UC Office of the President
Human Memory and the Learning Process

Title
Signal recognition as influenced by information feedback

Permalink

bttgs:ggescholarshiQ.orgéucgitem490n951X\=/|

Authors

Atkinson, Richard C.
Tanner, Jr., T. A.
Rauk, J. A.

Publication Date
1980

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/90n951xv
https://escholarship.org
http://www.cdlib.org/

Signal Recognition as Influenced by Information Feedback
T'. A. TaNwER, Jr., AND ], A, RAUK

Ames Researeh Centor, NS,
Maffeit Field, California 94035

AND
R. C. ATKINsON!

Stanford [niversity, Stanford, California 943005

Eight human observers were tested on a gignal recopnition task involving two tones:
of different amplitudes. The independent variables were (a} three hinomial schedules
for presenting the two signals, with parameter values 0,2, 0.5, and 0.8, and () four
eonditions varving the information given to an abserver about the signal presentition
schedules. The information that an abserver was given about the presentation schedules
markedly influcnced hit and false alarm rates (the probabilities of reporting o loud
signal when o loud and solt signal, respectively, occurred). Fhe inftaence of 1he
preceding trial’s signal and response on hits and false alarms also varied as a function
of hoth the presentation sehedule and the information given about the schedules, A
mathematieal model of sipnal recognition is shown to provide a fairly accurate account
of the various conditions investigated.

IFindings from experiments by Kinchla (1966) and Tanner, TTaller, and Atkinson
{1967) suggest that signal recognition is a function of hoth the signal presentation
prohabilitics and the amount of information given ohservers about these prohahilities.
Both experiments involved the recognition of two amplitudes of a 1000 Hz tone;
whenever a signal was presented, the observer was required to judge whether it was
the louder or the softer of two tones. A major independent yariable in hoth studies was
the signal presentation schedule, The schedules were himomial sequences of Toud and
soft tones. For Kinchla the probability of the fond tone (p) took on three values:
0.25, 0.50, and 0.75; for "Tanner et al. Ave values were used: Q.1, 0.3, 0.5, (0.7, and 0.9,
In order to compare their findings with research on signal deteetion (Green and Bwets,

! "The authors wish to thunk Professor R, W, Haller for his comments and suggestions on an
carlier version of this paper.
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1966), these authors (Kinchla, 1966; and Tanner of al., 1967) defined a fif as a report
that the loud signal occurred when in fact it did acenr, and a false alarm as a report that
the loud signal oceurred when the soft signal was presented.

In Kinchla’s experiment two types of information were given to observers about
the presentation schedules. In one eondition obscervers were told the signal presentation
prohabilitics at the start of each experimental session and were given feedback iden-
tifying the correet response on every trial, In the other condition they were told the
presentation probabilities, but were not given trial-hy-trial feedback. For hoth of these
conditions Kinchla reported results that were similar to those of signal detection studics
(Green and Swets, 1966), ¢z, that both it and false alarm probabilitics increased as
y increased, although the effeet was less pronounced when feedback was omitted,

In the study of ‘Tanner et af., however, ahservers were not told the signal presenta-
tion probabilities and were not given trial-by -trial feedback, and hoth hit and false
alarm rates decreased as y inereased. Under the no-feedback conditions of hoth studies,
hit and false alarm rates were strongly influenced by the signal and response that
occurred on the immediately preceding trial; these sequential effects were in sharp con-
trast with the relatively weak sequential effects that typically have heen reported for
signal detection experiments (Atkinson and Kinchla, 1965). Results similar to those
obtained by Tanner ¢ al. have been reported by Parducet and Sandusky (1965) for
recognition of visual displacement.

In order to provide a theoretical account of their results, Tanner ef al. presented a
model which incorporates both memory and detection processes, This model will be
referred to as the Memory-Recognition Madel or more simply, the MR-Maodel.
Tanncr #f al. applied the model to their data and indicated how it might be modificd
to account for the data obtained in Kinchla's feedback conditian.,

The study reported here had the following objectives: (a) to replicate the findings of
Kinchla in his feedback condition and of Tanner ef af. in their no-feedback condition;
(b) to determine whether the inverse relationship between y and the hit and false
alarm rates, reported by Tanner-ef al., depends on observers not being informed about
changes in the presentation schedule; and (c) to test the ability of the MR-Model to
predict perfortnance both in a feedback condition and in three no-feedback conditions.

