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A series of experiments are reported in which attempts are
made to study the role of stimulus variables that wmay affect the
magnitude of the constant error. The results indicate that in
addition to biaz effects that cannct rightly be ascribed to the
stimulus, there are certain forms of potential sequential biases
that may or may not bhe stimulus indiced. The ciazeical experiment
to investigate the phenomenon is redesigned, and some preliminary

vesults are prasented to show that the technique iz feasible,
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Studies of the Constant Errorl

Don A. Reounken and Eugene Galanter
University of Washington

Experimentation on the constant a2rror, or time-orxder erroy, was at
the height of its popularity 30 years ago. During that period, the effect
was examined as a pheromencu in its own right, rather than » nuisance to
be eliminated from experimental data, A review by NHeedham (1934) summarizes
the theoriee of Pechner, Kihler and Lauenstein, all of which attempt te
account for th2 usual negative CE.

Fechner's theory wes that the "memory image” of the first gtimulus
fades, 30 that the sccond etim:lus gecms lavger by comparieson. Since
Fechuer's expeviments involved succeszive presentations of stimueli, it
wae obvious that the "faling” took place in tiwe, and Fechner was the
first o show that the longer the delay between stimuli, the greater wae
the overestimacion. Thic effect wse attributed to the increased fading of
the imege of the firgt stimulus.

By the turn of the century, the nemory image theory had been discredited
by the pheanomenolegicel criticiom Zhat no conscious image of the stimulus
could be demonstrated by intrespection. K3hler's theory, proposed in 1923,
gave Fechuer's concept rvencwed status by phrasing it in terms ¢f physio-
logical iraces fov which nuc conscious correlates were supposed to exist.

’

K8hler's well-known relation fs reoroduced in Vig, 1 (ton) {frew Weedham,
19352). A scemingly minor variant of E8hler's theory by lauenstein zave
rice to a flurry of experimsntation and criticism vegavdiog the interaciion
of the physiclogical traces. Another altermative explanation of the CE,
designed to handle the similar biasz in abeclute judgments also, dees not

bear the naue of any single investiecator {(Pratt, 1933). This varient
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2
aspunes tha entire sexies of stimuli establiches an average reference

level trace which fades during the experimeutal session. The theory
accounts for the successive comparison data by assuming the series trace
is made ineffective when the gtandard stimulus is repeatedly presented.

The analysis of che CE problem failed, and intevest in the problem
waned. Modern theory (Luce & Galanter, 1963) implies that the CE is a
bias which should be subject to manipulation by response parameters, not,
as was thought in the 1930s, by stimulus effects.

Recent experiments performed ia this lshoratory have demonstrated
an inadequacy of early experimental techniques used to investigate the s
CE. In fact, it appears that most modern procedures are probably also |
inappropriate. The difficulty ies that the early work lacked control over
en important aspect of the expevimental situation. The majority of these
experiments used classicel discrimination paradigms in which it is assumed
that the subject's response is based upon the relation between the stimulil
presented by the experimenter on each trial. Evidence will be presented
in this report that under these standard conditions, subjects often vespond
on an absoluze basis rather than a relative baesis. Because the 1930 eva
analyeis of the CE presupposed an experimental eondition which was probably
pot sttained, it may be worthwhile to repeat the question of thaz period.
What are the variables gnd relations which determine the comstant error?

The early investigators did not emphasize asymptotic perfcrmance,
indeed, wost of the results wera based upon observations taken from
unpracticed observers, and employed substantially larger stimulus differences
than those commonly used today. Much of this early work centered on the
determination of the function velating the CE io the tamporal interval
between the gtimuli (Needham, 1934), and upon manipulations which per-
turbed this furnctfon. The term p~function (p for period) has bheen
suggested (Needham, 1%35s3) as a description of the function relating the
CE te the temporal interval.

Experiment 1

The favorige technigque usad by ewperimesters to collect disce iminaiion

data has beer the mathod of constant stimuli. It was not watil a vaviszion

s A TBTITR AT £ W M b




3
of the techaique was used in thias laboratory that its Inadequacies becane
apparent. The method was used in its barest essenptial form: one standard
stimulus and two comparison stimuli selected to nrovide the most information
(Bush, 1963). The objective of the experiment was to see whether the CE
would follow Weber's lLaw, an hynothesis proposed by Calanter (1962) and
theoretically justified by Luce and Galanter (1963). The stimulus presen-
tations with this procedure assunad the form (s,s2k). That iz, all the
presentations on a given dav were of a2 single standard s fellowed by one
of two comparison stimuli which always differed fzom the standard Ly the
amount k.

The stimuli were pure tones, differing only in amplitude, and were nroduced
by interupting an oscillator-attenvator set with a simple can timer. The
tones, presented binaurally through a pair of PDR-8 earphones, were
responded to by Ss depression of onz of twe switches that signified
"louder" or "softer." During the course of the experiment,the intensity
of the standard was varied oa different davs over & wide vange in 10 decibel
steps. The value of k 2lways remained g constant in decibels.

Unhappily, the result cf this ozperiment was lezs chan coaclusive.

