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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.

Table 1: Data from the 1st signal detection experiment.

Subject A Subject B
Responses Responses

stimulus present absent present absent
signal 80 20 60 40
noise 20 80 40 60

Answer: According to the high-threshold model relates the probability
of a hit, h, is a linear function of sensitivity, α, and the guessing rate, γ:

h = α + (1− α) γ

γ is estimated by the false alarm rate (γ̂ = f). For subject A, γ̂A =
20/100 = 0.2. For subject B, γ̂B = 40/100 = 0.4. The parameter govern-
ing sensitivity, α, is given by

α̂ =
h− f
1− f

For subject A, α̂A = (0.8 − 0.2)/(1 − .2) = 0.75. For subject B, α̂B =
(0.6− 0.4)/(1− .4) = 0.33. The parameters are summarized here:

γ̂A = 0.2

α̂A = 0.75

γ̂B = 0.4

α̂B = 0.33
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(b) Use signal detection theory to calculate sensitivity and response bias for each
subject.

Answer: I will use the equal-variance Gaussian model. Here are the
relevant equations:

d′ = z(h)− z(f)

λ = −z(f)

log β = d′(λ− d′

2
) =

1

2
[z2(f)− z2(h)]

For subject A:

d′A = z(0.8)− z(0.2) = 0.84− (−0.84) = 1.68

λA = −z(0.2) = 0.84

log βA = 1.68(0.84− 1.68/2) =
1

2
[(−0.84)2 − 0.842] = 0

For subject B:

d′B = z(0.6)− z(0.4) = 0.253− (−0.253) = 0.506

λB = −z(0.4) = 0.253

log βB = 0.506(0.253− 0.506/2) =
1

2
[(−0.253)2 − 0.2532] = 0
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(c) Imagine we conduct a second experiment with the same subjects. As in experi-
ment, the new experiment has 100 signal trials and 100 noise trials. Part of the
data are shown in Table 2. Use the high-threshold model to calculate the missing
values in the data table.

Table 2: Data from the 2nd signal detection experiment.

Subject A Subject B
Responses Responses

stimulus present absent present absent
signal ? ? 80 ?
noise ? 60 ? ?

Answer: For subject A, the number of false alarms is 100− 60 = 40. So
fA = 0.4. Next, I use the high threshold model to calculate the number
of hits. From the previous question we know, αA = 0.75, so

hA = 0.75 + 0.4(1− 0.75) = 0.85

and the number of hits is 0.85×100 = 85. Finally, the number of misses is
100− 85 = 15. For subject B, the number of misses is 100− 80 = 20, and
hB = 0.8. Next, I use the high threshold model to calculate the number
of false alarms. From the previous question we know, αB = 0.33, so

0.8 = 0.33 + fB(1− 0.33)

fB =
0.8− 0.33

1− 0.33
= .701

and the number of false alarms and correct rejections is, respectively,
0.701× 100 = 70 and 100− 70 = 30. The completed table is shown here:

Subject A Subject B
Responses Responses

stimulus present absent present absent
signal 85 15 80 20
noise 40 60 70 30
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(d) Use signal detection theory to calculate the missing values in Table 2.

Answer: You need to make some assumptions to answer this question.
The simplest assumption is that the stimulus is the same but the response
bias has changed, and then use equations that relate d′, h, and f :

d′ = z(h)− z(f)

h = φ[d′ + z(f)]

f = φ[z(h)− d′]

For subject A, the number of false alarms is 100− 60 = 40, and therefore
fA = 0.4. We know that d′A = 1.68, so

hA = φ[1.68 + z(0.4)] = φ[1.68− 0.253] = 0.923

and the number of hits is 0.923×100 = 92. Finally, the number of misses
is 100 − 82 = 8. For subject B, the number of misses is 100 − 80 = 20,
and hB = 0.8. We know that d′B = 0.506, so

fB = φ[z(0.8)− 0.506] = φ[0.84− 0.506] = 0.631

The number of false alarms is 0.631×100 = 63, and the number of correct
rejections is 100− 63 = 37. The completed table is shown here:

Subject A Subject B
Responses Responses

stimulus present absent present absent
signal 92 8 80 20
noise 40 60 63 37

Another strategy would be to assume that the subject was unbiased, and
therefore that the stimulus-response matrix is symmetrical. However,
that assumption means that sensitivity (i.e., d′) increases for one sub-
ject and decreases for the other subject, and it is not obvious how these
opposite effects could be caused by a single experimental manipulation.
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(e) Describe one experimental manipulation that would produce the kind of differences
that exist between the data in Tables 1 and 2.

Answer: The experimental manipulation caused both subjects to say
“present” more frequently in experiment 2. In signal detection terms,
the subjects adopted a more lenient decision criterion. In high-threshold
terms, the subject guessed more frequently. This change in response bias
can be caused by increasing the probability that a signal is presented on
each trial (although that is not the approach taken in this example), or
by changing the payoff matrix to make hits more valuable than correct
rejections (or false alarms less costly than misses).
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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 σ2

s = 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?

Answer: To answer this question I will use the equation

d′AB =
√
d′2A + d′2B − 2d′Ad

′
B cos θAB

In this case, we are asked to assume that signals A and B are detected
on the basis of independent information, and therefore θAB = 90 deg and
the equation can be simplified to

d′AB =
√
d′2A + d′2B (2)

Therefore, d′AB =
√

1.22 + 1.22 =
√

2× 1.22 =
√

2× 1.2 = 1.697.

