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Age and response bias: Evidence from the strength-based
mirror effect

Amy H. Criss, William Aue, and Aslı Kılıç
Department of Psychology, Syracuse University, Syracuse, NY, USA

Performance in episodic memory is determined both by accurate retrieval from memory and by decision
processes. A substantial body of literature suggests slightly poorer episodic memory accuracy for older
than younger adults; however, age-related changes in the decision mechanisms in memory have received
much less attention. Response bias, the willingness to endorse an item as remembered, is an important
decision factor that contributes to episodic memory performance, and therefore understanding age-
related changes in response bias is critical to theoretical development. We manipulate list strength in
order to investigate two aspects of response bias. First, we evaluate whether criterion placement in epi-
sodic memory differs for older and younger adults. Second, we ask whether older adults have the same
degree of flexibility to adjust the criterion in response to task demands as younger adults. Participants
were tested on weakly and strongly encoded lists where word frequency (Experiment 1) or similarity
between targets and foils (Experiment 2) was manipulated. Both older and younger adults had
higher hit rates and lower false-alarm rates for strong lists than for weak lists (i.e., a strength-based
mirror effect). Older adults were more conservative (less likely to endorse an item as studied) than
younger adults, and we found no evidence that older and younger adults differ in their ability to flexibly
adjust their criterion based on the demands of the task.

Keywords: Episodic memory; Memory models; Response bias; Mirror effects; Recognition memory.

Recognition memory is the ability to identify infor-
mation experienced in a specific prior episode. In
the laboratory, recognition is commonly studied
by presenting a participant with a series of words
and later asking them to determine which words
were presented in the experimental context (i.e.,
targets) and which were not (i.e., foils). A substan-
tial body of research has evaluated age-related
changes in episodic memory, showing both global
and task-specific deficits (see Burke & Light,

1981; Light, 1991; Verhaeghen, Marcoen, &
Goossens, 1993). Deficits in episodic memory,
especially recall, are often associated with both
healthy ageing and age-related disorders such as
Alzheimer’s. However, relatively little research has
addressed age-related changes in decision processes
as a mechanism for changes in memory.

Signal detection theory (SDT) is a framework
for measuring factors underlying the decision
process, and SDT can be applied to recognition
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memory. SDT characterizes memory as consisting of
two distributions, one for targets and one for foils,
along an axis of memory strength (see Parks,
1966). Since the targets are studied, the mean
memory strength of the target distribution is
greater than that of the foil distribution. In order
for an item to be endorsed as a target, the strength
of the item must exceed a criterion. Items with
memory strength above the criterion are endorsed
as having been studied previously, while items
falling below the threshold are judged as new.
Trials on which an item is correctly endorsed as
being old are called hits (HR) while trials on which
an item is incorrectly endorsed as old are called
false alarms (FAR), and these two measurements
are the critical dependent variables in recognition.

Within the SDT framework, there are two
factors that influence memory decisions and, by
extension, memory performance: criterion place-
ment and discrimination (Green & Swets, 1966).
The ability to discriminate between studied and
unstudied items during test is an indication of
accuracy and is determined by the overlap
between the target and foil distributions (e.g., d ′

of 0 indicates perfectly overlapping distributions).
Discrimination, or d ′, can be manipulated exper-
imentally—for example, by strengthening memory
via repetition or levels of processing (e.g., Criss,
2009; Kılıç, 2013). Discrimination might also
reflect properties of the stimulus or the participant.
Criterion placement can be manipulated exper-
imentally, for example, through altering expec-
tations. For example, if 75% of the test items
have been studied, participants tend to endorse
more items (both targets and foils) as studied.
Conversely, when only 25% of the test items are
targets, participants tend to endorse fewer items
as studied (Criss, 2010; Healy & Kubovy, 1978;
Rotello, Macmillan, Hicks, & Hautus, 2006).
Within SDT, this behaviour is reflected in a
change in the placement of the criterion, measured
by c. An optimal criterion (i.e., c= 0) indicates that
the criterion is placed at the intersection of the
target and foil distributions so as to maximize per-
formance. A criterion can be conservative in that
memory strength must be very high in order for
an item to be endorsed as old or liberal such that

even low memory strength results in an endorse-
ment. In addition to experimental manipulations
such as target expectancy, criterion placement
may be affected by properties of individuals or
groups of participants. Thus response bias and dis-
criminability represent two aspects of memory that
work in concert to produce the behavioural
measurements of HR and FAR.

