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Two broad approaches characterize the type of evidence that mediates recognition memory: discrete state
and continuous. Discrete-state models posit a thresholded memory process that provides accurate
information about an item (it is detected) or, failing that, no mnemonic information about the item.
Continuous models, in contrast, posit the existence of graded mnemonic information about an item.
Evidence favoring 1 approach over the other has been mixed, suggesting the possibility that the mediation
of recognition memory may be adaptable and influenced by other factors. We tested this possibility with
2 experiments that varied the semantic similarity of word targets and fillers. Experiment 1, which used
semantically similar fillers, displayed evidence of continuous mediation (contrary to Kellen & Klauer,
2015), whereas Experiment 2, which used semantically dissimilar fillers, displayed evidence of discrete
mediation. The results have implications for basic theories of recognition memory, as well as for theories
of applied domains like eyewitness identification.
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Recognition memory serves many important functions, ranging
from recognizing the answer on a multiple-choice test to meteo-
rologists’ issuing a tornado warning because they recognize a
familiar atmospheric signature to choosing a suspect from a lineup.
Cognitive psychologists have spent decades studying the mecha-
nisms involved in simple and complex recognition memory tasks.
One avenue of research utilizes mathematical and computational
models of memory (for a review see Clark & Gronlund, 1996; also
Hintzman, 1991; McClelland, 2009). Some models, like Clark’s
(2003) WITNESS model, simulate complex events, like choosing
a face from a lineup. Others are more foundational, examining the
cognitive representation of memory evidence. It is the latter of
these that is the focus of the present research. Specifically, we
explore whether the memory evidence that is made available for
consideration is mediated in an all-or-none, discrete manner (in-
dicating detection or not) or in a continuous manner (reflecting a
gradient of latent strength). Although continuous models have
come to dominate the literature (Luce, 1997), a resurgence of
interest in discrete-state models has occurred (e.g., Bröder &
Schütz, 2009).

Research exploring discrete and continuous model classes is
important because complex models of memory and decision-
making should rely on the correct foundational representation. Of
course, this assumes that recognition memory is always mediated
continuously or discretely. Alternatively, the cognitive represen-
tation of recognition memory evidence, or at least the way people
weigh this evidence, may be stimulus-dependent (e.g., dependent
on the semantic relationships among fillers and targets), task-

specific (e.g., old�new, 2-alternative forced choice [2AFC]), or
subject to strategic influences or individual differences. For exam-
ple, continuous mediation occurs when participants are asked to
rank words and faces for the likelihood of having been previously
studied (Kellen & Klauer, 2014; McAdoo & Gronlund, 2016), but
discrete mediation appears to occur in related recognition tasks
like old�new and 2AFC paradigms that involve confidence judg-
ments (Kellen & Klauer, 2015). The mixed findings are also
supported by Kapucu, Macmillan, and Rotello (2010), who com-
pared individual fits of a continuous model—signal detection
theory—and Yonelinas’s (1994) dual-process model that includes
both discrete and continuous contributions. Kapucu et al. con-
cluded that participants used varying strategies, with some partic-
ipants relying on pure continuous processes and others supple-
menting a continuous process with a discrete one (dual-process).
Our goal was to continue this exploration of discrete and contin-
uous mediation by examining how stimulus relationships between
fillers and targets influence the mediation of recognition memory.

We begin by reviewing prototypical discrete-state and continu-
ous models of recognition memory. Next, we review extant tests
between the two model classes, including receiver operating char-
acteristic (ROC) analysis, which is thought to support continuous
mediation, and two conditional probability measures (Kellen &
Klauer, 2014, 2015) that reach opposing conclusions. We then
present two new experiments that show that stimulus relationships
do indeed influence recognition memory mediation.

Discrete-State and Continuous Models

The typical recognition memory task requires one to indicate
whether a stimulus item has been previously encountered. In a
standard old�new paradigm, participants study a series of stimuli
(e.g., words, pictures, faces) and, following a brief delay, complete
a series of tests that consist of a mixture of previously encountered
stimuli (old) and stimuli that had not been previously encountered
(new). Participants indicate whether a presented test item is old or
new. This can be done by way of a simple dichotomous response

This article was published Online First April 19, 2018.
Ryan M. McAdoo, Kylie N. Key, and Scott D. Gronlund, Department of

Psychology, University of Oklahoma.
Correspondence concerning this article should be addressed to Ryan M.

McAdoo, Department of Psychology, University of Oklahoma, 455 West
Lindsey Street, Norman, OK 73019. E-mail: ryan.m.mcadoo-1@ou.edu

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

Journal of Experimental Psychology:
Learning, Memory, and Cognition

© 2018 American Psychological Association

2018, Vol. 44, No. 11, 1814–1823
0278-7393/18/$12.00 http://dx.doi.org/10.1037/xlm0000550

1814

mailto:ryan.m.mcadoo-1@ou.edu
http://dx.doi.org/10.1037/xlm0000550


(old, new) or by indicating one’s confidence (e.g., 1–6 rating) that
an item is old or new. A similar paradigm presents participants
with old and new item pairs (or multiple-item arrays), and the
participant is instructed to indicate which item is old (n-alternative
forced choice [nAFC]). Performance on both tasks is measured by
calculating the proportion of old items that are correctly endorsed
as old (hit rate), and the proportion of new items incorrectly
endorsed as old (false alarm rate).

