that stimuli are equiprobable'

it is likely that observers will change again, later in the block, to expect a

majority of left stimuli. This expectation may countinue after the subsequent

step decrease in p(R). Alternatively, there may be several changes in

expectations before the next step change in probability since, at no time

will the observer receive confirmation of his expectation of equiprobability'
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As a consequence of these fluctuations in expectations, criterion values

will be adjusted in different directions within and between blocks, as found

in these data.

Alternatively, it is possible that the reversal during blocks is due to

the influence of an adaptation-level type of mechanism. In this case, in

terms of a random walk type of process, the observer would be adjusting

the indifference point as described above, with reference to a measure of

all of the observations experienced. However, as seen above, his assessment

of the stimulus probabilities also appears to influence criterion regulation.

For example, when there are step changes in a priori probability as in

Experiment 5, once the observer has become used to the alternations in

stimulus probability, it seems likely that he will revise his assessment of

stimulus probabilities readily and often. In this situation, the initial resPonse

to a step change in a priori probability may be based on this probability

estimate. The subsequent reversal during the block may be due to the

influence of the observer's adaptation level. It is possible that each of

these factors may be acting independently. For example, in terms of a

random walk process, the observer's estimate of stimulus probabilities may

be controlling the position of the starting point while the adaptation level

influences the drift. The same form of mechanism could be incorporated

into an accumulator Process.

This form of dual mechanism appears to provide a possible explanation

for the different findings from between-subjects and within-subjects designs.

V/hen a priori probability is varied between subjects, observers are less likely

to make regular or large revisions to their probability estimates, while the

effect of the adaptation level may be expected to persist throughout the

session. Therefore, in this case, the influence of the adaptation level may

be stronger than the influence of the probability assessment and so, the
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criteria may be adjusted in the opposite way to when a within-subjects design

is used. This type of explanation would also account for the differences in

the findings of Experiments I and 3 in both of which, a priori probability

was varied between subjects. In Experiment l, a three-category task was

used and accuracy increased with a priori probability, while in Experiment 3

a two-category task was used and accuracy decreased when a priori probability

increased. In both cases, it would seem likely that the observer's assessment

of stimulus probabilities would not change very much during the experimental

session. However, in Experiment l, it would also seem likely that the

adaptation level would remain fairly stable during the session because the

two extreme stimuli are always equiprobable. In contrast, since the prob-

abilities oT the two stimuli in Experiment 3 differ, the adaptation level will

continue to change in the direction of the more probable stimulus throughout

the session.

(ii) the con fidence formulations. If the observerrs assessments of stimulus

probability and the adaptation level both play a role in the decision process'

then they will necessarily influence all of the response measures, including

confidence. However, in addition to this direct influence as the result of

the choice of a criterion value, intuitively it seems likely that observers

may adjust confidence, perhaps after the decision is made, accordin8 to

whether the decision confirmed expectations. For example, it seems possible

that, irrespective of the evidence on which the decision is based, the

observer may reduce the confidence he reports in a decision which does

not confirm expectations, or increase the reported confidence in a decision

which confirms exPectations.
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Alternatively, it is possible that the rapid variations which are likely

to occur in the observer's probability estimates may give rise to variations

in the observer's relative or overall caution. It seems likely that if the

observer makes frequent adjustments to his probability assessment for a

given response, the relative caution with which that resPonse is made may

lnc rease and vice Versa. In the form of random walk or accumulator processes

suggested above, it is possible that, while the observer's probability assessment

is represented by the starting point and the adaptation level is represented

by the rate of drift, the relative or overall caution with which he is

responding may influence the boundary values. In this form of process it

is possible that each of these mechanisms may be more or less influential

under different experimental manipulations and that each contributes to the

determination of confidence, as suE8ested by Ascher (1974). Therefore' it

is possible that the lack of clarity in confidence data may arise from the

conflicting influence of the different factors'

The notion that there are several different types of mechanisms

determining performance aPpears more consistent with the different relation-

ships between confidence and response time which were observed within and

between conditions. confidence was not always an inverse function of

response time. In general, the changes in confidence and response time

between conditions were inversely related, but the changes in confidence

which took place from the first to the second half of a block were not

always an inverse function of response time. on the other hand, when

conlidence and response time measures from rvithin a given condition were

examined, there was an inverse relationship. This would aPPear to indicate

that Audley's (1960) hypothesis cannot accommodate the complexity of

these data. Instead, it appears that confidence reflects more asPects .of
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the decision process than are incorporated in either of the confidence

formulations. It appears that both the time taken to make a response and

the evidence collected in favour of a given response are instrumental in

the determination of confidence, but that other factors such as the observer's

probability estimate and his level of caution may also be important.

B. THE MANIPULATION OF BIAS BY VARIATIONS

IN DISCRIMINABILITY

l. Summarv of empirical findings

In Experiments 6 and 7, an attempt was made to manipulate bias

by variations in relative discriminability in two-category tasks, according

to a within-subjects design.

None of the eflects which reached significance in Experiment 6

appeared to have arisen from the influence of variations in discriminability.

However, from the accuracy data it appeared that the level of discriminability

used was not very difficult, so that the data may merely have reflected a

ceiling in performance. Therelore, in Experiment 7 the same design was

used but discriminability was reduced.

In Experiment 7 there was no evidence of any bias in accuracy data.

However, the manipulation of discriminability gave rise to systematic changes

in response time and confidence both within and between conditions. This

contrasted with the findings of Curry g!_ql. Q977) who could not demonstrate

any systematic changes across observers.

The increase in times when responses changed from being paired with

a difficult discrimination to being paired with an easy discrimination (E7:l)

is consistent with the adaptation-level hypothesis but not with the target



350.

confidence mechanism. According to the adaptation-level hypothesis, the

effective discriminability of a stimulus is enhanced when it is paired with a

difficult discrimination, so fewer observations will be needed before a ."tþont'

is made. on the other hand, in terms of the target confidence mechanism,

the criterion for the response to the stimulus paired with a difficult

discrimination will be high relative to the criterion for the response to the

stimulus paired with an easy discrimination'

The confidence data were less clear. The only clear change was

the decrease in confidence which occurred when the context changed from

an easy to a difficult discrimination. However, in contrast to response time

findings, this change was opposite to the predictions of both the adaptation-

level hypothesis and the target confidence mechanism. It appeared that

observers may have modified their confidence before reporting it in order

to correspond to their expectations about the relative values of confidence

at different levels of discriminabitity. For example, when a stimulus was

paired with a difficult discrimination it seems likely that confidence in the

appropriate response would be rated relative to the difficult discrimination'

and therefore it may be adjusted upwards. The opposite adjustment might

occur when a stimulus was paired with an easy discrimination. Alternatively,

it is possible that when a stimulus is paired with a difficult discrimination

which will not always be accurately discriminated, the observer perceives

this stimulus as less probable. Therefore, in terms of the random walk or

accumulator type of process considered above, in this experimental situation'

the position of the starting point may vary as well as the drift' As a

consequence, the nature of variations in confidence will depend on the

frequency and extent of revisions to the observers' probability assessments'
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In addition, there were problems accounting for the different Patterns

of change in response time and confidence within conditions' For response

time, the changes within conditions formed a continuation of the changes

between conditions as predicted by the adapt3tion-Ievel hypothesis' However'

for confidence data, the changes witl-rir-r conditions varied from block to

block. This is not inconsistent with an accumulator tyPe of process in which

the state of adaptation of the decision mechanism at the time when

discriminability changes will determine the direction of any change during

the subsequent block.

lvhen measures were examined within conditions, there was an inverse

relationship between confidence and response time' This finding is consistent

with Audley's (1960) hypothesis and the balance of evidence hypothesis.

2. Implications for the decision Processes

The empirical findings from Experiments 6 and 7 ate summarised

in table 61. From the table it can be seen that, in general, the findings

were consistent with the adaptation-level mechanism. In other words, when

bias is manipulated by variations in discriminability it appears that observers

regulate criteria with reference to an avera8e of all of the stimulus

information they receive from observations. However, it appears that other

aspects of the stimulus situation may also be important' For example, the

apparently anomalous confidence data could be explained if the observer's

assessment of stimulus probabilities was also influencing the decision Process'

As suggested above, it is possible that the adaptation level is reflected in

the indifference point and therefore in the drift of a random walk or an

accumulator process, while the observer's assessment of stimulus probabilities

is represented by the starting point'
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EMPIRICAL FINDINGS

DECISION PROCESSES

MODEL CRITERION

REGULATION

MECHANISM

SIGNAL t. adaPtation-
DETECTION level
THEORY hyPothesis

ACCURACY RESPONSE TIME

E7: I response
times longer
when paired
with easy
discrimination

E7 iT

[E7: I ]

E7 iI

CONFIDENCE

Audley's Balance
hypothesis of evidence

hYPothesis

RANDOM

t^IALK

MODEL

ACCUMU-

LATOR

MODEL

I. adaptation-
level
hypothesis

2. target
confidence
mechanism

I. adaptation-
level
hypothesis

2. target
confidence
mechanlsm

TABLE 6I

IE7: I ]

A summary of the findings from Experiments 6 and 7 in which bias was

manipulated by variations in discriminability in two-category tasks.