Older adults tend to have slightly lower discri-
minability than younger adults (e.g., Craik &
McDowd, 1987), but little research has examined
whether there exists age-related differences in cri-
terion placement. Criterion placement is a crucial
determinant of memory performance because it
indicates the level of evidence required for a partici-
pant to claim that they remember an item.
Understanding age-related changes in criterion pla-
cement is therefore critical to theoretical develop-
ment (e.g., Treisman & Williams, 1984; Turner,
Van Zandt, & Brown, 2011). In the current
paper, we were interested in two questions about
age-related changes in criterion placement. First,
does criterion placement for a given task differ as
a function of age? That is, do older adults set a
more liberal or conservative criterion relative to
younger adults? Second, when the experimental
situation warrants a change in criterion placement,
are older adults as flexible in changing their cri-
terion as younger adults?

Criterion placement and ageing

Research examining age-related changes in cri-
terion placement has produced mixed data (see
McCormack, 1984, for a review). Some studies
report no significant difference in criterion place-
ment across age groups (e.g., Baron & Le Breck,
1987; Isingrini, Fontaine, Taconnat, & Duportal,
1995) while other studies find that older adults
use a more liberal criterion. For example, Huh,
Kramer, Gazzaley, and Delis (2006) observed a
tendency for older adults to set a more liberal cri-
terion with increasing age. Even when individual
characteristics (e.g., gender, IQ, education) of the
older adults were taken into account via a regression
model, age still accounted for a significant pro-
portion of the variance. Still others report that
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older adults adopt a more conservative response
bias than younger adults. For example, Poon and
Fozard (1980) compared response bias across
three age groups in a continuous recognition
memory task. They observed that older adults
tended to set a more conservative criterion than
the youngest group. Unfortunately, there appears
to be no consensus on age-related changes in cri-
terion placement.

Criterion flexibility and ageing

The literature on criterion flexibility is just as mixed
as the literature on criterion placement. Baron and
Surdy (1990) manipulated response bias through a
pay-off matrix and reported that while older adults
adjusted their criteria in response to the pay-off,
they did so less than younger adults and less than
required to reach the maximum pay-off. Other
studies have reported that older adults are as
skilled at flexibly adjusting their criterion placement
as younger adults (e.g., Koutstaal, Schacter,
Galluccio, & Stofer, 1999). For example, in
Pendergrass, Olfman, Schmalstig, Seder, and
Light (2012), participants studied a list of word
pairs and then received both a difficult test and
an easy test. The difficult test list was composed
of target pairs and foil pairs where foil pairs were
constructed by rearranging studied items. The
easy test list was composed of target pairs and foil
pairs, where foil pairs were constructed from non-
studied items. Participants were not informed
about the difference between the tests. When par-
ticipants were given the easy test first, both younger
and old participants tended to set a stricter criterion
for the difficult test. However, when the difficult
test was administered first, there was no shift in cri-
terion across tests, instead participants maintained
the strict criterion even for the easy test. The
same pattern and magnitude of criterion flexibility
was observed for older and younger adults,
suggesting that older adults are not any less flexible
than younger adults in changing their criterion
based on task demands. The criterion considered
in the studies described above comes from response
bias in the SDT framework and concerns whether
to endorse an item as remembered or not. An

alternative view of criterion comes from consider-
ing how quickly the response is made.

In recognition memory experiments—and in
fact most cognitive tasks—older adults are slower
than younger adults. This general slowing is often
attributed to a general cognitive decline associated
with ageing (e.g., Cerella, 1985; Salthouse, 1996).
However, diffusion model analyses provide an
alternative explanation—that older adults tend to
be slower due to cautiousness rather than an
overall decline in ability. The diffusion model can
be thought of as a dynamic version of SDT. Like
SDT, parameters of the diffusion model have inter-
pretable cognitive correlates; however, the mapping
between SDT and the diffusion model is not one-
to-one. The distributions of memory strength cor-
respond to the drift rate parameters in the diffusion
model and reflect the quality of the evidence.
However, the diffusion model has multiple differ-
ent types of criteria. One, boundary separation,
has been the focus of studies evaluating age-
related changes. Boundary separation reflects the
amount of evidence collected before a decision is
made. When the two decision boundaries (i.e.,
studied and not studied in a single item recognition
experiment) are close together, little evidence is col-
lected before a decision is made, which leads to fast,
inaccurate responses. As the boundaries move
farther apart, response time slows down, and accu-
racy improves. Thus, boundary separation is viewed
as reflecting cautiousness. As described next, many
studies have shown that older adults are not as
skilled as younger adults at modifying their cau-
tiousness to reflect the experimental situation.

