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INTRODUCTION

The present peper deals with the acquisition and asymptotic main-
tenance of discriminative response biases, and of an observing response
that gives rise to the discriminative stimulus events on which they
are based, in the context of a two-alternative forced-cholce psycho-
physical task. In such a task the subject typically is presented with
a long series of discrete trials of the following format: a stimulus
is presented, usually an instance of one of two stimulus classes which
are difficult to discrimlnate, either by virtue of specifiable physical
similarity or by virtue of the reduced or masked ccnditions of sitimu-
lation. On each trial the subject must indicate his judgment of the
class to which the given stimulug instance belongs, after which he may
be informed whether his judgment was correct or erronecous.

Although the psychophysical situation is commonly discussed in
texts under the general heading of sensory process or perception, at
least one major contemporary theoretical develocpment treats the psycho-
physical response as the product of both a sensory and a learning
process. One form of this theory is presented by Atkinson, Bower, and
Crothers (1965), who point out the high degree of similarity between
forced~cheoice psychorhysical procedures and probability learning, or
binary cheice, experiments; the only difference between the archelypal
experimental procedures lies in the nature of the signal that initiates

each trial. Their general theoretical structure, to be discussed




below in greater detail, can be characterized in gross terms as follows:
On some constant proportion of trials, wmambiguous classification of
the stimulus item is achieved by the sensory apparatus, in which case
the subject's response is completely stimulus-determined; on the
balance of the trials, the response is determined probabilistically

on the basis of the subject's momentary response bias, which ig a
funetion of the experienced series of successes and fallures on non-
detection trials and can be represented in terms of a simple linear
learning model.

Atkinson and Kinchla (1965) present data in support of the theory
from two forced-choice, two-interval auditory signal~detection experi-
‘ments. In the first, they demonstrate the invariance of sensitiviiy
and predictability of blas over successively different schedules of
presentation; in the second, a number of blank trials, on which
neither interval contained a signal, was inserted into the presentation
gchedule, permitting the evaluation of response blas at different
levels of sensitivity, and providing a test of the assumption that
bias learning occurs only on non-detection trials.

A major extension of the theory to a more complex experimentzal
setting was accomplished by Kinchla, Townsend, Yellott, and Atkinson
(1966 ), again within the context of two-interval auditory signal
detection. To the basic experimental paradigm they added cue events
that were partially correlated with the signal and cutcome events.
They found that the theory predicted average subject statistics quite
well; independent concurrent response biases were agsociated with the
different cues, while sensitivity remained invariant over the cues.
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Tt is interesting to note that Kinchla et al. (1966) observed
concurrent differential biases at just one level of semsitivity, while
Atkinson and Kinchla {1965} sampled different sensitivity levels with-
out the formation of concurrent differential biases. It is of wvalue
to construct an experimental situation that will permit simultanecus
obgervation of concurrent differential response biases at more than
cne level of sensitiviiy, thus gaining clear empirical evaluation of
the function describing the relationship belween response bias and
sensitivity (the so-called iso-bias function). This end can be
accompiished by & replication of the procedure employed by Kinchlse et
al.(1966) with the additional feature of blank trisls, a property of
the experiment to be reported below.

If a cued-detection task were to be constructed with btlank trials
only, the experiment thus defined would be indistinguishable at a formal
and procedural level from & probabilistic discrimination learning
experiment, such as that reported by Atkinson, Bogartz, and Turner
(1959), in which cue or stimulus events are partially correlated with
the eventual terminal reinforcing event. This formal similarity
suggests a natural extension of the cued-detection setting to encompass
an aspect of discrimination learning that has received attention in
recent years: the acquisition of an observing response that yields
accegs Lo discriminative stimulus events. The present discussion
reserves the term;"observing response" to denote observable, peripheral
responses, such as receptor orienting acis; specifically excluded from
this definition are hypothetical internal coding or filtering processes
that act to transform sensory input at or beyond the point of physical

stimulation. %



The observing response in this sense has been investigated pri-
marily in the context of the animal laboratory, notably by Wycoff
(1952) and by Kelleher {1958). A more recent investigation by
Atkinson. (1961) involved human subjects in basically the same prob-
abilistic discrimination task as that employed by Atkinson, Bogartz,
aﬁd Turner (1959); the task was modified by the requirement that the
subject make a two-alternative observing cholce at the start of each
trial.. The observing alternative that was selected by the subjeet on
each trial determined in part the cue that was presented on that trisal.
A very genersl summary of the results of this study is that the ob-
serving alternative that yielded the more highly predictive (outcome-
correlated) subset of cue events was preferred as an increasing func-
tion of the difference in predictive power, or degree of correlation
with outcome, between the cues that followed the two observing alterna-
tives.

Introduction of an cbserving-response procedure, such as that
empldyed by Atkinson (l96l), into a cued-detection situation poses
several questions of both empirical and theoretical interest: The
first such question is that of whether the relationship between differ-
ential cue-outcome co;relation and the observing choice that has been
found in simpler discrimination studies willi agsin be found. A second
question of interest concerns the effective reinforcement for the ob-
serving response in such & situstion, in particular whether the ob~
serving-choice probabilities will be differentially affected by de-
tection and non-detection successes (by definition, 2ll errors occur
on non-detection trials). If observing-choice learning is intimately

L



connected with the learning of differential response biages, the re-
sults of Atkinson and Kinchla (1966 ) suggest tﬁat detection trials may
rot influence the underlying observing-choice probabiiity. Empirical
evaluation of this question can be sccomplished by a comparison of
trizl-to~trial observing-cholce dependencies following signal trials
and following blank trials. A third question is that of whether non-
differential sensitivity across differenﬁially correleted cues is
maintained when the subject himself must partially determine the

particular cue event wilth which he is presented on each trial.



A MODEL FOR FORCED-CHOICE DETECTION

This section presents in some detail an application cf some of the
mare galient features of the theory mentioned above, the model for
forced-choice tasks presented by Atkinson, Bower, and Crothers (1965).
The model is presented here primarily for the purpose cof providing a
convenient framework for the later analysis of data rather than in
preparation for a detailed test of its adequacy; for greater detall,
the reader is referred to the discussion by Atkinsox, Bower, and
Crothers (1965), and by Kinchla et al. (1966).

Responses in the forced-choice task are viewed as the product of
two mechanisme: an actlvation process and a decision process. Consider
an experiment in which the trials are initiated by a cue, Ci
(1

(5 = 0,1,2), is presented. The stimulus event may be one of tuc

1,2,3,4), after which one of three possible stimulus events, Sj

possible signal forms, Sl or 82’ or 1t may be & no-signel form, S

o
The subject makes a response, Ak {k = 1,2), which is followed by =
feedback event, Em (m = 1,2), indicating that the correct response for

that trial was Am. Let the subscript n index individual trials.

The activatlion process for this experiment is described by the matrix

1 2 o
Sl o 0] 1-o
& = 82 o o 1-0 s
SO i o 0] i




where the states s and 8. represent hypothetical sensory

17 Fp2 o
events corresponding to the unambiguous recognition of Sl’ 82, or

neither, respectively. The presentation of S5, 1is presumed always

0

to glve-rise to the amblguous state ; with constant probability o,

SO_,

5, leads to s , and S5, to s, while with probability l-o,

elther one leads to g5 The parameter ¢ 1is assumed to be a jolnt
function of the physical conditions of stimulation and the processing
capacity of the nervous system, and will be referred to as the

sensitivity level.

The decision process is presented by the matrix

1 AE
sl 1 0
= 1
El,n 5o ©
%o | Pin 25 n

Customarily, the subject is instructed to make regponse Al to
stimulus Sl and A2 to 82; unambiguous perception of Sl or B8
thus will always lead direcily to response Al or AED From the
ambiguous sensory state, response Al is selected with & probability
that is the current value of the response bilas associated with cue Ci
on that trial. The response bias may differ for different cues and
may vary from trial to trial, so that the double subscript is required
for the decision matrix, in contradistinction to the activation matrix,

which is invariant over trials and thus not subscripted. A more

general case of the theory could easily be obtalned by subscripting



o; however, the results presented by Kinchla et al. (1966 ) suggest
that the simpler version should suffice.

Experimental performance is determined by the product of the two

matrices above:

A A

1 2
s. [o+ (1-0 1-g)(1- i}
. (1-0)p, (1-0)(1-p, )
= - + {1- 1- .
By o= 8y | (-odpy o o+ {1-0)(1-p, )
SO B Pl,n l~p1,n

Since the two responses are complementary, this matrix may be completely

specified bWy way of the entries for response A, ; these are:

1
. = + (1- . 1
1o Pr(a [0, &8 )=t (l-o)p; (1)
. & S = (1- ; 2
o Pr(Al)n|Ci,n 2,n) ( U)pi,n ; (2)
. & S = .
3 Pr(Al,n|Ci,n O,n) Pi,n (3)

Other gquantities of interest may be specified in terms of these

probabilities. " For example, the probability of response Al on

trial n dis given by

2

N
Pr(Al’n) = :El jé}o [Pr(Al’nlCi,n & sj)n) Pr(Ci,n & sj,n)].