Discrete-state models assume that the memory evidence made
available to the cognitive level of representation is assessed in an
all-or-none fashion. An example of the discrete-state class of
models is the two-high threshold (2HT) model (Bröder, Kellen,
Schütz, & Rohrmeier, 2013). The 2HT model (see Figure 1)
assumes that when presented with an old item, a participant either
detects the item correctly as old (with probability DO) or fails to
detect the item (with probability 1 � DO), in which case it is
assumed that the participant has no mnemonic information avail-
able upon which to base a decision and can only guess whether the

item is old (with probability g) or new (with probability 1 � g).
These guesses are strategic and reflect response biases, or one’s
willingness to endorse an item as old. Decisions involving new
items are governed in the same way, such that a new item may be
detected as new (DN) or, in the absence of detection (1 � DN),
guessed to be old (g) or new (1 � g). Additional parameters govern
the probability of selecting a particular level of confidence (de-
noted as dOi and gOi in Figure 1 for detect-old and guess-old,
respectively, and dNi and gNi for detect-new and guess-new, re-
spectively). Different versions of discrete-state models have been
proposed (e.g., 1-high threshold; low threshold, Luce, 1963), but
they all share an assumption regarding the all-or-none representa-
tion of memory evidence: If an item is not detected (as old or new),
there is no mnemonic information available to the participant
for that item (complete information loss). Contrast this with con-
tinuous models of memory, which assume that there are gradients
of information available for both old and new items. We describe
this class of models next.

Figure 1. Two-high threshold model. Absent detection of old (DO) or new (DN) items, participants may
correctly or incorrectly guess the status of the item (g), reflecting complete information loss. Confidence ratings
are mapped by probability parameters, dO4-6, dN1-3 for detection and gO4-6, gN1-3 for guessing states. Confidence
mapping parameters are strength independent, meaning that they are unaffected by manipulations of encoding
strength, predicting �[2|3]

weak � �[2|3]
strong.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1815MEDIATION OF MEMORY



Signal detection theory (SDT; Egan, 1958) is the prototypical
example of a continuous model (see Figure 2). SDT assumes
that the strengths of memory evidence governing new (unstud-
ied) and old (studied) items are represented as overlapping
normal distributions. In the case of an equal-variance signal
detection model (depicted in Figure 2), the standard deviations
of the old and new distributions are the same. Old items should,
on average, have stronger memory strengths than should new
items, and in Figure 2, the old distribution is shifted upward on
the y-axis to reflect this. (In fact, Figure 2 depicts two classes
of old items, reflecting strong and weak encoding, which will
become relevant later.) When a particular item is presented to a
participant, the strength of that item is assessed and compared
to a decision criterion. If asked to provide confidence in one’s
decision, SDT utilizes a set of criteria that correspond to vary-
ing levels of confidence in both new and old decisions (denoted
as ci in Figure 2; note that c1–3 correspond to confidence in new
decisions and c4 – 6 correspond to confidence in old decisions).
Given these confidence mappings, if an item’s strength is
greater than c4 – 6, the item is endorsed as old (and new if within
the boundaries of c1–c3).1 Although Figure 2 depicts equal
variance SDT as our prototype, any SDT model makes the same
predictions regarding our critical measure (to be defined later),
including models that do not assume normal distributions of
evidence. In addition to purely discrete or continuous media-

tion, models have been proposed that include continuous and
discrete components, like Yonelinas’s (1994) dual-process
model. This model assumes a discrete recollection process,
whereby an item is recognized with high confidence, and a
continuous familiarity process, translating to varying degrees of
confidence. However, in the present research, we consider only
models that posit continuous or discrete mediation, not both.

The most prominent evidence in favor of continuous media-
tion involves accounting for various aspects of receiver opera-
tor characteristic (ROC) curves (e.g., shape: Malmberg, 2002;
slope: Ratcliff, Sheu, & Gronlund, 1992). In a review, Wixted
(2007) concluded that continuous models more accurately
matched the empirical patterns emanating from ROC analysis.
However, objections have been raised to using ROC analysis to
adjudicate between discrete and continuous models. In the next
section, we review ROC evidence and the concerns raised
against it, then discuss two alternative tests that have been
developed.

1 For more information about signal detection theory, see Macmillan and
Creelman (2005) or Kellen and Klauer (in press).

Figure 2. Equal-variance signal detection theory. Shaded gray regions depict the probability of a confidence
rating of 1 (sure new) or 2 (probably new) for old items. Shaded areas (light gray � weak targets, dark gray �
strong targets) denotes the probability of a target’s being rated 1 (sure new) or 2 (probably new), which is greater
for weak than for strong targets. This is because the mean of the strong distribution is greater on average than
the mean of the weak distribution, whereas criteria mapping remains constant (strength-independent). This
relationship gives rise to the prediction �[2|3]

weak � �[2|3]
strong. Note that any shape of continuous distribution predicts this

same relationship, as long as the strong item distribution is farther from the new item distribution than the weak
item distribution is from the new distribution.
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Evidence of Discrete-State Versus
Continuous Mediation