Ratcliff, Thapar, and McKoon (2004) had par-
ticipants engage in multiple study–test blocks,
half under the instruction to respond quickly and
the other half under the instruction to respond
accurately. Response time data were interpreted
within the diffusion model, and this analysis
showed that memory strength did not differ for
older and younger adults but reading and motor
time was longer for older than younger adults.
Under instructions to emphasize speed over accu-
racy, younger adults followed instructions to
respond quickly and sacrificed accuracy but older
adults did not—they remained cautious. Similar
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data were reported by Starns and Ratcliff (2010)—
namely, no differences in memory strength but
more conservative responding for older adults.
Starns and Ratcliff computed optimal values of cau-
tiousness (defined as the value of the boundary sep-
aration parameter that maximized accuracy per unit
of time). Younger adults were closer to optimal
than older adults, and older adults were overly cau-
tious such that they could have responded faster
while maintaining the same level of accuracy.
Even when specifically instructed to optimize
boundary settings, older adults were not able to
do so as well as younger adults (Starns & Ratcliff,
2012). These findings showing that older adults
do not adjust to instructions, but instead remain
overly cautious, suggest that older adults are not
able to flexibly adjust their criterion according to
task demands.

It is important to note that these two types of
criteria—response bias favouring a response
(remembered or not) and boundary separation
reflecting cautiousness about when to respond—
need not show the same age-related changes. The
literature based on using response times (and accu-
racy) to measure cautiousness seems to show a con-
sistent deviation from optimality for older adults.
The literature based on using accuracy to measure
response bias shows mixed results with regard to
whether older adults are as flexible as younger
adults in adapting the criterion to experimental
demands. Clearly, there is a need to better under-
stand the relationship between response bias, cri-
terion flexibility, and ageing. The aim of the
current study was to examine age-related differ-
ences in response bias and flexibility using the
strength-based mirror effect paradigm.

The strength-based mirror effect

In a typical strength-based mirror effect paradigm,
participants study a weak list and a strong list where
strength is defined as longer study duration, more
repetitions, or “deeper” processing. A test follows
each study list so there are two different false-
alarm rates, one measured in the context of strong
targets and one measured in the context of weak
targets. For simplicity, the foils are often referred

to as strong or weak despite the fact that the foils
themselves were not studied and are drawn from
the same pool (i.e., the preexperimental memory
strength of the foils should be equivalent on
average). In this paradigm, HRs are higher, and
FARs are lower for strong lists than weak lists,
and this is referred to as the strength-based
mirror effect (SBME). The SBME is a robust
finding, having been replicated many times in
many different laboratories (e.g., Cary & Reder,
2003; Criss, 2006, 2009, 2010; Hockley &
Niewiadomski, 2007; Starns, White, & Ratcliff,
2010; Stretch & Wixted, 1998, among others).

In one theoretical framework, strengthening
items shifts the target distribution along the
memory strength axis, producing an increase in
the HR. The memory strength distribution for
foils remains constant because there are no differ-
ences between foils tested after a weakly versus a
strongly encoded list other than the encoding con-
ditions of the target items. To account for a
strength-based mirror effect within this framework,
one must assume that the criterion changes as a
function of list strength (cf. Criss, 2006, 2009,
2010; McClelland & Chappell, 1998; Stretch &
Wixted, 1998). The idea is that participants
become aware that accuracy for a strong list is
very high, from either their experience during
encoding or the initial test trials (Hirshman,
1995; Stretch & Wixted, 1998), and adopt a
strict criterion based on this knowledge. The vast
majority of memory models, both dual and single
process, have adopted the criterion shift expla-
nation for the strength-based mirror effect (e.g.,
Cary & Reder, 2003; Starns, White, & Ratcliff,
2010; Stretch & Wixted, 1998). Thus the
strength-based mirror effect paradigm is an ideal
situation in which to investigate differences in cri-
terion placement and flexibility in older adults.

This manuscript includes two experiments, both
of which make use of the strength-based mirror
effect paradigm. The same group of people partici-
pated in both experiments. Participants were not
aware that they were participating in two different
experiments. From their perspective, they com-
pleted four study–test blocks. This maximized our
ability to find any age-related changes in the
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flexibility of criterion placement because the cri-
terion was, presumably, adjusted for each of the
four study–test blocks. In Experiment 1, normative
word frequency was manipulated in addition to list
strength. Word frequency and list strength mirror
effects are similar in magnitude. In the event that
a SBME was not observed for older adults, we
wanted to be sure to demonstrate that it was not
simply a lack of experimental power, but rather a
meaningful finding. In Experiment 2, we manipu-
lated similarity between foils and studied items to
place additional demands on memory. We used
similarity to tax memory because older adults are
more vulnerable to falsely claiming to remember
foils that are similar to studied targets (e.g.,
Balota et al., 1999; Benjamin, 2001; Jacoby, 1999).