Those findings which arose as a direct result of the experimental

decision process against which they appear'
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Further support for the notion of several factors which each influence

the decision process is found in an examination of the variation in response

time and in confidence within and between conditions. The changes in

response time within conditions formed a continuation of the changes between

conditions. Therefore, these measures would apPear to be providing a direct

indication of the variation in the adaptation level and hence in the indifference

point in response to the manipulation of discriminability. In particular, it

appears that the change in the adaptation level in resPonse to a change in

discriminability.continues throughout the subsequent block.

In contrast, the changes in confidence between conditions was opposite

to the predictions of either the adaptation-level hypothesis or the target

confidence mechanism. As noted above, it seems possible that in this case

the response measure indicates the combined variation of both the adaptation

level and the observerrs assessment of stimulus probabilities. In addition'

there was no clear pattern in the changes in confidence within blocks. This

may arise from the irregular way in which observers revise their probability

assessments in an experimental situation in which a priori probability is

not in fact varying, but in which actual resPonse probability changes'
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c THE MANIPULATION OF RELATIVE AND OVERALL

CAUTION BY INSTRUCTIONS

Relative cautionI

(a) Summary of empirica,l!!4ç!!¡gq

In Experiments 8 and 9, relative caution was manipulated by changes

in instructions in two-category tasks, according to a within-subjects design.

In Experiment 8, discriminability was varied within conditions while, in

Experiment 9, discriminability was held constant.

In Experiment 8, the effects of instructions were evident only in

response time measures. Observers were faster on those responses that

instructions indicated should be made quickly, and slower on those resPonses

that instructions indicated should be made accurately (E8:l). There were no

changes in response time within conditions. The resPonse time findings were

consistent with the ideal observer hypothesis and the target confidence

mechanism in both of which instructions to make a resPonse quickly will

give rise to a decrease in the criteria for that response. However, these

decision processes also predict concomitant changes in accuracy and confidence.

ln Experiment 9, both accuracy and response time showed the influence

of instructions and, once more, there was no variation within conditions.

Accuracy was low (eg:t) and times were long (8922) when instructions stressed

the accuracy of a response. These data are consistent with the ideal observer

hypothesis and the target confidence mechanism. In both cases' instructions

stressing accuracy will increase the criterion for the resPonse. As a result,

accuracy will be low and times will be long.

Confidence data did not vary with instructions. It appeared that this

may have resulted from the stress placed on speed rather than accuracy in

the original instructions. As a consequencer it appears that response times
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did not vary very much between conditions. Since it would be expected that

confidence would be related to response time, this may have resulted in

considerable overlap in confidence ratings between conditions' Howevert as

predicted by both of the confidence formulations, there was an inverse

relationship between confidence and response time within blocks of trials.

(b) Implica tions for the decision Processes

The empirical findings from Experiments 81 9 and l0 are summarised

in table 62. From the table it can be seen that, when instructions are used

to vary relative caution it appears that observers use information about

the values or costs of the respective resPonses or about the required level

of confidence in each response to regulate criteria. Therefore, the regulation

of criterion values is not dependent on the observer's experience of the

stimulus sequence. Instead, criteria may be adjusted to take the appropriate

values prior to the first stimulus in a condition. This would aPpear to be

the case in these data since there is no evidence of any changes in the

response measures within a condition. This contrasts with previous studies

in this thesis and appears to highlight the difference between the manipulation

of stimulus properties without telling observers about it and the use of

instructions. Indeed, this would aPPear to support the suggestion that the

effect of instructions is to give rise to variations in boundary values in a

random walk or accumulator type of process, while probability estimates

act on the starting point and the adaptation level determines the drift'

In this type of process, each of these adjustments could occur independentlyt

and it appears that, in this case, it need only be supposed that the boundaries

vary.
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DECISION PROCESSES

MODEL

EMPIRICAL FINDINGS

ACCURACY RESPONSE TI},8

E8: I E9:2
EIO: 2

responses s.Iower

when accuracy
instructions

CONFIDENCE

Audleyrs Balance
hypothesis of evidence

hypothesis

CRITERION

REGULATION

MECHANISM

SIGNAL 1

DETECTION

THEORY

ideal-
observer
hypothesis

RANDOM

tüALK

MODEL

ideal
observer
hypothesis

target
conlidence
mechanism

I E8: I

E9:2

EB: I
E9|2

[Elo:]l

2 E9:1 ElO:1
accuracy high
when

instructions
stress
accuracy

ElO: l
confidence
low when

accuracy
instructions

ACCUMU-

LATOR

MODEL

ideal
observer
hypothesis

2. target
confídence
mechanlsm

I E8: I

E9:2

[Ero: ]l

E9: I
EIO: I

EIo: l

TABLE 62: A summary of the findings from Experiments B, 9 and 10 in which relative
and overal-l caution were manipulated by variations in instructions in
two-category tasks. Those findings which alose as a direct result of the

experimental manipulation, as predicted by any of the decision plocesses'

were assigned a number in the text. The findlngs (as represented by these

numbers) have been tabulated according to the decision processes with
which they are consistent. A brief description of the actual finding is
given next to the first entry of each finding. Those findings shown in
square brackets are the opposite of the predictions of the decision plocess

against which they appear'
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2- Overall caution

(a) Summary of empirical findings

In Experiment lO, overall caution was varied by instructions according

to a within-subjects design in a two-category task. Discriminability was

varied within conditions.

In this case, all three response measures showed consistent changes

between conditions and did not vary within conditions. Accuracy was high

(El0:t), response times were long (El0:2) and confidence was high (El0:3)

when instructions stressed the accuracy of performance. The accuracy and

response time findings confirm those from previous studies by Garrett (1922),

Johnson (1939) and Festinger (1943a) while the variation in confidence

contrasts with the findings from these earlier studies. It appears that the

use of a within-subjects design in this type of experiment avoids the problem

of between session range effects and therefore, the comparison of confidence

between conditions is more powerful. All of the findings are consistent

with the target confidence mechanism according to which criteria for both

responses will be high when accuracy is emphasised. As predicted by both

of the confidence formulations, confidence and resPonse time were inversely

related within blocks.

(b) Implications for the decision Processes

The empirical findings from Experiment l0 are shown in table 62.

In this experimental situation the observer appears to regulate criterion

values in accordance with a target confidence value chosen on the basis of

instructions. As in the previous experiments in which instructions were

varied, response measures did not change within conditions' This is consistent

with the random walk or accumulator tyPe of process described above in
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which variations in caution give rise to variations in the boundaries. As in

Experiments 8 and 9, it appears that neither probability estimates nor the

adaptation level influence performance in this situation. Therefore, in this

case, it seems likely that confidence will be determined on the basis of

the position of the boundaries alone. This may account for the clarity of

confidence results in this study.

D. CONCLUSIONS AND FUTURE RESEARCH

From the review of the literature presented in chapters I and 2,

it appeared that the notion of a variable criterion was the critical element

in models developed to account for variations in discrimination and identifi-

cation performance which resulted from the manipulation of stimulus

properties or instructions. It appeared that each of the dependent variables

of accuracy, response time and confidence, had a simple relationship to

the change in criterion values. For example, in studies of the manipulation

of caution, Garrett (1922), Johnson (1939) and Festinger (19+3a) found changes

in both accuracy and ,response time which appeared to indicate that the

criteria for both responses increased with caution. The confidence measures

in these studies did not show a corresponding change but this was interpreted

as an indication of the choice of an inappropriate experimental design (Ascher,

1974; Vickers, 1979) rather than that confidence may not be responsive to

variations in caution.

In addition, from the literature it appeared that the response measures

could be used individually to indicate the nature of variation in criterion

values. As seen in Chapter l, in early studies, accuracy alone was used

as an index of performance. More recently, the complex nature of the

relationship between accuracy and resPonse time has been recognised and
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studied extensively (e.g. Philip, 1936, 1947; Vickers et al., l97l; Swensson,

I972arb; Pachella, 1974). However, from the experiments in the thesis

it appears that confidence also has a rather less straightforward relationship

to accuracy and response time than was at first thought. For example,

the relationship between confidence and response time was different when

measured within or between the conditions of a given experimental manipu-

lation and the specific relationships observed both within and between

conditions depended on the specific experimental manipulation.

similarly, in the literature, much attention has been paid to an

examination of the adequacy of the decision models and, more recentlyt

the criterion regulation mechanisms. In these studies the aim has appeared

to be to arrive at a single self-regulating decision mechanism which can

account for all variations in performance in discrimination tasks. Once

more, from the experiments presented here this would appear to be an

over-simplification of the problem. Indeed, when the experiments in the

thesis are considered together, it appears that several different factors

from the experimental situation contribute to the decision process.

