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Remember—Know: A Matter of Confidence

John C. Dunn
University of Western Australia

This article critically examines the view that the signal detection theory (SDT) interpretation of the
remember—know (RK) paradigm has been ruled out by the evidence. The author evaluates 5 empirical
arguments against a database of 72 studies reporting RK data under 400 different conditions. These
arguments concern (a) the functional independence of remember and know rates, (b) the invariance of
estimates of sensitivity, (c) the relationship between remember rates and overall hit and false alarm rates,
(d) the relationship between RK responses and confidence judgments, and (€) dissociations between
remember and overal hit rates. Each of these arguments is shown to be flawed, and despite being open
to refutation, the SDT interpretation is consistent with existing data from both the RK and remember—
know—guess paradigms and offers a basis for further theoretical development.

The remember—know (RK) paradigm was introduced by Tulv-
ing (1985) in order to measure the different states of awareness
thought to underlie memory retrieval. Participants in a memory
experiment were asked to indicate the basis on which they judged
that an item had been previously studied. They were asked if they
were able to “remember” its prior occurrence or whether they
simply “knew” on some other basis that it was old. Tulving (1985)
interpreted remember (or R) responses as indicating a state of
autonoetic awareness associated with retrieval from episodic
memory and interpreted know (or K) responses as indicating a
state of noetic awareness associated with retrieval from semantic
memory.

The RK paradigm was further refined by Gardiner (1988), who
developed operational definitions of both remembering and know-
ing. Remembering was defined as the ability to become con-
sciously aware of some aspect or aspects of what occurred or was
experienced at the time the test item was first presented. Knowing
was defined as recognition that the test item had been presented
earlier but without the ahility to recollect consciously anything
about its actual occurrence or what had happened or was experi-
enced at that time. In addition, Gardiner (1988) reported a disso-
ciation between R and K responses. He found that levels of
processing manipulations affected the proportion of R responses
but had no effect on the proportion of K responses.

Since these two pioneering studies, there has been growing
interest in the RK paradigm (Gardiner & Richardson-Klavehn,
2000). Much of this research has investigated the extent to which
R and K responses can be dissociated by different experimental
variables. The results are clear—R and K responses are function-
aly dissociable such that “all possible relations between these two
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states of awareness have been observed” (Gardiner, Ramponi, &
Richardson-Klavehn, 1998, p. 2). It is thus possible to identify
variablesthat affect R responses but not K responses, variables that
affect K responses but not R responses, variables that affect R and
K responses in the same direction, and variables that affect these
responses in opposite directions (Gardiner, 2001).

Studies that use the RK paradigm frequently do so under the
assumption that R and K responses reflect different forms of
memory retrieval. On this view, and consistent with Tulving's
original proposal, R and K responses are interpreted as reflecting
the operation of two qualitatively different memory components,
systems, or processes. This view is here called the dual-process
interpretation of the RK paradigm. It subsumes a number of
competing models concerning the nature of the underlying pro-
cesses, the kinds of variables that affect them, and how they in turn
affect the likelihood of R and K responses. In a recent review,
Gardiner (2001) identified three such models. The first of these is
Tulving's proposal that R responses reflect the subjective experi-
ence of retrieval from episodic memory whereas K responses
reflect the subjective experience of retrieval from semantic mem-
ory. The second is a proposal by Rajaram (1996) that R responses
reflect the distinctiveness of processing at study whereas K re-
sponses reflect the fluency of processing at test. The third is a
proposal by Jacoby, Y onelinas, and Jennings (1997) that R and K
responses can be identified with the processes of recollection and
familiarity, respectively, that are thought to underlie recognition
memory (for a review of this framework, see Y onelinas, 2002).

In contrast to the dual-process interpretation of the RK para-
digm, severa researchers have proposed that R and K responses
reflect different levels of confidence concerning the products of
memory retrieval (e.g., Donaldson, 1996; Hirshman, 1998; Inoue
& Bellezza, 1998). On this view, the instructions to respond
“remember” or “know” are interpreted by participants as requiring
them to adopt more and less stringent criteria, respectively, for
recognition or recall. During recognition, if the evidentiary or
so-called trace strength of atest item exceeds the more stringent
criterion, an R response is made; if it is between the two criteria,
a K response is made; and if it is less than the less stringent
criterion, a“new” response is made. Because this interpretation of
the RK paradigm is couched in the language and terminology of
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the theory of signal detection, it is caled the signal detection
theory or DT interpretation of the RK paradigm.