The MR-Alodel

The following notation will be used in discussing the experiment and model:
S, - presentation of the loud signal; 8§, =2 presentation of the soft signal; 41, = - the
response identifving a signal as loud; A =: the response identifving a signal as soft;
and y :- the presentation probability of the lond sipnal. Thus on any trial of an
experimental session, cither S, is presented with probability p, or S, with probability
I - y. After cach presentation, the ohserver is reguired to make cither an o or )
response identifving his judgment of which signal was presented. The observer may
or may nat be told the signal presentation probabilitics, and may or may not be given
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feedback after cach response. As defined here, the feedback condition involves both
trial-by-trial feedback and telling the observer the signal presentation probabilities at
the start of 2 session,

The principal dependent variables are the hit and false alarm probabilities and the
(first order) sequential probabilities, defined as follows: Pr(-1, 1 S;) - the probability
of a hit; Pr(4, | S,) +- the probability of a false alarm; Pr(, | 8,.4,8,) . - the prob-
ability of a hit, given that an 4; was made to an §, on the preceding trial (f, £ - 0 or
1);.and Pr(d, | Sy4;8;) == the probability of a falsc alarm, given that an 4, was made
to an §, on the preceding trial .(f, £ -~ 0 or 1).

A graphic representation of the MR-Model is shown in Fig. 1.2 'he modcl assumes
three processes: a mewory process which maintains an image of the signal presented on
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A OR Ap* | PROCESS

i, 1. Schematic representation of the MR-Model.

the preceding trial, a comparison process that caleulates a difference function on the
stored image and the incoming signal, and a decision process that sclects a response on
the basis of the comparison process. We assume that an observer has in memury an
image of the signal presented on the immediately preceding teial. This stored image
will be referred to as the frace. Due to the influence of various noise sources, the trace
of signal 5, will take on different values from presentation to presentation and is best
described as a random variable 7% . It is assumed that 7} is normally distributed with
mean f; and variance a7* More specifieally, the trace distributions for the signals S, and
S, have diflerent means, 4, and 4, . but a conunon variance o2

On cach trial of the experiment, the observer processes both the presented signal
and the trace of the last signal. We shall call the sensory event assoctated with the
occurrence of S; the input, a random variable denoted as F;, which is normally distrib-
uted with mean s; and variance a2 Thus, the two signals 5, and S, are characterized
by two input distributions with means s, and s, but a ecommon varrnee o2,

* A similar model has been presented by Kinchla and Allan (1969) and Kinehla and Smyzer
(1967).
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‘I'he values of s, and s, are regarded as scaling parameters, and for mathematical
convenience are set arbitrarily at s, -+ Land s, - 0. For reasons discussed by Haller
(1969) it is assumed that ¢ and 4, depend on o, The postulated relationship is linear and
is specified by the parameter e as follows:

Hera (]l - a)y, {1
b= (1 a)y, (2)

where 0 -7 o« - 1. Thus, the more probable signal is remembered with the least
amount of distortion, and the greater the value of « the more accurate the memory for
both signals.

According to the maodel, on cach trial the observer compares the trace fraom the
preceding signal with the input of the cureent signal. He then computes the difference
between the trace and the input on the relevant dimension (the dimension on which
he is asked to base his judgment). If signal S, was presented on the preceding trial and
signal &; 18 presented on the current trial, then the difference score o, is distributed
as a random variable 73, that is specified by the equation

Dy =@, - T,. (3

To avoid confusinn, it should be noted that whercas the trace on any trial is determined
by the stimulus input on the preeeding trial, the input on a trial is assumed to be
independent of the trace active on that trial. Thus 0, is normally distributed with
mean s; — f; and variance o, == o7® + of.