Bven neglecting the sign 2f the CE and conasidering only its absolute value,
the constant error determinations flucivated irregularly withian the mavgin
of experimental erivor. Az a check on this sbbreviated form of the wethod

of constant stimuli, the same stimull were used in another experinsnt,

Expeziment 2

-

The presentations heard on gseparate days in Experiment 1 ware now
combinad so that all the intensive levels were encomntaeved on the sane day.

Thue the posslible presentations wayre]
(sl,slik); (nz,szﬁk): (ss,asik): £3ﬁg54ﬁk}"

Rach of these eight pairs weve pregented equally often in ar cupevimentel
geagion. The open circlea of VPig, 2 display the CE bias obtainad with
this procedure., The variable on the ondinate vepvesznty the subjact’s

tendency to use the "loudar" veasponse sliavnative az opposed tou "softer "
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The weasure of the CE is D = S-L
2

where S = the nunber of softer responses, L = the number of louder and

N = the totsl number of responses. Negative valies of D thus represent

a preponderance of louder responses, in keeping with the usual convention.
This particular measurc of the CE is used te facilitate comparison with
other experimente which are described later.

At first glance, Fig. 2 suggests thst the CE chauges from positive to
negative in a vegnlar fashion with increases in the intensity cof the
standard. Cleser inspection weveals that this cannot be the result of a
Weber's Lew effect on the CE. The bias oblained at the more intense
standards is ensinous by comparison to what is usually cbtained. The
largeat bias rcpresents a cas2 in which the subject responded lcuder on
nearly 757 of the trisls, a value which sesms unreasonable compared to
the usual range for these stimuli of perhaps S0 to 60%¥. Such a binavy
response partitioning of 0.75,0.25 is the eclassical value reguired for the
determination of the JND, so that theee data would imply the CE has an
effect equal to the diffevence limen! .

1f the results of Zxperiment 2 cannot be accepted ac data representing
the CE, what is producing the vespouse bias? Other ewxperiments using the
same stinvuli in separvete gsesgions falled to produce such resulis, which
wvould imply that the procedure of presenting all levels of the stimuld
seviatum i3 reaponaible for the diiference.

FPernberger (1920) was perhaps the first to gquestion the validity of
assuuning that gucaegaive responszes are indepeadent sf one gnothar ia
poychephysicnl experdmmnie. Using 1i{fted welghts, he found that ths

particular sequence in which the subjcct encounters the waig

&

hie affecto
the locatien ¢f the P5#, becance the sane comparison waights were judged
light or heavy, depending upon which coapgrison welght wes used in the
pravious triel.

Irwin and Prestoan (1937) demenatvated that subjects tend iz avoeld
repeating judgmente of the sane category, and that such avoidance Lo no:
dependent upon the stisulus. They presented tha same veight end the pame

inteagity click on plternate trdals for iutansliy sudgments. Althouah




difrerent verbal responses were given Lo different sensory modalities,
the subject’s weight judgments affected the loudness fudgments, and vice
versa. Irwin and Preston concluded that the response dependence could not
be attributed to avoidance of the same words in vesponding because the
dependency was observed between different words (louder - heavier),

nor could it be accounted for by the stimulstion, since the stimuli were
idencical from trial to trial. A similar inter-trial dependency holds
for absclute visual Chreshold determinations (Varplanck, Collier & Cottom,
1952). Analysis of successive responses to the game flash of light in
this experiment showed that responses separated by as many as 10 trials
are signiticantly dependent.

In Txperiment 2 there ave undoubtedly vesponse dependencies which
are not yelated to the stimulug, but an inspection of Fig. 2 shows that
chere ig also a large bias which increasee as a function of the stimulus,
Resulte very similar to "xperiment 2 have been cbteined using lifted
weights (Weodrow, 193%). By using standard stimuli at verying intensive
ievele within the same presentation garies, Woodrow found that the CE
chaaged from positive to negative 28 the weipght of the standard increased,
Pig. 1 (bottom) has been coustructed from Woodrow's tsbles to illustrate
the ginilarity of his xesults. As in Txpevinent 2, the biss effect was
large enough to equal the effect of cue JND at the higheat intensity of
the standard,

2

Expeginent 3

To egtablisgh the exact vole of the physical stimulus in preoducing the
atypicel vesulis of Uxperiment 2, the difference in intengity between each
of the four standards was reduced from 10 to 2 decibeis snd the experiment
was repented. Four standard-comparison combinaticns near the intensity of
8, weve presented, naking the total intensive range covered one fifth of
ghat uszed in Szperviment 2, as shown in Fig. 2. If the wide aseparation of
the stimuis was the determining factor of the bias, it was reascued that
reducing the range of stimulation pregented ought to reduce the bias

norrvespondingly. The gilled datas points of Vig. 2 indicate the result;

the changes produced in response bias were almost identical tc thesze
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cbtained with cthe larger range of etimuli.

A similar invariance of respense bias, independent of the range of the
stimulus, wae obtalned by Needham (1935s), who combined the experimental
variaticns of Weodrow (1933) and KBhler (1923) into a single experiment.
The CE data obteined by Woodrow and Kihler im their separate euperiments
aré illustrated in Fig., 1. Needham used pure tones at four intensity
levels of the standard stimulus, each separated by 10 decibels. Inter-
stimulus intervals of 1, 3 and 6 seconds were used gt esch of the four
stendard intensitiez te provide the data reproduced in ¥ig. 3 (Needham, 1935a).