In those experiments in which a priori probability was varied it

appeared that the observer's estimate of stimulus probabilities was a major

determinant of any variation in criterion values. Therefore, these data

suggested that an ideal observer type of mechanism or a response stabilisation

hypothesis might be the most appropriate form of criterion regulation

mechanism in this situation. However, the changes in response measures

within conditions could not be explained in terms of the operation of any

single mechanism. They appeared to be most consistent with the notion

that there was more than one mechanism influencing performance' In

particular, it appeared that the reversals during blocks were consisteni with
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an adaptation-level type of process. It was suggested that, in terms of a

random walk or accumulator tyPe of model it was possible that the effects

of the observer,s assessment of stimulus probability may influence the position

of the starting point, while the value of the adaptation level would determine

the indifference point and hence the rate of drift'

when bias was manipulated by changes in discriminability the major

determinant of criterion regulation appeared to be the value of the

adaptation level. However, once more it appeared that other mechanisms

were playing a part in criterion regulation. In this case, confidence ratings

appeared to have been influenced by the observer's assessment of stimulus

probabilities. As described above, these two factors may both be incorporated

into a single decision Process.

Finally, when relative and overall caution were varied with instructions

the observer appeared to regulate criteria in order to maintain a given value

of target confidence which was adopted at the beginning of the session to

correspond to instructions. Therefore, it appears that the effects of

variations in instructions are different from the influence of changes in

either a priori probability or discriminability. In the random walk or

accumulator type of process described above, it is possible that the influence

of instructions is represented by movements in the boundary values.

In terms of the random walk or accumulator type of process described

above, as suggested by Ascher (f1974) confidence is a product of variations

in the starting point, the drift and the boundaries. In other words, changes

in probability estimates, discriminability and instructions or perceived costs

and payoffs will all influence confidence. Therefore, since all of these

factors appear to operate simultaneously, the time course of the effects
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of any of these variations is critical to the determination of the exact

independent variable which is in operation. As a result, it appears that

future research should concentrate on a more detailed examination of the

rate at which the response measures change. It is possible that a trial by

trial analysis of the response measures would permit the description of

several different components in the decision Process. At the same time,

the measurement of the time to make confidence ratings may elucidate

the relationship between the hypothetical basis for confidence and reported

confidence.

Therefore, it appears that future research might be most rewarding

if it examines performance at a more microscopic level. In contrast, the

resulting models of performance must incorporate the variety of possible

types of information which appear to affect response measures.
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APPENDIXI : EXPBRIMENTI AìIALYSES OF VARIANCE:

Surunary table of the analysis of variance of the percentage of stimuli
for which responses r^rere correct from Experiment l.

Summary table of the analysis of variance of mean times for correct
responses from Experiment l.
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responses from Experiment l.
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APPENDIX I (continued)

Summary Èable of the analysís of variance of mean confidence in
correct responses from Experiment l.

Summary table of the analysis of variance of mean confidence in
responses to equal stimuli from Experiment l.
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APPENDIX 2 EXPERII'IEM 2. ANALYSES OF VARIANCE:

Summary Èable of the analysis of varian'ce of the percentage of
stímuli for r¿hich responses úr€re corrèct from Experiment 2.

A

0.52
r1.07

I
I8

I
1

18

I
I

l8

0
0

.52

.61
0.84

r.38
0.01
2.t5

1.38
0 .9t
0. 14

10.14 <.001

0.09
0.0r
2.36

0.09
0.01-
0. r3

0.66
0.0r

0
0
2

.07

.0I

.23

.73

.73

.76

.04

.01
,91

t
I

18

0.p7
0.'01
0.12

0.57
0.10

L7
0

2
2

36

8.87
0.37
o.72

L2
0

39
51

83
16

09
0¡¡

< .001

25

0
0
0

0
0
I

0
0
0

I
I

I8

0
0

0

0
0
0

0
0
0

0
0
0

0
0
0

.04

.0r

.0s

.19

.00

.09

.r06

.00

.05

.16

0
o

.r9 t
t

I8

I
I

I8

2

2
36

2
2

36

2
2

36

2

000
60

.06

.00

.86

I.23
o.02

0.31
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3.25

I
I

7l
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0
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0
0
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0
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0
3

.45 o.22
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I
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2
2

36
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2
2

36
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0.2L
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3.06
2.36

0.36
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2

2

36

2

2

36

I
0

98
06

0

0
3

0{
57
67

0. r8
0.0I
0.09

0.02
0.28
0.10

0.18
2.75

Order (O)
Error

Period (P)
OxP
Error

Probabfllty (Pr)
OxPr
Er ror

Half (H)
OxH
Error

Reaponse (R)

OxR
Error

PxPr
OxPxPr
Er ror

PxH
OxPxH
Er ror

PrxH
OxPrxH
Error

PxR
OxPxR
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OxPrxR
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HxR
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Ef, ror

PxPrxH
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Er ror
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APPENDIX 2 (continued)

Summary table of the analysis of variance of mean times for
correct responses from Experiment 2.

B

Probabllity (Prl
OxPr
Error

PxPrxH
OxPxPrxH
Er ror

PxPrxR
OxPxPrxR

PxHxR
OxPxHxR
Er ror

PrxHi<R
OxPrxHxR
Er ror

PxPrxHxR
OxPxPrxHxR
Error

Error

HxR
OxHxR
Er ror

PrxR
OxPrxR
Error

PxR
OxPxR
Er ror

PrxH
OxPrxH
Error

PxH
OxPxH
Er ror

PxPr
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Error

Response (R)
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Error
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OxH
Er ror

Period (P)
OxP
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Order (O)
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0
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36

r15s3 5 7

62L22
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663L77

t82s0 7

20716
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< .001
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2
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0
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2

2
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APPENDIX 2 (continued)

Summary table of the analysis of varíance of mean confidence in
correcË responses from Experiment 2.

C

Probabillty (Pr)

PxPrxH
OxPxPrxH
Er ror

P)(HXR
OxPxHxR
Error

PrxHxR
OxPrxHxR
Error

OxPxPrxHxR
Er ror

PTxR
PxPTXR
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Px
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HxR
OxHxR
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PrxR
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Er ror

PxR
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PrxH
OxPrxH
Er ror

PxH
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OxR
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0
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0 .05
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0.00
0. Is

0.35
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0
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0
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I
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2
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2
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0
0
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I
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0.03
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0
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3

0
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.00

.94
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23
05

29
.07
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00
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09
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.o7

.00

.04

.24

.02
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.16

.04

.44
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.23
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.03
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.01
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.19
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< .05

SOURCE MEAN
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APPENDIX 3 : EXPERIMEM 3. ANALYSES OF VARIANCE:

Sunmary table of the analysis of variance of the percentage of
stimuli for which responses h/ere corïect from Experiment 3.

6.61
45.22

4 r.65
r.00

r.55
45

4.87
13 .28
r.52

3.53
I .44

t.41
0.70

3.2L
8.75

1.6r
r.52
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< .001
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214.91
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4
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4
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r80

0. s4
0.22
0 .15

16
64
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24
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0. t0
0.14
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l6
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0 .87
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0 .19
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3
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CxD
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Response (R)
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Er ror

Block (B)
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D
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SQUARES
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APPENDIX 3 (continued)

Summary table of the analysis of variance of mean Eimes
for correct responses from Experiment 3.

B

Condition (C)
Er ror

Discriminability (D)
CxD
Error

RXDXB
CXRXDXB
Error

RxD
CxRxD
Error

RxB
CXRxB
Error

Response (R)
CxR
Error

DxB
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BIock (B)
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4
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2427r
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APPENDIX 3 (continued)

summary table of the analysis of variance of mean confidence
in correct responses from Experiment 3.

C
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950.43

4 3.s3
2T.L2

0.17
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5.19
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4
16

180
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0.32
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0 .01
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L.97
18.86
42.09

4

I6
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0 .97

7

Condition (c)
Er ror

Discriminability (D)
CxD
Error

Block (B)
CxB
Brror

DxB
CxDxB
Er ror
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372.

ÀPPENDIX 4 : EXPERI}IENT 4. ANALYSES OF VARIANCE:

Summary table of the analysis of variance of the percentage of
stimuli for which responses l¡rere correct frorn Experiment 4.

