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METHOD

Table 1
The Frequency of the Possible Totals Given that the Abnormal Die was

Showing a "3" or "0" for a Block of 72 Trials

Observers
The Os were 23 introductory psychology students fulfilling

a course requirement at the University of Massachusetts.

memory) in order to see how averaging across Os affected the
results.

The task was the dice game described by Green and Swets
(1966, pp. 7-11). Two normal dice are thrown along with one
abnormal one. The a's task is to decide which of two values (0
or 3) the abnormal die had showing. The total sum of the dice
(2 through 15) was announced to the Os, and these numbers
constitute the analog of the "sensory" states. Assuming the Os
all heard the total correctly, the E (via the dice) has complete
control over which sensory state is present at any trial and, by
suitable analysis of the data, can select how many states
underlie any particular set of data.
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Procedure
The dice game was explained to the Os in the following

manner:
"I did the following experiment with three dice. Two of

the dice were normal with one to six spots on their
respective sides. The third die was abnormal in that it had
three spots on each of three sides and zero spots on the
other three sides. I rolled the dice and observed the total
number of spots on the three dice and whether the
abnormal die was showing a three or a zero. I did this for a
series of trials and recorded the results. Tonight, I will give
you the total number of spots on the three dice on each
trial and your task will be to indicate whether the abnormal
die was showing a three or a zero. Also, you will rate your
confidence in your decision from I (least confident) to 5
(most confident). Are there any questions?"
The Os were given 288 trials without feedback of the

"actual" value of the abnormal die followed by 288 trials with
feedback. The trials were randomized in blocks of 72 so that
the number of times each total was presented to the Os
equalled the expected number of times the result would occur.

One major issue in studies of human performance in
psychophysics and memory concerns the number of sensory
states which the decision system uses to determine responses.
The issue has been discussed most strongly in psychophysics
(Green & Swets, 1966; Luce, 1963; Swets, 1961). Usually, the
shape of the operating characteristic and the relation of a
posteriori probabilities to confidence ratings have been
interpreted as evidence for the number of states of the sensory
or memory system.

A theory which postulates only two sensory states (i.e.,
Luce, 1963) can lead to a prediction of a rectilinear operating
characteristic which consists of two straight lines and an a
posteriori probability function which consists of two
discontinuous horizontal lines (Green & Swets, 1966;
Nachmias & Steinman, 1963; Norman & Wickelgren, 1965).
Theories which postulate a continuous sensory distribution
lead to a prediction of curvilinear operating characteristics and
smooth, monotonic a posteriori probability functions.
Unfortunately, a valid test between two-state and continuous
sensory models requires additional assumptions about the
decision system. For example, proponents of continuous
theories assume that Ss make confidence judgments about
their responses by partioning the sensory continuum into
regions corresponding to their confidence ratings, an operation
that cannot be reliably performed if their are only two sensory
states. A good deal of discussion in the literature involves
disagreement about how a two-state model might assume that
Os give judgments of confidence (see, in chronological order,
Watson, Rilling, & Bourbon, 1964; Larkin, 1965; Watson &
Bourbon, 1965; Broadbent, 1966; Wickelgren, 1968).

Aside from these discussions about how an 0 might
generate judgments of confidence with only two sensory
states, there still exists the important empirical issue of
whether or not he does in such a way that the number of
underlying sensory states can be disentangled from his
responses. The purpose of this paper is to test this possibility
by putting the 0 in a decision task which is known to have a
specific number of possible "sensory" states and then
determining whether or not the operating characteristics and a
posteriori probabilities reflect the known number of states.
This study thus complements the theoretical discussions,
regardless of the final resolution of that battle. It can be
considered to be an elaboration of Wickelgren's study (1967)
in which he showed that Os used a deterministic two-state
decision rule in a binary decision making experiment.
However, the present study employs a more realistic task and
requires confidence judgments from the Os. To make the
result even stronger, in this study, a group of unpracticed,
naive Os were used (as is more often used in studies of

This paper uses an artificial "sensory task" (a dice game) to
investigate whether it is possible to distinguish between
two-state and multistate sensory processes by examining
confidence ratings of a group of unpracticed Os. The results
indicate that Os use a decision rule that is deterministic so that
both operating characteristics and a posteriori probability
functions reflect the number of states used by the decision
system. Thus. it would seem to be possible to use confidence
ratings of Os to evaluate theoretical issues.
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Fig. I. Operating characteristics pooled over Os and feedback
condition as a function of the number of possible inputs.