The conditional probabiiity of response A

] on trial n, gilven that

cue Ci 1s presented, is given by



2
= Pr(A & S P C,
-Pr(Al;n|ci:n) j€L [ = l,nyci,n S;H) r(Sj’n| 1,n)}

i Expressions for the probability of a correct response are somevhat more
complex; for example, the unconditional probability of a correct

response on trial n is given by

Pr(c ) = _E h [Pr(Aj’nlci’n & sj’n) Pr(Ci’n & sj,n):l

4y 2
" Z,l m§1 [Pr(Am,n|Ci’n & SO,n) Pr(Ci,n & SO,n & Em,n)] .

e
It

Similarly, the conditional probability of a correct response on trial

n, given that cue Ci is presented, is given by

Pr(cn|C

2
)= 2 [Pr(A‘ lc, &8, )Pr(sjjnlci)n)}

in Jsun' i,n J,n

o
+
3 [Pr(A c, & SO,n) Pr(SO,n & Em,n|ci’n)]

For the experimental conditions specified, the recelver-operating-

characteristic, or ROC, function is deflned by plotting Pr{A |C. &8
: ln'"i,n 2,

ageinst Pr(Al,n|Ci,n & Sl,n)° Tt has been demonstrated (e.g.,
Kinchla et al., 1966) that the model outlined above implies the
following relationships:

1. If sensitivity is held constant and response bias varied, a

straight line is traced in ROC space with slope 1 and intercept o

this is the iso-gensitivity, or ROC, function. This relationship mey



be expressed in the form

Pr(A, |C; &S

in l,n) =0 + Pr(Al)nlC. &S, ) . (4)

s i,n 2,n

2. If response bias is held constant and sensitivity varied, a
straight line is traced in ROC space from the point (pi o Py n) to
;2

the point (0,1). This is the iso-bias function, which may be expressed

"in the form
| &S, ) =1 (A, | & E:EELE
- =1 +Pr \
N Pris, 1€ &8, ) P, . . (5)
. 2

3. The points in ROC space contributed by thosze trials on which
SO is presented must fall on the mein dlagonal connecting point (0,0)
with point (1,1); this is an iso-sensitivity function with intercept

Zero.

Let Pi represent the mean asymptotic value of Pi a To obtain
2

predictions for Pi’ the linear learning model utllized by Kinchla

et al, (1966) is applied:

1-8 + B i
( )pi,n ’ d Ci,n & SO,n & El,n ?
. = 1 - 0")p, i f :
P nal ( L if O Gy &E,
pi,n B othervwise .

They proved that, if M, = Pr(=

)

l,nlci,n

P, = lim E(p. ) = 1 .
i _?g | (Pl,n) ™, + (l-ﬂi)$ ’ (6)

vhere ¢ = 6'/6,

10



OBSERVING RESPONSE THECRY

Consider an experiment that incorporates the formal structure
described above and additionally requires of the subject, at the start
of each trial, that he choose one of two observing alternatives, .this
choice 1n part determining the cue event to be presented on that trial.
No detailed formal model of the learning process asscciated with the
observing choice ig offered at this time, for the two following
reasons:

1. The reinforcement assumption appropriate to the proposed
experimental structure 1s by no means clear on an & pricri basis;
relative contribution of detection and non-detection trials to ob-
gerving cholce probability is a matter for empirical determination.

2. ILxpressions for even the simplest learning models, such as
the linear model, grow quitg complex for this experimental procedure,
in particulaf because of the two distinet responses required of the
subject and the non-independence between the iwo. Simple, closed
expressions for either seguential or asymptotiec mean probabilities in
this experimental situation are not available for the observing choice.
It is probable that computer simulation will lead to a resolution of
fhis difficulty; at present, it 1is hoped that the sequential and
asymnptotic reletionships to be cbserved will suggest an appropriate
learning system which can then be tested in detail by means of such

simulation.
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AN OBSERVING RESPONSE EXPERTMEONT

WITH A CUED PSYCHOPHYSICAL TASK

Experimentel Design

The present experiment had the following formal trial struciure,
illustrated in tree diagram form in Figure 1: The subject first was
required to make a forced-choice observing response, Oh

after which he was presented with a cue event, C; (1 = 1,2,3,4).

(h = 112))

Following tachistoscopic exposure of a stimulus, Sj (j = 0,1,2), he
was required to meke a forced-choice psychophysical decision, Ak

(k

1,2). Each trial was terminated by a feedback event, E

(m = 1,2), confirming or infirming the A~ response.

", i

The displaye took the general form of the letter X ; the sub-

Jject was reqﬁired to decide which palr of angles of each Tigure was

. 1)

wider, those at the sides of the 'X" {choice Al) or those at the

top and bottom (choice AE)' In this respect the experiment corre-
sponded to a traditional two-alternative, forced-choice detection task.

Throughout the experiment, except for practice trials, half of
the figures that were presented contained exact right angles; these are
characterized as no-gignal, type SO displays. One—quartgr of the
displeys were slightly wider at the sides (type Sl), and the remaining
gquarter were eguivalently wider at the top and bottom (type Sg)u

There were two possible feedback events: type E. invariably

1

foliowed the presentation of an Sl display, and type E2

displays were followed equally

always

followed an 82 display. Type SO

of'ten by El and E2 ~overall,

12



START

Figure 1. Posgsible Event Sequences and Their
Probabilities on Trial n.
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Four posgible cue events were ilncluded: C and ClL were

3
"{rrelevant” cues, as they were both followed with equal frequency by

S -—)El, Sl —= B

0 8 _aEe, and 82 - E sequences., The conditional

70 2

probability of an El event given cue Ci is represented as ﬁi'

In the present design, n, =1 - %, and n3 =1 = .50, Cues C, and

2 1 1
C2 were 'relevant”: with probability ﬁl, Cl was followed by El,
preceded equally often by SO and Sl; with probability (lmﬁz) = ﬁl,
02 was Tollowed by 'Ee, preceded equally often by SO and S2°

Two observing alternatives were permitted: Ol was followed with

egual frequency by C and C2’ and O

1 2

quency by 03 and 04° By this definition, O

response that produces the relevant cues.

was followed with equal fre-

l. 1s the observing
Three experimental groupe were formed, differing only in the

value of us {and +thus ﬂa), which was constant throughout the experi-

ment within each group. For the 70 Group, =, = .70, for the 80 Group,

1

1= .80; for the 90 Group, T, = .90,

Apparatus

The experimental apparatus employed was an automated two-field
dual tachistoscope at the Institute for Mathematical Studies in the
Social Sciences, Stanford University. The display terminus of
the apparatus was located in a sound-proofed, alr-conditioned rdomu
It appeared as a wooden box 5 ft. 7 in. long, 4 ft. 1 in. wide,
and 2 £+. 4 in. high, standing on four 8 in. legs on a table. A%t each
of the two ends was a subject station, formed by a recess 8 in.
wide and 10 in. deep, the full height of thé box. In this recess was a

panel containing & ground-glass rear-projection screen, 8 in. wide

14
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gnd 6.75 in. high, centered vertically. Behind the screen was a black
metal plate bearing six lights and a large circular aperture, none of
which was visible unless illuminated. A plastic eveplece was mounted
flush with the outér face of the box, 10 in. in front of %the screen,
glighed in height with the circular aperture. Below each oObservation
station was suspended a response panel, =zt lap height, 12 in. wide and

10 i%m deep. This bore two arrays of four adjacent rectangular buttons,
eachfof which was 1 in. by 7/8 in.; one array was arranged vertically and
oné horizontally. The configurations of the screen and response panel
are illustrated in Figure 2.

Displays were projected ontoc the screen through the large aperiure,
providing an illuminated circle 2 1/16 in. in diameter. Stimuli were
displayed by a random-access slide projecter (Spindler & Sauppe model
SIX-750) modified to mount a special light source {Sylvania electronie
tube #EiiBlC) characterized by rise time within 0.05 msec. and decay time
wi££in 0.025 msec. A second projector, optically identical to the first
but holding a single slide, served to illuminate the screen between stim-
ulus exposures. Both projectors were concealed within the display box.
Brightness determinations, made with a Macbeth Illuminometer, for the
orimasry (stimulus) and secondary fields were 2.3 and 3.6 apparent foot-
candles for observation station #i,and 1.6 and 1.4 apparent foot-candles
for station #2.

On both response panels, the upper two of the four buttons arrayed
vertically ﬁn the left were used as the observing choics and the lower

two were masked off; assigmment of the pair members zs O was ran-

(
1 JE

domized over subjects within each group. OFf the four buttons arrayed

15
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O 0o o o o O
"~ blue amber green red

—¥

6.75 in.

TACHISTOSCOPE SCREEN SHOWN ONE-HALF ACTUAL SIZE
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N Y ¢

observing
choice

10

response

'}

in.

RESPONSE. PANEL SHOWN ONE-THIRD ACTUAL SIZE

Figure ‘_2., Apparatus Configurations to Bdale.
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horizontally on the right, two outer adjacent ones were used as AI’AE
and the other two were masked off. At station #L the right pair was em-

ployed, with the rightmost serving as A.; at station #2 the left pair

15
was employed, with the leftmost serving as Al“ These response buttons
were labeled with exaggerated forms of the Sl,S2 displays.

The two outer of the six peripheral lights behind the screen served
to provide information feedback, El or Ea. They appeared as yellow

l/h in. cirecles containing a bilack slash which was vertical for El’

horizontal for E The right/left position of El and E2 cn the

X
screen corrésponded at each statlion to the right-left sssignment of Al
and A2 on the response panel. At hoth stations, the four inner lights
appeared as 5/16 in. circles that were colored, from left to right, blue-
green, orange, light green, and red, roughly metched for apparent bright-
ness. They were functionally ordered Cl’CE’CM 02 across the secreen,

with “C, on the side corresponding to A, and £ .

1 1 1

Each subject station was equipped with an intercom unit connected
with a master unit in the control room.

