
Signal Detection Theory Final Exam May 2, 2016

PSYCH 711/712
Signal Detection Theory

Final Exam

Answer all parts of all of the following questions. Make sure to show all important aspects of your
work for each question. If your answers refer to graphs or other illustrations, please make sure
that the figures are clearly labeled. There are six questions on this exam. Please submit your
answers to Nancy in the front office by 3:00 PM on Friday, May 6.

1. (8 marks) Please answer all parts of this question.

(a) In probability coordinates, draw two properly labeled ROC curves that correspond to
two observers that differ in sensitivity. Draw both curves on the same plot, and be sure
to specify which curve belongs to the observer with higher sensitivity.

(b) On each curve, mark three points that correspond to λcenter < 0, λcenter = 0, and
λcenter > 0. Make sure to clearly label these points.

(c) On a separate plot in probability coordinates, illustrate three iso-bias curves that corre-
spond to the three response criteria associated with the points λcenter < 0, λcenter = 0,
and λcenter > 0. Make sure to properly label your plot and clearly indicate which iso-bias
curve corresponds to the most conservative response criterion, and which iso-bias curve
corresponds to the least conservative response criterion.

(d) Which measure, λ or λcenter , is a better measure of response bias. Explain why.

2. (8 marks) Answer all parts of this question.

(a) What are the predicted hit (h) and false-alarm (f) rates under the equal-variance Gaus-
sian signal detection model for an observer whose criterion (λ) is set 0.5 z-units above
µn = 0 when µs = 1.3 and the probability of signal and noise trials are equal (i.e.
P (s) = 0.5)?

(b) What is the estimate of logeβ?

(c) Now assume that P (s) = 0.1. What is the criterion (λ∗) of an ideal observer that tries
to maximize percent correct?

(d) What proportion of signals are missed with the criterion calculated in (d)?

3. (8 marks) Suppose that the internal distribution representing the signal “evidence” is Gaus-
sian with a mean µs = 2 and standard deviation σs = 3.

(a) Given these parameters, draw the ROC curve in z-score axes that is expected in a Yes-No
task. Clearly label your graph, especially the features of the plot that are linked to the
values of µs and σs.

(b) If we use this signal in a two-alternative forced choice (2-AFC) detection task, what is
the predicted probability of a correct response for an unbiased observer?

(c) Now suppose that we used this signal in a 2-AFC detection task and measured an ROC
curve by testing the same observer in several conditions that varied the proportion of
times the signal appeared in the first interval. In other words, the experiment would
cause the subject to adjust his/her criterion for responding “1st”. Here’s the question:
Would you expect the shape of the ROC for this 2-AFC task to be consistent with the
predictions of an unequal-variance model? Explain your answer.
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Table 1: Data from the 1st signal detection experiment in question 4.

Subject A Subject B

Responses Responses
stimulus present absent present absent

signal 80 20 60 40
noise 20 80 40 60

4. (8 marks) An experiment is conducted that measures sensitivity to a weak signal. On each
trial the signal is either present (signal trials) or absent (noise trials), and the subject must
respond “present” or “absent”. The probability of a signal being presented on any given trial
is 0.5. The the data from two subjects are shown in Table 1. Use the data in Table 1 to
answer the following questions:

(a) Use the high-threshold model to calculate sensitivity and response bias for each subject.

(b) Use signal detection theory (equal-variance Gaussian model) to calculate sensitivity and
response bias for each subject.

(c) Imagine we conduct a second experiment with the same subjects. The new experiment
uses the same stimulus as the previous one, and consists of 100 signal trials and 100
noise trials. However, we changed the instructions given to the observer in an effort
to make them adopt a different criterion. Part of the data are shown in Table 2. Use
the high-threshold model to calculate the missing values in the data table. (N.B. You
may assume that the underlying sensitivity parameters for the two observers have not
changed.)

(d) Use signal detection theory to calculate the missing values in Table 2.

Table 2: Data from the 2nd signal detection experiment in question 4.

Subject A Subject B

Responses Responses
stimulus present absent present absent

signal ? ? 80 ?
noise ? 68 ? ?

exam continues on next page. . .
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5. (8 marks) Suppose that an equal-variance Gaussian model holds for the detection of two
stimuli, A and B, with µs = 1.2 and σ2s = 1 in both cases.

(a) Assume that the two stimuli are detected on the basis of independent information. What
discrimination performance, d′AB, would be predicted?

(b) Use a 2D geometric model to illustrate your answer to 5a.

(c) Suppose we conducted an experiment and found that the observed value of d′AB was
greater than zero but significantly less than the predicted value. How can this result be
explained by an equal-variance model? Illustrate your answer using a geometric model
like the one used to answer question 5b.

(d) Subliminal perception refers to the fact that observers can sometimes correctly identify
a stimulus that they fail to detect. Using signal detection theory, explain why subliminal
perception ought to occur in some circumstances. Please make sure to clearly label any
figures that you use to illustrate your answer.

Table 3: Data from music perception experiment in question 6.

Responses

stimulus
sure
out of tune

not
sure

sure
in tune

in tune 7 5 13
out of tune 6 16 3

6. (8 marks) In a music perception experiment, listeners are asked to discriminate between
chords that are “in tune” versus “out of tune”. Consider a three-response experiment in
which 25 trials of each type are presented, and the possible responses are “sure it was in
tune”, “sure it was out of tune”, and “not sure”. The data are shown in Table 3.

(a) Draw the ROC curve for these data on linear (z) axes.

(b) Do these data support the use of an equal-variance Gaussian model? Explain.

(c) Imagine these stimuli were used in a 2-AFC discrimination task. Based on the results
in Table 3, what is your prediction for the proportion of correct responses in the 2-AFC
task?

end of exam
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