A

Probability (Pr)
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PrxHxDxO
Er ror
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PxPrx
PxPrx
Er ror
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PxPr
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I
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4
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.77
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.67
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0.
0.
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I
0
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I
0
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0.01
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0.01
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r.27
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0.88
L.57
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r.22
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.21
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.20
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APPENDIX 4 (continued)

A. (continued)

Er ror

PrxllxR
PrxllxRxO
Er ror

PxPrxHxR
PxPrxHxRxO
Er ror

xHxDxR
xHxDxRxO
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Er ror
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ror
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P

P
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PxDxR
PxDxRxO
Error
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I
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0
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I
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I
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I

I8

I
I

LB

I
I

l8

I
I

l8

I
I

18

A

4
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4

4
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4
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4
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4

4
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4
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0.98
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6.18
o.42
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32.97

0.39
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0 .18
2.35
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0
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0
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APPENDIX 4 (continued)

Summary table of the analysis of variance of mean times
for correct responses from ExBerirrent 4.

B

Probability (Pr)

Discrininability (Dl

PxPrxHxD
PxPrxHxDxO
Er ror

P
p

Er ror

HxD
HxDxO

E

Prx
Prx
Er ro

PxHxD
PxHxDxo
Er ror

xD
xDxO

PxPr
PXPT
Er ror

xH
xHxo

PrxlI
PrxllxO
Er ror

x ll
xllxO

HxD
HxDxO
Er ror

PxPr
PxPr
Er ror

PrxD
PrxDxO
Er ror

PxD
PxDxO
Er ror

DxO
Er ror

Half (Hl
HxO
Error

PxPr
PxPrxO
Er ror

PrxO
Er ror

Period (P)
PxO
Br ror

order (o)
Er ror
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I
I8

I
I

l8
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0 .09
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886663
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0.02
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I
1
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I
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1. B3

r7rl7
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4

4
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I
0
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I
0
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5277L
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94035
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34 199
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o.62

< .01

SOURCE MEAN
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SUM OF
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APPENDIX 4 (continued)

B. (continued)

PxHxDt(R
PxHxDxRxO
Er ror

PrxHxDxRxO

PxPrxHxDxR
PxPrxHxDxRxO
Er ror

Er ror

llxDxRxO

H

H

Er ror

HxDxR

Er ror

PxPr
PxPr
Error

xDxR
xDxRxO
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xRxo
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PrxR
PrxRxO
Er ror
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PrxDxR
PrxDxRxO
Er ror

PxDxR
PxDxRxO
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DxR
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Er ror

nrxHxR
PrxHxRxO
Er ror

PxHxR
PxHxRxO
Er ror

PxPTxR
PxPrxRxO
Er ror

PxR
PxRxO
Er ror

Response (R)
RxO
Er ror

xR
xRxo

r3 50 l8
ILz24

3236565

I
I

l8

I
I

18

I
I

18

I
I

18

I
I

18

I
I

1-8

t35018
TL224

1?9809

0 .75
0 .06

805 64
46s6

982504

8C56 4
{656

54584

t.48
0.09

4365039
897'17

1673802

436s039
s9777
92959

46.94
0.97

< .001

1894 80
3905

9638s9

18 94 80
390 5

53s48

3. s4
o.07

994
11 3l8r

l0l207r

994
143181

s6226

o.o2
2.5'¡

63667
r174 07
739701

63667
117407

4109s

I
2

55
86

64 s 030
4s951

165294

I
I

t8

64 5030
4595r
20294

3r.78
2.26

<.001

L2922
708 t

776871

I
I

18

L2822
70 81

43160

0.30
0.16

4088s
63788

s478265

4

4

72

4

4

72

4

4

72

4

4

72

4

4

72

4

4

7Z

4

4

72

4

4

12

ro22]-
1594 7

76087

0. 13
0.21

5806 I
232619

2ø72692

14515
sgls5
39 S99

0.36
r.46

3 S666 r
325019

4512344

9666 5
8r255
63505

L.52
1.28

89528
267435

2289100

22352
668s 9

31793

0.70
2. t0

79212
t92988

2828519

19918
48247
39285

0.50
r.23

563925
40028

2't66635

140981
10007
38425

3.67
o -26

.01

L825J'l
384r07

2 1909 l7

45634
96027
30429

I
3

50
t6

37082
255375

2312165

9270
64594
32955

0.28
1. e6

< .05

SOURCE df
SQUÀRE

I¡tEAN pF8UM OF

SQUÀRES



376.

APPENDIX 4 (continued)

Summary lable of the analysis of varíance of mean confidence
in correct responses from Experiment 4 '

C

Probability (Prl

Discrinlnabtlity (D)

HxDxq
Pr
Pr
Er

P

P

E

PT

Pr
Er

r

r

or

xHxD

x
x
or

PxPT
PxPr
Er ror

xHxD
xHxDxO

XD
xDxO

xPrxll
xPrxHxO

r ror

PxHxD
PxHxDxO
Error

HxD
HxOxO
Er ror

PxPr
PxPr
Error

PrxD
PrxDxO
Error

PxD
PxDxO
Er ror

DxO
Er ror

H

HxO

PxH
PxHxO
Er ror

HaLf (H)
HxO
Er ror

PxPE
PxPrxO
Dr ror

PrxO
Er ror

Period (P)
PxO
Error

Order (O)
Er ror

73 .40
93s.79

I
I8

I
1

l8

73.40
51.99

t.4l

0. 18
0. 86

29 .30

0
0

I

l8
86
63

0. rt
0.53

1

1

L7

63
43
25

I
1

t8

1.63
1.43
0 .96

1.70
r.50

0. 10
0.35
7 .70

I
t

18

I
I

I8

0.10
0.35
0.43

o.23
0.83

5 .89
0.06
7 .L7

5

0
0

89
06
40

14.79
0.16

< .01

o.77
0.34
9 .91

I
I

18

o.17
0.34
0. s5

r.4r
0.6r

2

2

7

0
0
4

04
42

I
t

t8

I
I

18

2.04
2.42
0.40

5.07
6.00

< .05
< .05

26

3I
00
36

0.3t
0.00
o.24

7 .27
0.00

200.08
,4.47
7r.24

4

4

72

50.02
t.l2
0.99

50
I

56
L3

<.00r

3.51
0.51

22.39

4

4

72

4

4

72

4

4

72

0.88
0. r3
0.31

2.82
0.41

< .05

0.95
0.92

23.L9

o.24
o.23

o.74
0.71

0.32

1.30
1.46

22.48

0
0

0

33
36
3I

t.04
1.17

0.08
o.29

27.92

4

4

72

0.02
0.07
0.39

0.05
0. 19

o.77
l.l7

15 .10

4

4

72

4

4

72

0. 19
0.29
o.2l

0.92
1.39

2,O1
0.20

18 .74

0.52
0 .05
o.26

1.99
0.19

4

4

72

I
0

0

.03 3.95
0.15

4.L2
0. 15

18.78
04
26

< .01

SOURCE SUM OF

SQUARES

MEAN

SQUARE
df pF
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APPENDIX 4 (continued)

C. (continued)

PTxHXDXR
PrxHxDxRxO
Dr ror

PxPTxHXDXR
PxPrx¡IxDxRxO
llr ( or

H

H

E rorr

Response (R)

DxR
DxRxO

PxHx
PxHx
Er ror

xDxR
xDxRxO

PxPr
PxPr
Er ror

xDxR
xDxRxO

PTXDXR
PrxDxRxO
Er ror

xHxR
xHxRxo

raR
xRxo

PxHxR
PxllxRxO
Er ror

xR
xRxO

RxO
Er ror

PxDxR
PxDxRxO
Er ror

DxR
DxRxO
llr ror

PxPr
PxPr
Dr ror

Prxll
PrxH
Er ror

llxR
llxRxO
Er ror

PxPr
PxPr
Er ror

PrxR
PrxRxO
Itr ror

PxR
PxRxO
Er ror

2

0
02

.11 1

I
l8

2.LT
0.39
5.71

0.3 7

0.0?
t

39
68

r.93
o,7'l

12. l0

I
I

Ì8

I
0

0

93
77
67

2,87
I.I5

13.0I
0.12

25.76

t
I

18

I
I

t8

13.0t
0. 12
r.4 3

9.09
0.08

< .01

r.69
0.49
6.73

1.69
0.49
0 .37

4.52
l. 3l

< .0lr

0.06
t,25
4 .80

I
I

l8

0.06
L.25
o -27

o.24
4.70 < .05

0
0

7

.01 t
I

l8

0 .01.
0 .00
0.39

0

0

o2
0000

o6

5.5r
0.10

I
I

I8

5 .51
o.l0

t3.01
0.24

< .01

7 .62 o .42

0

0
5

01
04
18

t
I

l8

0.01
0 .04
o.29

0.04
0. 13

0.45
0 .94

30. s2

4

4

72

0.ll
o.23

0

0

26
,tl5

o.42

1.48
3.29

23.50

4

4

72

4

4

72

4

4

72

4

4

72

4

4

12

0.3?
o.82
0.33

r. 13
1 C1 < .05

0.20
2.65

30.66

0
0

0

0

0
0

05
66
43

o.12
r.56

I
0

24

.25

.6r

.69

.3r 0.91
0.44l5

34

2.06
0.64

20.42

0.51
0. r6
0.28

L.S2
0.57

2.16
0.28

r7 .6s

0.59
0.07
o.25

2 .40
0.29

0. t4
2.09

21.2A

4

4

72

0 ,04
o.52
0.30

o.12
r.17

4

4
12

o.22
0 .56
o .21)

L.t2
2.86 < .05

0.88
2.25

14 . i 6

SOURCE df pT'SUM OF

SQUÀRES

MEAN

SQUARE



378.