The control system of the apparatus was located in an adjacent room,
visually and acoustically isolated from the display room. Input of pro-
grem variables wes handled by s Teletype model BRPE high-speed paper-tape
reader; data output was accomplished by a Teletype model 35 page printer
equipped with s tape perforator. Trial logic, timing, storage, and con-
trol functlons were accomplished by & system of componenis designed and
manufactured by Iconix Incorporated, of Menlc Park, Celifornia.

Programmed . variables for the present experiment included the slide to be

shown, the feedback alternative, and the cue lights to follow an Ol or

17



an O2 choice. While all three were the same on each trial for both_
subject stations, the particular cue alternative of the possible pair was
determined separately for each station on the basis of the observing
alternative selected.

Event timing was accomplished by gating a pulse from the system
timebase to appropriate storage and logic elements at presettable pointsy
the timebase counted in units of 1 msec. The seguence of events defining
one trial throughout the main body of the experiment was as Follows: At
the start of each trial, the tape reader was advanced and the program |
variables for that trial entered into storage (.16 sec.)}. The projector
began its advance to the selected slide, and the observing choice buttons
were enabled, while the system timebase halted at a count of 60 msec. As
.each subject made his observing choice, the éppropriate cue light Was 3
immediately turned on; #hen both subjects had made their cbserving choice,
the timebase was restarted. 1In the event that a single subject was run-
ning alone, the timebase was restarted immediately following his observing
choice. When the count reached 1500 msec., a warning click was fed to
 the intercom units; at & count of 2000 msec., the secondary projector was
turned off and the primary projector turned on; at 2015 msec. the stimulus
was turned off and the secondary field restored. Stimulus turn-on was
coincident with the enabling of the psychophysical choice keys and the
start of a latency counter for each of the two stations. This response- .
allowed period was terminated at a count of 4000 msec., 2 seconds afterl
initiation. At this point the feedback light was turned on, and responses
would no longer be accepted by the system. When the count reached 6100 |

msec. the feedback and cue lights were extinguished, the timebase reset

18



to zero, and the tape reader advanced for the next trial. Type- and
punch-out of data by the page printer was commenced during the cycle and
terminated immediately before the end of the trial.

Projector selectiov time averaged 1.2 sec. and provided no con-
sistent guditory cue to theo type o? slide selected. This rapid
selection time was accomplished by loading a 48-slide magazine with
16 groups of 3 adjacent slides, each group containing one each of
the three stimulus types: the projector always advenced to the next
(closest) slide of the selected type.

Practice trials were similar to the format described above with
the following exceptions: no observing cholce was required; no cue
light was given, the timebase was allowed to run continuously, and
expogure duration was varied. One trial under practice conditions
thus required exactly &.1 sec.; with the full experimental procedure;
each trial reguired this length of time plus the extra time required

for one or two subjects to complete the obgserving choice ai the start

of the trial.

Stimulus Materialsl

The bagic form of the displays was that of a letter "X"; composed

The stimulus materials were generated in cooperation with Richard M.
Rose, a Postdoctoral Fellow at the Institute for Mathematical Studies
in the Socizl Sciences. The waterials had been successfully employed
by Dr. Rose and the author ir some uwnpublished studies of probability
learning in a simulated psychophysical setiing. With subjects from
the sama population as those in “he present study, the 5, and B»o
figures were found to be perfectiy discriminable at longer exposure
intervals (e.g. 50 msec.) after 2 small amount of practice. At
shorter exposure intervals,; on the order of that employed in the
present study, Introduction of the 8y flgures was undetected.
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of two line segments intersecting at their midpoints. The no-signal

: SO figure was formed by aligning the sides of the "X" at exact 45°
angles to the horizontal, so that the angles of intersection were alll
90°. 'The 5, and S, figures were formed by rotating both segments
1° in opposite directions about the point of intersection, so that the
resultant X' included angles of 88° and 92°. Type 8, wes arbi-
trarily assigned as the figure with the lesser angles at the top and
bottom, type S, as that with the wider angles at the top and bottom.

The displays were generated by photographing white materials 6n
& black background with.35 mm. high-contrast hlack and white copy
film, which was developed and then mounted directly as slides. They.
thus appeared as black figures againet a bright Background; In all,
L8 slides were used, 16 coples of each of the thfee stimulug types.
On esch slide the "X" was centered within the limits of attainable
accuracya No systematic positional displacement aé a function of
glide type was observed, nor could any possible identifying marks on
individual siides be detected.

The projected size of the figures was such that the line segments
appeared 5/8 in. long and 1/16 in. thick. The overall height and
width of the figures varied slighitly with the type; the SOI slides
were spproximately 7/16 in. square overall. At a viewing distance
of 11 in., this figure would subtend a visual angle of approximately

2°18°.

' Subg‘ects'

Fifty subjects were obtained through the student employment
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office at Stanford University. They ranged from freshmen to graduate
students (none of the latter in psychology or statistics) and student
wives. All were loosely screened on the basls of normal visual aculty,
with or without correction.

The subjects were paid a basic amount of $7.50 for the experi—
mental series, plus a $2.00 bonus, ostensibly for maintaining a reason-
able level of performance throughout the series. They were urgently
requested not to discuss the experiment with any potential subjects.

Apsignment of individual subjects to the experimental groups wes
random within the restriction that each group contain at least 16
members. Within each group, egual numbers were randomly assigned to
the two subject statione of the apparatus; these assignments were

maintained throughout the experiment.

Procedure

Each subject was run for a total of five sessions, with one
exception; this subject was terminated after four sessions because of
apparatus failure. The sessions were conducted on consecutive days
whenever possible; and in nc case were they allowed to spread over
more than six days.

At the start of the first session, each subject was seated at
the assigned apparatus station and asked to adjust the helght of his
chair so that he could view the screen through the eyepiece without
strainn The bagic instructions, included in Appendix A, were then

read. They emphasized the'psychophysical nature of the experiment,
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that omeach trial the subject was to make a judgment, as rapidiy
and accurétely as possible, as Lo which of two alternative forms of
the letter "X was presented. It was suggested, but not required,
that responses be made with cne finger, which was to be rested on a
dividing strip between the two response buttons between responses.
The observing cholice and cue lights were not menticned at this time.
Any questions were answered by repeating the relevant section of the
Jastructions.

When it was clear that the subjects understood the nature of the
task, the room light was adjusted to a low level of illuminatioﬁ,
wmeasurably low on the screens but providing ©.009 and 0.065 foot~
candles on the two response panels, as determined by a Macbheth
I1luminometer. The experimenter left the rcom and allowed five minutes
for adaptation, after which a verbal warning was delivered over the
intercom and the apparatus started. Two blocks of U0 trials each
were run, each containing a randomized sequence of 20 Sl and 20 82
slides. Tor the first block the stimulus exposure duration was set
at 100 msec,; for the second block the setting was reduced without
interrupticn or warning to the Tinal wvalue of 15 msec.

At the end of the 80-trial block, the experimenter stopped the
apparatus, re-entered the display rcoom, and read the augmented
instructions covering the observing choice and cue lights. FRoom
lights were then completely extinguished, and two 80-trial blocks of

the format described below were run; thils completed the first session.
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On each of the remaining four sessions, subjects were seated at
the apparatus, allowed five minutes for adaptation to the totally
darkened ‘room, and then run for five of the standard 80-trial blocke.
Since the pace of the trials was subject-controlled; no formal rest
periods were given.

Trials were randomized within blocks of 80, in which trials con-

taining the sequences S, —E , Sl —aEl, 5]

o 1 ~—>E2, and S

o o waEe each
appeared 20 times. For each of these trial types, an O2 observing

choice would be followed on 10 triais by C. and on 10 trials by Ch;

3
0l would be followed by the cue appropriate to the eventual feedback
alternative on a proportion of trials that was exactly x, that is, on
14, 16, or 18 of the 20 trials for the different groups. The run
distribution of trial types within an 80-trial block was unconstrained;
a permutational scheme of rancdomization was emplcoyed to maintain the
exact frequencies. The program tapes were generated by a Digital PDP-1
computer, using a progrem developed by Dr. Leo Keller of the Imstitute
for Mathematical Studieg in the Bocial Sciences. Different tapes,

hence different randomizations, were employed for each experimental

gegsion run.
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RESULTS

Figure 3 illustrates the course of the observing choice throughout
the experiment, in successive blocks of 80 trials. Figure b illustrates
g trials,

over the same period. On the basis of these filgures, the last 13 blocks

the development of the dependencies ketween Ci and Aj on 8.

.(representing a total of i0h0 trials for each subject) were arbitrarily
designated as asymptotic. For all date presented as asymptotic, mean
scoreg were obtained for each subjeect by summing numerators and denomi-
nators over the final 13 blocks, effectively weighting proportions for
each block by their frequency of ovservation within the block.

In presentations of group data, whether for single blocks or for
the asymptotic period, all subjects were entered with equal weight into
the group mean for a particular gcore except in cases when an arbltrary
criterion of 10 observations for each subject was not met; subjects with
fewer than this criterisl number of observations on é particular measure
were not entered into the group mean for that measure,

Qf the 50 subjects that were run, 2 are not included in the present
analygis; both from the 90 Group. O these, one falled to meke a gingle
Ol choice throughout the entire course of the experiment; the other was

randomly discarded without inspection so as to provide eqgual numbers of

subjects in each of the counterbalanced conditions.