ROC Analysis

We review only one aspect of ROC analysis—shape, which has
been used extensively to test between discrete-state and continuous
models. ROC curves plot the hit and false alarm rates across
varying levels of response bias (assessed, typically, via confi-
dence). Predictions regarding the shape of ROC curves differ
between discrete-state models, which predict linear ROC curves,
and continuous models, which predict curvilinear ROC curves.
Empirical tests of these predictions reveal ROC curves that are
almost always curvilinear, indicating strong evidence in favor of
continuous mediation (see reviews by Wixted, 2007; Yonelinas &
Parks, 2007). Recently, however, it has been pointed out that
relaxing response-mapping assumptions can result in discrete-state
models that can produce curvilinear ROC curves. Consequently,
ROC curvature does not provide a sufficient critical test between
the two model classes (see Bröder & Schütz, 2009; Erdfelder &
Buchner, 1998; Malmberg, 2002; Province & Rouder, 2012).

Another method of producing ROC curves is to directly manip-
ulate response bias rather than using confidence ratings as a proxy
measure. Unfortunately, this method also seems unable to defini-
tively test between discrete and continuous models. Bröder and
Schütz (2009) argued that confidence-rating ROC curvature is a
product of variability in confidence scales and that only ROCs
produced by manipulating bias (binary response ROCs) are a valid
means to test between discrete-state and continuous models. In a
series of three experiments, the authors manipulated response bias
directly and determined that the 2HT fit binary response ROCs
better than did SDT. But Dubé, Starns, Rotello, and Ratcliff (2012)
showed that a signal detection model fit binary response ROCs
(and reaction time [RT] data) better than did the 2HT model.
However, Kellen, Klauer, and Bröder (2013) countered, arguing
that discrete-state models fit individual ROCs better than do con-
tinuous models when model complexity is considered using mea-
sures of minimum description length. The mixed evidence from
ROC analysis is not restricted to old�new recognition tasks.
Kellen et al. (2015) fit an unequal-variance SDT and the 2HT
model to 2AFC confidence data. They reported, for both word and
picture conditions, that the 2HT model outperformed the unequal-
variance SDT most of the time. In sum, given the inconsistencies
associated with testing between discrete-state and continuous mod-
els of recognition memory using ROC data, other critical tests are
required. We discuss two of these tests next.

Conditional Probability

Kellen and Klauer (2014) proposed a test using a ranking
paradigm and a conditional probability measure that relied on
minimal model assumptions. In their study, Kellen and Klauer had
participants study a list that contained words presented either once
in a weak encoding condition or three times in a strong encoding
condition. At test, participants were presented with one old word
(hereafter, target) and two (Experiment 2) or three (Experiment 1)
new words (hereafter, fillers). The participants were asked to rank
each item from most likely to have been seen before to least likely
to have been seen before. The conditional probability (c2) that a

target would be ranked second (given that it was not ranked first)
was calculated for each participant.

Kellen and Klauer (2014) proved that discrete-state and contin-
uous models made different predictions regarding the relationship
of c2 values for weak versus strong items. Discrete-state models
predict that c2

weak � c2
strong; if a target is not detected (ranked first),

it does not matter whether that target was weakly or strongly
encoded; a participant can only guess among the remaining items
because no mnemonic information exists regarding items that are
not detected. Therefore, the probability of a weak undetected
target’s being ranked second is the same as the probability of a
strong undetected target’s being ranked second. In contrast, con-
tinuous models predict that c2

weak � c2
strong. If a target is not recog-

nized as the most likely to have been seen, there still exists
memory evidence about the target available to the participant to
evaluate. Because strong targets possess stronger evidence, on
average, than do weak targets, the probability of the strong targets’
being ranked second (given that they were not ranked first) will
tend to be greater than for the weak targets.

Kellen and Klauer (2014) found evidence of continuous medi-
ation using this paradigm with words as the test stimuli. McAdoo
and Gronlund (2016) replicated these results using faces. How-
ever, D. Kellen, Erdfelder, Malmberg, Dubé, and Criss (2016)
successfully fit a discrete-state model, the low-threshold model
(LTM), to Kellen and Klauer’s c2 ranking data, and found no
difference in measures of goodness of fit between the LTM and
SDT. We applied the LTM to the McAdoo and Gronlund (2016)
data and also found little difference between the LTM and SDT
(we return to this point later). These conflicting results necessitate
further explorations of continuous and discrete-state models.