The decision process uses the output of the comparison process to generate a
response as follows:

o 7~ 8y Srcspnnd Ay '
If ¢d, <8, ; then {respond 4, : @
othcrwiscs repeat response made on the preceding trial

whore 8, 2 §, . If the difference between the input and the trace is greater than some
criterion value 8, , then 4, occurs; if the difference is less than some eriterion value §, ,
then A, oceurs; if the difference does not exeeed either the fower or the upper criterion, -
then the response made on the preceding trial is repeated. In essence, when the obser-
ver substracts the trace of the last signal from the image of the current signal and
ohtaing a “large” positive difference, he calls the current signal Ioud; when he obtains
a “large™ negative difference, he calls the current signal soft; and when he obtains
little os no difference, he identifies the current signal as a repetition of the preceding
one and repeats his last response, _

I'rom the above assumptions, Haller (1969) and “I'anner ef al. (1967) have shown
"that

Pr(d, i 84,8 - @ (..-‘_f_';!.s-_:jf__)_ (5)

Tp
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whdre 4, J, and # can take on the values Q or |, and ®(r).is the intcgral of the unit
normal density function; i.e.,

O(x) = - [ eamit gy, ©)

Virl s ”

If the predicted sequential probabilitics are plotted as points in a receiver-operating-
characteristic (ROC) space, then the points [Pr(d, | 8,4,8;), Pr(A; | §,4,8,)] fall on
a symmetric, bow-shaped curve that is defined by the paramcter o, , and is of the
type predicted by signal detectability theory (Green and Swets, 1966).%

For the fecdback condition, Tanner et al. (1967) proposcd that, if 4, falls between
the lower criterion 8; and the upper criterion §, , then the observer reports that S, , the
signal presented on the preceding trial, has been repeated. More specifically, in the
feedhack condition the observer always knows on a given trial which signal occureed
on the last trial, since the feedback event has given him that information. "Therefore,
when the trace from S, and the input from S, are perceived to be approximately the
samc {i.e., when d;; falls between 8, and 8;}, the observer makes the response that was
designated by feedback as correct on the last trial. FFor this assumption,

Pr(d, | 8;4,%,) = @ (“’_'"_i*: -'-'I-f;-"--). Q)
%p

A more general assumption when ;. falls hetween §; and 8 is that the observer’s
response strategy is influenced hby'any information from the preceding trial. Specifically,
we assume that the observer responds according to a weighted combination of two
tendencies, a tendency to repeat the respimse he made on the preceding trial and a
tendency to teport a repetition of the signal (signified by the fecdback cvent) that
occurred on the preceding trial. Under this assumption, :

Pr(d, | S,4;5,) = wP (_si.__'____r.*' :ﬁL) F(l —w)® (_'"'..__'l’-_'__'__.‘.s_f_.-) (8)

op T ’

where w is the weighting parameter. Note that Eq. 8 is simply a weighted average of
Eqs. 5 and 7. The no-feedback condition of Tanncr et al., is a special case when
w = 0 and Eq. 8 reduccs to Eq. 5. At the other extreme, if the observer ignores his
last response, then o == 1 and Eq. 8 reduces to Eq. 7.

For the feedback condition, the point [Pr(ad, | 84,80, Pr(1y | 874,8,)] generated
by q. 8 lies on a smooth ROC curve defined by oponly when j = &, i.e., when the re-
sponse on the preceding trial was correct. When j 3/ &, the points generated by Eq. 8
fall below the ROC curve that passes through the points generated when j - & In fact,
the points [Pr(dy | Sy S0, Prid; 18346800 and [Pridy P S0 S0, Pr(cdy [8,-080)]

* A point in the ROC space is represenfed by the ordered pair (v, ¥), where x denntes the
value on the abscissa and 3 denotes the value on the ordinate.

~
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gencrated by Iiq. 8, each lic on o straight line between the corresponding points
generated by Egs. 5 and 7, which lic on the ROC curve,

MeTHoD

The observers were two male college sophomaores (Nos, 1 and 3) and five female
housewives (Nos. 2, 4, 5, 6, and 7) ranging in age from 20 to 21 and 31 to 42, respec-
tivelv. Audiometric tests established that all observers had normal hearing. T'he
ohservers were paid at the rate of $2.25 per hour plus 20.75 per hour upon completion
of the experiment. In addition, they reeeived $0.01 for every 4 correct responses.