It is important to distinguish the dual-process and SDT inter-
pretations of the RK paradigm for three main reasons. First, they
offer radically different frameworks for interpreting the results of
the RK paradigm. Because competing theoretical accounts of R
and K responses are predicated on one or other interpretation, it is
first necessary to establish which, if either, is valid. Second,
Hirshman and Master (1997) have argued that formal testing of the
SDT interpretation would allow researchers to determine which
findings from the RK paradigm provide strong evidence for the
existence of two separate memory systems or processes. On this
view, the SDT interpretation serves as a kind of null hypothesis
against which the validity of the dual-process interpretation can be
assessed. Thus, Hirshman, Lanning, Master, and Henzler (2002)
proposed that “one critical purpose of the [SDT] model is through
appropriate fasification to allow stronger inferences about the
nature of consciousness and recognition memory processes’ (p.
153). Third, SDT offers a framework for understanding human
memory that has been successfully applied over along period that
continues to the present (e.g., Banks, 1970; DeCarlo, 2002; Mur-
dock, 1974). Given the utility of this approach, its rejection in
favor of an aternative should be based on the strongest evidence.

As Hirshman and his colleagues have argued, the SDT interpre-
tation may be viewed as a kind of null hypothesis in relation to
other more complex accounts. In general, because the dual-process
interpretation posits the existence of two qualitatively different
forms of memory, whereas the SDT interpretation posits only one,
dual-process models tend to be more complex than models based
on the SDT interpretation. As a consequence, it should be possible
to find data that, while consistent with dual-process interpretation,
areinconsistent with the SDT interpretation. To this end, a number
of studies have sought to identify such data and to show thereby
that the SDT interpretation is incorrect. In a recent review of
severa of these studies, Gardiner (2000, p. 1356) concluded that
“this trace strength model [the SDT interpretation] does not fit the
data, except under exceptional circumstances.” The aim of the
present article is to show that this view is mistaken. In point of
fact, rather than there being compelling evidence against the SDT
interpretation, the existing data are completely consistent with this
account.

The present article examines five empirical arguments that have
been used to refute the SDT interpretation. Some of these argu-
ments have been summarized by Gardiner (2001) and Y onelinas
(2002) and have aso been recently discussed by Conway, Dew-
hurst, Pearson, and Sapute (2001); Dobbins, Khoe, Y onelinas, and
Kroll (2000); Donaldson (1996); Gardiner (2000); Gardiner and
Richardson-Klavehn (2000); Gardiner, Ramponi, and Richardson-
Klavehn (1998); and Gardiner and Conway (1999), among others.
Each of the arguments has the same basic logical form consisting
of two premises and a conclusion. The first premiseis a claim that
the SDT interpretation is inconsistent with a particular empirical
outcome. The second premise is a demonstration that the outcome
in question can be observed. The conclusion isthat on the basis of
these premises being true, the SDT interpretation can be rejected.
In each of the five arguments to be examined, the first premise will
be shown to be false. As a consequence, because the SDT inter-
pretation is not inconsistent with the observed outcome, it cannot
be used to reject the account.

The remainder of the present article consists of the following
sections. First, the signal detection interpretation of the RK
paradigm is formally presented in terms of a set of defining
eguations. By assuming a particular form for these equations,
one instantiation of the SDT interpretation, the equal-variance
normal distribution model, is also defined. Second, an observed
database consisting of the results of 72 studies and 400 different
experimental conditions is described. The purpose of this data-
base is to determine whether an empirical outcome, proposed as
being ruled out by the SDT interpretation, does or does not
exist. A model-specific database is also defined, which consists
of the set of predictions of the observed database derived from
the equal-variance normal distribution model. The purpose of
this database is to determine whether a given empirical outcome
is or is not ruled out by the SDT interpretation. The next five
sections evaluate each of the empirical arguments in turn.
Following this, | examine the question of whether the SDT
interpretation is able to provide a psychologically plausible
account of the data. Although much of the relevant work is
lacking, it can be demonstrated that the underlying signal
detection parameters are affected in meaningful ways by dif-
ferent independent variables. In the final section, | conclude
that the SDT interpretation offers a viable, simple, and mean-
ingful alternative account of the RK paradigm.

The SDT Interpretation

The SDT interpretation of the RK paradigm consists of three
core assumptions (Hirshman & Master, 1997). The first assump-
tion is that items in a memory task can be ordered along a single
continuum of familiarity or strength of evidence. The second
assumption is that the strength of evidence of old or studied items
is on average greater than the strength of evidence of new or
nonstudied items. That is, the strength-of-evidence distribution of
old items can be considered as being displaced by a certain amount
relative to the strength-of-evidence distribution of new items. The
third assumption is that the proportions of R and K responses are
determined by the placement of two criteria on the strength-of-
evidence axis. The less stringent criterion is used to distinguish old
(R and K) from new responses. The more stringent criterion is used
to distinguish R from K responses.

The SDT interpretation can be formally expressed in terms of the
following set of equations. Let R, be the probability of an R response
to an old item and let Ry, be the probability of an R response to anew
item. Similarly, let Ko be the probability of a K response to an old
item and let K, be the probability of a K response to a new item.
Then,

Ro=1— Fo(r — d)
Ry=1—Fy\(r)
Ro + Ko =1~ Fo(k — d)

Ry+ Ky=1— Fy(K), (1)
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where, F isthe cumulative distribution function for the set of old
items, F, is the cumulative distribution function for the set of new
items, d is a parameter representing the displacement of the dis-
tribution of old items relative to the distribution of new items, r is
the criterion separating R from K responses, and k is the criterion
separating old from new responses. The quantities R, + Ko and
Ryt Ky are aso known as the old—new or overall hit and false
aarm rates, respectively. In the present formulation, the cumula-
tive distribution functions of old and new items may be different,
which alows for the possibility, for example, that the shape or
variances of the two distributions may not be the same.

