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Episodic memory in Alzheimer’s disease: Separating
response bias from discrimination
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Abstract
Most studies examining episodic memory in Alzheimer’s disease (AD) have focused on patients’ impaired ability to remember information,
leading to poor discrimination between studied and unstudied items at test. Poor discrimination, however, can also be attributable to an abnormally
high rate of false alarms. One cause of a high false alarm rate is an abnormally liberal response bias; that is, responding “old” too liberally to
the test items. In the present study, discrimination and response bias were evaluated when participants were given a series of progressively longer
study–test lists of unrelated words. As expected, patients with AD showed overall worse discrimination and a more liberal response bias compared
with older adult controls. Critically, patients with AD also showed a more liberal response bias than older adults when discrimination was matched
between the groups after performance was equated by giving the older adult controls a more difficult test than the patients with AD. This result
confirms that the patients’ abnormally liberal response bias is not simply attributable to their poor discrimination. Correlation analyses suggest
that the patients’ liberal response bias is related to the degree of their episodic memory deficit, which may in turn be related to the severity of their
disease. Thus, our research suggests that as AD progresses two distinct abnormalities of episodic memory develop: worse discrimination and a
more liberal response bias. Possible explanations of this liberal response bias in patients with AD are discussed.
Published by Elsevier Ltd.
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1. Introduction
Two patients each receive a score of 6 on the recognition
portion of the consortium to establish a registry for Alzheimer’s
disease (CERAD) word list memory test (Morris et al., 1989), a
test commonly used in clinical diagnosis of AD in which there
are 10 studied and 10 unstudied words. The first patient correctly endorses only 6 of the 10 studied words and none of the
unstudied words. The second patient correctly endorses all 10
studied words but also incorrectly endorses 4 of the unstudied words. Do these two patients have the same problems with
their memory? The answer is likely no. The first patient shows
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a conservative response bias, that is, they responded “old” less
than 50% of the time, while the second patient has a liberal
response bias because they responded “old” greater than 50%
of the time. Despite having the same recognition score, these
two patients probably have different memory problems, which
may be attributable to different anatomical and neurochemical
dysfunction. Focusing on discrimination as the sole measure of
memory performance would overlook such differences. In most
clinical and experimental recognition memory tests, the rate of
“old” responses to unstudied items (i.e., false alarms) is generally taken as a baseline false alarm rate and is simply subtracted
from the number of hits (“old” responses to studied items) to
obtain a corrected measure of recognition. To interpret these
results however – especially in populations such as AD whose
baseline false alarm rates are relatively high – it is critical to
understand what factors contribute to the baseline false alarm
rate. Most studies of recognition memory in AD have found that
patients show higher rates of baseline false alarms to unstudied
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items than controls, but few studies have examined the causes
of this outcome in patients with AD.
One such study by Snodgrass and Corwin (1988) found that
patients with AD showed both poor discrimination and an abnormally liberal response bias compared with the control group.
These results were in contrast to those of patients with amnesia
due to mixed etiologies, who demonstrated a normal response
bias despite showing the worst discrimination in the study.
Bartok et al. (1997) also found that patients with AD showed
a more liberal response bias as a group compared to controls.
Our previous studies in patients with AD and older adult controls examined false alarms to items that were semantically (e.g.,
Budson, Daffner, Desikan, & Schacter, 2000) or perceptually
(e.g., Budson, Desikan, Daffner, & Schacter, 2001) related to the
studied items. To begin our examination of response bias we first
conducted post hoc analyses of these data from our laboratory to
compare discrimination and response bias between the patients
with AD and the older adult controls using d as a measure of
discrimination and C as a measure of response bias. We choose
these measures because Snodgrass and Corwin (1988) note that
models of d and C demonstrate independence between discrimination and bias.1 Greater d indicates greater discrimination;
0 indicates chance performance. Positive values of C indicate
a conservative response bias, negative values indicate a liberal
response bias, and 0 indicates a neutral bias. d was calculated by
comparing “old” responses to studied versus unrelated, unstudied items. C was calculated using old responses to all item types
(studied, unrelated unstudied, and related unstudied items).2
These results, as can be seen from Table 1, show that in addition
to worse discrimination (F(1,32) = 53.34, P < 0.0005), patients
with AD also show a more liberal response bias (F(1,32) = 14.04,
P = 0.001), compared to older adult controls.
There are many problems with these post hoc analyses, however, including unequal numbers of studied and unstudied items,
and the fact that many of the unstudied items were either semantically or perceptually related to the studied items. When greater
numbers of unstudied than studied items are present at test, individuals with worse discrimination will also appear to have a more
liberal bias. For example, if two groups show the same tendencies toward a neutral response bias, when presented with a given
test consisting of 40% studied and 60% unstudied items, the
group with impaired discrimination will tend to respond “old” to
50% of the items, whereas the group that shows normal discrimination will tend to respond “old” to 40% of the items because
the latter group can better discriminate between the studied and
unstudied items. Thus, the group with impaired discrimination
1 Note, however that as d increases the range of possible biases decreases.
See MacMillan and Creelman (2005) and Snodgrass and Corwin (1988) for
discussion of this issue.
2 In order to provide a valid measure of bias, when the number of studied
and unstudied items were uneven, hits and false alarms were weighted such that
an old response to a studied item had the same impact as an old response to
a unstudied item (MacMillan & Creelman, 2005). In addition, because d and
C are undefined when the proportion of responses equals 0 or 1, all responses
were converted using the formulas provided by Snodgrass and Corwin (1988):
H = (#hits + 0.5)/(#studied items + 1); FA = (#false alarms + 0.5)/(#unstudied
items + 1).
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Table 1
Values for d and C of previous studies from our laboratory
Study name