‘The task required the observer to judge which of two auditory amplitudes vecurred
on cach of a series of trials. Responses were recorded by having the observer press one
of two buttons on a pancl directly before him. The buttons were separated horizontally
4.25 inches from each other. For three observers (Nos. 3, 6, and 7), the buttons were
labeled from left to right, loud signal, soft signal, for the other four observers, the order
was reversed. :

"The sequence of events on each trial of the experiment was as follows: a 1-sce ready
puriod, designated by the illumination of a small white light on the observer’s panel; the
presentation of one of the two signals for 0.1 sec; a 1.9-sec response period, designated
by both response buttons being illuminated; a 2-sec interval, followed by the ready light
for the next trial. Thus, a total of 5 sec clapsed between signal presentations. When
trial-by-trial feedback was given, a red light illuminated-the correct response button
during the last 2-see interval of the trial; otherwise the interval contained no informa-
tion,

"I'he signals ‘were 1000-Hz sinusoidal tones, presented through carphones for a
duration of 100 msec. The equipment and method of tone generation were the same
as reported by Tanner ef al. (1967). No background noise was presented, The ampli-
tude of S, , the loud signal, was constant throughout the experiment at a sound pres-
sure level of 70 dB. The amplitude of 8, the soft signal, was adjusted individually
for cach observer, contingent on his performance during four practice sessions. The
adjustment was made after each block of 50 trials so that by the end of the fourth
practice session the observer was responding correctly on about 707, of the trials. At
that time the amplitude settings of S, were as follows (Nos. | to 7): 67.4, 63.0, 67.4,
67.1, 65.6, 67.6, and 66.4 (mcan = 664.4); these amplitudes were held constant for the
remainder of the experiment. During the practice scssions y was set at 0.5.

The experiment involved 63 sessions plus 4 practice sessions for each observer, who
was tested individually for 2 scssions a day with a 15-min break between sessions.
Each session consisted of 350 trials. Within a session the proportion of S, trials was
determined by onc of three presentation schedules defined by y @ v == 0.2, 0.5, and 0.8.
Within each biock of 50 trials, ¢ defined a random sequence with the restriction that
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there were ¢ X 50 loud signals and (1 - ) » 50 soft signals. 'The order of presenting
the schedules was randomly determined with two restrictions: in successive 3-session
blocks the observer was tested for 1 session on each of the three schedules, and he was
not tested on the same schedule in any 2 consecutive sessions.

Observers were not given information abaut the signal presentation probabilities
either beforc the experiment or during the practice sessions. Following the practice
sessions the expcriment involved four major parts (conditions), described in their
order of occurrence: NF/N, F, NF/E, NF/LL.

Condition NFIN (no fecdback/naive). T'he observer was not given triai-by-trial
feedback and was not told that the presentation schedule varied from one session to
another. 'T'his condition lasted for 12 sessions, 4 sessions with each of the three presen-

tation schedules. Condition NF/N was designed to be comparable to the no-feedback
condition of Tanner et al. (1967).

Condition F (feedback).  This condition followed NI/N and lasted for 12 sessions,
4 with each schedule. On cach trial during Condition F, the: obhserver was given
feedhack identifying the signal that had occurred on that trial, In addition, he was
told the presentation probabilities at the start of each session: Condition IF was designed
to be comparable to Kinchla's (1966) feedback condition.

Condition NF|E (no feedbackfexperienced). This condition followed Condition F
and lasted for 30 sessions, 10 with cach presentation schedule, As in Condition NF/N,,
the observer did not receive trial-by-trial feedback and was not told the presentation
probabilitics, However, since the observer had participated in Condition F, he was
now aware that the presentation probabilitics might be varving from session to session.
"The extended duration of this condition was designed 1o allow investigation of possible
changes in performance as a function of ¢lapsed time following Condition F.