Because, in general, the functions F5 and F, are unknown, it is
not possible to derive quantitative predictions from Equation 1. For
this reason, two additional distributional assumptions are com-
monly made. These are (8) Fo = Fy = F and (b) F = &, the
normal cumulative distribution function. The SDT interpretation,
together with these additional assumptions, defines the following
equal-variance normal distribution model:

Ro=1-®(r—d)
Ry=1- @)
Ro+ Ko=1—®d(k—d)
Ry+ Ky=1—-®(k). 2

In this case, the parameter d in Equation 1 corresponds to the
standard measure of sensitivity, d’.

It is important to distinguish the more general SDT interpreta-
tion of the RK paradigm given by Equation 1 from the particular
equal-variance normal distribution model given by Equation 2.
Although the latter is useful in generating quantitative predictions,
it does not exhaust the possible choices of the strength-of-evidence
distributions of old and new items. Therefore, if this model is
shown to be inconsistent with the data, it may mean either that the
underlying SDT interpretation is incorrect or that this set of dis-
tributional assumptions is simply wrong. The primary value of the
equal-variance normal distribution model is that it may be used as
part of an existence proof. If it is claimed that a pattern of data is
inconsistent with the SDT interpretation, then this pattern must
also be inconsistent with the equal-variance normal distribution
model. Therefore, if it can be shown that the pattern of data is
consistent with this model, then the claim that it is inconsistent
with the SDT interpretation is incorrect.

The Observed and Model-Specific Databases

In the following sections, predictions derived from the SDT
interpretation are evaluated against an observed database consist-
ing of the results of 72 studies that report data from the RK
paradigm. These studies are listed in the Appendix. A study was
included in the database if it met the following criteria: (a) It could
be identified in a computer search of the relevant literature, (b) it
reported the results of at least one experiment using the RK
paradigm, (c) the dataincluded rates of R and K responses for both
old and new items, and (d) only R and K responses were allowed
for old items (i.e., this database excludes studies that used an
additional guessing category). The magjority of included studies
tested memory using a yes/no recognition task, although some

studies used cued recall or forced-choice recognition tasks. In
addition, some studies used the RK paradigm to study false or
illusory memory. Of these, only the results for items actually
presented have been included. Furthermore, because different
studies tend to use different instructions to participants concerning
R and K responses, a lenient standard was used.

Although every attempt was made to detect as many publica
tions as possible, | make no claim that the observed database is
exhaustive. However, it is likely to be reasonably comprehensive
and to include a representative cross-section of RK research con-
ducted since 1985. The fina set of 72 studies includes the 17
studies originally assembled by Donaldson (1996)? and contains
the results of 124 separate experiments involving a total of 400
different experimental conditions reflecting manipulation of a
wide range of independent variables, including the following:
variation in levels of processing at study; retrieval demands, such
as focused and divided attention; retention interval; stimulus char-
acteristics, such as auditory or visua presentation or pictures and
words; the age of participants; the presence or absence of a
memory disorder; and the administration of drugs and alcohol.

In addition to the observed database, a second model-specific
database was also constructed. This database consists of the pre-
dicted proportions of R and K responses for old and new items
obtained by fitting the equal-variance normal distribution model
separately to each experimental condition in the observed data-
base. Vauesfor the parameters d’, k, and r for each condition were
derived by minimizing the sum of squared differences between the
observed and predicted data. The model-specific database provides
a means of verifying any claim that a particular pattern of data is
inconsistent with the SDT interpretation. Because this database is,
by construction, completely consistent with the SDT interpreta-
tion, any pattern of data that is proposed to be inconsistent with
this interpretation cannot occur in the database. Therefore, if such
apattern can be found, it follows that it must be consistent with the
SDT interpretation.

Argument 1: Functional Independence

The fact that R and K responses are functionally independent
has been taken as lending support to the dual-process view. If R
and K responses are based on different memory systems or pro-
cesses, then it should be possible to find variables that selectively
affect each such system or process. However, despite an impres-
sion to the contrary, functiona independence is also consistent
with the SDT interpretation.

Table 1 presents the results of four studies, each of which
reported one of four qualitatively different effects of an experi-
mental variable on the proportions of R and K responses. The first
study, by Schacter, Verfaellie, and Anes (1997), examined the
effect of presenting conceptually or perceptualy related lists on
false recognition in amnesics and controls. The results presented in
Table 1 correspond to recognition of previously presented (true)
targets in the conceptua condition of Experiment 1. These results

1Let X be a continuous real-valued random variable. Its cumulative
distribution function is f(x) = P(X = x), where P(€) is the probability of e.