EXPERIMENT 1

Experiment 1 makes use of the basic strength-based
mirror effect manipulation of a strong study list fol-
lowed by a test list and a weak study list followed by a
test list. In addition, normative word frequency was
manipulated. Word frequency is also known to
produce a mirror effect (e.g., Glanzer & Adams,
1985) though in this case the stimuli differ in preex-
perimental frequency. Stretch and Wixted (1998)
distinguish between stimulus-based mirror effects
(e.g., via a word frequency manipulation), presum-
ably resulting from different memory strength distri-
butions, and strength-based mirror effects (e.g., via a
study repetition manipulation), presumably resulting
from criterion shifts. In other words, the word fre-
quency mirror effect and strength-based mirror
effect are separate findings that result from different
empirical manipulations and different cognitive
operations. Despite the different origins, word fre-
quency and strength-based mirror effects are
similar in magnitude (e.g., Criss, 2010; Stretch &
Wixted, 1998), and including a word frequency
manipulation serves to demonstrate sufficient exper-
imental power to detect an effect. Because the word
frequency mirror effect is the result of different
memory strength distributions rather than a criterion
shift (e.g., Glanzer & Bowles, 1976), age-related
changes in the word frequency effect are not critical

for the present purposes (see Balota, Burgess,
Cortese, & Adams, 2002; Ratcliff et al., 2004, for
a discussion of word frequency effects and ageing).
If older adults are not able to flexibly control their
criterion placement in response to task demands,
then the SBME should be distorted. If older and
younger adults have similar flexibility in criterion
placement, then the magnitude of the strength-
based mirror effect should not differ with age. The
literature is mixed with respect to criterion place-
ment—some studies show that older adults are
more liberal, and others show that older adults are
more conservative. This experimental design is
optimal to help clarify whether older adults are gen-
erally more conservative or more liberal in a recog-
nition memory paradigm and to evaluate the
ability of older adults to flexibly adjust their criterion.

Method

Participants
A total of 36 younger adults and 21 (57% female)
older adults from the Syracuse University commu-
nity received $10 per hour or course credit for par-
ticipation in the experiment. All participants
reported good health and scored fewer than eight
errors on the memory concentration portion of
the Blessed exam, indicating they were free of
dementia (Blessed, Tomlinson, & Roth, 1968).
All participants were free of memory impairments
and in good health based on self-report. Table 1
presents the demographics and background infor-
mation about the participants. Three additional

Table 1. Participant demographics

Measure Younger adults Older adults

Age (years) 18.46 (0.76) 63.43 (7.51)

College 1 (0) .83 (.38)

Vocabulary 29.49 (3.86) 34.52 (3.59)

Reasoning 15.92 (2.30) 14.95 (4.15)

Note: College indicates the proportion of participants who

completed some college. Vocabulary (maximum score 40)

and reasoning (maximum score 20) measured using the

Shipley Institute of Living Scale (Shipley, 1940).
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younger adults that participated but performed at or
below chance were excluded.

Stimulus materials
The word pool consisted of 800 low-frequency (LF)
and 800 high-frequency (HF) words between 4 and
7 letters in length. HF words ranged between 9 and
13 log frequency (M= 10.46) in the Hyperspace
Analog to Language corpus (HAL; Balota et al.,
2007), and LF words ranged between 3.5 and 6
log frequency (M= 5.22).

Design
The experiment was a 2 (word frequency: LF and
HF)× 2 (list strength: strong and weak)× 2 (test
type: target and foil)× 2 (age: younger and older)
mixed design with age serving as the between-sub-
jects factor. Each participant received a weak and a
strong block with block order randomly chosen for
each individual. Participants advanced to the next
block at their own pace. The weak block consisted
of 40 words, half LF and half HF, each studied for
2.5 s with a 500-ms interstimulus interval (ISI).
Participants were simply instructed to study the
list with no specific encoding task provided. A
45-s arithmetic distractor task separated study
and test. The test was self-paced yes/no single
item recognition with 80 words equally divided
among the conditions. The strong block was iden-
tical with one exception: Each of the 40 items was
studied four times each. To equate study–test lag
across strength conditions, the entire set of 40
items was presented before any item repeated for
each of the four study presentations. Within each
study–test list, words were randomly assigned to
conditions (strength and test type), and the order
of words was randomly assigned for each partici-
pant. We present this as Experiment 1 but

participants performed these two study–test
blocks after completing Experiment 2.

Results and discussion

A 2 (word frequency: LF and HF)× 2 (list
strength: strong and weak)× 2 (age: older and
younger) mixed analysis of variance (ANOVA)
was conducted for each dependent variable (FAR
and HR) and each composite measure (discrimin-
ability, d ′, and response bias, c ).1 Figure 1 shows
mean values of all measures.

Consistent with the literature, we observed
better discrimination accuracy for LF than HF
items and for strong than weak lists. The
ANOVA confirmed higher d ′ for LF than for
HF words, F(1, 55)= 44.52, p, .001, η2= .447,
and for the strong than for the weak list, F(1,
55)= 61.52, p, .001, η2= .528. Both the effect
of repetition and the effect of word frequency
appear as a mirror pattern. Strong HRs exceeded
weak HRs, F(1, 55)= 54.68, p, .001, η2= .498,
and strong FARs were lower than weak FARs,
F(1, 55)= 7.42, p= .009, η2= .119. LF targets
were better remembered, F(1, 55)= 12.76,
p= .001, η2= .188, and LF foils were less likely
to be endorsed than their HF counterparts, F(1,
55)= 31.24, p, .001, η2= .362. Older adults
had lower FARs overall than younger adults, F(1,
55)= 5.34, p= .025, η2= .088. No other main
effects or interactions were significant.