Confidence Ratings

Kellen and Klauer (2015) developed another critical test that
relied on confidence rating data. Using previously published data
from nine old�new and 2AFC recognition experiments, the au-
thors focused on old items that had been judged new via a confi-
dence scale that ranged from 1 (Sure New) to 6 (Sure Old). As in
Kellen and Klauer (2014), items in these studies had been either
weakly or strongly encoded. Because strength manipulations affect
only the probability of detecting an item, if an item fails to be
detected, the confidence ratings assigned to these old items (i.e.,
misses) are strength-independent (Province & Rouder, 2012, re-
ferred to this as conditional independence, but see Chen, Starns, &
Rotello, 2015, for a possible violation of this assumption). There-
fore, discrete-state models predict that the probability of an old
item’s being rated 1 or 2 (given it was rated 1, 2, or 3, hereafter
�[2|3]) are the same for weak and strong items. Continuous models,
on the other hand, predict that �[2|3] is greater for weak items than
for strong items. As shown in Figure 2 (see the shaded areas of the
weak and strong probability density functions), �[2|3]is greater
(larger area in light gray) for weak items than for strong items
(smaller area in dark gray), assuming that the criteria do not vary
between weak and strong items. This is because the strength
manipulation affects the mean of the old item distributions but not
the confidence criteria placement in relation to these distributions.
That makes the distribution of confidence ratings for new items not

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1817MEDIATION OF MEMORY



independent of strength.2 Kellen and Klauer’s (2015) analysis
concluded in favor of discrete-state mediation.

The mixed evidence for discrete and continuous mediation is
surprising if one expects recognition memory mediation to be
unfailingly discrete or continuous. But instead, it is possible that
how recognition memory is mediated is adaptable, contingent on a
variety of factors. For example, Kellen and Klauer (2015) sug-
gested that task differences could play a role; the c2 ranking task
encourages people to use graded information, whereas confidence
ratings may not. But we chose to hold the task constant in our
present study and instead chose to examine the effect of the
relationships among the tested stimuli.

Present Study

The two experiments in the present study varied stimulus rela-
tionships (the similarity between fillers and targets). Our choice to
examine this factor was inspired by a finding that arose when we
fit the LTM and SDT to the data from McAdoo and Gronlund
(2016). We found that the LTM fit the data better than did SDT,
despite the c2 data’s supporting continuous mediation (LTM better
for 64% of McAdoo & Gronlund’s, 2016, participants in Experi-
ment 1 and 52% of participants in Experiment 2, as measured by
the G2 statistic). We also noticed an interesting result that moti-
vated the particular manipulation we conduct. The LTM was
unable to produce c2 values that were less than .5 (if there were
three options to be ranked; less than .33 if there were four options
to be ranked). However, empirical values of c2 did sometimes fall
below .5 (43% of McAdoo & Gronlund’s, 2016, participants in
Experiment 1; 27% of the participants in Experiment 2). Accord-
ing to the LTM, c2 cannot fall below .5 (given three options),
because it would mean that targets that are not ranked first are
more likely to be ranked third than ranked second. This could
occur only if fillers are sometimes better matches to memory than
are some of the targets. This highlighted the potential impact of
stimulus effects on recognition mediation.

The present study explores the effect that filler�target similarity
has on the mediation of recognition memory in a confidence rating
task. In his review of models of recognition memory, Malmberg
(2008) discussed the concept of efficiency, which in this context
refers to the idea that participants utilize a recognition strategy that
can achieve the desired accuracy in the shortest amount of time.
But efficiency does not mean optimality. Rather, we posit effi-
ciency as akin to satisficing—in a given context, participants will
adopt a strategy that produces responses that are “accurate
enough.” We applied this concept to motivate the hypotheses of
the current study. For example, in one context, deciding among
stimuli relationships may require participants to use continuous
mediation to reach some level of desired accuracy, whereas dis-
crete mediation may be sufficient, given different stimuli relation-
ships, to reach a “good enough” level of accuracy.

We designed two experiments that varied filler�target similar-
ity. Both experiments used repetition as the strength manipulation
(1� vs. 3�) and utilized single-item tests and confidence judg-
ments (like Kellen & Klauer, 2015). Figure 3 summarizes our
manipulations and hypotheses. Experiment 1 uses semantically
similar targets and fillers (top half of Figure 3). Suppose a partic-
ipant studies a list of words that includes frog and chair. At test,
the participant will encounter fillers that are similar to studied

targets (e.g., table in Figure 3). Semantically similar fillers will
elicit some degree of familiarity because of their relation to a
studied target (chair and table). Over the course of the test phase,
this may cause participants to more carefully consider the strength
of items, resulting in use of the confidence scale in a manner that
produces �[2|3] estimates consistent with a continuous model. In
other words, to be efficient, participants need to use graded infor-
mation when making confidence judgments because of the high
similarity of the fillers to the targets. This would result in estimates
of �[2|3] that reflect the continuous mediation of memory (�[2|3]

weak �
�[2|3]

strong), contrary to the results of Kellen and Klauer (2015).
Experiment 2 used semantically dissimilar (or idiosyncratic)

targets and fillers (bottom half of Figure 3). Assume that partici-
pants study the same target words (including frog and chair), but
at test, participants encounter fillers that are not similar to targets
(represented by apple in Figure 3). In this case, fillers elicit little
to no familiarity in relation to any targets. Across test trials, a
discretely mediated strategy may be sufficient to achieve reason-
able efficiency. In other words, the use of graded information
would not be necessary (or maybe even possible, which we discuss

2 Note that the �[2|3] predictions for continuous mediation are not unique
to the Gaussian distribution. Any distribution of graded information makes
similar predictions (e.g., ex-Gaussian, uniform), as long as the weak and
strong distributions are separated (see Kellen & Klauer, 2015, for proofs).