APPENDIX 5 : EXPERIMENT 5. ANALYSES OF VARIANCE:

A Summary table of the analysis of variance of the percentage
of sti¡nu1i for ¡¿hich responses were correct from Experiment 5.

Probability (Pr)
Error

Response (R)
Er ror

PxPrxHxR
Er ror

PrxHxR
Er ror

PxHxR
Errot

PxPrxR
Er ror

PrxR
Er ror

PxR
Er ror

PxPrxH
Error

PrxIl
Er ror

Half (lI)
Ilr ror

PxPr
Er ror

HxR
Error

PxH
Error

Period (P)
Error

0 .09
3.10

I 0 .09
0.11

0. B4

29

0 .23
3 .4s

I 0.23
o.L2

L.92
29

0.r2
2.7L

I 0. t2
0 .09

L.26
29

0.11
3 .28

I 0.1r
0 .1r

0.91
29

0 .04
2.02

t 0 .04
o.o7

0.63
29

0.01
2.65

I 0.01
0 .09

0. 16
29

0.02
2.5L

I 0.02
0.09

0.25
29

0 .00
20.06

1 0.00
0.69

0 .00
29

0.03
3.24

I 0 .03
O .II

0 .30
29

0 .12
6 -77

I o.L2
0.23

0.sl
29

0.26
4 .0r

I 0.26
0.14

I. B6

29

0 .37
3.25

I o.37
0.1r

3.30
29

0 .05
2.05

I 0 .05
0.07

0.65
29

s.16
3 .63

I 5.16
0.1329

o.o2
3.L7

I
29

0.02
0 .11

41.18 < .001

SOURCE SUM OF

SQUARES

MEAN

SQUARE
df pl'
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APPENDIX 5 (continued)

Summary table of the analysis of variance of mean times
for correct responses from Experiment 5.

B

5055t
545569

I 505s1
t88l_3

2.69
29

359
320695

I 359
1105 I

0 .03
29

s2553
IB II75

I 52553
6247

B.4I < .01_
29

3 611
444242

I 36r I
rs3 19

o.24
29

383
30477 0

I 383
r0509

0 .04
29

19 86
44L993

I 19B6
L524L

0.t3
29

26494
3 I 1605

I 26494
13r59

2.OL
29

2LL75L
640842

I 2LL75l,
22099

9.58 < .01
29

14833
22700L

I 14833
7825

1.89
29

89902
420870

I 89902
14513

6. r9 < .05
29

9223
I78624

I 9223
615 9

I. 50
29

3r100
254364

I 3r100
877r

3 .55
29

12OlI
234677

1 120tr
8092

1.48
29

28645L
434017

I 28645'r
L4966

19 .14
29

33s7
2L6509

t 33s7
7 46629

0.45

< .00t

Period (P)
Error

Probability (Pr)
Er ror

PxPr
Ettor

llalf (FI)

Error

PxH
Error

PrxH
Ijr ror

PXPTXH
Ilr ror

Response (R)
Error

PxR
Er ror

PrxR
Er ror

PxPrxR
Er ror

HxR
Error

PxHxR
Error

PTxHXR
Error

PxPrxHxR
Er ror

SUM OF
SOUARES

df ¡4EAN

SQUARE
F pSOURCE



380.

APPENDIX 5 (continued)

Summary table of the analysis of variance of mean confidence
in correct responses from Experíment 5.

C

Probabílity (Pr)
Er ror

PxPrxHxR
Er ror

PrxHxR
Error

PxHxR
Er ror

PxPrxR
Error

PrxR
Er ror

PXR
Er ror

Response (R)
Error

PxPrxH
Error

PrxH
Er ror

PxH
Er ror

Flalf (H)
Er ror

PxPr
Error

Per iod (P)
Er ror

HxR
Er ror

0 .08
s .58

I 0.08
0 .19

0.43
29

0 .02
4.22

1 0 .02
0 .15

o.L2
29

0 .01
3 .60

1 0.01
o.L2

0.09
29

0.26
2.49

t o.26
0 .09

3 ,00
29

0.2L
2.89

I 0.2L
0.10

2.L3
29

0 .09
4.64

I 0 .09
0.16

0.55
29

0.01
4 .00

I 0.01
0 .14

0.o2
29

5.27
r8.05

t 5.27
o.62

B .41 < .01
29

0.20
4.11

I 0.20
0. 14

r -44
29

0.78
4 .89

1 0.78
0 .17

4.60 < .05
29

0 .03
1.84

I 0 .03
0 .06

0,40
29

0 .00
3.28

1 0.00
0 .11

0 .00
29

o.o2
2.57

I o.02
0.09

0.20
29

4.20
3.85

I 4.20
0 .13

3L.62 < .00r
29

0 .10
2.56

t 0.10
0 .0929

1. 13

SOURCE SUM OF
SQUARES

MBAN

SQUARE
df. pF
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APPENDIX 6 : EXPERII,IEIüT 6. ANALYSES OF VARIANCE:

Summary table of the analysis of variance of the percentage
of stimuli for which responses I^Iere correct from Experiment 6

A

PxCxHxR
PxCxHxRxO
Er ror

CxHxR
CxHxRxO
Er ror

PxHxR
PXHXRXO
Er ror

HxR
HxRxO
Er ror

PxCxR
PxCxRxO
Er ror

CxR
CxRxO
Er ror

PxR
PxRxO
Er ror

Response (R)
RxO
Er rcr

PxCxll
PxCxllxO
Er ror

CxH
CxHxo
Er ror

PxH
PxHxO
Error

Half (ll)
llxO
Ertor

PxC
PxCxO
Er ror

Context (C)

CxO
Er ror

Period (P)
PxO
Er ror

Order (O)

Er ror
0.0J
2.ll

I

l8

I

I

t8

0.03
o.l2

o.?.2

0.12
0.4 J

I .64

o.l2
rJ.4J
0 .09

l.J2
4.7 t 0

0.03
0.lJ
1.38

0.0J
0.tl
0.08

0.40
I .6fj

0.12
0 .09
l.t9

I

I
l8

0.12
0.09
0.0 7

1.76
t.28

0.14
0.07
I .31

I
I

l8

t
I

t-8

0.14
0.07
0.07

r .94
o.92

0.06
0.01
0 .64

0.06
0.01
0 .04

| .'¡6
0.l9

0.03
0.03
r.03

I
I

I8

0
0

0

03
03
06

o.52
0.52

0.03
0-07
1.79

L

I
l8

0.03
0.07
0. l0

0.30
o.74

0. ls
0.01
0.85

I
I

l8

0. t5
0,0r
0.05

3.17
0. t4

0.00
0 .00
0.93

I
I

18

0.00
0 .00
0 .05

0.07
0,0?

0. t6
0.00

I
I

I8

0

0

0

t6
00
08

1.86
0-03

1.53

0. 14
0.0r
0.82

I
I

18

0. 14
0.01
0.05

3. 16

0.rr

0.08
0.45
0.57

I
I

l8

0.08
0.4s
0.03

2.59
14.13 < .01

0 .01
0.00
L.23

I
I

t8

0,01
0 .00

0

0

o2
00

0.07

0.03
0. r2
l.09

I
t

l8

I
I

Ì8

0.03
t. t2
0.06

0.56
2.04

0
0

I

.00
l6
58

0.00
0.t6
0-09

0.00
l.8l

SOURCE SUM OF

sQU^nns
MT'AN

sQU^1il,:

dt l)
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APPENDIX 6 (continued)

Summary table of the analysis of variance of mean times
for correct responses from Experiment 6.