AD

Older adults

d

C

d

C

Budson et al. (2000)
Trial 1
Trial 2
Trial 3
Trial 4
Trial 5
Average

0.92
1.29
1.79
1.78
1.95
1.55

−0.58
−0.36
−0.38
−0.31
−0.44
−0.41

2.01
2.89
2.94
2.99
3.05
2.78

−0.35
−0.12
−0.15
−0.13
−0.14
−0.18

Budson et al. (2001)
Budson et al. (2002b)

0.59
0.35

−0.07
0.04

1.00
1.35

0.04
0.00

Budson et al. (2002a)
1 trial
5 trials

0.48
1.15

−0.13
−0.42

1.90
2.71

0.12
0.03

Budson et al. (2003a)
Budson et al. (2003b)
Gallo et al. (2004)

0.97
0.47
1.16

0.04
−0.07
0.02

2.30
2.22
3.01

0.13
0.06
0.63

Budson et al. (2005)
Word
Picture

0.74
0.53

−0.36
0.16

2.76
3.09

0.73
0.62

Pierce et al. (2005)

0.91

−0.16

2.77

0.12

Budson et al. (2006)
Emotional
Neutral

1.03
1.07

−0.16
−0.18

2.21
1.96

0.38
0.50

Mean

1.04

−0.21

2.44

0.13

will tend to exhibit a more liberal response bias compared to
the group with normal discrimination. When unstudied items
are semantically or perceptually related to studied items, greater
numbers of false alarms may result from deficits in item-specific
recollection – the ability to discriminate a studied item from a
closely related foil – rather than differences in response bias.
The primary goal of the present study was therefore to examine response bias in patients with AD compared to healthy older
adult controls in a more standard memory test. In particular,
we wanted to examine response bias when these two groups
were matched on discrimination in order to assure that any differences found in bias were not related to the patients’ worse
discrimination relative to the older adult controls. We predicted
that with discrimination matched between groups, patients with
AD would show a more liberal response bias compared with
older adult controls.
One reason for this prediction is that patients with AD
show evidence of pathologic changes in frontal cortex (Buckner
et al., 2005; Lidstrom et al., 1998), and neuropsychological
and neuroimaging studies of patients with AD have demonstrated frontal lobe dysfunction (Baddeley, Bressi, Della Sala,
Logie, & Spinnler, 1991; Buckner et al., 2005; Dalla Barba,
Nedjam, & Dubois, 1999; Haxby et al., 1988; Mountjoy, Roth,
Evans, & Evans, 1983). Patients with frontal lobe lesions have
been previously noted to show elevated levels of false alarms
(Budson et al., 2002a; Melo, Winocur, & Moscovitch, 1999;
Parkin, Ward, Bindschaedler, Squires, & Powell, 1999; Rapcsak,
Reminger, Glisky, Kaszniak, & Comer, 1999; Rapcsak et al.,