2| am grateful to Wayne Donaldson for these data and an additional set
of publications not included in Donaldson (1996).
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Table 1
Fit of the Equal-Variance Normal Distribution Model to Data From Studies Showing Functional Independence of R and K Responses
Observed Predicted
Best-fitting
QOld New model parameters QOld New
Study and condition R K R K d k r R K R K

Schacter et al. (1997, Exp. 1)

Amnesic 0.15 0.29 0.06 0.17 0.60 0.75 1.62 0.15 0.29 0.05 0.17

Control 0.45 0.28 0.03 0.08 1.85 1.25 1.98 0.45 0.28 0.02 0.08
Gregg & Gardiner (1994, Exp. 2)

Auditory 0.10 0.27 0.05 0.09 0.86 1.19 212 0.11 0.27 0.02 0.10

Visual 0.11 0.52 0.03 0.18 121 0.88 243 0.11 0.52 0.01 0.18
Gardiner & Java (1990, Exp. 2)

Word 0.28 0.16 0.04 0.11 0.95 1.07 155 0.28 0.18 0.06 0.08

Nonword 0.19 0.30 0.03 0.12 1.01 1.04 1.89 0.19 0.30 0.03 0.12
Gardiner et a. (1996, Exp. 1 & 2)

1 tria 0.28 0.31 0.11 0.14 0.87 0.70 145 0.28 0.29 0.07 0.17

4 trids 0.38 0.45 0.02 0.09 2.25 1.30 2.56 0.38 0.45 0.01 0.09

Note. R = mean proportion of remember responses, K = mean proportion of know responses; d’ = sensitivity; k = old-new decision criterion; r =

remember—know decision criterion; Exp. = experiment.

show that in this condition, the presence of a memory deficit
affected the proportion of R responses but had little or no effect on
the proportion of K responses. The second study, by Gregg and
Gardiner (1994), compared visual and auditory presentation of test
items in an experiment in which old words had been presented
earlier under conditions designed to minimize deep or elaborative
processing. These words were presented visually for 300 ms with
a200-msinterstimulusinterval, and participants were instructed to
identify if any blurred letters were present. Changing the presen-
tation modality from visual to auditory in the test phase decreased
the proportion of K responses but had little or no effect on the
proportion of R responses. The third study, by Gardiner and Java
(1990), examined recognition memory for common words and
pronounceable nonwords matched on length and number of sylla-
bles. This variable was found to have had opposite effects on the
proportions of R and K responses— words led to more R responses
whereas nonwords led to more K responses. Finaly, the study by
Gardiner, Kaminska, Dixon, and Java (1996) investigated memory
for Polish folk tunes (Experiment 1) and classical music themes
(Experiment 2). Participants heard each stimulus either once,
twice, or four times. Because similar results were found in both
experiments, the data have been averaged across experiment for
greater clarity. This averaging reveals that an increase in the
number of stimulus presentations led to an increase in the propor-
tions of both R and K responses.

If the different patterns of association or dissociation between R
and K responses are inconsistent with the SDT interpretation, then
the equal-variance signal detection model should not be able to fit
the data. The central three columns of Table 1 list the best-fitting
parameter values of the equal-variance signal detection model for
each of the four studies. The corresponding predicted values are
given in the rightmost four columns. It is apparent that the pre-
dicted proportions of R and K responses are very similar to the
observed proportions and that the relevant pattern of association or
dissociation has been captured by the model. Thus, none of these
patterns of data is inconsistent with the SDT interpretation.

The four studies listed in Table 1 were selected as particularly
clear examples of the different kinds of relationship between R and

K responses that demonstrate functional independence. However,
it might be argued that the SDT interpretation may fail to account
for other kinds of relationship. That this is unlikely is shown by
Figure 1. Figure 1A is a scatter plot of the mean proportion of K
responses against the mean proportion of R responses for each
entry in the observed database. Each point in this figure corre-
sponds to one of the 400 conditions of the database. The functional
independence of the two kinds of response is indicated by the fact
that these variables are not perfectly correlated. It is possible to
find pairs of conditions® that differ only on K responses, others that
differ only on R responses, and others that differ on both R and K
responses either in the same or opposite directions. Yet these
patterns are also consistent with the SDT interpretation. Figure 1B
presents the predictions of the best-fitting equal-variance signal
detection model drawn from the model-specific database for each
of the 400 conditions. Each point in this figure corresponds to the
proportion of R and K responses for particular values of d’, k, and
r. It is apparent that it is also possible to find pairs of conditions
that demonstrate the same relationships between R and K re-
sponses. These results demonstrate that the fact of functional
independence of R and K responsesis equally consistent with both
the dual-process and SDT interpretations.