The primary purpose of including the word fre-
quency manipulation was to demonstrate that we
had sufficient power to detect a strength-based
mirror effect; however, given our data, this is no
longer a concern. For discussion of ageing and
word frequency effects see Balota et al. (2002),
Ratcliff et al. (2004), and Buchler and Reder
(2007).

1Using SDT requires assumptions, though in many cases the assumptions are not explicitly acknowledged. For example, SDT

assumes normally distributed memory evidence, which is inconsistent with many process models of memory. In both experiments,

we compute SDT measures from yes/no data, which assumes identical variance for target and foil distributions. Further, the values

of d′ and c are computed separately for the different conditions, which implicitly assumes equal variance across conditions, and that

optimality is condition-specific. Some empirical studies have demonstrated that these may be invalid assumptions, at least for

certain types of behavioural responses (e.g., Mickes, Wixted, & Wais, 2007; Ratcliff, Sheu, & Gronlund, 1992), which indicates a

limitation in the interpretation of these measures (a limitation shared by the vast majority of publications in the field). We conducted

additional analyses assuming a variance ratio of .8 for foils to targets and replicated every result reported in the paper.
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Analysis of response bias, c, showed an overall
tendency to respond new. Note that cmeasures dis-
tance to the optimal criterion as measured by the
point of intersection of the relevant target and foil
distributions. A value of 0 is optimal, values

greater than 0 indicate a conservative bias to
respond new, and values less than 0 indicate a
liberal bias to respond old. Overall the weak list eli-
cited relatively more new responses than the strong
list, F(1, 55)= 20.20, p, .001, η2= .269. Older

Figure 1. Strength-based mirror effects were obtained for both for older and younger adults and for low frequency (LF) and high frequency

(HF) words. Panel A: P(old) is the probability of endorsing an item as studied. Hits (top four lines) are higher, and false alarms (bottom

four lines) are lower for strong than for weak lists. A word frequency mirror effect was observed with higher hits and lower false alarms for

LF than HF words. Panel B: Discrimination (d′) was higher for LF words and strong lists. Panel C: Response bias (c) was more

conservative and farther from optimal for older adults than for younger adults. Error bars are +1 standard error.
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adults were more cautious in their responding than
younger adults, favouring the new response, F(1,
55)= 6.92, p= .011, η2= .112, but not differen-
tially so across list strength. No other main effects
or interactions were significant.

The data indicate that older adults are more cau-
tious in the placement of their criteria, tending to
reject more items than younger adults. However,
the flexibility to adjust criterion placement in
response to task demands is similar for older and
younger adults as evidenced by strength-based
mirror effects of similar magnitude and response
bias values that change similarly across list strength
(e.g., there were no interactions between age and
any other variable).

EXPERIMENT 2

Experiment 2 is another strength-based mirror
effect paradigm; however, word frequency was con-
trolled, and word similarity was manipulated. The
aim, however, was the same: to evaluate criterion
placement and criterion flexibility in older adults.
We include a similarity manipulation because
older adults are typically more susceptible to false
memory for foils that are similar to studied items
(e.g., Balota et al., 1999; Benjamin, 2001; Jacoby,
1999). If older adults are at a disadvantage
because they are impaired by similar foils, this
may also manifest as a decline in their flexibility
of criterion placement. In other words, we are
specifically taxing older adults by including the
similarity manipulation and expect this additional
strain to reveal any deficits in criterion placement.
The current experiment is similar to an experiment
in Criss (2006) who reported higher FARs for
similar than for unrelated foils and a lower FAR
for strong than weak lists for both foil types. In
Experiment 2, we expected younger adults to repli-
cate the Criss (2006) results. If older adults do not
have flexible control over their criterion placement,
then they should show a distorted strength-based
mirror effect. If older and younger adults have
similar flexibility in criterion placement, then the
magnitude of the strength-based mirror effect
should not differ with age.

Method

Participants
The same participants completed both Experiment
1 and Experiment 2. However, only one younger
adult was excluded from Experiment 2 for chance
performance, leaving a total of 38 younger
participants.

Stimulus materials
The word pool consisted of 100 pairs of rhyming
words that differed by a single letter. The two
words were of equal length and were approximately
equal in normative word frequency. The average log
HAL frequency for the first item of each pair was
M= 8.23 (SD= 2.39) and for the second item
was M= 8.67 (SD= 2.02), where the designation
of first or second was arbitrary (Balota et al.,
2007; Lund & Burgess, 1996). The difference
between the log HAL frequency for each pair of
items was computed, and the average difference
across all pairs was M= 0.79. Whether the first
set of items served as the target and the second
served as the similar foil or vice versa was randomly
selected for each participant.