Ag anticipated, the response bias was dependent upon the intensity
of the standard. What was not expected was the divevgence of the curves
for the dififerent intemsitiea. The lading trace theorvy would predict
parallel curves, because the p-funciiocn of Kdhler (Fig. 1) should apply
the same bias to all the intensities of the standard. WNeedham attributed
the increased bias at the longer inter-stimulus intervals to the dominance
of absolute judgmwents over relative ones. In 2 supplementary part of the
sare experiment (Needham, 1935a), five stimuli one decibel apart were
used in s paired-comparison replication of the same experiment. The
"standards’ under these conditione were then cifectively one decibel apart.
The same variations of response bias, that of Fig. 3, was found under
these condttiong, in sgreement with Fuperiment 3,

The rvesults of Ysperiments 2 ond 3, 28 well as others (Needhaw, 1935a;
Pollack, 1955; Woodrow, 1933) suggcet the cperation of what have been
called contrast effects. Contrest is assume’ to be operatirg when the
subject appears not to bese his judgment upon the stimul¥presented by
ithe experimenter on o single trial, but vather ocan some gort of impressior
formad from the entire sequence of gtimuli ewperienced during the session,
Thie phencwenon may he related to the yesults obsevved many yeatrs age when
the variable stimulug was presented £irst in the uethed of constant
stinuli. Undar these coaditions, obaarvers often made their responseg
before exposure to the stendayd, suggesting they had srother roferance
gveilable,

Contrast effects are not removed by eliminstion of the standayd

stimulus (Neadham, 1935b; Pratt, 1933)., Obgervers uaine the wathod of
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single stinmuli car make accurate judguents when the stimuli axe only one
decibel spart, but adding one wecre stimulus to the extreme of the stimulus
seviee, without the subject's koowledge, induces s lacge context shift in
the respouses.

The theory developed by Helsen (YHelson, 1954; Michela & Helson, 19354)
is an attempt to account for pheaomenon guch as the contrast effect.
These authors, using the concept of an adaptation level, conclude that
«+o"'the PSE i8s found to be a weighted mean of all stimuli, past or
present, which sffect the judgmen:." This curve-fitting procedure
apparently can predict "averages of the average judgments of 12 Os,"
but this power 18 of marginal intevest compavad to theovies which account
for a wide variety of data with a few potentially meaningful parsaeters
{(Luce and GCalanter, 1963).

Bvidently, relative judgnents unconfounded by sbsolute or contextual
bias are ravely obtalaed. Furthermere, It is obwvicus that theovies of
the CE which assunad g recent memovy ucchaniem for the first atimulus
must have been derived from and evaluated apainst confounded data.
Clearly the experiment nmust include more coustraint,

Experiment &

Although cur suspicions have been vaised, ve heve, so far, encouniered
recponse bigses that wmay have been induced by the relative ditference
between stimulus peirs. Xarlizr experiments, as we have noted, demon-
straiced bizses of a similer kind when sets of atimulii were presented
singley. If some cr zll of ¢hia bias i independent of stimulus diffarences,
one way be able to observe it vhen only a sirgle stimulus ia used. IF
we wvere convinced of that poiunt, we would then be in a peosition to design
an experimant in which relative judgment alone could occur. To ~xamink
this question we conducted an experiment in which subiezcts ware asked o
heft weights and wmake absclure judguents aboul them. Altbouzh zhe subject
believed thet ke waz 1ifting 8 wvariesty of differeni pliysical weipghts,
the erperimenter presented ouly a single weipgh to him on ench trial.

The conduct of this series of experiments follovwed 2 siwmiisy fora.

The subject; in this case a Universitv of Pennavivaniz gradvate stodent,
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was le’ into an enmperimental chesber contaiuing two chairs end a cable.
On the tsble were srrayed a peries of 14 weighte. The subject was
instructed along the following lines, "Jou are going to meke judgments
about how hesvy these weights feel. 7This will be done on en equal interval
7 point (in cther experiments 3 point) scale., This weight, the {irst

that you will judge, will be ceiled 1. (The subject was then allowed to
heft a welght of 100 grams.) The second weight you will judge will be
called 7. (The subject was then allowed t5 heft & weight of 200 grams.)
From then on you will 1i7¢ each weight when I say lift, judge it, and

give 1t a number batwoen | and 7 chat vepresents its velative heavinese.
Now put on this blindfold. Once sgain heve 1s the first weight. Remember
it is called 1. (Present the 100 gram weight). Now here is the second
weight, remember it 4o called 7. (Present the 200 gram weight,)"

From this point onward each of ten subjecte were glven the 100 granm
weight to heft for the rvemsiping triasls. Figure 4 shows o subject by
blecks of triale average of the numerical valuaes assigned to this weight.

Varistions on the expeviment were conducted. Some iuvvolved preseun-
taticnz of the hegvy weight first followed Ly the iight weight followed by
hefting the light weight, and other varistione that are described in
Fig. 5. In addition, the judpgment scale in the later cxperiments wes
reduced from 7 to 3 points.