Table I presents the frequency of the possible total given that
the abnormal die was showing a "3" or a "0." The Os had
about 5 sec to make their decision and a ID-min rest period
halfway through the experimental session.

.5

>- 5,12
f-

-' .1
CD .9«
CD
0
a::
a.

er 5
0
Cl: 5,J2,6.11w
I-
r.n .10
a. .9

«

.5

2TOl5

.1 5 4 3 2 2 3 4 5
ZERO THREE

RESPONSE

confidence intervals that Os can reliably employ cannot
exceed the number of possible inputs. The figure shows that
the a posteriori probability function derived from trials where
Os had only two possible inputs is well described by two
horizontal line segments. Fig. 2 also shows that the a
posteriori probability function becomes more smooth and
mono tonic as the number of sensory states increases.

It should be noted that the result that the Os were
employing a deterministic decision rule is not peculiar to the
particular subsets of trials presented in the figures. Many other
combinations of input values were analyzed to verify the
conclusion that the operating characteristic and the a
posteriori probability function reflect the number of states in
the system. More specifically, the data in the figures are not
due to d' value or the number of observations contributing to
the curves.

DISCUSSION
The results indicate the operating characteristics and a

posteriori probability functions generated by the rating
method were reliable measures indicating the number of states
of an underlying system. Hence, the Os in this study were
using a decision rule that was deterministic and their responses
reflected the underlying system.

In summary, to the extent that this experiment and data
analysis were comparable to a real experiment, we can
conclude that operating characteristics and a posteriori
probability functions generated by the rating method are
reliable indices of the underlying sensory or memory system.
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Analysis of Results
The a's task was to decide whether the abnormal die was

showing a 0 or a 3 and to rate his confidence in his decision. In
the present study, a hit referred to the 0 responding "0" on a
trial when the abnormal die was showing a 0 and a false alarm
referred to the responses of "0" on a trial when the abnormal
die was showing a 3.

The main concern of this study was the shape of the
operating characteristics and a posteriori probability functions
analyzed in terms of the number of sensory inputs. Analyzing
that subset of trials in which only a 5 or a 12 were given as
totals would be analogous to an experiment in which a
two-state system was operating. Analyzing all the trials is
analogous to an experiment in which a multistate system was
operating, since under these conditions there are many (i.e.,
14) different sensory inputs that can be discriminated
quantitatively by the O. Three different partitions of the trials
will be considered, with the totals reported to the 0 being
either 5 or 12 (2 states), 5, 6, 11, or 12 (4 states), or 2 through
15 (14 states).

RESULTS
The cumulative hit and false alarm probabilities were

computed separately for feedback and no feedback trials.
Since these did not differ significantly, all further analyses
were pooled over both feedback and no feedback trials. The
cumulative hit and false alarm probabilities were computed for
different subsets of trials.

Figure I presents the operating characteristics analyzed in
terms of different subsets of trials. The operating characteristic
generated by the cumulative hit and false alarm probabilities
from those trials with only two inputs (5 and 12) indicates that
the points are fit nicely by two straight lines intersecting at (.8,
.3). Figure I also shows that with four possible inputs, four
straight lines are necessary to fit the observed points. Finally,
the operating characteristic constructed from all possible inputs
is extremely smooth and requires a curve with many segments.

Figure 2 shows the a posteriori probability functions under
the three conditions of Fig. 1.This result agrees with the operat­
ing characteristics in Fig. 1 by showing that the number of
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