Design
The experiment was a 2 (foils: similar and unre-
lated)× 2 (target list strength: strong and
weak)× 2 (age: younger and older) mixed design
with age serving as the between-subjects factor.
Each participant received a weak and a strong
block with block order randomly chosen for each
individual. The weak study block consisted of 40
words studied with no specific encoding instruc-
tions for 2.5 s followed by a 500-ms ISI separating
items. The strong study block was simply the weak
list repeated for a total of four presentations with
study–test lag equated in the same manner as in
Experiment 1. A 45-s arithmetic distractor task
separated each study list from the corresponding
test, and the transition between the two study–
test blocks was self-paced. Each test list consisted
of 40 items, half targets and half foils. The nature
of the foils was manipulated such that half were
similar to a target, and half were not, where simi-
larity was defined as rhyming with and being one
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letter different from a target word (e.g., COAT,
BOAT). The unrelated foils were selected from
the remaining items in the pool that were not
assigned to the study list for the individual partici-
pant. Either a target or the corresponding similar
foil was tested, but not both. The test was a self-
paced yes/no single item recognition task.

Results and discussion

Data for all dependent measures are plotted in
Figure 2. A 2 (foil type: unrelated and similar)×
2 (list strength: strong and weak)× 2 (age: older
and younger) mixed ANOVA was conducted on
d ′. Discrimination was better for strong than for
weak lists, F(1, 57)= 98.79, p, .001, η2= .634,
and for unrelated than for similar foils, F(1,
57)= 21.99, p, .001, η2= .278, but there was
no age-related difference. We used this design
because older adults are more susceptible to
false-memory effects, but we found no age-related
decrement in discrimination for similar items.
The similarity manipulation used here is related
to the spelling and sound of the word rather than
semantics, which is the more typical realm for
measuring false memory. We tentatively suggest
that the high susceptibility of false memory for
older adults is restricted to meaning-based manip-
ulations. There was a marginal triple interaction
between foil type, list strength, and age, F(1,
57)= 4.04, p= .049, η2= .066, where there
appears to be no (or a smaller) difference in d ′ for
older and younger adults in the weak similar con-
dition than in the other three conditions, which
show a small benefit for older adults. Neither the
effect size nor the p-value inspires confidence in
this interaction. Even if the result is replicable,
the nature of the interaction is such that it is remo-
vable with a transformation and therefore should be
interpreted with extreme caution, if at all (see
Loftus, 1978; Wagenmakers, Krypotos, Criss, &
Iverson, 2012). Nevertheless, we speculate that
the interaction could be attributed to older adults
having more difficulty rejecting the weak-similar
foils than the other three foil types. We initially
hypothesized that older adults would more suscep-
tible to false memory for similar foils. Additionally,

it is likely that the influence of similarity is greater
when information is poorly encoded in memory. As
such the decrease in older adults’ discriminability
for similar foils may simply reflect their suscepti-
bility to the similarity manipulation. There were
no other interactions (Fs, 1.41, ps. .24)

As expected, repetition resulted in a strength-
based mirror effect. Strong HRs exceeded weak
HRs, F(1, 57)= 74.01, p, .001, η2= .565, and
strong FARs were lower than weak FARs, F(1,
57)= 15.96, p, .001, η2= .219. FARs were
higher for similar than for unrelated foils, F(1,
57)= 21.15, p, .001, η2= .271. No other main
effects or interactions were significant. Note also
that these results fully replicate Criss (2006) and
extend those same findings to older adults.

We compute the value of c based on targets and
unrelated foils. Older adults were marginally more
cautious in their responding, F(1, 57)= 3.26,
p= .076, η2= .054, and this did not interact with
list strength, F(1, 57)= 1.97, p= .17, η2= .03.

Like Experiment 1, the data indicate that older
adults are slightly more cautious in the placement of
their criterion but adjust the criterion with equal
flexibility. Manipulating similarity of the foils did
not affect the flexibility with which older adults
adjust their criterion in response to list strength.

GENERAL DISCUSSION

Age-related strength-based mirror effects were
examined in two experiments. In the first exper-
iment, both word frequency and strength were
manipulated. We observed a word frequency
mirror effect and a SBME. In the second exper-
iment, similarity of the foils was manipulated, and
we observed a strength-based mirror effect for
both similar and unrelated foils. In both exper-
iments, older adults set a more conservative cri-
terion, preferring the new response, more than
the younger adults as evidenced in both in FARs
and in response bias. However, this did not interact
with the strength-based mirror effect in either
experiment. Older adults showed strength-based
mirror effects comparable in size to those for
younger adults, indicating that older adults can
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flexibly place the criterion in response to the
demands of the task.