Argument 2: Estimates of Sensitivity

A second argument against the SDT interpretation is based on a
proposition first advanced by Donaldson (1996), ironicaly in
defense of this interpretation. The proposition is that, according to
Equation 1, an estimate of sensitivity based on R responses should
be equal to an estimate of sensitivity based on both R and K
responses. This follows from the fact that the same parameter, d,
appears in the equation for Ry as in the equation for Ry + Kg.
Donaldson (1996) reviewed the results of 80 experimental condi-

3 For present purposes, it is not necessary that pairs of conditions be
drawn from the same experiment or reflect manipulation of an identifiable
factor.
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Figure 1. Relationship between the proportions of remember and know
responses across 400 experimental conditions. A: Observed database. B:
Model-specific database.

tions based on 17 studies and concluded that the two estimates
were approximately equal. However, in a later analysis of an
expanded version of this database consisting of 182 different
conditions, Gardiner and Gregg (1997) found that “of the experi-
mental conditions that show a difference ... the [sensitivity]
estimates derived from overall hit and false alarm rates are greater
than those derived from remember hit and false dlarm rates in 127
out of 162 cases’ (p. 475). That is, although the two estimates of
sensitivity are approximately equal, it is clear that there is a
consistent trend for estimates based on R and K responses to be
greater than those based on R responses alone.

In the analyses of both Donaldson (1996) and Gardiner and
Gregg (1997), sensitivity was measured using the statistic A’,
athough an analysis based on d" was aso undertaken by Donald-
son (1996). Given that the forms of the distributions of old and
new items are unknown, considerable care is required when at-

tempting to estimate model parameters. Drawing on the observa-
tion that A" is less affected by differences in the variances of the
two distributions (Donaldson, 1993), it seemed appropriate to
attempt to estimate sensitivity in the RK paradigm using both
statistics, A’ and d'. In addition, A’ has a reputation for being a
“nonparametric” index of sensitivity (Grier, 1971), which aso
suggests that it may be largely unaffected by the forms of the
underlying distributions. In any event, A’ has dominated analyses
of estimates of sensitivity in the RK paradigm. It is defined as

o (h—fH)(1+h—1)
A =05+ ahi=f) (3)

where h is the relevant hit rate and f is the corresponding false
alarm rate.

The meta-analysis conducted by Gardiner and Gregg (1997)
revealed that the estimate of A’ based on R and K responses, Axk,
was consistently greater than the estimate of A’ based only on R
responses, Ax. This result is replicated in the current database.
Across the 400 experimental conditions of the observed database,
the mean value of A is0.827 and the mean value of Ax is 0.803.
Although this difference is small, AL« exceeded Ai in 307 or
76.8% of the conditions. This value accords well with the value of
78.4% found by Gardiner and Gregg (1997) and the value of 75%
found by Donaldson (1996). Figure 2A shows the scatter plot of
AL against A, revedling, as these statistics indicate, that the bulk
of the observed data lie above the line of equality.

Although Gardiner and Gregg (1997) concluded that the ob-
served discrepancy in the estimates of A’ refuted the SDT inter-
pretation, it is, in fact, completely consistent with this account. The
reason for thisis that A’ is not invariant under different distribu-
tional assumptions (Macmillan & Creelman, 1996). In fact, it isa
hybrid measure consisting of a combination of two measures of
sensitivity, one based on the rectangular distribution, the other on
the logistic distribution. The effect of thisis that if the proportion
of hits and false alarms are drawn from another distribution, A’
will depend on both sensitivity and the decision criterion. This
point isillustrated in Figure 3, which plots A" as a function of the
decision criterion (c) for different values of sensitivity (d’) under
the assumptions that the distributions of old and new items are
normal and have equal variance. That is, in terms of Equation 3,
h=1-®(c—-d)adf=1-— ®(). If A" depends only on
sensitivity then, for a given value of d’, the function relating A’ to
¢ should beflat. However, none of the functions shown in Figure 3
have this property. Instead, each function is curvilinear, the exact
shape of which depends on the choice of d’. In all cases, however,
for both very high and very low values of ¢, A’ converges on the
value of 0.75. At intermediate values, it attains aloca minimum or
maximum at ¢ = d'/2 (corresponding to the unbiased observer).

The fact that A’ is affected by both sensitivity and the decision
criterion under the equal-variance normal distribution model af-
fectsthe interpretation of comparisons of A’ across different values
of c¢. This point is aso illustrated in Figure 3. From the model-
specific database, it is possible to cal culate the mean values of the
three parameters, k, r, and d’, across al of the 400 data points.
These values are 0.96, 1.75, and 1.53, respectively. The A’ func-
tion corresponding to d’ = 1.53 is shown in boldface in Figure 3,
and the positions of the corresponding decision criteria, ¢ = 0.96
and ¢ = 1.75, are shown by the two vertical lines. One can see that
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the expected value of A" for ¢ = 0.96, corresponding to the
old-new criterion, is greater than the expected value of A’ for ¢ =
1.75, corresponding to the RK criterion. That is, under the equal-
variance normal distribution model and for values of d’ in the
vicinity of 1.53, Ag« should be greater than Ax.