Condition NF[EL (no feedbackfexperienced, later).  This condition started 1 month
after-the completion of Condition NF/IL and lasted for 9 sessions, 3 with cach presen-
tation schedute. Observers were not told at the end of Condition NF/E that they would
be asked to return (No. 3 did not participate in Condition NI/LL). As in Condition
NI/N and NF/E, the obscrver was not given trial-by-trial feedback and was not told
the presentation probabilities. Condition NF/EL was included to determine if the
clapse of a fairly long period of time would dissipate any influence that Condition F
might have on subsequent performance in a no-feedback condition.

Risurts AND DISCUSSION

Table | presents the sequential probabilitics, hit and false alarm probabilities, the
probabitity of an 4, , and the probability of a correct response, Pr(€7). ‘T'he figures also
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present the sequential probabilities (Fig. 2), hit and false alarm rates (Fig. 3), and the
A, prabability (Fig.4). T'hese data were caleulated for observers individually and for the
group as a whole. T'o conserve space, data for individual observers are not presented;
however, they are reasonably well represented by the group values. The adequacy
of the representation is comparable to that displayed in Tanner ¢# al. (1967).

"The data represent performance over all of the sessions of a given schedule and a
given condition, Data for single sessions were also examined to determine if there were
systematic changes over sessions. Such changes were not vhserved, even for Condition
NTF/E -where they were most expected. ‘Thus the data presented are representative of
individual sessions as well as individual obscrvers,

T'o obtain predictions for the MR-NModel, it is necessary to make estimates of
&, ap, 8y, 8, , and . For the present study the parameters were estimated by mini-
mizing the following function:

2

f(a:, gn a“ ) 81 N w) =" i z {[f,r(.“l l h‘,-.-‘;jns';..) - - Pr(-."]l | S,-.-f_,-.\',..)]z fr(.-'l.‘t',-.-lj.‘:",.)},
I el jol deed
&)

where 131'(.4 | S:158,) denotes the observed sequential probability and {r(d4,.5;4,8,)
deniotes the corresponding observed frequency. The parameter estimates were obtained
using a high-speed computer to calculate the function §(x, oy . 8, , 8; , w) over a grid
of possible values of the parameters, then selecting those values that approximated the
minimum of the function (see Atkinson, Bower, and Crothers, 1965, p. 386).

Two estimation procedurcs, designated as Mcthods A and B, were emploved. In
Method A, which was used for Condition NF/N, the five parameter values were
cstimated simultaneously for all three presentation schedules. In Alethod B, 8, and §;
were estimated scparately for cach presentation schedule, while «, 0, and-w were
estimated simultancously over all three schedules. “T'hus in Method B, once value each
for o, op , and w, but three values each for 3, and §; (a total of nine parameters) were
estimated. Mcthod B was used for Conditions F, NF/E, and NIF/EL, because it was
assumed that 8, and 8, would vary with y when observers were aware that the signal
prescntation probabilities were being varied from session to session. "T'he parameter
estimates and the minimum values of e, ap, 8, 8, , ) arc presented in "Fable 1.

"T'he sequential probabilitics are discussed first, since the principal predictions of the
MR-Model are based on sequential relations. These probabilities are presented in
Fig. 2. The columns of Fig. 2 correspond to the four experimental conditions, and the
rows to the three presentation schedules, The circles and squares in each graph (see
the figure legend) plot the ohserved points [Pr{d, 1 85,4,8,), (., | S5.05)] The
bow-shaped eurves are the ROC functions predicted by the MR-Model. The curves
arc determined by the single paramcter oy, (Taller, 1969; Tanner ef al., 1967). There-
fore, each condition (having its own estimated value of ) has a different curve, but the
three schedules of a condition (having the same value of o)) have the same curve.
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Fic. 2. ROC graphs of sequential response probabilities.

The interscctions of the ROC curves and the short lines drawn perpendicularly to
them plot the predicted points in Fig. 2. For the no-feedback (NT) conditions, the
order of the predicted and observed points along the ROC curve is the same, and this
order is independent of the prescntation schedule. Both hit and false alarm rates
increased as a function of the signal and response on the preceding trial as follows: an
A, made toan 8, , an 4, made to an 5, an A, made to an §, , an .4, made to an S, .
Thus thére was a general tendency to repeat the response made on the preceding trial
but not to report the signal that occurred on the preceding trial. Also, there was a
strong tendency to’ repeat a response that was incorrect on the preceding trial. The
order of the abserved points for all three NF conditions is the same as that reported by
Kinchla (1966} and by Tanner ef al. (1967) for their no-feedback conditions. Also, the
accuracy of the MR-Model for predicting the sequential probabilitics in the present
study appears comparable to the accuracy reported by Tanner ef al.