The results of thege variations were uniform regardless of the
nenericsi scala thet was used. As FPiesuve 5 shows, only sue condicion, that
in vhich the light weight is preseanted first, the heavy weight sescond, and
Light weights ave presented from that point forward, gava vise to the
inerense iu julgment of the megnitude of the waight baing hafted.

The vegults sve fairxly strvsightferwerd. Under the fivat procaduve,
that i3, zhe precedure in vhich theve 185 voon to climb Che scale snd in
which a marked comtrast euists beilwson the second waight Lo be judged a2ud
the remainder of the sevies, thare is stroag tendepey for the subject to
gecunulate his hias and to veport move and moye frequently that the weight
feels heavier and heavier., The change in the appearance of the weight as
reported by the subject extends, at least in the case of the three point
scale, over one-third the range of the judgments available fo the subject.

The time course of the change suggastis thet the bias grows ir magnitude
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from the early trisls. Theze is, of course, no evidence that the bias
effect extends back more than e single trisl.

Just as the bilas can be eliminated by altering the sequence to be
judged and the velative order of presentations of the standards, it can
aleo be eliminated by reintroducing both standards before each trial.
When this wae done in one experviment in which the gtandsrds were presenced
in the order that induced the bias originally, che bilas disappesred.

These results simply reinforce some of the conclusions of ocur warlier
experiments, but they do suggest that the biasses may be eliminated. let
us turn them to the description of the design for a descrimination
experiment that constrains the subject to judge the relation between a
pair of stimuli on each trial independent of the stimulus pairs that
have been presented earlier. In what follows we shall describe the idea
of the experiment and some of the preliminary vesults, These results
lead to the need for an improvement over cur instrumentation which 1is
currently in progress.

Experiment S

Congider Che case of the usual wethod of constant stimuli where the
two comparison stimuli closest to the standsrd are separated from the
standard by a swall amount, say one hslf decibel. Under these conditiona,
the comparison stimuli themselves are separated by a full decibel,or wmore,
a value which has been shown to be adequate for discrimination under the
single ctimulus paradign (Needham, 1935b). The subiect seems to be able
to perform twe waya: by using his own noisy stored reference to test
alterngtives separated by one decib2l or by using a less nolsy reference
to test alternatives separaied by one half decibel,

For true relative judgments, the desired situstion ie one whera the
only information aveilable to the subject is conveyed Ly the relation
becween the stimuli te be judged, wot fyom their ahoclute valuas. Cousider
now 3 situation wheve the atimuli to be weed are svaillable in dipcrete
energy valves: 1,23, ... as indiceced in Tig. ¢. Represeni che pair
presanted, (31,92), as a point on the grid by locating the fizst stimulus
along the abscissa and the zecond along the ordinate, On thie plot, pairs

- r N ~ T ———
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which are above the line x = y ave those values for which 8,8,.

Now, 1f the discrete values or stimuli are selected so that the
intervals between them are appropriate, i.e., on the ovder of ) decibel,
it is possible te select scts of pairs such that the effect of an absolute
judgment will result only in a chance level performance. One such possible
get is indicated in Tigure . If each of these pasirs are preseanted in
a readom sequence with equal probability, then the pairs (3,4) and (4,3)
can reasonably be s2id to be controlled for absolute judgment effects.
Under these conditicns, if a subject were to identify the second stimulus
correctly as being a value of 3, and classify this stimuius as "softer”
on an absolute basis, his response would only be correct hslf the time
in the long rum, for the pairs (2,3) and (4,3) occur with equal probability.
The same inadequacy -f absolute 4udgments aspplies to signal values 3 and
4 in both the fivst and the second interval. Under therce conditions,
the subject ought to be constrained to storé a representation of the first
gignal in order that it will be availablie when the gecond is presented.
Giveu this arrangemen, two questions arise; first will a bias occur?
Second: 4if such a bilas occurs how will it depend upon the temporal
interval during which the subject must store the first signal,

With this new experimental paradigm the subject's response set could
be the classic binary pair "louder-softer,” but recemt experimentation
has shown (Ezan, Schulman & Greenberg, 1959) that subjects can partition
their recponses into nove than two alternatives. This expanded design
is basad upon the chserver's ability to maintain several criteria simul-
taneously. The experimenter infers the existence of separate criteria
from the subject’s use of confidence reting responses.

There are two principal advauntapges to uaing a vating method as
opposed te a binary-choien technique. First, a considerable economy is
realizedin the number of oﬁservations needed to estimate response probabilities,
because the subject has the potential to convey up to three bits of
information to the experimenter per trial irgtead of the usual one bit
(for the case of 8 vesponse slternatives as opposed %o 2). Second, the
use of cwltiple criteria allows constant monitoring of one of the fundamental
assunptions of sigral detection theory: the assumption of equal variance

of the two distributions upon which the subject is presumed te be

basing his vesponses.
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Except in those paychophysical experiments where an cutcome structure
is inappropriate, (Bush, Calanter & Luce,, 1963) immediate teadback to the
subject following a response is often used., The feedback usually indicates
the correciness of the response, and according to asignsl detection theory, 18
used by the subject in acquiring knowledge of the signal distributions so
chat he may establish his response criteria (Luce & Salanter, 1963).