We find evidence that older adults are more
conservative in their criterion setting than
younger adults but they are equally flexible in

adjusting the criterion. As Burke and Light
(1981) note, ageing effects in forced-choice recog-
nition tasks make criterion differences less inter-
esting with regard to explanations of memory
and ageing. As such, theories of ageing tend to

Figure 2. Strength-based mirror effects were obtained for both for older and younger adults and for similar and unrelated words foils. Panel A:

P(old) is the probability of endorsing an item as studied. Hits (top two lines) are higher, and false alarms (bottom four lines) are lower for strong

lists than for weak lists. Panel B: Discrimination (d′) was higher for strong lists. Panel C: Response bias (c) was more conservative and farther
from optimal for older adults than for younger adults. Error bars are +1 standard error.
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be indifferent or simply do not address changes in
criterion in older adults. However, if we infer
possible expectations from different theories of
ageing both a conservative and liberal criterion
seem plausible depending on the theoretical per-
spective. For example, an older adult might
adopt a more liberal criterion if they are concerned
that their encoding of the list was insufficient due
to a general processing deficit (e.g., processing-
speed theory; Salthouse, 1996) or if they are
concerned about insufficient item-to-list context
binding (e.g., associative deficit hypothesis;
Naveh-Benjamin, 2000) and overcompensate by
endorsing any item that evokes minimal memory
strength (e.g., Touron & Hertzog, 2004).
Conversely, if the nature of the ageing deficit
involves less efficient retrieval (e.g., Burke &
Light, 1981) then older adults might adopt a
more cautious strategy to avoid false alarms. In
the current experiments, there was no age-related
deficit in discrimination. That, combined with
the fact that judgements of learning improve
with ageing (e.g., Daniels, Toth, & Hertzog,
2009; Hertzog, Sinclair, & Dunlosky, 2010),
suggests that the above explanations are incom-
plete or unsatisfying. If older adults are aware
that their recognition memory performance was
not impaired, then they should not adopt a differ-
ent criterion. A final possibility is simply that
older adults have many more items in episodic
memory and more variability in those items by
virtue of having several additional years of life
spanning a longer range. The larger number of
memory traces combined with the longer lag
associated with those memories results in a more
variable distribution of episodic memory traces
than younger adults. In order to make a decision
in a recognition memory task, a criterion must
be set that discriminates between a specific
episode (e.g., the list) and all of the remaining epi-
sodes of one’s life. If the foil distribution is more
variable for older adults, then adopting a more
conservative criterion is warranted. The hypothesis
that the foil distribution is more variable for older
adults is an excellent avenue for future research
that would advance theories of memory and
ageing.

We used SDT to measure criterion placement
and discrimination. As we discussed, SDT brings
a host of assumptions that are sometimes treated
as claims about the processes underlying memory.
Our strong preference is to treat SDT as a measure-
ment device, similar to using an ANOVA or per-
centage correct and not as a model of memory.
There exist a number of successful models of
memory that do explain, in great detail, encoding
and retrieval mechanisms. However, we offer two
possibilities for how to resolve our hypothesis that
older adults have higher variability in the foil distri-
bution than younger adults with the assumptions of
SDT. If one assumes equal variance in the target
and foil distributions (as we did in our statistical
analysis), then SDT must also assume that the
target distribution for older adults is also more vari-
able (due to the similar level of discrimination
across groups). This seems like a plausible assump-
tion, especially if variability is characterized by
additional noise in the encoding and retrieval pro-
cesses or if variability is simply the result of a
general slowing of the cognitive system (e.g.,
Salthouse, 1996). If, on the other hand, one
adopts unequal variance between the target and
foil distributions as the preferred model (as noted
in Footnote 1, we conducted this analysis as well
and replicate all findings reported in this manu-
script), then the foil distribution may be more vari-
able for older adults than for younger adults
without requiring a more variable target distri-
bution. To our knowledge, there are no data that
speak to the age-related differences in the variabil-
ity of foil or target distributions, so the model that
best describes ageing and human memory awaits
further research.

We discussed two types of criterion flexibility—
one that determines whether to respond “studied”
or “not studied” and the other that determines
when to give a response. The latter has been
studied primarily within the context of the diffu-
sion model, and the consistent finding is that
older adults are more cautious than optimal—that
is, they gather more evidence, thereby taking
longer to respond than is necessary. Our data
speak only to the former and suggest that older
adults are equally flexible at adjusting their response
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threshold to accommodate the demands of
the experimental situation, consistent with
Pendergrass et al. (2012).