B

PxlixO
Er ror

HxR
HxRxO

PxHxR
PxHxRxO
Er ror

PxCxR
PxCxRxO
Er rot

PxCx
PxCx
llr ror

CxHxR
cxHxRxO
Iìr ror

HxR
HxRxO
Er ror

CxR
CxRxO
Error

PxR
PxRxO
Er ror

Reêponse (R)
RxO
Error

Pxcxll
PxCxHxO
Er ror

CxII
CxHxO
Er ror

Pxll

Half (tl)
HxO
[ìr ror

PxC
PxCxo
Er ror

contexE (C)

CxO
lìrror

Pcriod (P)
PxO
llr ror

Order (O)

Er(or
3460

24 1786 0

ì
I8

I
I

t8

3460
t34326

0.03

24934
r722

2rL820

24934
L722

11768

2.t2
0.r5

l7s{
s l13

266L79

I
I

t8

r754
5lÌ3

I4788

0. r2
0.35

100 2
3442

180767

I
I

l8

1802
3442

1004 3

0. l8
0.34

47
2 00¡l6

I 03791

I
I

18

47
20046

5 /66

0.01
3.48

3396
60 20

93003

I
I

l8

ll96
6020
'¡7 67

0.66
t. t7

4

143
4s545

I
I

I8

4

743
2530

0.00
0. 29

7380
310

96 r00

I
I

t8

718 0
310

s339

1.38
0.06

t4 r074
14907

244783

I
I

I8

I
t

18

I
I

t8

1

t
t8

I
I

t8

t4 1074
L4997
13599

10.37
l. r0

< .0r

I r75
ll¡¡6

43S70

117 5

1446
2437

0.48
0.59

873
2049

73s97

973
2049
4089

0.2r
0.50

3726
3025

I06 7 l5

3726
3025
5929

0 .63
0,51

4923
4251

3t500

4921
4254
I750

2.81
2 .43

493
5r9

76683

I
I

I8

493
519

4260

0. 12
0.12

650
r0t

65350

I
I

I8

I
I

ì8

650
l0l

363r

0. l-8
0.03

l17
9856

66950

II7
9856
3719

0.03
2.65

SOURCE SUM OF

SQUARES

df pFMEAN

SOUARE
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APPENDIX 6 (conËinued)

Summary table of the
in correct,resPonses

analysis of variance of mean confidence
from Experiment 6.

C

PxCxHxR
PxCxHxRxo
nr ror

c
c
Er

PxC
PxCxO
Er ror

CxHxR
CxHxRxO
Er ror

PxHXR
PXHXRXO
Dr ror

HxR
HxRxO
Er ror

PxCXR
PxCt(RxO
Error

xR
xRxo
ror

Px
Px
Err

Response (R)
RxO
Iir ror

PxCxll
PxCxHxo
Er ror

Cxll
CxHxO
lir ror

PxII
PxHxO
Error

HaIf (H)

Hxo
Er ror

context (C)
CxO
Error

Per iod (P)
PxO
Er ror

Order (O)

Er [or

R

RxO
or

0.16
62 .3c¿

I
l8

t
I

l8

0.16
3. ¡¡6

0.05

0. 15
0.01

11.65

0. l5
0.0r
0.55

o ,23
o.o2

0
0

13

.01 I
I

l8

0,0r
0.0r
0.7'l

0 .01
0.010t

.93

0

0
l0

25
00
1.9

I
I

t8

o -25
0.00
0.57

0

0

44
00

0.01
0.00
r.65

1

I
l8

0.01
0.00
0.09

0.10
0.04

0

0
2

0
0

I

00
09
09

I
I

IB

0.00
0.09
0.12

0.00
0.82

00 I
I

l8

I
I

I8

I
I

I8

0.00
0.08
0,09

0.03
o -9208

59

0.01
0.01
r.32

0

0

0

2

0

0

0l
0t
07

0 - 15

0.07

2.O3
0.36

t1.52

03
35
64

3. rg
0-56

0.06
0.01
T.I2

I
I

18

0.06
0.01
0-06

0.93
0 .06

0.{r
0.0r
3.22

I
t

l8

0.4¡l
0 .01
0.18

2.48
0 .06

0.02
0.13
3.3s

t
I

18

L

I
t8

I
t

I8

I
I

l8

I
I

l8

0.02
0. rl
0.19

0. l0
0 .71

o.23
0.0r
0.6?

o.2f
0.01
0.04

6 .0?
0. t9

< .05

0.13
0.01
0.48

0.13
0.01
0.03

{ .98
0. t0

< .05

0.01
o.o2
1.63

0.0r
0.02
0 .09

0.01
0. l8

I
6

600.08
o.32
0.91

0.08
o.32
0 .05
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APPENDIX 7 : EX"ERIì,ÍENT 7. ANALYSES OF VARLANCE:

Summary table of the analysis of variance of the percentage of
stimuli for which responses vlere correct from Experiment 7.
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APPENDIX 7 (continued)

Summary table of the analysis of variance of mean times
for correct responses from Experiment 7.
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APPENDIX 7 (continued)

Summary table of the analysis of variance of mean confidence
in correct responses from ExperimenE 7.
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787.

APPENDIXS:EXPERIIIEI{T8-ANALYSESOFVÀRIANCE:

A Summary table of the
of stimuli for which

analysis of variance of the percentage
responses \dere correct from Experiment 8

Discriminability (D)
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P
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0
0
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APPENDIX 8 (continued)

A. (continued)
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4
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4
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0
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APPENDIX B (continued)

ß Summary table of the
for correct responses

analysis of variance of mean times
from Experiment 8

SUM OI¡

SQUAIìI]S

dt

0.00

MEAN
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APPENDIX 8 (continued)

B. (continued)
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APPENDIX 8 (continued)

C Summary tabie
in correct res

of the analysis
ses from

of variance of mean confidence
eriment 8.
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APPENDIX B (continued)

C. (cont inued)
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0.20
2.5r

8.25
0 .08

0.0r
0.73
4 .9s

0.01
0.73
0.27

0.00
2.64

o.62
0.16

81.45

o.62
0.16
4.53

0.14
0.03

0.01
0.69
7.70

0.0l
0.69
0.41

0.0ì
r.6l

0.04
0. t9
4.62

0.04
0. 19
o -26

0.17
o .14

o.62
0.04
4.40

0.62
0 .04
o .24

0.75
0 ,00
o.24

l.l8
0.00

0.01
0.55
4.34

0.01
0.55
o .24

I.7 2

o.29
L2.16

0.43
0.07
0.lB

2 .43
0.40

0.39
0.s9

12.4 t

0.10
0.15
0.17

0.i¡6
0.85

0.63
0.48

r5 .51

0-16
0, t2
o.22

0. 16
0 .96
8.94

0.04
0.24
0.12

0.l2
t.92

0.93
1.58

II.44

o.2J
0.40
0. t6

1.46
2 .49

0 .86
0. t9
't .37

0.2I
0.05
0,10

0.48
0.99

10.57

0.ì2
O .2't
0.r5

0.82
I .70

0.03
0.lB

I
I

18

I
I

18

< ,05

I
I
B

I
I

t8

I
I

l8

2

o

I
1

18

55
l5

O.7't
0.00
4.23

L

I
l8

4

4
'72

4

4

12

4

4

72

4

4

4

4
't2

4

4
-t2

4

4

72

4

4

12

I
I

IB

o.02

o.'14
0.56

2.rt
.0.47

; .01
0

0. t0
t.52
9.71 IJ

0. t9
2.8.)



393.

APPENDIXg:EXPERIMENTg.ANALYSESOFVARIANCE:

A Summary table of the analysis of variance of the percentage

of stimuli for which responses hTere correct from Experiment 9

xSxllxR
xSxllxRxO

nr ror

ror

orcler (O)

Px
Px
Ilr ro

Sxll
SxHxO
r

SxtlxR
SxllxRxO
Er ror

PxHxR
PxllxRxO
Er ror

HxR
I{xRxO
Er ror

PxSxR
PxSxRxO
Er ror

SxR
SxRxO
Er ror

PxR
PxRxO
Er ror

Response (R)
lìxO
Er ror

PxH
PxllxO
Er ror

tlalf (H)
HxO
lir ror

PxS
PxSxO
Er r:or

Set (S)

SxO
Er ror

Per iod (P)
PxO
Er ror

S

Er

xtl
xflxO
rof

p

P

ltr

0.03
5 .41

I 0.03
0.l0

0. tt
t8

0.05
0.01-
t. lr

I
I

I8

0.05
0.0r
0.06

0.87
0.16

0.01
0 .00
2.69

I
I

t8

0.01
0.00
0.15

0.03
0.00

0.14
0.04
L.4s

I
I

I8

0.14
0.04
0.08

I .75
0.46

0 .16
0.01
o. 3l

1

I
l8

0.16
0 .01
0.02

9.26
0.54

< .0I

0.01
0. l0
0.44

I
I

l8

0 .01
0. 10
0.02

0.30
4. Ìl

0.02
0-07
1.84

I
I

t8

o.02
0.07
0 .10

0.15
o.6'l

0

0

0

0

0

4

0l
00

I
I

I8

0.01
0 .00
0.04

Q -28
0.00

70

0l
00
24

I
I

IB

0.0r
0.00
o.24

0.06
0.01

0.18
0 .01
0.85

I
I

t8

0.18
0.01
0.05

3.78
0.07

3.43
0. 16

3.6r

I
1

18

l-

I
I8

I
I

l8

I
I

I8

3.43
0. 16
0,20

I7. I1
0.78

<.001

0 .01
0.0 r
r.33

0.01
0.01
0.07

0.03
0.ll

0.08
0.0r
0 .71

0.08
0 .01
0.04

r.93
0.30

0.01
0.08
0.92

0.01
0.08
0.05

,0.05
'l .56

0 .04
0.07
I-5i¡

I
I

I8

0 .04
0.07
0.09

o .42
0. ?8

I
t

l8

0.00
0. 16
-t .21

0.00
0. r6
0-0?