Another large body of experimental work, that connected with mathemsiical
learning wodelis, has indicated how powerful information feedback can be
in influencing response pronortious. The potential ot such effects
upon psychophivsicsl taska has been convinecingly shown by Friedman and
Carteretice (1964)., There experiments show larre detection differences
for stimulus sequences having different trial-to-trial transirion probabilities,
even when the overall probability of a signsl is held fixed. That is,
subjects can affectively use even information which is only probabalistically
dependent upon the events of the previous trial. Some learning rnodels
for psychophysics which have touched upon the problem of information
feedback (Atkinson, Cartereicte & Kinchla, 1962: Atkinson, Carterette &
¥Kinchla, 1964) demonstrate how different wmodele will nrobably be required
to describe the data obtained with and witheut feedback.

Previocus unpublished experimeatation in this laboratorv hae established
chat the size of the CE is reduced vhen feedback is used, presumably by
training out the bias of interest. It 18 an interesting snd currently
unresolved cuestion whether the CE can be reduced to zerc in this fashion.
Yoy this reagon, snd because of its complicating influence through learning
mechaniame, immadinte feedback was nof used in the following experiments.
However, for training plwposes in the use of confidence ratings, feedback
wasd praseunted arter bleocks of respouses as described in the procedure

sectiod., This methed has alreadyv heen described zg being effective in the

uee of racinze {(Clarke, 1960: Pollack & Decker, 1958).

-
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The signal source was a Hewlett-~Packard 200 AR Oscillator which
operated at 1 ke, and a fixed gain throughout the expeviments. Different
gignal levels weve obtained by switching to any one of 8 continuously
= adjustable T-pad attenuvatore. The output of the actenuators was calibrated

relative to the output of a standard precision sttenuator by the use of
2 sengitive Fluke voltwmeter 28 a nul) instrument. From the stiszuvators,
the signsl was led to a pair of PDR8 receivers.

The stimulus and tempoural intervals used on each trisl were determined
by a perforated tape veader which advanced during the inter-trial interval,
Signal duration was held constant at 250 nsec. and waz obtained by sctivating
& zero-croseing awicch, which followed the cecillator. The signal was
amplified by a steble-gain Dynakit amplifier befove passing to the T-pad
attenuacters. The paper tape could be progremmed to welect on any trial
cae of § signal levels in the first intervel, any of 4 flater-stimulus
intervals, any of 8 signales in the second interval and any of 4 inter-trinl
intervais. This informacion plus cne of 8 responses by the subject was
recovded on a digital printer.

A signal light werned the subject of eipgnsals which were te fellow.

The ninimal length of intav-trial incerval varied from 2.4 to 5 seconds s8
deternined by che progream, but the subject was permitted tc take ae long
as he wanted teo yespond, so the effective length varied.

Procedure

The subject wse first given practice in discrimingtion using a biuacry
louder~softer response until stimuius psive to be used in the expeviment
were correctly discrimirated about 7571 of the time. The instructions were
to judge the sccond signal as louwder or softer than the first. Pollowing
this traieing, the subject was introduczed to the conflidence rating method,
which required the use of 8 push button Cvpe microgswitches mounted ie &
horizontal row. The buftona were arvanped into two groups of &, half for
louder responses and half for softer. The butions were assigned che
designations L&, L3, L2, Li: S1, 82, 83, 84, where the nuwbers correspond
to the 4 criteria which were used.
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After experience with the binsry choice situation, the sudiect agreed
that upon some occasicar of responding he felt wore certain of Che correctness
of his response than at other times. Thie discribution of confidence wvas
to be the basis on which the subiect made his rating resvonses, and wag
to provide the data for determination of the separate criteria used.

The subject was imsiruccted that when he felt very certain »f his
decision, he should push the "4" butions; when very uncertain he sught to
u3e the "1" buttons, and 8o on. To fnsure stadbility of the critevia,
the subjects use of the categories was correlated with his proportion of
corract verponses, in the following way. The &4 categeries were assigned
arbitrary values with which they were to be used correctly. Category 1
was to be usgzed wher the response (either softer or louder) was correct
50-65% of the time. That 1s, on those occasions when button 1 was pushe’
the subject was to be correct 50-657 vf the cime. For category 2, the
values were 65-80%, cacegory 3, 80-%0% and category 4, 90-100%., Evaluations
of the use of the categories were piven verbally by the experimenter at the
end of blocks of 100 trizle, until categorv usage was stabilized ia the
correct range. For instance, if ac the end of 2 block or 100 triala,
the subject was correct 307 of the time whep he used category 1, he was
igformed that he was using the categories too conservativelv., As the
performance wore nearly approximated the specificatiors, the feedback was
made more specific to the category boundaries. The subjects developed
this skill surprisingly guickly, aud they did not feel that the task was
parcicularly difficult, At least once durimg every seasion,; the data
were erxanined to iusure the coriect distribution of responses.