Figure 3. Target words are denoted by bolded text and fillers by italicized
text. For Experiments 1 and 2, participants studied target words like frog
and table. At test, participants in Experiment 1 were tested on frog and on
a semantically similar filler, chair. Participants in Experiment 2 were also
tested on frog and on a semantically dissimilar filler, apple. We predicted
that participants would rely on continuous mediation in Experiment 1 and
discrete mediation in Experiment 2.
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later) to maximize accuracy. This would lead to patterns of �[2|3]

that are consistent with discrete mediation (�[2|3]
weak � �[2|3]

strong).

Method

General Procedure

The experiments took place in a room with five cubicles, each with
a personal computer. Data collection was conducted using E-Prime
2.0 (Psychology Software Tools, 2012). Participants first gave con-
sent and provided demographic information. The experiment began
with a study phase, which consisted of a series of words. Participants
studied 100 unique words for 750 ms each, with a 500-ms fixation
cross between stimuli. Fifty of these words were presented once for a
weak encoding manipulation, and 50 were presented thrice for a
strong encoding manipulation. This was followed by a distractor task
lasting approximately 5 min (40 trials indicating whether two pre-
sented numbers summed to a third number). Next, participants com-
pleted a test phase, wherein previously studied targets (weak and
strong) and new fillers were presented in a random order. The par-
ticipants rated the likelihood of having seen an item before on a scale
ranging from 1 (Sure New) to 6 (Sure Old).3 To conclude, we
debriefed, thanked, and dismissed each participant. All experiments
were approved by the University of Oklahoma Institutional Review
Board and followed American Psychological Association ethical
guidelines (see the Method sections for each experiment for details
unique to that experiment).

Experiment 1

Experiment 1 was designed to test the effect of semantically
similar, or confusable, targets and fillers on the mediation of
recognition memory in a confidence-rating task. Fillers were cho-
sen to be strongly associated to one of the targets (see the detailed
method later). We hypothesized that presenting confusable fillers
would cause participants to exhibit continuously mediated patterns
of recognition, reflecting the use of graded information in the
absence of positive recognition.

Participants. Participants (N � 90) were University of Okla-
homa introductory psychology students, who completed this study
in exchange for partial course credit. They were mostly female
(N � 72), with an average age of 18.8 years. Self-reported eth-
nicity was Caucasian (74%), American Indian/Alaska Native
(7%), Asian (11%), African American (1%), and No Response
(6%).

Materials. Words were drawn from the University of South
Florida Free Association Norms database (Nelson, McEvoy, &
Schreiber, 1998).4 All words from the database were downloaded and
sorted to include only English nouns. Only nouns that had associated
words with forward-strength scores of at least .40 (at least 40% of
participants provided the same associated word when prompted) were
selected. We sorted this new list of nouns by cue frequency (per
Kučera & Francis, 1967) and selected only nouns with a frequency of
at least 3 (this cutoff was arbitrarily chosen; average frequency
score � 35.8). This final list was then randomized, and the first 100
nouns were chosen to be included as targets. The top associate
(measured by the forward-strength score) for each of the 100 target
nouns was found in Appendix B in the Nelson et al. (1998) database
and served as semantically similar fillers (fillers with strong associa-

tion to targets). For example, if arrow were a target, the word with the
top association score, bow, would be selected as its semantically
similar filler.

Experiment 2

Experiment 2 was designed to test the effect of semantically
dissimilar, or idiosyncratic, fillers on the mediation of recognition
memory. Fillers were chosen to have weak associations with
targets (see the detailed method later). We hypothesized that
idiosyncratic fillers would result in participants’ exhibiting dis-
cretely mediated recognition.

Participants. University of Oklahoma (N � 79) and Canisius
College (N � 6) introductory psychology students completed this
study in exchange for partial course credit. They were mainly
female (N � 65), with an average age of 19.4 years. Self-reported
ethnicity was Caucasian (66%), American Indian/Alaska Native
(7%), Asian (13%), African American (4%), Middle Eastern (4%),
and No Response (6%).

Materials. Target words for Experiment 2 were identical to
those in Experiment 1 (participants who participated in Experi-
ment 1 were excluded from Experiment 2). Fillers were taken from
Appendix D of the Nelson et al. (1998) database. This appendix
provides idiosyncratic words generated by only one participant
during free association. This ensured that only a weak association
existed between targets and fillers. For example, if arrow were
served as a target, thief would serve as its idiosyncratic filler.

Results

Experiment 1

Raw data are available through the Open Science Framework at
https://osf.io/hp9ft/. Table 1 shows the summary statistics and
significance tests for Experiments 1 and 2.5 The strength manip-
ulation for Experiment 1 was successful, with the average hit rate
(proportion of targets rated 4, 5, or 6) significantly greater for
strong (M � .71, SD � .17) than for weak (M � .54, SD � .16),
t(89) � 11.84, p � .001, Cohen’s d � 1.03, targets. The mean false
alarm rate was .41 (SD � .19). Bayesian analysis (Kruschke’s,
2013, Bayesian Analysis Supersedes the t-Test [BEST] method)
revealed the same pattern. Markov chain Monte Carlo (MCMC)
estimation predicted an average (mean) difference of the means
(Diff) to be .18 (P[Diff � 0] � 99.9%, 95% highest density interval
[HDI: .15, .21]). The interval does not include 0, indicating a
strong posterior likelihood that the mean hit rates are different for

3 The full confidence scale was 1 (Sure New), 2 (probably new), 3
(maybe new), 4 (maybe old), 5 (probably old), and 6 (Sure Old).