Observing Cholce Data

Differences between groups with respect to the proportion of Ol

cholceg are not readily apparent from Figure 3; Table 1 presenfs asymplotic
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- Table 1

Asymptotic Observing Choice Data by Group

TO Group 80 Group 50 Group
S S T
$ & T =T 0z g =T =T =z & =T T O3
B <k BB B KR OE R e ko<
1 518  .575 603  .589 1 732 .803 ;u76 L716 | .hso JBih L5856 .620
2 595 .58 .500 .52 |-.966 .77 .56 .769 | .1kl .TO5  .682  .685
3 126 '.538 .552 559 1 .992  LT775 .625 R .996 .86 .0c0  .B92
L 964 .70k b1l 695 | .533  .586 .585.ﬂ .585 | 4o L8856  .598  .725-
s | o672 .568 468 .536 | 486 .72 . .575  .652 | W47 857  .654 .38
6 | .658 .680 .654 .665 | .261  .626 .620 .&22 | 412 .860 .658° .71
7 .906 708 .667 LTOR |OLLET LB96 L6353 663 | W9ke  .Te2 623 LT7AT
8 L85 - s L606 676 | LWBB 767 613 .88 | .36L L850 L6688 .73k
g | .795 .633 617 .629 | .438 .8o2  .605 .91 { .GM8 875  .603 .T79
10 608 .505 - .22 LAO6 | LTES WTHS .603 .12 | 401 WBL7 L5753 L6T1
11| 866 668 611 .EB0 | 678 .T9% k9T 698 | k27 886 567 .TO03
12 994 L1 .667‘ 712 ) .8s1 .38 k63 L697 |L.0007 8T8 -—-  .B78
i3 | .56%  .616 547 .586 | .679 .720 .566 671 | .455 .780 .70B  .ThL
14 .990 .7l .600 .71k ] .B15  .T90 . 576,751 | .9oh  .875  .333  .B72
15 642 637 .65¢  LBh5 | .912  LTTH .560 - .755 | .51 .7B6  .580  L€86
16 .829 704 L850  .695 | k7o .66k 635 .ékg | .758  .873  .592  .805
Mean | .701  .650 .592  .63% | 660 .737T  .572  .693 | .585  .835  .560 .49




means for individuals and groups on this measure and for the proportion
-~
of correct responses following the 0O, choice, Pr(clOl), the proportion

T

of correct responses following the O2 choice, Pr(c|02), and the overall
~

proportion of correct responses, Pr{c). These data are summarized in

Figure 5. On inspection, it appears that the proportion of Ol choices

decreages as w increases; a relationship opposite from that antici-

1
pated. Analysis of variance over the three groups on this measure does
not reveal a.significant overall difference (¥ < 1.0). However, the
data were fit in Trequency form by the best zerc-slope linear estimate
{corresponding to ?r(olj = .6B47) by means of the least chi-square
criterioﬁs and a chi-gquare was computed with d&f = 2. They were also
fit with a least-sgquares regression estimate (slope = -.517, constant
= 1,063), and a chi-gquare was computed from these expected values with
df = 1, The difference between these chi-sgquares, itself chi-square
distributed with 1 df, was 107.49 (P < .001). This significance of
non-zero slope reflects the degree of ordering of the three groups.

The frequency distributions on which these meansg are basged are
illustrated in Figure 6. 1%t appears that the point of greatest differ-
ential between the groups i1s in the middle range, composed of those sub-
Jects making the Ol and 02 choice with roughly equal frequency. The
three groups are ordered at this peint; the 90 Group has the largest
number of subjects exhibiting no strong preference for either observing
alternative, and the 70 Croup has the fewest number of'subjects in this
category. This relationship is inverted for those classifications

invelving higher proportions of O choices; the 70 Group exhibits the

1

greatest number of subjects with 2 moderate or strong preference for O19

while the 90 Group has the fewest number of these subjects.
28




9 . | !
A
/ Pric IO]’ '
rd
z 8 ” -
5 L
= re
[ ~ A
o rd »o Pric)
e -

g -~ e
o ”~ -

TF —
o
’—
5
0
=
-
<6

. = A —

h.-.-'-nﬁ.*‘ !:\'r (0|)
. '—_--—.-_..-_.,.‘ Pf(5|02}
5 H | _ 1

70 GROUP 80 GROUP 90 GROUP.

Figure 5. Asymptotic Observing Choice and Correct
Resgponse Proportions by Group.

T — T T |

Bl @ 70 GROUP x ]
 e=mems 80 GROUP H ‘.‘
T Sanne 90 ’ !‘ -

NUMBER OF SUBJECTS
5
1

L | L i 1
0-20 21-40 - 4l-60 61-80 81-100
PERCENT CHOICE QF 0,

Figure 6. Asymptotic. Frequency Distributions of
Choice Proportions within Groups.

20



Type Ss trials are to be defined as those on which a ”signal”¥‘

59 wasg presented, while type SO trials are thogg

on which the SO figure was presented. Table 2 gives asymptotic mean

stimalus, Sl or 8

propertions of perseveration of the observing cholce following trials of

type Ss end of type 8 There are no apparent consistent differences

0°
between the two trial types. Burprisingly enough, there likewise seems
_ﬁo be little difference between the effect of a correct and of an error
trial, There 1s some suggestiocn that, on type SS trials, perseveration
on -O2 is more likely to follow an error than a success, although vir-
tually any simple learning-theoretical predictions for this statistic -
would be in the oppogite direction,; to the effect that perseveration
should be expected to be greater following successes than following errors.
In all, there are 12 trial classifications which can be broken down iﬁﬁo
success and error trials; of these, only 4 go in the predicted direétion?
with greater perseveration following successes.

The proportion of correct responses following the O cholce

1

increases significantly with the increasing vaiues of =n t-tasts between

13
adjacent means yleld estimates of P < ,00l. The groups do not differ in
the proportion of correct responses following the O2 choice (a t-tesf
on the largest difference résults in an estimate of P> ,10), These
results give positive indication that the subjects were able to utiliﬁe
the cue information to increase their proportions of correct responses;
The differences-in overdll proportions of correct regponses are statis-

tically significant: a t-test on the cleser adjacent palir yields an

egtimate of P < .001,
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Table 2
Trial-to-Trial Perseveration of CObserving Choices
Following Presentation of

Signal (SS) and No-signal (SD) Figures

Pr(0y n41l%%,n)
70 Group 80 Group 9C Group
Trial ns 8 8 8 S g s

8 0] 5 0 =) 0
' 0.: Corr. .90k .89%  .820 .78  .815 .8i2

Err. .906 Nele'l 785 796 Bor  .81p
Oy: Corr. .790  .799 ',665 695 721 .83
Err. .851 .776 B96 665 796 .793
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Response-Cue Dependencies, SO Trials

The two irrelevant cues, C3 and .Cu, that follow the O2 cholce

will be denoted &s a pair by the symbol CI; the two relevant cues, ¢

1

cand C23 will be referenced as a pair by the symbol For the analysis

R°
that follows, data from the two irrelevant cues will be lumped together
for simplicity, as the ocutcome schedules for the two are identieal.

Figure 4 illustrated the develcpment of response dependencies on

the two relevant cues on ‘SO trisls. TFor individusals, each peoint in

such a plot would be based on a fraction of the L0 SO trials contained

in each of the successive 80-trial blocks that was determined in part by
the number of those trials on which he made the Ol choice, Asymptotic
mean values of ?%(Al[ci & Sj) are presented for iqdividuals in Table 3
and for the three group means in Table k.

Figure 4 suggests that the overall proportion of A, responses may

1
-~
exceed ,50; for each group, Pr(Allcl & SO) appears higher than

?%(AEICE & SO)° Computation of overall proporticn of A responses

7
yields values of .55L, .567, and .551 for the three groups. These propor-
tions do not differ significently, as a t-test on the largest difference
leads to an estimate of P > .10. The observed asymmeiry in response

bias in faver of Al is typicel of individual subjects, as it 1s exhibited
by all but 1O0,distributed evenly through the three groups.

| Because of the overall preference for AlB it is convenient to

analyze these asymptotic data in terms of the proportions of dominant
responges to relevant cues, gymbolized henceforth as A¥. The dominant
response to Cl is Al,-and that to 02 is A2° There is no convenient

defintion of A% for the irrelevant cues, as there should be no dominant
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Table 3a