The actuval partitioning of the category responses is of course
arbitracy, a sufficient condition is that an ordisal srrangement of
confidence ia made (Swetsa, Tanner & Birdsall, '%61). 1In the experiments
to fellow, the deternination of the CE was based upon the reduced binary
data, and the role of the category responses is only to aid in the
constyruciiza of iso-gensitivity curves. For this reason, resulis of the

experiment ave not parcicularly sensitive to moderate shifts in use of

the categorias. The reason for Including concidence judgments is to

cbtain a detailed analysis of the discrimination process with se few

obgervazions as possible,




The stimulus pairs used o evaluate the discrininstion were aelected
as shown in Fig. 6. In addition to these pairs, which occurred equally
often, the first four trials in every block of 100 and 10% of the following
trials were actually practice pairs. These were pairs for which (he
voltage of the difference signal was increased 2, 4 or & times. These
"eagy" trials seem to be requived for 2 subject to vetain the sbdility (o
discriminate under these ne-feedback conditions, and were not included in
evaluation of the data. The classical case cof the method of constant
gtimuli was also used without feedback and included such supra-iiminal pairs.

Unlike the clagsical experiments however, Fxperiment 5 used a payoft
function to determine the wages of the subject. The use of payoffs when
outcomes for each response are not included i2 sowewhat irregular accoerding
to the classification of choice experimencs by 3ush, Galanter and Luce (19263).
This wausual situstion ia the result of combining a parcial identification
design and a form of category scaling experiment,

In the partial identification part et the cxperiment, the possible
responses sre "louder" and "scfter."” This binsyy pair could be assigned
an outcome function becsuse the phyeiral relations between the stimueli,
(31<92) and (81>32) are unambiguous cxiterie for dec%dinﬁ wvhen a rasponse
ig correct. As mentioned earlier, we chocse not to use inmediate feedback
go that no outcomes are actuslily prosented. The gubject is instructed im
the existence of the identification function for the louder-pofter
responsese, 83 is ovdinarily done in discrimination experimenis. He is
made to understand that each of his binary rvesponses ig unequivocally
correct or incorrect, and that his wages are determined by & sywmetric
payoff matrix based upon this relation, ever though the appavatus does
not reveal the ocuteome of each gpenific response,

On the other hand, for the confidence rating responzes which have
poseible value® 1,2,3 or 4, no idencification functlon erists., Consequentiy
neither an outcome function nor a payoff furnction could te used with these
responses. Howewey, at one point in the experiment, it way have appeared
that an identification function was assumed. During the tyeining pevied,
when the subiect wae leavning to distribute his use of the catagories covex
the "percentage corvect' scale, the experimentcr provided delayed verbal

feedback after blocks of trials. Thiz proceduve does not actually use an
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idencification function, for the experiwenter had no way of deciding when
any zingle response was corvect, It wae only by eramining the distributious

of large uumbers of vating responses that the feedbsck covld be constiucted. §
At no time wae a payoff asscciaced with che ratiog responses.

Data Analysis

the
The date cbtained by/rating procadure may be represented in @ 2 x 8

celied table, ss table 1 indicates. The layge table collapses to the 2 x 2

binary table 1f only the louder-geofter ciiterion is considered. The
estimates for the conditional responsze probabilities are obtained from
the 2 = 4 table folloving & procedure which is {fustified in the ‘ppendix.
Uging the desigration L1 tor the criterda, i » &, 3, 2, L, we calculate

[

P(Lie<sy) v | PUL|8;v8y)
 is4
% .
and P(L!slvsz) o %.4 P(Liiulﬂez)

These values are the probabilicies cthat the rasponse exceeded the criterion =,
The sum begine at 4 and goes to 1 since the "4" on the subjeci's vesponee
pavel indicated a strict eviterion, i.e., whea he was to be correct 90--1002
of the timo.

The four pairs of values cbtained from thie proceduere gemexsce the
operating characterietic., Unlike the binaxy choice case, Chese rating data
are not completaly specified by giving only the louder raaponaze probabiliizies,
Ther: cre also four paire of softex comditional probabilities which are
in general different, bre these Jdifforencas sppear amall and display no
significant pattern, 9o that thes: daia will not be examined here.

The duts are most convenieatly displayed on cthe unit square, where
the ordinate corresponds to correct discriminations and the abscissa gives '
the false alarm veta. A typical experiment, the data from table 1, iz

digpleyed in ¥ig, 7. The swooth curve faired through the four deta pointa,

whish vapresent the resgpouse proportions gemergted by the subject adopting
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successively less strict criterion, i3 the collection of all data poiats
which could be obtained when the energy of the difference signal is held
constant. Displacement of individual points along thig curve repreaent
different criterion poincs. This 1s perhape clearest ia the case wheve
the energy of the difference pignal {s zero. Then all of the obtained
points ought to fall on the diagoual running from lower lefi to upper
right, and the particular location of any point is only a reflection of
how often the subject says"louder''velative to'softer”. Classical rasults
of the CE axperiment would fall within the shaded area, for this is the
region of a negative time error, where the gubiect supposedly under-
estinates the value of the firet stimulus. The diagonal from upper left
to lower right is che location of «ll pointe where there is rno bias for
one response, i.e., where the CE ig zero. The dignlacement of the date
from this diagonal is a dincensionless measur »f the CE.