As noted above, for Condition F the model predicts that only two of the points for
the scquential  probabilitics, iz, [Pr(d, [ Sy4,S0), Pr(Ad, 1 84,5,)] and
Pr(A, | So1,8,), P, | S44S0)] will fall on the ROC curve. The predicted values
for these two points arc indicated by the intersection of short lines with the ROC
curve; the predicted and observed values for these two points have the same order in
the ROC space. For the two points that are predicted to lie below the curve, wiz,
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[Pr(A ) 8,4 Sy, Pr(d; 8,4,5:] and [Pr(A, | 534,8,), Pr(Ad, | S,4aS)), the pre-
dicted values are designated by small crosses and a'line connccts these crosses with
the corresponding observed points.

For Condition F (in contrast to the NF conditions) the order of the four nhscrved
points along the ROC curve is not consistent over presentation schedules. However,
the order within each of the two pairs of points (the pair predicted to fall on the ROC
curve, and the pair predicted to fall below the curve) is the same for each presentation
schedule ‘as the corresponding order in the three NF conditions; i.c., both hit and
false alarm rates were greater when an A, was made to an S, than when an 4, was
made to an 5, on the preceding trial, and were greater when an ', was made to an S,
than when an A, was made to an §, . Inspection of Kinchla's data shows these same
relationships when observers received trial-by-trial feedback.

Kinchla reported that the influence of the preceding trial’s signal and response on
hit and false alarm rates was much stronger when observers did not receive feedback
than when they did. Similarly, in Fig. 1 of the present study, the sequential effects
appear greater for the NF conditions than for Condition F; i.e., the spread of the four
points in the ROC space is generally greater for the NF conditions than for Condition
F. In both studics. however, the two points [Pr{d, | Sy4,S0), Pr(d, | §.4,5,)] and
(Pr(A, | Sod\S)), Pr(y | 8,4,85,)] were spread about as far apart when feedback was
given as when it was not. 'The deerease in the overall spread for Condition FF was due
specifically to a decrease in the sequential effects when an crror (4,8, or 4,5,) was
made on the preceding trial. Thus in Condition IF (in contrast to the NF conditions)
there was not a consistent tendency to repeat a response that was incorrect on the pre-
ceding trial, but (similar to the NF conditions) there was a tendency to repeat a
response made on the preceding trial whether or not it 'was correct.

The two points that are predicted to lie below the ROC curves in Condition I¥ are
not as well fit by the model as are the points (in all four conditions) that are predicted
to lie on the curves. However, in all conditions the theoretical fits for the points that
are predicted to lie on the ROC curves appear reasonably accurate; and, as noted
previously, even for the points in Condition T that arc predicted to le below the
curve, the relative location in the ROC space, with respect to the direction of shifts
along the curve, is predicted.

Figure 3 presents observed values for hit and false alarm rates plotted on ROC
graphs. As would be expected from previous research, hit and false alarin rates varied
systematically ag a function of y in all experimental conditions. For afl three NEF
conditions both the hit and falsc alarm probabilities decreased, as y increased, the
same relation reported by Tanner ef af. (1967). Qualitatively then, the relationship
between y and hit and false alanm rates was the same for the three conditions. However,
note that the spread of the points is greater in. Condition NF/N than in Conditions
NF;E and NF/EL. This evidence indicates that the influénce of ¢ on hit and false
alarm rates is reduced in a no-feedback condition that is presented after an ohserver

327



NO I'EEDBA(K FEEDBACK
NA&IVE a
B u n 4]
fv vALUE
a | o 0.2 :
5 o o @5 |I
" a 0,8 !
- 0" 1 L iy 1 . I.
=3 Ll !
v
a
<&
|,'_1D
Bt a + s
6l NG FEEDBACK | NG FEEDBACK
* EXPERIENCED £XPERIENCED, LATER
4 1 1 ‘f’ L L X
0 2 4 0 2 4 0
Pria,|55)