4 For information on how the database was compiled, visit http://w3.usf
.edu/FreeAssociation/

5 Kellen and Klauer (2015) proved that discrete and continuous models
predicted that patterns of �[1|2] (probability of a rating of 1, given a 1 or 2)
were identical to �[2|3]. Many participants did not report a confidence of 1
for misses, making estimates of �[1|2] more unstable than estimates of �[2|3].
In Experiment 1, 16.5% of participants gave no ratings of 1 for weak
targets, and 34% of participants gave no ratings of 1 for strong targets. In
Experiment 2, 29% of participants gave no ratings of 1 for weak targets,
and 44% of participants gave no ratings of 1 for strong targets. Because of
the lack of data and the resulting variability in �[1|2] estimates this situation
creates, we focused on �[2|3] in the present analyses.
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strong and weak items.6 We also calculated Bayes factors (BF)
using the method developed by Rouder, Speckman, Sun, Morey,
and Iverson (2009); we used the criteria developed by Jeffreys
(1961) for interpretation. The BF for differences in hit rate for
Experiment 1 was �100, indicating decisive evidence for a dif-
ference between weak and strong hit rates.

Of primary interest is the relationship between �[2|3]
weak and �[2|3]

strong.
Three participants could not be analyzed due to providing no
ratings of 1, 2, or 3 for strong items. A paired-samples t test
revealed a significant difference between �[2|3]

weak (M � .67, SD �
.24) and �[2|3]

strong (M � .61, SD � .3), t(86) � 3.22, p � .001,
Cohen’s d � .22. BEST analysis estimated a mean Diff of .07
(P[Diff � 0] � 94.2%, 95% HDI [�.02, .15]), which does include
0 but strongly favors a difference greater than 0. BF was equal to
13.81, indicating strong evidence for a difference in �[2|3]

weak and
�[2|3]

strong. This evidence indicates support for continuous mediation of
memory, contrary to the results of Kellen and Klauer (2015). Like
these authors, we also separately analyzed only participants who
responded to the strength manipulation (hereafter, diagnostic par-
ticipants). Seven participants were removed, leaving 80 diagnostic
participants (89% of the original sample). A paired-samples t test
supported a difference in �[2|3]

weak (M � .67, SD � .25) and �[2|3]
strong

(M � .60, SD � .31), t(86) � 3.59 p � .001, Cohen’s d � .25.
BEST analysis estimated a mean Diff of .08 (P[Diff � 0] � 95.5%,
95% HDI [�.01, .17]). Although the HDI contained 0, the poste-
rior probability that Diff is greater than 0 was high (95.5%). The
BF was equal to 41.34, indicating very strong evidence for a
difference in �[2|3]

weak and �[2|3]
strong for diagnostic participants. Results of

Experiment 1 strongly supported continuous mediation in recog-
nition memory when fillers resembled targets.

Experiment 2

As in Experiment 1, the strength manipulation for Experiment 2
was successful, with the average hit rate greater for strong (M �
.75, SD � .19) than for weak (M � .59, SD � .17) targets, based
on a paired-samples t test, t(83) � 11.14, p � .001, Cohen’s d �
.89. The mean false alarm rate was .37 (SD � .20). BEST analysis
estimated a mean Diff to be .16 (P[Diff � 0] � 99.9%, 95% HDI
[.10, .22]), which does not include 0, indicating strong posterior

likelihood that the mean hit rates are different for strong and weak
items. BF was �100, indicating decisive evidence in favor a
difference in weak and strong hit rates in Experiment 2.

Our primary interest was in the relationship between �[2|3]
weak and

�[2|3]
strong. Three participants could not be analyzed, due to no ratings

of 1, 2, or 3 for strong items. There was no significant difference
between �[2|3]

weak (M � .68, SD � .25) and �[2|3]
strong (M � .67, SD � .29),

t(80) � .30, p � .77. BEST analysis estimated a mean Diff of .01
(P[Diff � 0] � 54.4%, 95% HDI [�.08, .09]), which includes 0.
BF was equal to .13, indicating substantial evidence in favor of the
null hypothesis of no difference between �[2|3]

weak and �[2|3]
strong.This

evidence indicates support for discrete mediation of memory,
contrary to the results of Experiment 1. As in Experiment 1 and in
Kellen and Klauer (2015), we separately analyzed only diagnostic
participants. Nine participants were removed, leaving 72 diagnos-
tic participants (87% of the original sample). There was still no
difference between �[2|3]

weak (M � .67, SD � .26) and �[2|3]
strong (M � .66,

SD � .30), t(71) � .79, p � .42. BEST analysis estimated a mean
Diff of .02 ([P(Diff � 0] � 64.0%, 95% HDI [�.07, .11]). BF was
equal to .18, indicating substantial evidence in favor the null
hypothesis of no difference between �[2|3]

weak and �[2|3]
strong. Unlike Ex-

periment 1, Experiment 2 revealed strong evidence for the discrete
mediation of recognition memory.