Our data indicate an intact strength-based
mirror effect for older adults. Benjamin (2001)
found a more complicated SBME pattern for
older adults when similarity was manipulated by
using two levels of semantic similarity. Benjamin
had younger and older adults study items from
semantically related word lists (i.e., lists from
Deese, 1959; Roediger & McDermott, 1995).
Half of the lists were weakly encoded, and half
were strongly encoded. At test, participants were
given two types of foils: critical lures (e.g., the cat-
egory label) and categorical distractors (unstudied
words from the category list). The results showed
an expected increase in HRs for strengthened
words in both age groups. The FARs for the critical
lures decreased with list strength for younger
adults, demonstrating a strength-based mirror
effect. However, the opposite pattern was observed
for older participants; FARs to critical lures
increased with list strength. The FARs for the cat-
egorical distractors did not differ as a function of
strength for either younger or older adults. The
different patterns of data reported here and by
Benjamin (2001) are not surprising when consider-
ing the differences in methodology. Critically,
Benjamin presented all study lists (weak and
strong) prior to presenting any test lists—a sort of
hybrid between a typical SBME paradigm and a
mixed-strength design. A SBME is only predicted
for lists of pure strength, not mixed strength, on the
assumption that the criterion for a given test list is
fixed and does not change trial to trial (i.e., Stretch
& Wixted, 1998). In addition, the similarity
manipulation was quite different for the two
studies. Our lists were structured such that a
similar foil shared orthography and phonology
with a single studied item whereas Benjamin used
foils that were semantically similar to every item
on the study list. We propose that the similarity
manipulation falls on a continuum (unrelated foils
at one extreme and critical lures toward the other)
and suggest that a comprehensive study of list
strength effects across levels of similarity would
demonstrate both patterns of data. Specifically,

Criss (2006) presented simulations demonstrating
an interaction between strength and similarity.
Foils that are less than approximately 50%
similar to targets showed a typical SBME
pattern: the FAR decreased with the strength of
encoding of the target list. Foils that were more
than approximately 50% similar to a target
showed the opposite pattern: FARs increased
with increased encoding of the study list. The
exact predictions are determined by the mechan-
isms of the model, but the general pattern can
be understood by considering what it means to
be a target. Memory is imperfect—there are
errors made during encoding and retrieval. The
memory system takes this imperfection into
account and does not expect a perfect match
between the contents of episodic memory and
the cue presented for a recognition task. For
these reasons, an item simply needs to match
“well enough” to be judged as a target item.
Foils that share over 50% of their features with
a target item will behave as if they are (poorly
encoded) targets. FARs to these items will be
high, and the more similar the foil, the higher
the FAR. In addition, manipulations that affect
targets will similarly affect the FAR for highly
similar foils.

Differentiation

Models of the SBME described earlier present a
metacognitive account where the criterion place-
ment is determined by the strength of the study
list. An alternative account based on encoding
and retrieval processes is presented by differen-
tiation models (Criss & McClelland 2006;
McClelland & Chappell 1998; Shiffrin, Ratcliff,
& Clark, 1990; Shiffrin & Steyvers 1997).
Differentiation models propose that the SBME
results from changes in the memory strength distri-
butions rather than changes in the criterion.
Specifically, the target distribution increases, and
the foil distribution decreases for a strong study
list compared to a weak study list. Differentiation
models assume that better encoding of target
items results in more accurate memory traces for
those targets. The more accurate a given memory
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trace, the more likely that it will match its corre-
sponding target (increasing the hit rate). In
addition, the more accurate a given memory trace,
the less likely it will match a foil (decreasing the
false-alarm rate). In other words, the more that is
known about a set of items (targets in this case),
the less confusable they are with other items.
Together these assumptions cause the distribution
of subjective memory strength to increase for
targets and simultaneously decrease for foils follow-
ing a strong list compared to a weak list (see Criss,
2006, 2009, 2010). Differentiation models, like all
memory models, must assume a criterion in order
to determine which items are called old and
which are called new; however, the criterion does
not need to change with list strength in these
models to predict a SBME. The interpretation of
differential criterion placement for older and
younger adults holds under a differentiation
account. The difference is in the interpretation of
criterion flexibility. If differentiation provides the
causal explanation for the SBME then the data pre-
sented here should not be interpreted as a change in
criterion flexibility. A differentiation account of this
data suggests that the fundamental processes
underlying encoding and retrieval do not differ
for older and younger adults, though the exact par-
ameters contributing to those processes (e.g., accu-
racy of encoding or location of decision criterion)
may differ with age.

SUMMARY

Our goal was to evaluate response bias in older
adults using a strength-based mirror effect para-
digm. Older adults were more conservative than
younger adults, but not differentially so across
word frequency, similarity, or list strength. We
found no evidence that older adults are less flexible
in their criterion placement than younger adults.
Change in response bias across the lifespan is
underinvestigated. Here we provide evidence that
changes in response bias are not caused by a
decrease in the ability to flexibly adjust the criterion
in response to task demands.
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