Fie. 3. ROC graphs of hit and false alarm probabilitics.

has previously experienced feedback., This reduced influence apparently was not
affected by the clapsed month hetween Conditions NF/IE and NF/EL. _

For Condition F both hit and false alarm rates increased as y increased. This
relationship is the samce as that reported by Kinchla for his feedback condition. "T'he
influence of ¥ on hit and false alarm rates appears to have been stronger in Condition
F than in Condition NF/N and this difference bhetween the two conditions also is
congistent with the results of previous research. Inspection of Kinchla's feedback data
and Tanner and co-worker’s no-feedback data suggests that the influence of y on hit
and false alarm rates was stronger in the former even though the range of y values
(0.25 t0 0.75 and 0.1 to 0.9, respectively) was greater in the latter study. :

Predicted values for Po( 4, | S;) and Pr(4, | S,) were obtained as weighted averages
of appropriate sequential probabilitics:

Pr(4,18) = i f‘, [Pr(dy | S,4,5:) Pr(4; | S,) Pr(S,)]. (10)

L=l jwl

T'he predictions for Pr(4, | ;) and Pr(A, | S,) are presented in Table I, where they
can be compared with ohserved values. For cach of the four conditions the mode!
predicts the observed values quite agcurately. The largest discrepancy hetween
observed and predicted values is 0.04, and the discrepancy for 17 of the 24 pairs of
valum is less than or equal to 0.0].

" Figure 4 presents the observed values for Pr(4,) as a function nf y. Tt is clear that
feedback had a marked influenced on Pr(A4,). While Pr(A,) remained virtually constant
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1. 4. Unconditional prohahility for reporting the loud signal.

over the presentation schedules in Condition NIF/N, it approsimately matched the
value of y in Condition I7, These results are consistent with those of Tanner and eco-
worker's no-feedback condition and Kinchla’s feedback condition. For Conditions
NF/E and NF{EL, Pr(:])) increased as y increased but less markedly than in Con-
dition I¥, Thus, Conditions NF/E and NF/EL lie between Conditions NF/N and F
in their influcnce on the relationship between o and the A, response probability, just
as they did for the relationship hetween y and the hit and Ffalse alarm rates. As in the
casc of hit and false alarm rates and sequential probabilitics, the clapsed month between
Conditions NIF/E and NF/EL did not appear to influence Pr(.1,).

The predictions for I'r(4;) and Pr{C’) were obtained as weighted averages of the
predicted hit and false alarm rates as follows:

Pr{eh) = Pe{ A1 S0) v +Pr(A | Sl - ») (1
Pr(C) = Pr(, | )y + [t - Pr(e, i Sl v). (12)

The values of Pr(,) and Pr(C) are presented in Table 1; note that 23 of the 24 predic-
tions are within 0.01 of the observed values.

In the application of the MR-Model to Conditions F, NTF/IE, and NF/EL, certain
assumptions were added to the basic model. "To evaluate these additional assumptions
some alternatives were considered.

For Condition T the predictions generated by Eq. & (shown in T'able 1) were com-
pared with those generated by Eq. 7. I'he estimation procedure used for Eq. 8 (Method
B) was repeated for Tq. 7, since §, and &, ohviously werc dependent on y (note in
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Fig. 5 that for Condition I both §, and 8, decreased markedly as y increased). For
Pr{A, [ 8) Pried, [ Sg), Pr(A,), and Pr{C7), Egs. 7 and 8 yvielded essentially equivalent
results; the predicted values for the two equations are all within 0.01 of cach other,
Flowever, for the sequential probabilities, the predictions of Eq. 8 provided a far
hetter it to the data than those of g, 7; the respective minimum values of
£(x, ap, 8, , 8, , o) are 10.8 and 27.9.

<]
—

CRITERION VALUE
c
1

PRESENTATION SCHEDULE

IF16. 5. Lstimates of the criterion valucs.