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

Figure 1 provides a graphical illustration of the decision space. The figure
incorporates the assumption that θAB = 90 by setting the decision axes
orthogonal to each other. In this figure, d′A = d′B = µs = 1.2 and σ = 1,
so d′AB =

√
2× 1.2 = 1.697.

(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.

This result can be explained by assuming that the two stimuli are not
detected on the basis of independent information: in other words, we
would assume that θAB in Eq. 2 is less than 90 or, equivalently, that the
decision axes in Figure 1 are separated by an angle less than 90 deg.
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Figure 1: Illustration of 2D stimulus space.

(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.

According to signal detection theory (SDT), decisions about stimuli are
made on the basis of internal response variables. In the standard version
of SDT, the internal responses follow a Gaussian distribution: they are
random, continuous variables. According to this theory, a decision to say
“no” in a detection task – i.e., to decide that a stimulus was not present
on a given trial – occurs when the internal response fall below a crite-
rion. In other words, the theory assumes that an internal response to the
signal occurs even on those trials that a subject says that no signal was
presented. The fact that an internal response occurs on every trial raises
the possibility that observers will be able to access information about the
stimulus even when they say that nothing was presented. Consider an ex-
periment in which a subject must detect a stimulus and, regardless of the
detection response, say which of two stimuli (A and B) were presented.
So, on each trial the subject provides a yes/no detection response and an
A/B identification response. The internal response space for this exper-
iment, assuming that the A and B are encoded by orthogonal channels,
is illustrated in Figure 2. In this representation, each trial evokes a pair
of responses (one in each channel), and therefore the internal response is
represented by a point in a 2D space. The red and blue blobs represent a
top-down view of the two-dimensional response distributions that occur
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when A and B are presented; the green blob represents the distribution
for noise-alone trials1 The horizontal and vertical dotted lines illustrate
the response criteria for the detection task: the subject should respond
“yes” (i.e., signal present) whenever one of the internal responses exceeds
either the vertical line (produced by a large response in the A channel) or
the horizontal line (produced by a large response in the B channel), and
otherwise say “no” (i.e., signal absent). The diagonal line represents the
criterion for the identification response: the area below the line is where
the response in channel A is greater than the response in channel B, and
the area above the line is where the response in channel B is greater than
the response in channel A. If A and B are equally likely, the best strategy
would be to respond A when the pair of internal responses falls below the
line and B otherwise.
Four possible responses are illustrated by the four dark points. Notice
the pair of internal responses represented by the point labeled “no & A”.
When making a decision about the presence or absence of a signal, the
subject would note that both responses fall below the detection criteria
and therefore respond “no”. However, when asked if the stimulus was A
or B, the subject would note that the response in channel A is greater
than the response in channel B, and that such a situation is more likely to
occur when the stimulus is A. Hence, the subject’s identification response
should be “A”. If these responses occurred on a trial in which stimulus “A”
was shown, then the detection response (“no”) would be incorrect but the
identification response would correct. . . subliminal perception! Note that
there is nothing mysterious about this process: it make perfect sense for
subjects to respond “no” and “A” because they are responding to different
questions about the stimulus. The probability of this type of response
(“no & A”) occurring on stimulus A trials corresponds to the area under
the A distribution that falls below the detection criteria and falls on the
correct side of the identification criterion. A similar operation can be used
to calculate the probability of correctly identifying B after saying “no”,
and adding the two probabilities gives the total probability of correctly
identifying the stimulus after failing to detect it. So subliminal perception
occurs because i) internal responses are evoked even when the subject fails
to detect the stimulus; and ii) detection and identification judgements
require subjects to use the internal responses in different ways. There is
no need to invoke a distinction between “conscious” and “unconscious”
processing: such a distinction might be real and useful in some contexts,
but it plays no role in SDT’s explanation of subliminal perception.

1It is important to note that that these blobs actually are poor representations of Gaussian distributions
(which typically are assumed in SDT). Gaussian distributions, unlike the blobs, extend indefinitely and do
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Figure 2: Illustration of 2D stimulus space.

6. (8 marks) In a music perception experiment, listeners are asked to discriminate be-
tween chords that are “in tune” versus “out of tune”. Consider a three-response ex-
periment 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.

Table 3: Data from music perception experiment.

Responses

stimulus
sure
out of tune

not
sure

sure
in tune

in tune 7 5 13
out of tune 6 16 3

not have an edge. Also, Gaussians have a peak in the center and decline monotonically with distance: in
other words, values near the center of the distribution are more probable than values far from the center.
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(a) Draw the ROC curve for these data on linear (z) axes.

Answer: I defined the signal as the in-tune stimulus and noise as the
out-of-tune stimulus. The resulting ROC curve is plotted in Figure 3.
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Figure 3: ROC curve for music epxeriment with signal defined as in-tune stimulus.
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(b) Do these data support the use of an equal-variance Gaussian model? Explain.

No, these data do not support the use of an equal-variance Gaussian
model. The equal-variance Gaussian model predicts that the OC should
be a straight line with a slope of 1. The OC is a straight line (it has to be
because we only have 2 points!) but the slope differs significantly from 1.

(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?

Answer: Assuming that the internal distributions are Gaussian, propor-
tion correct for an unbiased observer in a 2-AFC task is

Pc = φ

(
µs√

1 + σ2
s

)

From the OC curve, we can see that µs = 1.33 and σs = 3.5, so

Pc = φ

(
1.33√

1 + 3.52

)
= φ(0.3653) = 0.642
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