The model-specific database consists of the best-fitting esti-
mates of the data under the equal-variance normal distribution
model. It follows from the foregoing analysis that Ai. should be
systematically greater than A; across the 400 conditions in this
database. As expected, An exceeded A; on 351 or 87.8% of the
conditions. For these data, the mean vaue of Ag. was 0.829 and
the mean value of A; was 0.805. These values are in close accord
with the corresponding values in the observed database, 0.827 and
0.803, respectively. Thus, rather than predicting that A" should be
the same whether based on both R and K responses or only on R
responses, the equal-variance normal distribution model predicts
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Figure2. The relationship between sensitivity based on old—new hit rate,
remember—know (RK), and sensitivity based on remember rate (R) across
400 conditions in the observed data set. A: Sensitivity defined by A". B:
Sensitivity defined by d'.
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Figure3. Relationship between A" and criterion (c) for different values of
sensitivity (d") under the equal-variance normal distribution signal detec-
tion model. Vertical lines correspond to values of ¢ = 0.96 and ¢ = 1.75.

that the former should consistently exceed the latter, in close
accordance with the observed data

As well as comparing A’ values derived from R responses with
those derived from R and K responses, Donaldson (1996) also
conducted a similar analysis using d’. The mean value of d' based
on the sum of R and K responses, di,, was found to be 1.71, and
the mean value of d’ for R responses alone, dg, was found to be
1.80. Thus, unlike comparison of estimates of A’, the mean value
of d’ based on R and K responses tended to underestimate the
mean value based on R responses. In fact, d underestimated di
on 70% of the conditions examined by Donaldson (1996). How-
ever, this analysis was based on a relatively small sample of 17
studies and 80 experimental conditions. If it is extended to the
current database of 400 conditions, then the mean values of di,
and dj are 1.520 and 1.527, respectively,* with di,. underestimat-
ing di on only 53.7% of the conditions. Figure 2B presents the
corresponding scatter plot of drc against di. Although some
variability is present, the data points do not appear to depart
systematically from the line of equality.

In summary, the proposal that estimates of sensitivity should be
the same whether based on old-new decisions or RK decisions is
confirmed as comparisons based on d’ revea little or no systematic
differences. Although small but reliable differences are found for
comparisons based on A’, this can be attributed to the fact that A’
varies systematically with the placement of the decision criterion if
the underlying cumulative distribution functions are normal.

Remember, Know, and Guess Responses

The above argument concerning comparison of different esti-
mates of sengitivity has also been examined with respect to a
recent extension of the RK paradigm that includes an additional
response category, corresponding to guesses (Gardiner, Ramponi,
& Richardson-Klavehn, 2002). In the extended remember—know—

4In 13 conditions, the remember false alarm rate was zero. In order to
calculate d’, these were set equal to 0.005.
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guess (RKG) paradigm, participants are instructed to respond
“guess’ if the target item does not fulfill the criteria for either an
R or K response but it is judged to be old, perhaps on other
strategic grounds. One of the reasons for including this category is
to overcome a potential limitation of the origina RK paradigm. By
having only two response alternatives for recognized items, par-
ticipants could find themselves in an ambiguous situation if they
encounter an item that they suspect was presented in the study
phase but that does not meet the criteria for either an R or K
response. They are therefore faced with the choice of either re-
sponding “new,” which would reduce their overall level of perfor-
mance, or disobeying the instructions and either responding
“know” or, less plausibly, “remember.” Because participants are
often motivated to perform well, it is possible that they may tend
to choose the latter option. By allowing an additional response
category for guesses, this problem is potentially avoided.

The SDT interpretation is readily extended to account for the
RKG paradigm by the addition of two more functions to Equation
1. Let G, be the probability of aguess response to an old item and
let G, be the probability of a guess response to a new item. Then,

Ro+ Ko+ Go=1— Fg(g— d)
Ry + Ky + Gy=1— Fy(9),

where g is the decision criterion associated with guesses. It is
assumed that g = k < r, in which case g now defines the old-new
criterion. The equal-variance normal distribution model may be
similarly extended.

Gardiner, Ramponi, and Richardson-Klavehn (2002) compared
estimates of sensitivity based on R responses, R and K responses,
and R, K, and G (guess) responses, with respect to a database of 23
RKG studies that comprised a total of 86 different experimental
conditions. Across these conditions, they compared A, Axx, and
Ak the mean values of A’ for R responses, for R and K
responses, and for R, K, and G responses, respectively. According
to the data in their Table 1, the corresponding values of A’ are
0.786, 0.809, and 0.794, respectively,® and although the differ-
ences between these values are small, Gardiner et al. showed that
they demonstrate a systematic trend. The estimates of Ai. ex-
ceeded those of Ai in 72% of conditions, they exceeded those of
Ak 1N 86% of conditions, and the estimates of Aic exceeded
those of Ay in 59% of conditions. However, as discussed earlier,
the expected value of A’ depends on both discriminability and
placement of the decision criterion, c. As Figure 3 shows, the
function relating A" to c is curvilinear, reaching a maximum at
intermediate values. The mean values of A’ reported above suggest
that the peak of this function should lie in the vicinity of the RK
criterion because Ai. is greater than either A; or A However,
if the equal-variance normal distribution model isfitted to the data,
the function peak is closer to the old—new criterion. For this model,
the predicted mean values of A;, Ak, and Ai«g are 0.792, 0.813,
and 0.816, respectively, which appear to overestimate the observed
means. Although the differences are small, they may reflect areal
effect. This assumption is further supported by the equivalent
analysis based on d'. In this case, the observed mean values of dg,
Ory, @nd di are 1.44, 1.40, and 1.25, respectively. Although the
estimate of d’ based on R responsesis similar to the estimate based
on R and K responses, both of these appear to be greater than the
estimate based on R, K, and G responses. Although the precise