The daca of Experinents 2 and 3 weve actually obtained with the
confidence rating nsrocadure just described., The follewing detailed
description o. Dxpariment 3 will illustrate the power of the rating
method and demonstrate the appesrance of context effects in the method
of constant erimull.

There were B pogeible stimulua configurations presented to the
subject with equal probability:

! k) %) . k) .8, *k)
(91031 ) (32182 3 (83953 k) (BA.S“ k
Tte differcace hetween adjacent standards was two decibels, while k

was constant at 0.4 decibels, s¢ that the entire stimulus sel caa he

TE L Ao Ll r———— L L s Slllord//(a//; as

- " o . L e P L A WA AR SRR L S e W et - - DL e

§ i ¥

3 ’ ;l.

4 = = 2 T . ¥ ,
3.k azuk m2 sz?k 33-x 33 3§rk séwn sa g,k

If therve were ne context effects, the CE should be approziestely ¢the sane

for each siandavd-comparison saic,
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Pig. & shows that the four standarde produce binary data points which
sre digplaced from the minor diagonal which represents the location of
8ll points for which the CE is zero. The binary poinis are reprezenced
by the last symbol of a given kinod on the curves of Fig. 8. Furthermore,
the magnitude of the displacemert increases with the intensity of the
standard., (Except forx -luhicb has a value cloger to zero than Gge The
small number of observationas, 100 for each standard, makes this invergion
not unlikely, given the margin of experimental error.)

An interesting aspect of these Jata is the apparent geparation into
fndividual iso-sensitivity curves. Withou: the use of the rating data, -
which produced these curves, another experiment would have been neceseary
to deiermine whether such pairs of poiars ue 3 and 8, were sctua.ly on
separace operating characteristics. Separate curves are not what would
be expected from gignal detection theory, for the -
pipant ia constant across these four conditions., The mezning of thia lasc
regult hes yet to be exploraed, but the inadequacy of the methoa of constant
stimuii for the examination of the CE 1is apparent.

¥igure 7 dilsplays these same dats in a form which 2llows a check on
the egquelity of variance assumption referred to eariier. The coovrdinsce
systam of this plot is one in which the probability eceie 1s tramnsformed
80 that normal deviates are livesrly spaced. On thig aquare, if the deia
ware indeed drawa from twe normal probability demsity functions of equal
variance, the dats would 1ie in a atraight line having a slope of unity.
It is seen that even for such small saemples, these verizace assumptions
are probebly walid,

From the forcpeing sel of obgervetions we may conclude that e biez
in the gubiect's regponse structure exists relatdve o higs location of
the point of gsubjective squaifity., Clsssically this bies, the constan: ecrorv,
wai etivibuted to Lhe sipnal processing characteristics of che receptor
systom, At other times, it was thought o be the result of spatial ov
temporel travaforwations on stored information prior e the subject'’'s

responee., It i# fairly evident new, that thie bias mav be attributed to a
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variety of factors, mot the least of which ere tactors that influence the
subject's responses directly, end therefore, ecan bz vightly thought of as
non-Yensovy.

Our results du not, however, lead to the conclusion that the constont
error ia simply a question of vesponse biaaing. Theve is still an open issua
as to whether the sensory system and the residual traces induced by the
sencory processing may give rise to these biases. In order to study this
question, we have shown that it {s nccessary to alter the classical fommat
of the method of comstant stimuli to eliminate the demonstrated sequential
effects that certainly exist in all of the classical forms of the experiment.
By forcing the judgments irto a paradigm thal demands relatlive comparisons,
we are of necesgity required to present a variety of stimuli In sny given
sesgcion, The conscquences of this necesegity lead to extvenely eclaborate
experiments in order to ass2ss the role of experimentel variable admixtures
within the experiments themselves. For example, if varying intervals between
the standavd and comparison signal are to ba used, should they all occur in
an intermixed fashion within a sinzle session or ahould the intervals be
pregented on separate sessions and the subject tralned ugtll aaynptotic
performance with that interval has been obtainad? The game question
can be rafsed for the varicus siguals for which comparisons are to be made.
Clearly, within the context of the experimeut as descvribed here, it is
neceseary to praseit signal pairs of m'.xed intencities throughout a single
eituation, because & oritical paveweter of the sigral f{e its presentation
probabilily velative te other sigrels in the stimulus set,

Vinally, the flexibility of stisulus programeing nceded for experiments
of this kind make it fupossible to pevferm simple pilot expevimontis; we wust
pearforce invest & greed daal of tima aud crergy in the siabovete progianaing
equipnent that ie necded to affeet accurale coatvel ovar the warisus stimulus
parameters that we are forced to uga. Tf we are lucky, 1t may be poseibia g
denonstrate that these effactsg sre guite independent of vhe stdemli in gvery
gense of the terr inciuding indgpendent of Lhe represeniaticon of the scimulue,
~aie sppears to be an walikely evan, but 1# this were demenstiaced to be the
case, the entira counstant errer phetomenon could be velegeted to s decent

burial as part of simple responsa bias effecns induced by varintions in
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paycffs, expectations, signal presentation »robabilities, and a1l of the nither

paraphenalia that produce changes in subifeci'e response Independent of the

sengoty events. TIf, on the other hand, the constant arror is shown to
depend upon features of the signal or ite represzentation, we shall be forced
to explore the way in which it enters iato theories of detection and
reccpnition before these theories can be ceasddered zomplete.

e
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Appendix

Rationale for confidence valings ss 8 responge weasuie

e

The assumptions underlying this experiment follow from an extension of
the vell-kanown theory of signal detection. The velevant signsl in the present
case is formed by the difference between the pair of &ignals presented on
2ach trial. We shall consider a simplitied case of the present experiment,
whare there are ocaly twe sigunala which sre not {dentical iu tecme of
scoustic energy tut alike in all other vegpzcty such as frequency, duration,
phase, etc.