Individual Bias and Sensitivity Estimates

and Obgerved and Predicted (Model 1) Response Proportions: 7C Group

‘ Pr(Al|ci & 8;) Pr(a,|C, & 8,) Pr(a |c, & 5g)
Bias .
Sub., E;R /&I B Cue Est., Cba. Pred. Obs. Pred. Obs.  Pred.
1 679 798 837 488 .63k TTE 795
1 .202 . 300 601 2 365 L4388 535 3T U332 A7s LhLs
oS 618 73k 73T A3z k38 631 L625
1 .5h5 670 LTS 400 L5119 b6 LETh
2 .2%0 031 1.129 2 Lhot .52k L2 333,212 L5335 275
gl . L hBY .50 86 Lh7h 455 L4760 L4T0
T o1 556 .87 2GS L 27 520 L0206
3 120 .281 b1 2 .591 636,530 52h Lo 553 LU66
gl 672 163 763 U84 482 730 671
1 L9585 LG81 772 875 655 L0868 L Th2
L .117 152 813 2 .056 .172 Lhee L043 305 L0895 L3hs
3k 635 565 620 667 JWEB .55  .552
1 586 LTI TR 421 753k LB0B | L6583
5 .189 L0580 1.215 2 Jhgg 510 L hOO Ao 212 Jdgs o6
. ' 3k 584 615 L uBh AL . L. 1 . 2
‘ T 576 L9116 .916 .. 388 .38 713 .790
é +598 Nk .619 2 - .31 760 763 L0088 L16h L3 L bog
: _Bulh . 538 B21 .Bs2 208 .23 623,618
T T9GE T .958  .520 770 BB 9%0 .08
7 272 . .ko2 254 2 .211 LB 729 .10 L7 295 628
: Bt 715 833 879 ek b7y 798 19T
. T 769 oo BTl V383 .202 C73L GOk
8 .580 Jboz 1.028 2 173 652 ,70% 073,12k 156 .20k
B%h 516 708 697 L2310 .295 500 453
T o B0 .885 185 Esh J57E T 155
S 532 L420 756 2 750 07 W70l 270 LI69 - 581,362
BRh L6210 L7800 L7500 360,330 L5971 - .569
T K%L = VRS IR My S T CT3%LB00
10 436 5060 585 2 .546 .725 BT 32T .2%9 .53k 423
: sk 784 8ok 818 .%37 .32 635 631
i3 ST 8052 871 L2310 2T L590 .é5%
11 59k L41L 1,083 2 o3 763 L T09 175 115 483,283
3Bk 577 758 .69k 332 282 500 .h8o
1 LS8k L9687  Lee- 559 —— BT e
12 663 ——- — 2 Jhes .833 —— .116 - 518 een
Co 384 000 immm e o, - ey
T 663 686 .05 TR T JBO0 .61k
13 .235 22 16T 2 .33k .545  .LOB L200 L1753 JBLT 226
. . Bkt . 365 .522  ,shg 279 L30T Jips  Lhos
1 STTT 2935 - 572 w— J97 0 -
L 1 - ——— 2 .073 N T I— 096 e -1 S
Bl .625 cmmm e Cimmm e e
' 1 651 L9080 961 .25C 357 a7 907
15 586 536 .2Lo 2 - .780 870 .8m1 .362 265 682 ek
Bk LTE0 887 910 _.355 L37h -.8g7 8ot
1 571 B2 g0 250 .309 BT TS
16 601 .5%h .678 2 . .055 625 756 .02¢  .155 311 387
3g.L .680 870 . .836 276 L2h2 597 .506
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and Observed and Predicted (Model 1) Response Proportions:

Table 3b

Individval Bias and Sensitivity Estimates

80 Group

Pr(a,|C; & 84)

Pria[c, & 8,)  Pr(alc, &8)
. Bilas
Sub. o5 GI b Cue  Est. Obs. Pred. Obs., Pred. Obs. Pred.
. ] 1 .25 .953  .885 N T Lok 786
1 .179 178 1.086 2 059 L2120 V3% L065  L15h L34 187
) Bl .516 602 572 2k L3904 490 b9
. 1 .oh8 966 L5LT B9z .50k .G56  .B26
2 LOB3 J481 3.600 2 .Oh3 .068  .105 057 .Cé2 L1035 .065
B8k .582 1.000  .59% 500 (113 299 .217
1 1.000 LG50 L wem 1.C00 - . G58 oo
% .037 - - 2 .082 I 1 1T R—— 056  .--- 098 -
Bl 250 e e B,
T LE91 809 .939 AhE L A08 LT10 . .gc8
L 337 365 408 2 668 767 589 ©o.bsg 252 718 .380
: Bl 720 823 .Bl6 457 451 711 .710
_ 1 526 L9290 - 926 T N TS) AT I 7
5 .396 el 561 2 277 522,582 208 186 319 U308
3&L .6L3 796 .792 LAT0 JBTL LB 6k
- 1 L6351 LI5RT L g90L LT L EEY L7156  .B5L
6 .35k .55k .698 2 480 636  .510 310 L 176 .603 264
‘ S8k 573 810 816 ,255 263 580 580
T T 869 G027 500 .575 2T .B5h
7 BT .530 .682 2 .183 29 507 L1500 L181 L3l6 .268
Skt .578 803 .810 2700 .279 599 .594
T 83T s T L5856 -~ .597 805 .890
8 L340 .509 Lhgh 2 281 535 562 178 ez 292 L3RG
334 640 811 .8%8 L3270 L329 672 669
: ‘ I 1.600 L9859 .913 826 .77 G371 B3
9 .187 .501 478 2 062 250 Jhes 037 .279 L1189 343
B&h +793 897  .839 -595 337 L6899 .67
i T 1.000 .975 .oLa .615  ,h55 .508 . .Bo7
<10 439 475 .512 2 451 784 857 166 L1688 301 - .38
: 2 635 808 .822 L334 L BLT 663 662
. -1 1.000 979,906 1.000 .578 L9865 .G0%
11 .028 000 430 2 .057 L1488 385 069 358 025 368
384 695 652 L6599 . L6983 .699 708 .699
1 .825 862 L9085 LBl L BL3 Beg - JBTL
12 .26k .000 574 2 115 357 .47 075 .223 .200 .30k
b 545 519 .635 571 635 636 .635
. 1 . 957 L9700 L9537 . BoB L755 L9255 .921
13 201 .275 L BhY 2 369 514 (537 276 336 JBET bl
‘ : ‘ %e:k 778 Bk .81k .563  .541 755 L Thh
: 1 LGEL .g82 .75k .B37  .688 AN
14 L6 279  1.546 2 1.000 .025  .179 018 .133 Lol L1309
Bk 431 592 562 .30 .28% L1y 393
: L 959 976 919 B35 U730 Lok3T U900
15 .189 248 Ly 2 .150 .33% k8o 099 .29L 1% L3RG
Bt . 580 653 768 A7 520 LT0L W69
T .535 B89 .953 135 .Z87 SRR ERT
16 687 657 .T02 2 . .35k 765 .T69 Jky o L082 JHO0 263
Bl . 354 .79 .858 L1510 202 560

5k
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Individual Blas and Sensitivity Estimates

" Teble 3¢

and Observed and Predicted (Model 1} Respomse Proportionss

90 Group
Pra fc; & 8,)  Prialc, &8))  Pr(a e, &s8)
A~ ”~ ~ Bi&ﬂ :
Sub. o o1 @ Cue Est. Obs. Pred. " Obs. Pred. Cbs. Pred.
" 1 .5566 LG31 o4 1,000 o947 L9285 LGhT
"1 .000 L Lipy L5000 2 L0728 .co0 L1182 Lk 182 121 .182
35l L6689 7% 715 586 L5T0 H67  LE6T
L 452 SF B 000 L2035 TR '
2 782 L6997, .592 2 .388 750 Blé .188 .03k LB67 L1858
Bl .693 907 887 210 .190. 628 628
' 1 1.0C0 LOGE T, e T.000  ream 8% -
3 039 ——- — 2 .027 0BT e 005 ee- S 021 eee
35k 500 R T e
] 1 T.000 1,600 850 T.000 .B%¢ 5T .8%0
b .000 413 1,116 2 015 .000  .09L - ,029 .04l 017 .09L
. sl 363 626 690 .21k 278 75 W3
- T 971 =20 ) N 1500 .50k 920
5 .000 625 .957 2 005 .000 104 010 104 Y . Vo)
Balt <551 832 817 207  +191 . 515 .Bil
‘ 1 1.000 T oI 1 SN WY+ o [ R - 51 LGHD
6 082 667 .OLE 2 070 200 .178 011 .097 150 L1085
. o 581, 861,828 2193 171 CU515 L5l
. "1 910 L9335 ,967 SET L 53L o8 .l
7 L33 .519 .563 2 V320 U0 526 .156 .09k 526 165
‘ ) Bgk 792 . 2900 827 _tﬁal”, 508 WO4L Gho
8 289 L6304 64T 2 .05h 286 393 080 10k 158 L1hT
gh 64O B6g  Bug 233 222 608 607
‘ 7 1 567 VB0 952 .68 BhE GIST T50h
9 286 436 952 2 Lok .313 .560 .0%% ;075 L9k 105
- Tl 416 670 725 .235 289 L52h . E12
) 1 Nnn 97y 95T .909  .937 (857 ;57
10 000 . 306 607 2 410 .3%5% 155 87 185 627 18
: Bl E66 ,768 738 Aee o L L3e C.B22 6P
- 1 T.000 1,006 . 92% 1.006 .92k SR )
11 L000 -394 JTh2 2 . 006 J000 130 L0130 130 .039 130
el 570 653 65T W60 k463 <578 b7k
1 L9958 L.000 .-=< .BL4% - 7 - J—
12 .150 —— ——— 2 053 192 e obt — .081 —
gk .000 immnaeme o eem --- mmem ymem
_ ‘ 1 1.000 .ohE 358 B75  .74g S22 e < Y
13 207 684 530 2 289 L5500 JBhh L1655 .138 Aes 173
Baly 752 - ,920 .891 L2h0 206 656 654
T ieyic) T . GBE - IS i S
1 - 004 ——— -—- 2 .009 000 Lweo 022 - 039 ——-
&L 375 pmmn  wme L smE= i atmm eme==
T .BE8 OEET .oPh 6B 751 B850 .G08 .
15 LL7h ko3 .908 2 .00 L1548 264 LCBE 080 L3180 109
3k 487 695 716 .289 313 53k .52k
T T 1.600 o768 .O6e BT3 750 855,950
16 231 485 73 2 .1 .35% 378 L059  L1h6 .098 .19
: Je4 755 .873 835 39 350 679 .679‘
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Table 4
Airerage Asymptotic Sensitivity and Bias Estimates,

and Response Proportions by Group

. N Bias -~ ~ ~ .