0.0t
2. - 2't)

SOURCE SUM OF

SQUARES

MEAN

SQUARE
df pE
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APPENDIX 9 (continued)

B Summary table of the analysis of variance of mean tlmes

for correct responses from Experiment 9'

xSxllxR
xSxHxRxO

P

P

lì

P

P

Er

RxO
H

H

E

RxO
S

S

E

ror

ror

R

ror

ror

R

r

r

x
x

r

x
x

rorEr

Response (R)

SxHx
SxHx
Ilr ror

ror

PxS
PxS

Px
Px
Iir r

R

RxO

PxR
PxRxO
Er ror

RxO
Er ror

xH
xHxO

Sx
Sx
Er ro

Pxll
PxtlxO
lìr ror

tlalt (H)
IlxO
Iir ror

set (S)
SxO
Er ror

Period (P)
PxO
Ilr ror

Order (O)

Er ror

Ìl
HxO
r

S

Sxo
or

P

P

Er

xSxR
xSxRxO

xH
xll

xR
xRxO

36191
389694 t

I 36191
2t6497

0.17
T8

24467
542r

221779

Ì
I

t8

2446'l
5421

12488

I .96
0.43

243r0
22

252405

I
I

IB

t
I

l8

I
I

t8

I
I

t8

24 3r0
22

t4022

1.?3
0.00

283
r6790

26r602

281
t6790
14533

o.02
I. 16

221
402s

146940

22L
4025
8163

0.03
0.49

142't
r5281
8'¿2OG

t425
ts28l

41 34

0.30
3.23

'1969

37843
252847

I
I

t8

7969
37843
t4047

0.57
2.69

1550
4 3863

152350

I
I

t8

r550
43863

84 64

0.r8
5.18 < .05

1? 9916
4 1996

922066

I
I

l8

179916
4L996
5l-226

3.51
0.82

41973
196

rr0636

I
I

IB

I
I

I.8

I
I

IB

4l.91 3

r96
6L46

6.83
0.03

< .05

1682826
77r0

t483397

t682826
7'lLO

8241O

20.42
0.09

< .001

291'l
38196
85227

2911
38r96

4135

0.63
8,07 < .05

843
245

155934

t
I

l8

843
245

8663

0.10
0.03

24
57rl

79556

t
I

l_8

24
57Il
4420

0.01
r.29

973
2586

I85552

I
I

I8

913
2586

t0l0 B

0.09
0.21)

tB6s
992

't9200

I
I

rB

r865
992

4400

0.42
o -23

SOURCE SUM OF

SQUÀRES

df
SQUARE

MEAN pr'
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APPENDIX 9 (continued)

Summary table of the
in correct resPonses

analysis of variance of mean

from Experiment 9.
confidence

C

0r d(ìr (O)

Iìr ro r
lJ.6l

t2B .99
I

l8

I
I

IB

ll.6l
7.17

1.90

Pcriotl (l))
Px0
I.lrror

1.44
0. ?s
5.90

t.44
0.75
0.31

4 .39
2 -30

St.t (S)
SxO
Fr ror

0.01
0.?3
2 .6')

I
I

IB

0 .01
0.73
0.15

o -2t
4.9'l < .05

PxS
PxSxO
Er ror

o.02
0.02
r.l6

I
I

l8

0.02
0.02
0.08

o.32
o.2L

lìal f (ll)
llxO
Er ror

0.00
0.00
r.98

I
I

IB

0.00
0.00
0.tl

0.00
0.00

PxH
PxHxO
Er ror

0.01
0. r3
1.0 7

I
I

1B

I
I

I8

I
l-

I8

0.01
0. t3
0 .06

0.05
2 _26

Sxll
SxllxO
Er ror

0.08
0.06
1. l4

0.08
0.06
0.06

1 -28
t. 0l

PxSxll
PxSxHxO
Er ror

0.03
0.08
t.21

0.03
0.08
0.07

0.45
r. t8

Response (R)
RxO
Er ror

1.09
2.90

24.67

I
I

l8

r.09
2.90
l.l7

0.79
2. rt

P

P

Er

xR
xR
ror

0.65
0.01
1.80

I
I

I8

0.65
0.0r
0.10

5.46
0.01

< .05

o

SxR
SxRxO
Er ror

0.05
0.06

13 .40

t
I

I8

0.05
0.06
0.75

0.06
0.08

PxSXR
PxSxRxO
Er ror

0.06
0.00
3.2's

I
t

18

0 .06
0.00
0. r8

0.3s
0.00

llxR
HxRxO
Er ror

0.09
0 .01
2.O7

t
I

l8

I
I

t8

I
I

I8

I
L

l8

0 ,09
0.01
0. t2

0.77
0. t2

PxHxR
PxHxRxO
Er ror

0

0

I

l0 0. l0
0.75
0.07

L.42
10.48.15

,30

< .01

Sx
Sx
Er ro

HxR
HxRxO
r

0.02
0 .01
t.17

0.02
0.0t
0.07

0.32
0. t2

PxSxHxR
PxSxtlxRxO
Er ror

s.12
0.06

0.46
0 .01
1.46

0.46
0.01
0.08

< ,05

SOUIìCE SUM OI¡

sQLl¡\lìEs SQUARE

ðf MIiAN PF
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APPENDIX IO : EXPERITIENT IO. ANALYSES OF VARIANCE:

A Summary table of the analysis of variance of the percentage
of stimuli for which responses hrere correct from Experiment l0'

DiscriminabilitY (D)

PxSxHXD
PxsxHxDxO
Er ror

D

Dxo

PXSXH
PxsxHxO
Er ror

SxH
SxHxo
Er ror

SxHxD
SxHxDxO
Er ror

PxHx
PxHx
li r ror

HxD
HxDxO
Er ror

PXSXD
PxSxDxO
Er ror

SxD
SxDxO
Er ror

PXD
PxDxO
Er ror

Dxo
Er ror

PxH
PxHxO
Dr rot

HaIf (H)
HXO
Er ror

Pxs
PxSxO
Dr ror

Set (S)
SxO
Er ror

Period (P)
PxO
Er ror

Order (O)

Er ror
5.24

53.97
I

I8

I
1

l8

I
I

I8

I
I

t8

I
I

I8

5.24
3.00

t.75

0

0

6

L2
0s
53

o.L2
0.05
0.36

o.32
0. 14

36.3r
1.51

25.94

36.31
l.5l
1.44

25.20
r.04

< .00L

0.09
0.77
3.¿8

0.09
0.7'l
0.19

0.46
3.98

0.09
0.01
3.sr

0.09
0 .01
0 .20

0.44
0.01

0.03
0.0r
2.52

-t
I

t8

0.0J
0.01
0. r4

o.24
0-00

0 .01
r,99
5.3t

L

I
l8

0

I
0

0l
99

0.02
6 -75 ¿,O5

)a

0,73
0.24
6.12

I
1

t8

4

4

12

4

4

72

4

I
72

4

4
'12

4

4

72

4

4

72

4

4

72

4

4

72

0.73
o.24
0.34

2 -L4
0.70

I03.65
0.49

t8.56

25,9L
0.12
0. 26

100.54
0.48

< .001

0 .91
0.41

13. r0

0

0
0

23
l0
I8

r.25
0. s6

2.88
r.39

16.17

o.72
0.3s
0.22

3.?.r
r.54

< -05

o.62
t.53

t0. 19

0.15
0.41
0. r4

r.09
2.88 <.05

0 .07
0.60

12. OB

0.02
0. t5
0. 17

0. r0
0.89

0.35
0 .0s

15. fig

0.09
0.0r
0.22

0.{r
0.06

0.21
0.60

r3.38

0

0

0

.05 0

0

29

l5 8I
.t9

0.98
0.53

r2.01

0.2't
0. r3
0. 17

r.41
0 .79

SOURCE SUM OF

SQUARES

MEAN

SQUARE
df PF
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APPENDIX lO (conrinued)

A. (continued)

SOURCI].l

Rosponsc (R)

RxO
[Ìr ror

XSXIì
xSxlìxO

r r()r

PxDxR
I,xDxRxO
tÌrror

r.06
3.02

19.85

I. 06
3.02
I,II

0

2

I
l.