The notation 8% is used to indicate that the gecond signal of the
peir 1s the member having sreater acoustic enerpv. Since the two sicnals

; differ on oulv this dimension, {1t 412 ngturel te ueez this ordering to
establish the ideatification function for the subject, that is, to define
a correct response. Thus for the pair 8,48, "louder” is correct, while
for 8,8, , "softer"” is the appropriate vespouse.

The gtimulation ie cousidered to be veduced by the subject to an
observation vhich 13 a random variable X cn a wunidinensional continuum, The
different sienal pairs produce different distribations of the random variable.
In order to make the mathematliecs tractable, the theory of signal detectablliity
has typically ascsumed that bolh distributicns are continuuus, normal and
of equal vavriance.

The observer supnogedly has acquired experi{ence regarding his cbser-
vations and the feedback of correct responses, :o that unon msking an obser-
vation x, he can estimate which ddstribulion was more iikely to have produced
it. He 1e thought te do thieg systematically, but not without motivational
bisa, by 2gtablishing 2 "cut point"” ¢ on the X axis. The sy: tem of
resnondine undey these conditions

e,  omore
LOUGHT

if x 3.01 s, Tespoud with

if x < Cl , respond with "sofzer” .

The fellwuwinpg damcastrateg that this arvzusoesnt provides a

lagitimate probability wesgure on the space conafstiag of all possille

<8

oultsones of the srrofnent.
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The relevant distributiocans to consider avre the two cenditional
probability denaity functions,

w(x|s;<s,) and  f(x|s s,

{1lustreted in Plg. 1. Clearly, these each satisfy the criterion

f(x'slasz)zp

for all x,
g(x|s,<s,)20

4w

f
l f(xlnltnz)dx w1
/

- G
and

4w
{ g(x|91£92)dx w 1

-
v

go that the probability of an eveat A defined ss a<x<a’ for 91482. is given by

t

: e
PA) = f q(xlal<82)dx « f g{xl31<32)dx.
A a

A particulay event of interest {s X223, for which the subject 13 assumed
to respond "louder":

{ ¥
Y

P(L}alrQZF . ‘ g(x‘sl*sz)dx B

}b-
It Follows from the cub point definiti{on tChat
, B,
o(Rig 9, ) = ! < Ydw
S [ 8448, g(x;sl &, )dw
i vl

and thus
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Another relevent event is the wenerstion of "false alarms’, those
occasions wvhen the observer incorrectly ideantified an observation produced
by 8,78, . This is eiven by

-

P(L'cl»oz) - f(xlcl»oz)d:a

1
The values P(L|01¢32) and P(L|01>¢2) are used to determine the separation
between the means of the two distributions. This distance, d, is a
function of the enerpgy difference between the two signals, expressed in
stardard deviation units. The extenafon of this characterization of the
discrimiration process will now proceed to the confidence rvating pavadigun.

Ithas been eghown (Egan et al., 1959) that human observers can maintain
several c¢riteria simultsneousiy. This provides the basis for requesting
the subject to repoft not only that an observation fell sbove or below a
eriterion, but somethipg of the nature of how far it exceeded the cut
point. Only the case for the si<32 digtribution will ba exawined, Che
other being symmetrical.

Under the rating procedure, ithe obgerver indicates the highest cut
point which the observation exceeds. That {s, in the cave cf 4 ¢riteria:

if ?i?é , respond with La
if Cqimic, , respond with L3

if ¢ <x«T reaspond with Lz

> 3 °
1€ < fx<e, , respond with L,
We assume that a response made to 2 high crvikerien such ae L& would

w
3

heve Leen made to L3, 12' and !..1 if we wers 1% the subject to do go.
This 4s the basis [or the cumnulative relation used to calculatae the
probability that the response attsins a given criterion:

‘ 456

£,

’ ’ %
P(Ld'slns?) . g(x, 8,<8,)dx
|

o~
LY

4

.
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f‘. @
. P(L,lclcsz) “ g(xlsltaz)dx + ; g(x:alﬁsz)dx
J 4

?

*

3

L

4

- l p g(x'sl<sz)dx “ P(L4|31<32).
3

and so forth, se that the total probability of saving londer (¢ sny cricerion
ile:
=
P(L!el<sz) “ l g(xlalxsz)dx *

~
-

1

This is the same relstica cbteined for the binavy case, so it is seen
thet the use of confidence ratings can also produce the data in binary
form by dgnoring all but one cut poini.
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