Group o, 0, Cwe Est. Pr(afck s)) Pr(alc.as) Pr(AllCi& 5o
7C Group  .4CO .328 1 L7159 .836 420 722
: 2 356 604 .220 LT
A&l .5T4 732 . 389 .589
. 80 Group  .255 L3421 877 .02k 672 : 871
_ 2 .228 105 AT .258
28N .607 .762 Lol ,611
90 Group  .167 .bikh 1 e 972 .806 897
2 .120 .238 .096 .210

Bt 552 .T9% .315 .588



response to these cues. If A% 1is arbitrarily defined for the irrelevant

cues as

pr(axlc; & 5,) = 5lPr(a log & 5,) + Pr(ayle, & 8], (7)

it is found that the observed values are virtually i1dentical for the

three groups, for both SS and SO trials, averaging .520 overall. The
expected values are all .500, since the overasll response bias to Al is
averaged out in this statistic, and the outcome schedule associated wifh
each of the two cues is strictly symmetric. The departure of the observed
values from the expectation of .500 may perhaps result from the physical
arrangements of the experimental situation; by the definition given in
Equation 7, A% for the irrelevant cues is the response that is physically
located in the same left/right orientation on the response panel as that

of the physical cue light on the screen; also, C ig physically adja-

3

cent to Cl’ and Cu is adjacent to C It is thus possible that the

o
irrelevant cues are receiving some slight generalization of response bias
from the two relevant cues.

Agymptotic _A* datz for the relevant cues are presented in Tsble 5.
The predicted values were cbtained in the following fashion: &algebraic

manipulation of Equation 6 leads to an estimator of ¢ that is based on

~
the observed asymptotic values of Pr(Al]Ci & SO):

o= |—2| (8)
1.

while, from Equation 3, Pr(AllC:.,L & 8.) = Pi . In the instance of the

o)

two irrelevant cues, with = = .5, Equation 8 reduces to the case of
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Table 5
Asymptotic Proportions Of Dominant Responses (A*)l

To Relevant Cues: Means For Entire Groups (Obs.l)

And For Predictable (Model 1) Subjects Only (Obs.2)

70 Grp. 80 Grp. 90 Grp.
Pr{A*|s_): Obs. 1 691 Bhs -926
Obs.2 678 .828 » 508
Pred. 708 782 897
Pr(A*|aO): Obs,.1 .651 809 850
| Obs .2 642 T97 | .815
Pred. 670 | .T78 896
A¥ Bias Est.: (Obs.1) 681 .82k .910
(Obs.2) 662 778 891

1. Pr(ax|s) [ (x) Pr(Al]Cl & S.) + {Len) » Pr(AllCl & 8,)

1
+ (L-x) - Pr(alc, & 8y) + (n) - Pr(a,lc, & 52}] ;

Pr(A*]SO)

H[er(afo) & s

o)+ Pr{agfc, & s) ] -
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0= —5— . - (9)

For each subject, an estimate, % , was obtained by substituting into

g -
Equation 9 the observed values of Pr(A1|C3 & §.) and Pr(AllCLL & SO)

0
and then averaging the two estimates thus obtalned. There were in all

6 subjects with fewer than the criterial 10 observations for these data
points; estimation for them could not bhe accomplished by the above method.
The individual estimates of ¢ were substituted into Equation 6, for each
of the cues for each subject. The meang of these predicted values are
presented in A% form in Table 5, along with the means of observed values
of those subjects for whom estimation and prediction were feasible. The
fit for SO trials is at best merely pgssable; the theory seems to sub-
stantially over-predict for the 70 Group and especially for the 90 Group,
while slightly underpredicting for the 80 Group. This phenomenon of
undershooting the predicted probability-matching values 1s a definite
anomoly; it has almost invariably been found in probability-learning
studies that deviations from probability matching oceur in the direétion
of maximization of correct responses by overshooting the matching value.
(For a discussion of the conditioﬁs under which suchk deviation typically
is found, see Estes, 196L.) When the subjects ars considered individually,
it is found that only 4 from the 7C Group and 9 each from the 80 Group

end 90 Group deviate from their predicted value in the direction of

maximization.
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Sensitivity and Bias

Asymptotic values of ﬁ;(Allci & Sj) were pregented in Tables 3 and
h. It is convenient to summarize these data by plotting the appropriate
points in ROC (receiver-operating-characteristic) space, defined by
-~ _ A \ L
Pr(a TCn & S ) on the ordinate and Pr(A |, & S,) on the abscissa.

1'71 1 171 2
The conveniional designation of these quantities as Pr(hit) and
Pr(false alarm) seems inappropriate in the context of the present experi-
mental procedure and has been dropped. 8ix points in ROC space are defined
for each subject, repregenting three iso-bias functions and two sensitivity

levelg, 'The iso-bias functions are defined for C., for C_.. and for C

1? 2 3

and Ch combined; the sensitivity levels are defined by type SS trials
and by type SO trials., ROC plots are presented for individuals in
Figure 7 and for groups in Figure 8.

The sensitivity estimates reported in Table 3 were obtained by com-
puting for each subject an estimate of ¢ on trials with the two relevant
cues only and on trials with the two irrelevant cues only. Each of the
individual estimates.was obtained by subtracting the observed value of
PI-(A:L]C:,L & 82) from that of Pr(AliCi & Sl) for each cue {ses Equation
LY.

In its simplest form, the theory under consideration makes the pre-

diction that, for each groupgl the three points that represent tfials of

lIn the evalustion of group data, it should be recalled that no

effort was made to equate subjects on the basis of gensitivity, so that
group homogeneity with respect to this verlable cannot be assumed. How-
ever, the random assignment procedure should preduce groups comparable in
the mean and distribution of sensitivity. Sensitivity estimates from the
15-msec. practice trials do not differ significantly for groups. (F = 1.585,
df = 2, b5z P > .10}
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type Ss should fall on a common straight line with slope 1 and intercept
g3 moreover, to the extent that the groups are initially comparable in
sensitivity, the intercept should be common across groups at asymptote,

In other words, the asymptotic estimates of ¢ should not differ within
groupsg for relevant and lrrelevant cues, nor should they differ between
groups. For the most part, these predictions are not realized, It is
readily observed from Figure 8 that, for each group, the two points con-
tributed by the relevant cues on type Ss trials can be reasonably fit
by a line with slope 1. A simple sign test was carried out by noting the
number of subjects for whom a line through these two observed points had
a slope greater than 1 and those for whom this line had a slope less than
1. This fest did not appreoach significance elther for the groups-sep-
arately or when summed over all subjects. However, estimates for the
relevant and irrelevant cues, GR and GI’ differ significantly

(P < .001, t-tests for paired replicates) for the 80 Group and for the

90 Group, with 81 higher then S-R, For the 70 Group, the difference

ig in the other direction, but does not attain a reliable level of sig-
nificance, as (.10 > P> .05). Croup means of the various sensitivity
estimetes are plotted in Figure 9, including a total sensltiviiy estimate,
ST’ that was derived by welghting the two estimates for each subject by
his proportions of Ol and O2 choices., Bensitivity on those trials
with the relevant cues shows & clear decrease with increasing values of
ﬁ15 there i1s some suggestion that sensitivity on trials with the irrele-
vant cues is rising with increasing values of Ty although the differ-
enceg bebween groups were not statistically significant., The suggestion
that the 70 Group may exhibit higher sensitivity estimates for the

relevant cue trials than for the irrelevant cue trials is a somewhat
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unusual result that can be accommodated by no existing theory and thus
may be worthy of further experimental investigation.

Over-all sensitivity estimates were computed for the three groups
for each of the 22 blbcks of 80 trials. There was no suggested trend of
long-term change in sensitivity for any of the three groups, nor was there
any consistent pattern for sensitivity within the individual experimental
sessions.

With the requirement that o_ = 0_ abandoned as untenable, the pro-

R I

portiocns of A resgponses to all cue and stimulus combinations were pre-

1
dicted for each subject, utilizing the previously obtained values of $
and the individual estimates SR and GIn In all, nine points are fit
for each subject with three estimated parameters. The predictions are
found in Table 3 and have been combined into the group A¥ predictions in
Teble 6. The fits for individual subjects range from poor to good; the
fits of mean predicted to mean observed values for each group are viable,
but not impressive,

A prediction of the model is that points in ROC space representing
the same cue at different levels of sensitivity should fall on & linear
iso-bias function originating at.(Opl)u A simple test for this relation-
ship in the data is achleved by constructing straight lines from the point
(0,1) to the observed points for ?%(A

& - |
C SO) and Pr(Al C, &8

1| 1 O)°

If the iso-bias funciion is truly linear in the data, the points generated
by Ss trials with these cues should deviate from these lines only as a
funection of subject variance and experimental error. If the observed
points for typse Ss trials fall outside of these lines (i.e., towards

the boundaries of ROC space), the subject is optimizing more on signal
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Table 6

Mﬁean1 Estimates and Predictions for Mddel 1

ﬁ}(Al]ci&sl) ﬁ;(AlICi&SE) §?(Al|ci&so)

Group o Cue Pred. Obs. Pred. Obs. Pred. Obs.
70 Group .78% 1 .Bh7 .820 -468 428 .758 .T06
2 616 . 600 .238 237 387 422

LA .720 732 366 . 389 . 583 .589

80 Group 83k 1 879 .919 .609 650 843 .863
2 476 423 .207 . 154 .289 .269

Bl .Tha 762 .38 ok <599 611

90 Group .810 1 .98 966 - TH7 776 925 .878
2 » 50k 271 2111 112 .140 .2L8

Bt LT84 .79 . 306 . 315 .585 . 588

1.