Discussion

Using a critical test with minimal model assumptions developed
by Kellen and Klauer (2015), Experiment 1 showed that semanti-
cally similar targets and fillers prompted participants to utilize
continuous mediation, whereas semantically dissimilar targets and
fillers in Experiment 2 prompted participants to rely on discrete
mediation. The construct of efficiency (Malmberg, 2008) is one
possible rationale for why these differences in stimulus relation-
ships induce these differences in mediation. When fillers are
semantically similar to targets, it may be efficient (and necessary)
for participants to adopt continuous mediation, assessing the latent

6 The highest density interval is the interval in which 95% of parameter
estimates fall in the posterior distribution estimated by Markov chain
Monte Carlo.

Table 1
Descriptive and Inferential Statistics for Experiments 1 and 2

Variable n

M (SD)

t Diff [95% HDI] P(Diff � 0) BFWeak Strong

Hit rate
Exp. 1 90 .54 (.16) .71 (.17) 11.84��� .18 [.15, .21] �99.9% �100
Exp. 2 84 .59 (.17) .75 (.19) 11.14��� .16 [.10, .22] �99.9% �100

�[2|3] (all)
Exp. 1 87 .67 (.24) .61 (.31) 3.22��� .07 [�.02, .15] 94.2% 13.81
Exp. 2 81 .68 (.25) .67 (.29) .30 .01 [�.08, .09] 54.4% .13

�[2|3] (diagnostic)
Exp. 1 80 .67 (.25) .60 (.31) 3.60��� .08 [�.01, .17] 95.5% 41.34
Exp. 2 72 .67 (.26) .66 (.30) .79 .02 [�.07, .11] 64.0% .18

Note. Diff � difference (referring to the mean posterior estimate of the difference of the means); HDI � highest density interval (referring to the 95%
highest density interval of the posterior distribution obtained using the Bayesian Analysis Supersedes the t-Test method); BF � Bayes factors; Exp. �
experiment.
��� p � .001.
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strength of fillers and targets, to achieve an acceptable level of
accuracy. But when fillers are semantically dissimilar to targets, it
may be efficient (and sufficient) to adopt discrete mediation,
treating misses as instances of complete information loss. The
similarity relationship between targets and fillers appears to influ-
ence how recognition memory is mediated.

Note again that our interpretation of efficiency does not require
that participants maximize accuracy, only that participants seek a
level of accuracy that they deem adequate. That is, participants
may engage in satisficing, whereby they select a strategy that can
produce reasonable accuracy for the task at hand. Likewise, effi-
ciency does not necessitate that the level of performance be equal
between the two experiments (and it was not). Assuming an SDT
measurement model and examining only the diagnostic partici-
pants, we measured discriminability via d= in Experiments 1 and 2.
For d=weak, there were reliable differences between Experiments 1
(M � .40, SD � .46) and 2 (M � .68, SD � .57), t(154) � 3.37,
p � .001, Cohen’s d � 0.54, and for d=strong, there were also
reliable differences between Experiments 1 (M � 1.00, SD � .60)
and 2 (M � 1.36, SD � .80), t(154) � 3.10, p � .005, Cohen’s
d �.50. This raises the possibility that task difficulty may be
another factor to consider in the context of discrete and continuous
mediation. Participants in the harder task (Experiment 1) may have
had to utilize graded information to reach satisfactory levels of
accuracy. Future experiments should strive to equate discrim-
inability performance across tasks to test this explanation.

Other types of target�filler similarity could be manipulated to
understand the range of possible stimulus effects. For example,
will orthographic similarity (number of letters that words share;
e.g., cat and bat vs. can and bat) influence mediation differently
from semantic similarity? Prior research has shown that ortho-
graphic similarity has stronger effects on memory performance
than does semantic similarity (Gillund & Shiffrin, 1984). Different
recognition tasks may also influence mediation. Province and
Rouder (2012), one of the studies reanalyzed by Kellen and Klauer
(2015), used semantically similar fillers and targets but found
evidence that favored discrete mediation (contrary to the results of
our Experiment 1). However, Province and Rouder used a 2AFC
paradigm, whereas we used an old�new paradigm. Task differ-
ences like this also may explain why Kellen and Klauer (2014) and
McAdoo and Gronlund (2016) found evidence of continuous me-
diation using a ranking task, but Kellen and Klauer (2015) found
evidence of discrete mediation using a confidence rating task.
Studies that separately vary both stimuli relationships and task
difference can isolate these effects.