IB

2.38
t.43

o .22
0, r3
1.66

96
74

PXR
PXRXO
llr ror

o.22
0.13
0-09

x ¡:t

xRxO
r ror

9.52
0 .06
7.90

0.0t-
0.02
3 .21

0.01
0,02
0. LB

tlxll
IlxtlxO
l'.r r o(

0.24
0.02
5.2t

0.24
o -02
o.2t)

l,xllxlì.
l' x ll x Il x O

Urror

0.01
O. JIJ

3.47

0.0i
0.3r.ì
0.t9

0

0
0

I
I

t8

I
I

l8

I
I

l8

I
I

t8

S

IÌ

P

l.l

I
I

18

I
ì

l8

Sx

fir r:

52
06
44

t. 19
0. 14

0.02
0 .09

0.82
0.07

0.04
t.91

llxll
ll xnxO

OT

0.ì5
0.3r
3 .32

0-ts
0.31
O.IB

PxS
PxS
I'lrror

R

RxO
0. t3
0. t4
1.96

L,20
L.26

t)xll
OxfìxO
[ir ror

r.78
t.08

0 .96
0.73

r3.18

o .24
0.t8
0.lB

r.3l
0.99

SxDxR
SxDxIìxO
Dr ror

l-.89
I .22

l-1,92

o-47
0.31
0.17

2.85
t. g5

I'x
PX
tlrr

SxDxR
SxDxlìxO

or

0.36
0.4r

12.45

0.09
0.10
0,I7

0.st
0.59

o.L2
0.15
0.r8

0.66
0 .85

0

I

19

xHx
xHx

I3
I4
II

0

0

0

0.52
0.3ì
o.29

I
I

t8

4

4

4

4

12

4

4

72

4

4

72

4

4
't2

4

4

2.06
r,2s

20.86

< ,05

llxDxIì
llxt)xlìxO
lf r ror

xllxllxR
xllxDxlìxO

rroÍ

o.L2
0.98

t5.12

0 .03
0.24
o.2)

0. t4
l. 16

0.08
0 .09
0.ì5

0.57
0.59

0.46
0"59

4

4

72

4

4

12

12.60

P

t,

tì

0,34
0.35

t0.74

SxHxDx
!;xflxDx
l:r¡or

HxDxR
llxl)xfìxo

R

Il x O

05

SUM OF

SQUARES

¡4tiÀN

s0u¡\frIi
df pF

IìxSx
I)xSx
lìr ror

0.69
ì . Bì
9.'l't

0.1?
0 .41)
0.r4

t.2'1
-1. llr
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B

APPENDIX l0 (continued)

summary table of the analysis of variance of mean times
for correct responses from Experiment l0'

SUM OF df MEAN

SQUAR.ESQUARES

PF

t455600
23780897

I
I8

I
I

L8

I
I

I8

I
I

l8

Ì
I

IB

r45s600
r32l16r

1.10
order (o)
Dr ror

Periotl (P)

PxO
Er ror

9305?
363329

1747I50

93057
363329

9?064

0.96
3 .74

40s33564
6386

20905378

40s33564
6386

116t4 r0

34
0

90
0l

< .001
set (S)
SxO
Er ror

PXS
PxSxO
Er ror

78960
1924

846906

78960
3924

47050

l-.68
0 .0s

HaLf (H)

HxO
Error

12392
72591

820097

32J92
72591
45561
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l. s9

Pxtl
Pxllxo
Er for

6323
69162

r036627

I
Ì

t8

6J23
69L62
5 71¡ 90
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I .20
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SxHxo
lÌr ror

46'154
4s040

791 LO4

I
I

l8

46754
45040
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I .06
L.O2

P

P

Er

xSxH
xSxHxo

237'l6l
7s96
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I
I

I8

4

¿

72

4

4
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4

4

72

4

4
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4

4
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4
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4

4
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4

4
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23776L
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54234

4.38
0.14

ror

rr64 800 3
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382r39r

29r2001
49777
53075

54 .8?
0.94

< .001
DiscrininabilitY (D)

DxO
Er ror

62589
98866

120378r

t564 7

247L7
16719

0

I
94

PxD
PXDXO
Er ror

48

3451930
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297561L

862983
5r29

4 1328

20.88
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< .001
SxD
SxDxO
Er ror

L79172
61206

1461165

44 793
r,s302
20294

a

0.
2L

PxSXD 1S
PxSxDxO
Er ror

HxD
HxDxO
Error
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l8 84 122

190 17
27366
26168

0 .73
r.0s

PxHXD
PXHXDXO
Dr ror

85926
6256r

992483

2148T
15640
1378s

r.56
L13

Sx
Sx

tlxD
HxDxO
t

13836
30587

16I6l97

34s9
1 647
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0. 15
0.34

Er ro

SxHxD
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r
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r2827'lr

s 090
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I7B}6
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3.29Px
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Iìr ro

< ,05

SOURCE



APPENDIX l0 (conrinued)

B. (continued)

SOURCD

Rasponsc (lì)
RxO
Dr ror

df MEÀN

SOUARE

L62
2L129
?3603

6r58
58895
29t26

6t726
3869

40rs8
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5604

21644

0.00
0.29
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722842

6833r
545I4

335809

TzL41 L
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Iì r ror

xR
xRxO
rot

It
lt
l', r

t5
5604

389'iB7

68331
54514
t8656

3 .66
104

l2147r
LO312
t97l l

6. 16
0.51

1437
L311 42
36irll0

1437
l3r?42

2|Ù2tJ4

0.07
6.49

I
1

t8

t
l

IB

I
I

Iu

6l 13s
6 106

Ì7309

t039I
27 203
2590r

52926
8Ì10

L2977

4168
25r40
23507

I5790
s3092
rs634

24095
7161-6
26055

7848
51852
t8824

3.65
0.35

< .05

< .05

< .0r

t
I

l8

4

4

12

PxDxR
PxDxRxO
Er ror

4

4

]2

4

4

72

0,40
1.05

4.07
0,63

0.18
1.07

r,0l
3.40

llx
HX
IÌr r

0

4
¡l

72

4

4

72

4

4

72

4

4

72

4

4
'12

92
'15

Dx
Dx

R

RxO
39710

6434
16921

2.35
0.38

< .05

< .05xDxR
xDxRxo

o.42
2.75

R

Rxo
[,xSxll
PxSxt{
lir ror

xl)x
xDx

l0ll¡9
20264
2l r96

0.48
0.96



400.

C

APPENDIX l0 (continued)

summary table of the analysis of variance of mean confidence
in correcr responses from Experiment l0'

MEÀN
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FSUM OF
SQUARES

65.37
6t/¡.70

df

I
l8

I
L

t8

0.02
r.43

12.64

T

I
I8

I
t

t8

I
I

t8

P

65 .37
34. 15

t.9r

0.02
I.43
0.70

0 ,03
2.Ol

20.19
0.30

28.57

20.19
0.30
1.59

0.81
r. 36
9.38

0.81
r.36
0.52

t.
2.

0

3

13. l0
0. 19

55

< .0r

< .00r

<.001

< .01

6I

0.0r
I. ¡19

8. 19

4Z
35
26

0

0

4

07
40
5L

22
IO

0.0r
t.49
0. ¿6

OI
27

0. 19
0.56
6 .56

I
I

I8

I
I

I8

I
I

IB

A

4

72

¿l

4

72

4

4

72

4

4

72

4

4

72

4

4

72

4

4

72

4

4

72

0. t9
0.56
0.36

o .42
0.35
0.24

o.52
r.54

t.76
r.47

2L5.29
r.98

t28.25

0.07
0.{8
9. r7

I .00
0.89

53.82
0.4 9

t-78

25

30.22
0.20

I.II
o -7'1

5.07
I. II

0. t3
0 .93

r.37
0.79

0
0
0

0.9s
0.60

t5.91

o.25
0. r7
o.22

s.42
0. r3

l8 .03

r.36
0.03
0 .2s

s.4l
0. r3

3 .79
0.83

13.43

0 .9s
0.2r
0. 19

1.39
t.23

0

0
0I3. OI

0.83
0.43

L3.72

0.21
0.lr
0.19

1.. 19
0.68

r5 .63

09
.57

t
0

0.30
0.17
o.22

0.26
o.26
0. 16

L.62
r.6l

Discr iminabiti tY (D)

PxSxtlxD
PxsxtlxDxo
ELrot

Er ror
Order (O)

Pxuxl)
PXHXDXO
Er ror

SxD
SxDxO
Er ror

PXD
PxDxO
Er ror

DxO
Er ror

IIxD
llxDxO
Drror

Px
Px
Err

SxD
SxDxO

or

PxSxH
PxSxllxO
Error

SxH
SxHxO
llrror

PxH
PxHxO
Er ror

Half (ll)
HxO
Er ror

Pxs
PxSxO
Er ror

Set (S)
SxO
Er ror

Pcriod (P)

Pxo
Er ror

SxHxt)
gxHxOxO
Er ror

SOURCII

t.04
t.03

1t.49



401.

APPENDIX l0 (continued)

C. (continued)
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