All means in this table are based on those subjects

in each group for whom Model 1 estimation could be accomplished




then on blank trials {(i.e., tending in the direction of maximizing his
probability of correct guessing by always guessing the more freguent event).
Should the points fall inside these lines, toward the center of ROC space,
the subject is exhibiting a tendency to optimize legs on gignal than on
blank trials. Eeach subject was assigned a score of 1 or O: 1 if the points
for Cl and 02 fell outside their respective lines, and O if they fell
inside the lines. 1In cages where one of the points was inside its line

and the other outside its line, the score wag determined by the deviation
of larger magnitude, meagured perpendicular to the constructed line,
Chi-squares were computed separately for each group, with E = 8; their
values, each with 1 df, were L,k , and 9, yielding estimstes of P < .05

and P < .0l; moreover, these may be summed to a total X2 =17, df = 3,
such that P < .001. It may thus be concluded that the observed iso-biasg

relationships do not follow the linear form that is predicted by the

model under consideration.

The Expanded Model

The fundamental notion underlying the formal specification of the
theoretical iso-bias function is both simple and intuiti%ely satisfying:
if the subJect doeg not achieve classification of the presented stimulus,
he guesses. The guessing probabilities should be independent of the
probability of achieving classification. Before the major concegsion of
abandoning this conception of the subject's beha%ior is made; it may
prove fruitful to examine the assumptions that were used to link the model
with the present experimental procedure. It was shown that the model can

be embodied in two matrices, representing the activation and deecision

Lo



mechanisms. The decision matrix is merely a formal statement of the

‘ideas about guessing that were presented informally above; the locus of

any proposed change to bring the model into line with the datas while
pregerving the guessing assumptions must therefore be the activation matrix,
One major assumption of the activation process was that presentation of
This

the SO figure always leads to the ambiguous sensory state, s

0
agsumption seems somewhat less compelling in the context of the present
visual discrimination or recognition procedure than in the setting of
auditory éignal detection, in which case blank trials are generated by
the presentation of noise alone, without a signal. The visual procedure
used always involved the presentation of a figure with no visual snalogue
of auditory noise; it thus seems reascnable to suppeose that active con-
fusion errors might occur in the activation process. An extendéd form

of the basic activation matrix, which does permit the occurrence of such

confusions, is given below:

1 2 0
- _
S, a(l - B) of 1-o0
A =5, ap o(l - B) 1 -0 .
SO i Ql Qe 1 - al - GE

It is assumed that the confusability relationship between Sl and S2

ig transitive; i.e., the probability that S1 is erroneously identified

as S2 is the same as the probability that 82 is erroneouely identifiecd

as Sl' However, the probability of mistakenly identifying SO as Sl

need not be the same as that of mistakenly identifying So as SB; these
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probabilities, <. and «

1 5 depend on the position of &, relative to

o

Sl and to S2 on the psychological dimension on which the stimuli are

judged. In applying the matrix above to the present experiment, the

simplifying assumption will be made that £ = OUl In this case, the

vectors for Sl and 82 figures are unchanged from the earlier matrix,
Combining these new assumpiions with the unchaﬁged decision matrix produces

a new performance matrix:

Ay A
8, o+ (1 - cr)p:,Larl (1 - o)(2 - pijn)
P, = ; . ; i} n
Zi,n - Sp (1 U)Pi,n o+ (1-9)(1 pi,n)

g | % * (1 - @ - aE)pi,n O, + (1 - a - ozg)(l - pi’n)

—

—_

This metrix may be specified by the equabions:

Ir

1. Pr(Al,n|C’ &8, )=o+ (1- U)pign 3

isn i,n
&‘, = - .
2, Pr(Al,nICisn 829n) (1 U)pi’n ; (10)
3- ?T(Algnlci,n & bO,n) =0 + (1 -0y - Qé)Pisn g

in addition, to evaluate Oég

I

L. Pr(AggnIC. & g o + (L -«

\
i,n Oﬁn) 5 1 agj(l pign) . (11)

lEven if not precisely valid, this assumption approximates the
clearly valid relationship for these figures, B < < {a., Otg)° Moreover,
the agsumption is supported by the results of previous %xperimentation
with the figures that was mentioned earlier,
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According to this formulation, the proportions of A, regponses on

1
SO trials are a linear transformation of the underlying response biaées
whenever al % ¢ or a2 # 0. One immediate implication for the present
analysis 1s that response blases are better estimated from SS than from
SO trialsu From Equations 1 and 2, an estimator can be developed that
is based on the observed resptnse proportions on SS trials and the pre-
viously obtained senszitivity estimates:

] fv}(Al]ci %5+ %(‘Al]ci &5,) -6

P, = - ﬂ (12)
* 2(1 - o)

Bias estimates obtained in this manner are pregented for individual
subjects in Table 3; the means for groups are given in Table 4, These
bias estimates can be seen to deviate considerably from the observed

response proportions on 8, trials, as should be expected of either «

0 1

or Qé £ 0., A% bias estimates are presented in Table 5; these were com-

puted by teking the average of P and 1 - %En These estimates also

1
differ from the comparable response proportions on SO trials, but
correspond quite clogely to the predicted response proportions when
averaged for those subjects for whom predictions were possible. The A%
bias estimates for entire groups are quite close toc the nominal proba-
bility matching levels, so that ﬁhe anomoly of undershooting the matching
values that was remarked earlier is resolved quite satigfactorily.
According to the new form of the model, the precise nature of the
iso-bilas relationship will depend on the values of al and a2o In order

to assess the efficacy of the revised formulation in dealing with the

observed iso-bias relationships, it 1s thus necessary to obtain estimates
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of al and agn Buch estimetes were cobiained for individual subjects

by use of sn automatic digital computer; the procedure involved generating

trial values, independently, for al and a2 (velues were generated in

steps of .02, starting from .00), predicting from the bias estimates, by

Equations 10 and 11, the values of Pr(Al|Ci & SO) for C., C., and C

1* 72
combined with Ch’ and selecting the pair of values that yielded the

3

minimam sum of squareg of deviations of observed from predicted values
for these three points. The means of these estimates and of the predicted
values are pregented in Table 7; these meang are for those subjects in
each group for which previous, or Model 1, estimation was accomplished,

go that a diresct comparison of the two models can be made. On the whole,

Model 2 gives a superior account of these data; while a few points are

it slightly better by Model 1, the agreement of Model 2 with the data
points 1s strikingly closer in several instances, e.g., §}(Alf02 & SO)
for the SC Group. The appafent peculiarities of the observed iso-bias
relationships thus are completely accounted for by this formulation, for
Meodel 2 fitg the .SO points guite well while encﬁmpassing exactly the
SS polnts, a feature that should be borne in mind during a comparison
with Model 1. It is true that two new parameters have been introduced,
uging up degrees of freedom in the data and thus sacrificing prediction
for the gain in descriptive power. However, this need not be z necegsary
drawback; the confusability parameters should be invarisnt for the sane
subjects and stimulus materials (note that the thfee mean values for

al and &2 are not widely divergent). Simple scaling procedures could
be employed t¢ provide confusability estimates, which might then be

carried as congtants intoc a more complex experimental setting, such as

that of the present experiment.
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Table T~

MEanl Estimetes for Model 2 and Predictions
for Pr(Allci & SO) from Model 1 and Model 2 Compared

Pr(A, [C,&S,)

Bias

Group ai aé Cue Est. Pred.l Pred.2 Obs.
70 Group .199 133 1 .696 755 678 .706
o CLB7L 387 31 RIT-=1

38l 611 .583 .605 .589

80 Group .112 .070 1 .862 843 .8%) 863
2 . 305 .289 .29L 269

L 631 .599 .620 611

90 Croup 163 . 094 1 .922 .925 871 .878
2 .140 140 248 .248

gl .612 . 585 606 .588

L. All means in this table are based on those subjects

in each group for whom Model 1 estimation could be accomplished



Latency Data

Mean latency scores for each group, and the variance of subject means
about the group mean they comprise, are presented in Table 8. Since no
theoretical structure is advanced for the ftreatment of latency data in
the pregent context, latency distributions for individual subjects were
not examined; thus the question of the extent to which a mean figure is
representative of the behavior of any individual subject in the situation
is left unenswered., Nonetheless, it is of interest to take note of some
of the quite regular agpects of the mean data. For convenience, these are
combined in Table @ inte dominant responses, A%, and counter~dominant
responses, A , to the relevant cues, One of the more siriking features
of these dasta is the extent to which the cue is dominant over the stimulus
as & determinant of latency; A* responses are more rapid than A~ responses,
even when A¥ errors are compared with A~ correct responses. The dif-
ference between A% and A  latencies increases consistently with T s
as A¥ times decresse while A  times increase. The sole exception
to this pattern is in the case of A  error responses on type SS trials;
here the differences between groups are small and seemingly unordered. A
possible implication to be drawn from this patiern of results is that
response biases are activated before stimulation; the preselected regponse
igs then either released or inhibited as a function of stimulus processing.

Kinchla et al (1S66) were able to account for their latency date
by assuming that observed latencles are realizations of a random variable
Tu if the unambiguous sensory state is achieved or of a random variable
'I'a if the ambiguous sensory state is reached; they found no differences
in latency for the different cues. Such a formulation is clearly inadequate
for the present data, which shows latencies that are highly dependent on

the cues,
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Table 8

Agymptotic Latency Data: Means (in Seconds) for Groups, and

Variances of Individual Means within Fach Group

Cue  Stim. Resp. Mean  Var. Mean Var. Mean  Var.