Future Directions and Implications

Figure 4 plots differences in hit rates versus �[2|3] for weak and
strong items for each participant. Panel A shows the results for
Experiment 1, and Panel B shows the results for Experiment 2.
Evidence for continuous mediation is signaled if a majority of the
participants fall in the upper left quadrant (gray-shaded points),
depicting a successful strength manipulation and �[2|3]

weak that is
greater than �[2|3]

strong. Although more participants in Experiment 1
displayed evidence of continuous mediation (53.4%) than in Ex-
periment 2 (40%), there clearly was a good deal of variability
across the two experiments.7 Although our hypothesis was sup-
ported statistically, the variability depicted in Figure 4 (also ap-

parent in Kellen & Klauer, 2015, Figure 6) hints that some par-
ticipants in Experiment 1, when presented with semantically
similar fillers and targets, appeared to rely on discrete mediation.
Conversely, some participants in Experiment 2, despite the seman-
tically dissimilar fillers, appeared to rely on continuous mediation.
A goal for future research is to determine what portion of this
variability is statistical noise and what portion has theoretical
import.

One way to disentangle the potential contributions to the vari-
ability in Figure 4 is to specify the responsible psychological
processes. We propose that semantically similar fillers cause par-
ticipants to more meaningfully assign confidence ratings and se-
mantically dissimilar fillers cause participants to use the confi-
dence scale less effectively. However, we have no way of knowing
whether that is how participants approached this task without some
form of verbal protocol analysis or additional dependent measures
(e.g., electroencephalogram, remember�know judgments). In fu-
ture studies involving this and related paradigms, assessments of
participants’ strategies would produce richer data sets that allow
researchers to tease apart variables that may impact individual
differences in mediation strategies, as well as provide a more
complete picture of why stimuli similarity impacts mediation.

The current results have important implications for basic re-
search and applied settings. Understanding the foundational rep-
resentations of memory should serve as the starting point for
complex models of memory and decision-making. If recognition
memory mediation is influenced by tasks and stimuli, these factors
need to be incorporated into complex process models. Applied
fields, like eyewitness memory, will benefit from a better under-
standing of memory mediation. For example, some eyewitness
memory researchers have claimed that when eyewitnesses view a
lineup, they rely on guessing processes when a face is not imme-
diately recognized (Lindsay & Wells, 1985; Wells, Steblay, &
Dysart, 2012). The results of McAdoo and Gronlund (2016) inti-
mated that this was not the case and that memory was continuously
mediated in the absence of strong recollection (using the c2 para-
digm). As a consequence, McAdoo and Gronlund argued that it
was discrediting to claim that eyewitnesses guessed (a discrete
process); rather, eyewitnesses respond with differing levels of
confidence, based on assessing continuously varying latent mem-
ory strengths. But are there circumstances in which an eyewitness
utilizes a discretely mediated strategy that incorporates guessing
(e.g., when viewing a lineup that contains fillers that do not
resemble the suspect)? If so, what factors mitigate these strategies?
One solution suggested by the present research is to use similar
fillers (already a good idea for other reasons). Similar fillers should
be more likely to induce a reliance on continuously mediated
strategies, which would result in more meaningful assignments of
lineup decisions to confidence ratings.

7 We simulated a signal detection model, using a performance level
comparable to our data, and varied criteria positioning to produce more
versus fewer misses. The majority of simulated subjects always fall in the
upper-left-hand quadrant (signaling continuous mediation), but criteria
positioning that resulted in fewer misses produced much more variability
(i.e., points that fell outside the upper-left quadrant). An alternative version
of Figure 4, which includes diagnostic participants who made 10 more
misses, shows much less variability.
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Confidence ratings play an important role in eyewitness identi-
fication research (for recent reviews see Wixted, Mickes, Clark,
Gronlund, & Roediger, 2015; Wixted & Wells, 2017) and in the
assessment of eyewitness performance using ROC analysis (Gron-
lund, Wixted, & Mickes, 2014; Wixted & Mickes, 2012). Most
relevant given the current findings are lineup decisions from
nonchoosers, those who reject a lineup. The confidence�accuracy
relationship has been shown to be weak for nonchoosers (Brewer
& Wells, 2006; Sporer, Penrod, Read, & Cutler, 1995), meaning
that nonchoosers’ confidence is not a good proxy for their accu-
racy. This could be because nonchoosers are discretizing their
confidence judgments. Particularly at the low end of the confi-
dence scale, eyewitnesses (even those who choose from the lineup)
often exhibit underconfidence (more accurate than confident). This
is what one would expect if participants were not meaningfully
assigning responses to confidence bins over this portion of the
scale. In other words, eyewitnesses may find it sufficient to dis-
cretize their low confidence judgments, especially if they surmise
that only high confidence ratings are likely to be used in court
cases (Cutler, Penrod, & Dexter, 1990). In sum, our results suggest
a potential role of stimulus similarity on the measurement of
eyewitness confidence, which would hold policy implications for
the collection and utilization of eyewitness evidence by the crim-
inal justice system.

Conclusion

Given the large body of research regarding the question of
whether recognition memory is mediated discretely or continu-
ously, one would think researchers had come to a consensus.
However, the evidence in favor of one class of models over the
other remains mixed. This suggests to us that the question is not “is
recognition memory continuous or discrete?” but rather “when and
why is recognition memory continuous or discrete?” We manipu-
lated one variable that appears to influence mediation: stimuli
similarity. We found that recognition memory is mediated contin-

uously when targets and fillers are semantically similar but is
mediated discretely when targets and fillers are semantically dis-
similar. This finding has implications for improving recognition
memory theory, as well as for improving the understanding of
applied domains like eyewitness identification.
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