implications of these data are unclear, it could suggest that the
equal-variance signa detection model does not fit data from the
RKG paradigm as well as it fits data from the RK paradigm. Y et,
even so, this does not count necessarily as evidence against the
SDT interpretation. It may only indicate that the assumptions
underlying the equal-variance signal detection model have not
been met. Specificaly, if the distributions of old and new items are
not normal or if their variances are not identical, then systematic
departures from the predictions of the equal-variance signal detec-
tion model similar to those obtained above may be observed.

Argument 3: Predicting False Alarm Rates

In arecent study, Dobbins et al. (2000) proposed that the SDT
interpretation could be refuted on the basis of statistical relation-
ships observed between the old-new hit rate (R, + Kg), the
old—new false darm rate (Ry + Ky), and the remember rate (Ry).
They argued that under the SDT interpretation three specific
relationships should be found:

First, hit and false alarm rates will be positively correlated via the
old/new response criterion. Second, remember and false alarm rates
will be positively correlated because of the relationship between the
remember[/know] and old/new response criteria. Finally, because the
relation between the remember and false alarm rates is entirely re-
dundant to that between the hit and false alarm rates, one would
expect multiple regression to demonstrate that correct remember rates
will yield no unique predictive information about false alarm rates.
(Dobbins et al., 2000, p. 1349)

In order to test their three predictions, Dobbins et al. (2000)
examined the distribution of R and K responses across 72 individ-
uals who participated in three unrelated studies. Consistent with
the first prediction, they found a positive correlation between the
old-new hit rate and the old-new false alarm rate as well as
between the old-new hit rate and the remember rate. However, in
conflict with the second prediction, they found a nonsignificant
negative correlation between the remember rate and the old-new
false alarm rate. Furthermore, in conflict with the third prediction,
they found a significantly stronger relationship between the old—
new false alarm rate and the combination of the old—new hit rate
and the remember rate than that between the old-new false alarm
rate and the old—new hit rate alone. In addition, the remember rate
added additional, negative information to the prediction of the
old-new false alarm rate. Thisresult wasinterpreted by Dobbins et
a. interms of atraditional suppression effect. They suggested that
it occurred because “the remember rate shared a relationship with
the hit rate that was independent of the false alarm behaviour”
(Dobhins et al., 2000, p. 1352), and concluded that “the suppres-
sion effect of remember rates poses a problem for the signal
detection account because it demonstrates that the hit rate has at
least two unique and systematic sources of variance— one result-
ing from the relationship between remember and hit rates, the other
between the remaining portion of hit rates (after remember rate is

5 These are dlightly different from those reported by Gardiner et al.
(2002) because of errors in the calculation of the combined totals, R + K
and R + K + G, for Studies 10 and 11. The statistics reported in the present
article are based on recalculation of these totals from the reported values of
R, K, and G responses.
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subtracted) and false alarm rates’ (Dobbins et &., 2000, p. 1352,
italics in original). Thus, according to Dobbins et a., these results
are inconsistent with the SDT interpretation of the RK paradigm.
Notwithstanding the conclusions reached by Dobbins et a., the
data they report are completely consistent with the SDT interpre-
tation as the observed correlations are exactly as would be pre-
dicted by it. The predictions derived by Dobbins et al. are mistaken
as they are based on an incomplete analysis of the SDT interpre-
tation. In order to see this, it is necessary to reexamine the SDT
functions for the three variables selected by Dobbins et al. From
Equation 1, the expressions for these variables are as follows:

old—new hit rate (Ry + Kp) = 1 — Fg(k — d)
old—new false alarm rate (Ry + Ky) = 1 — Fy(k)
remember rate (Ry) = 1 — Fo(r — d). (4)

The correlation between any pair of variables in Equation 4
depends on two principa factors. The first is the extent to which
the component cumulative distribution functions, F5 and Fy, in-
troduce significant nonlinear distortions. However, athough this
factor may tend to reduce the absolute value of any correlation, it
is unlikely to introduce a correlation where none exists. The more
important factor, as recognized by Daobbins et al. (2000), is the
correlational structure of the component parameters. When vari-
ables share parameters in common, some of this correlation can be
predicted directly from their equations (because any parameter is
correlated perfectly with itself). But thisis not the whole story. The
overall correlation will also depend on the nature of the correlation
between the remaining parameters that appear in the equation. This
is an empirical question that will depend on properties of the data
in question.