Method B was used originally to estimate parameters for {onditions NF/E and
NT/EL, since it was assumed that an observer might guess the values of the signal
presentation probabilitics and adjust his criterion values appropriately. Figure 5 shows
that the estimates 8, and 8, decreased as y increased in these two conditions, but the
relationship was not as strong as it was for Condition F. Therefore, a new set of
predictions was generated for Conditions NT/E and NF/EL using Method A, which
required 8, and §; to be constant over y. Methad B proved to be more aceurate for all
of the probabilities shewn in Table | for the two conditions, For Conditions NF/E and
NF/EL, respectively, the minimum values of £(«, oy, 8, , 8, , w) obtained by Method
A are 75.6 and 40.2; these values are much larger than those obtained by Mcthod B
{sce Table 1),

The data appear to support the assumption that §, and 8, vary as a function of y in
Conditions F, NF{E, and NF/EL. As an additional test of the MR-Model another set
of predictions was generated for Condition NF/N using Method B, i.c., allowing
8, and &, to vary with y. However, the estimation of additional parameters in Method
B did not substantially improve the predictions for Condition NIF{N. For all the
response probabilities in Condition NF/N, the predictions generated by Aethods A
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and B arc nearly identical. The values of §; and 8, for' Condition NI¥/N obtained using
Method B are shown in Fig. 5, and it is apparent that they are virtually constant over
y- 'Thus the assumption that observers do not adjust their eriterion values from one.
presentation schedule to the next in Condition NF/N appears to be supported.

CoNCLUSION

The findings of this study, we believe, justify the following conclusions:

1. The results of Kinchla’s (1966) feedback condition and Tanner and co-worker’s
(1967) no-feedback condition have been replicated in Condition ¥ and NFN, respee-
tively. It has been verified that in a signal recognition task the relationship between y
and hit and false alarm probabilitics depends on whether oF nat an observer is given
information about the signal presentation probabilities.

2. The results of this study considered in relation to those of Kinchla (1966) and
"Tanner ef al. (1967) suggest that the information an ohserver receives about the signal
presentation: probabhilitics and the influence this information has on his decisions are
ordered along a dimension from (a) to (d) as follows: (a) At one end is Kinchla's
feedback condition and Condition ¥ of the present study; the observer is told the
signal presentation probabilities and is given trial-by-trial feedback. As a result, the'
hit and false alarm rates clearly increase as y increases. (b) Next on the dimension is
Kinchla’s no-feedback condition; the observer is told the signal presentation prob-
abilities, but is not given trial-by-trial feedback. In this condition hit and false alarm
rates also increase as y increases but the effect is weaker than when trial:by-trial
feedback is given. (c) Further along the dimension lie Conditions N1/ and NEF/IEL
of the present study; the observer is not told of the signal presentation probabilities
and is not given trial-by-trial feedback, but as 4 result of previous experience, he may
realize that the signal presentation probabilitics vary from session to session. Under
these conditions hit and false alarm rates decrease slightly as y increases. (d) At the
other end of the dimension is Tanner and co-worker's no-feedback condition and
Condijtion NF{N of the present study; the abserver is not told that the signal presen-
tation probabilitics may change from session to session and is nof given trial-hy-trial
feedback. With no information about the signal probabilitics, the observer's hit and
false alarm rates decrease markedly as o inereases. '

3 The sequential cffects appear 1o be stronger when rial-by-trial feedback s
omitted than when it is given. The influence of the preceding trial’s signal and response
on hitand false alarm rates appears to have been equally strong in Kinchla's and I'anner
and co-worker's no-feedback conditions, and the three NF conditions of the present
study. The relationship was weaker in hoth Kinehla's feedback condition and Con-
dition I of the present study.
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4. The Memorv-Recagnition  Model  provided  accurate  predictions  for
Pr(A,), Pr(d, 1 8)), and Pr(A, 18,) in all conditions of the present study. For the
sequential probabilities, Pe(c1, | §,218,), the predictions are quite aceurate for the
three NF conditions. For Condition I, however, the predictions for two of the points
in the ROC space, the points predicted to fall below the ROC eurve, are less accurate;
for the two points that are predicted to fall on the curve, the accuracy of the predic-
tioms is comparahle to that of the NI conditions,
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