3 1 1 g6 L0013 660 .020 628 .030

3 1 2 b7 .027 .899 .082  1.083  .085

1 2 1 822 023 J768 034 653 06k

k1 2 2 853 .013 <973 L058 1,052,049

i 0 1 82 L013 689 .025 649 036

1 0 2 .90k 016 .22 046 968 .0e8

o 1 1 883 .019 876 073 - 1.033 .07k

2 1 2 - .838  L027 .747A 048 719 089

2 2 1 921 'ﬂ013 - 958 .059 833 .112

2 2 2 TR W01 695 L0230 Leh7 03k

2 0 1 876 .02k L2 062 .39 .06

o 0 2 822,015 JThL 03k .70h  ,055
By 1 1 70 008 828 .ob3  LB4E  .oz2

Fels 1 2 Lo8 .023 878 065 .938 Lok

kL2 1 9k .01z .810  .085  .898  .037

‘L2 2 S92 008 862 .032 852,015

' 0 1 799 008 L9221 L093 891 .036

3L 0 2 866 .029 L915 .0l3 986 057
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Table 9

Mean Latencies (in seconds) of Dominant (A¥)
and Counter-dominant (A~) Responses to

Relevant Cues on Signal (SS)‘ and No-signal (8 Trials

o)

70 Group 80 Group 90 Group

'8, Correct: | A¥ 760 678 .638
AT | .868 0 - .ok 1.0k
Ss’ Error: A% .830 758 © 686
AT | .+ 93k .928 .958
8ot A¥ 802 715 676
A" 890 0 .92 .95k
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DISCUBBION AND CONCLUSIONS

The observing response data that were presented zbove appear to con-
trovert an established phenomenon in & bizarre fashion. IT is clear that
any simple theoretical structure which postulates correctness of the Ak
choice ag the primary reinforcing event will be inconsgistent with these
data; this is true whether the correct response is the result of a detection
or of a correct guess. For this reason, no theoretical analysis of the
ohserving cheice data was attempted,

In a postexperimental interview, the subjects for the most part were
able to estimate guite well the overall degree of relationship between
cue and feedback events. However, they also typlcally reported extreme
boredom and a search for seguentizl dependencies and patterns of cue events.
Virtually every subject indicated, when asked, that his behavior would
have been different had payment been made explicitly on the basis of ihs
total number of correct responses.

Attitudes toward the experiment that were expressed during the inter-
views suggest a possible account of the observing-choice data: The effec-
tive primary motivation of the subjects may have teen a desire to under-
stand and to master all of the contingencies of the situation. Such an
interpretation seems generally consistent with observed aspects of the
data. As «x

1

the relevant cues because they are more and more predictable. The stronger

becomes higher, less attention and energy are devoted to

relationships between cue and feedback are more obwvious and more consis-

tent for the subject; thus by the exzpenditure of minimal effort he is able
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to predict the correct response for these cues; this is reflected by the
decreased sensitivity and the decreased response latencies for the domi-
nant responses on the relevant cues. The increasing concern for the
irrelevant cues that is evidenced by the groups with the higher values

of ﬂl is suggestive of the preference for complex, novel, and uncertain
stimuli that is reported by Berlyne (1960, 1966), The general tendency

to perseverate on an observing choice without regard for the trial outcome
suggests a search for sequential patterns and dependencies. This propoged
general account of these results is of necessity speculative and ad hoc;
however, it is subject to experimental verification and suggests studies

to determine the conditions under which the more traditional observing
response resulit is likely to be obtained, and those under which the present
result is 1likely to appear. The variables that presumably should be impor-
tant in this respect would seem to be primarily the motivating instructions
and payoff conditions under which the subject is to operate.

One of the more important results of the study is the observed
difference in sensitivity estimates for the relevant snd irrelevant cues,
as a function of Ty This resuit 1s not necessarily incompatible with
the data of Kinchla et al (1966), as their extreme cue-feedback depend-
ency was only .75, and no significant difference in sensitivity was found
for the present 70 Group. The dependency of sensitivity on the cues
suggests a theory of variable sensitivity proposed by Atkinson (1963).

In simplified terms,; the basic postulates of the theory are as follows:

1. Under given conditions of stimulation, each individual has some

upper bound on information processing, which is imposed by the physiological

structures involved,
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2, Because of the expenditure of effort involved, the maximum possible
sensitivity 1s seldom utilized by an individual. Effective sensitiviity is
the maximum weighted by a fraction which summarizes the effecis of moti-
vational variables in the situation.

3. 1In a typical experimental setting, the motivational wvariable may
be comprised of several factors. Scme of these are relatively stable,
such #s insiruction-produced motivation; general desire to do well, to
' please the experimenter, and the l1ike. Other aspects may vary from trial
to trial: in particular, a negative feedback mechanism is proposed that
lowers the weighting fraction when a succesg i1g obtained, and raises it
whern an error is experienced;

This theory seems quite appropriate for the data of the present
study if we add the assumpiion that the success histories of the various
cues are tracked independenflyn It would then be expected that the nega-
tive feedback mechanism should lower the mean sensgitivity level as the
correlation between cue and feedback is increased, and the error rate for
that cue correspondimgly decreased, A formal detailed fit of the theory
to the data represents an undertsking beyond the scope of the present
discussion.

Another aspect of the data which 1s of interest is the asymptotic
response bias associated with the relevant cues. Degpite the overall
preference for the Al regponse, the mean bias values were found to
‘approach quite closely the predicted probebility matching wvalues. For
two of the groups, slight overshooting was observed; this result is not

unuegual for experiments that involve a very long series of ftrials.

60



Yet another important aspect of the data i1s the observed form of the
iso-bias functions; these departed significantly from the form predicted
by the simple version of the model under conslderation. However, it was
demonstrated that this deviation can be adequately accounted for by an
expansion of the model which allows confusion errors Lo occur on SO
trials. In this analysis, the blas values underlying the observed response
proportions are seen to satisfy the requirement of the theory. The objesc-
tive of demonstrating concurrent differential response biases at multiple
sensitivity levels thus has been achieved.

All in all, the rather simple mbdel of behavior in a forced-choice
psychophysical experiment has met with remarkable success in its general-
ization to the rather complex conditions of the present experiment., The
original assumpﬁions about the nature of the activation process proved
to be oversimplified and required expansion; this is not surprising in
1ight of the change from auditory signal detection procedures to visual
recognition or digcrimination procedure. Future experiments of the lattér
sort need only employ pre-scaled stimuluz items for the model to enjoy for
this situation the predictive power that is currently available to
it in the case of suditory signal detection.

Typically enough, mean predictions for groups were found to be
superior to the predictions for individual subjects within the groups.
Nonetheless, the ordinal predictions for individuals were consistently
accurate, It is suggested that the complexity of the experimental situ-
ation may sccentuate subject variability and sllow for the operation of
uncontrolled extraneous variables which contribute to experimental error.
This complexity is justified by the richness of the data in terms of the

number of concurrently observed peints, or measures.
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AFPPENDIX A

The following instrucitions were read by the subjects and also delivered
verbally by the experimenter at the beginning of the experiment:

"This experiment is supported by the National Aeronautics and Space
Administration as an investigation of several aspects of human information
processing and decision making in a difficult Judgement situation. The
experimental data will form the basis of my doctoral dissertation in
experimental psyc:hoiog:ya |

Two people normally will run at the same time during each session;
the particular palrings are unimporteant and may change from day to day.

It is extremely important that you avoid not only +alking, but all verbal
exclamations during the experiment and also refrain from discussing the
experiment either with your partngr or with any other participant bhetween
sessions,

The experiment involves five sessions, on consecutive days, of no
more than one hour eachv. The bhase pay for completion of this series is
47,50, In addition a bonus of $2.00 is routinely offered to each partici-
pant who misses no'sessions5 complies with the instructions, and maintains
a reagonably high level of performance throughout all five segsions,

This apparatus is used for presenting brief wvisusl displays and
recording your responses to them. Behind the eyepiece is a screen, where
you can now gze a circle of light in which the displays will appear.

Every display that you will see during the experiment will be in the form

of a letter "X"; your task will be to decide which angles of the "¥"
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are wider, those at the top and botiom or those at the sides. You will
indicate your decisions by pressing the button that is marked with the
appropriate exaggerated form.

Today you are first going to run through a series of trials of the
following format: you will hear a click on the intercom unit, immediztely
after which a display will be flashed on the screen inside the bright
cirele., You will then be allowed az total of two seconds to indicate your
decision as to which of the ftwo alternative display forms was shown. You
are required to press one of the two buttons on every trial, regardless
of how confident you feel in your Judgement. This ig very important.

At the end of the twe seconds, a light will appesr in one of the two

upper corners of the screen, on the same side as the correct response
button for that trial. If this light is on the same side as the button
you pushed, you will know that you were correct on that trial. The inform-
ative light will stay on for 1.5 seconds, after which the next trial will
begin immediately.

Please do not rest your fingers on the response buttons; touch them
omly when actually making a response, then press quickly and firmly.
Since irilsls are run in darkness, you will need csome way of locating the
buttons. It is thus suggested that you always use the same finger for
responding and rest it on the dividing strip between the two buttons in
the period between responses.

If you feel that it is necessary to communicate with me during an
experimental session, you may simply speak into the intercom unit; other-

wise, do not talk at all.
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Smoking is not permitted in the experimental room."

The following instructions were delivered verbally by the experi-
menter at the end of the 80 practice trials:

"You should now have a reasonably good idea of what is involved in
this basic form of the judgement task you have been performing. For the
duration of the experiment the procedure will be slightly more complex.

You must now initiate each trial by pressing one of the two unmarked
buttons on the lefi gside of the panel. This will cause one of four colored
lights to appear at the top of the gscreen. I have turned them all on so
that you can see what they look like,

The trial will not start until you (both) have made this preliminary
choice response. Once this has happened, the rest of the trial will pro-
ceed normelly. Your gignal that it is time to make the preliminary choice
to start the next trial is the terminstion of the informative light and
the colored light from the preceding trial.

The colored lights that follow the preliminary choice may provide

you with information useful to assist you in making the correct response.”
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