Consider the first prediction proposed by Dobbins et a. (2000),
that the old—new hit rate should be positively correlated with the
old-new false alarm rate. This prediction was based on the obser-
vation that both of these variables depend (negatively) on the
old-new criterion, k. Yet examination of Equation 4 reveals that
the overal hit rate depends on d as well as k. If the nonlinear
effects of F5 and Fy, are ignored, then the prediction of a positive
correlation between the old—new hit rate and the old—new false
alarm rate follows only if the parameters k and d are themselves
not positively correlated. To the extent that they are positively
correlated, the correlation between the two variables should de-
crease. Similar reasoning appliesto the second prediction proposed
by Dobbins et al., that there should be a positive correlation
between the remember rate and the old-new false alarm rate. This
prediction was based on a presumed positive correlation between
k and r across participants. As stated by Dobbins et a. (2000),
“The constraint that each subject must place his or her remember
criterion higher on the strength continuum than the old/new crite-
rion will mean that on average the two criteria . . . will be corre-
lated across subjects’ (p. 1349). Although this may be true, it
ignores the possibility of a correlation between parametersr and d.
Asin the first prediction, the extent to which these parameters are
themselves correlated will aso affect the correlation between the
old-new false alarm rate and the remember rate.

Arethere reasons for supposing that the placement of a decision
criterion, whether k or r, should be correlated with sensitivity, d?
In relevant investigations of this question using different method-

ologies, Balakrishnan and Ratcliff (1996), Hirshman (1995), and
Stretch and Wixted (1998) have al reported evidence that partic-
ipants in recognition memory tasks shift their decision criteriain
response to changes in discriminability. That is, in order to make
approximately equal use of the response categories available to
them, participants tend to adjust their decision criteria in order to
partition the strength-of-evidence continuum into approximately
equal parts. The result is a positive correlation between the deci-
sion criterion and the level of discriminability. Such behavior is
a so consistent with that of an unbiased observer who is attempting
to maximize his or her overal level of performance while weigh-
ing the costs of misses and false alarms equally. Under the equal-
variance signal detection model, such an unbiased observer should
set k equal to d'/2. Thus, to the extent to which participants operate
in this manner, the decision criteria, k and r, should be positively
correlated with discriminability, d.

In their study, Dobbins et al. examined data from individual
participants. However, an equivalent analysis can also be con-
ducted on group data. Figure 4 presents data from the 400 condi-
tions of the observed database. Figure 4A is a scatter plot of the
relationship between the old—new hit rate and the old-new false
adarm rate. In this case, there is a weak negative relationship
between the two variables (coefficient = —0.17). In contrast,
Dobbins et a. (2000) found a positive relationship between these
variables. | return to this point below. First, however, it is neces-
sary to point out that a weak negative relationship is not inconsis-
tent with the SDT interpretation because it is aso found in the
model-specific database. Figure 5 presents the results of the same
analyses conducted on the 400 conditions of the model-specific
database. Figure 5A is ascatter plot of the old—new hit rate against
the old—new fase alarm rate. It is apparent that the same weak
negative correlation is obtained (coefficient = —0.16). According
to Equation 4, this suggests that there must be a positive correla-
tion between k and d across the conditions. In the model-specific
database, this correlation is 0.74. The positive correlation between
the old—new hit rate and the old—new false alarm rate found by
Dobbins et a. can therefore be explained in terms of a much
weaker relationship between k and d in their data set. One reason
for this may have been the fact that they based their analysis on
comparisons of individuals under largely similar conditions rather
than on comparisons of the means of groups of individuals under
conditions designed to be as different as possible. It is probable
that discriminability varies to a much greater extent between
experimental conditions designed to manipulate this parameter
than between participants tested under broadly similar conditions.

Figure 4B is a scatter plot of the relationship between the
old—new hit rate and the remember rate in the observed database
and shows, as also found by Dobbins et al. (2000), that there is a
strong positive correlation between these variables (coefficient =
0.87). This correlation follows both from the common dependence
of these variables on d as well as from the existence of positive
correlations between k and d and between k and r. Figure 5B shows
that the same relationship is observed in the model-specific data-
base. For these data, the correlation between k and r is 0.83 and the
resulting correlation between old—new hit rate and remember rate
is 0.88, in close agreement with the observed correlation.

As their second prediction, Dobbins et al. proposed that there
should be a positive correlation between the remember rate and the
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Figure4. Scatter plots of the observed data. A: Relationship between the
old-new hit rate and the old-new false alarm rate. B: Relationship between
the old-new hit rate and the remember rate. C: Relationship between the
remember rate and the old—new fase alarm rate.

old-new false alarm rate. In their data however, they found aweak
negative correlation of —0.18. A similar result occurs in the
observed database. Figure 4C is a scatter plot of the remember rate
against the old—new false alarm rate for each condition and shows
a moderate negative relationship between these variables (coeffi-
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cient = —0.32). Figure 5C is a scatter plot of the same variables
from the model-specific database. Because the same negative
correlation is found (coefficient = —0.32), it is clear that such a
result is not inconsistent with an SDT interpretation. The reason
for this correlation is that because r is necessarily less strongly
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Figure 5. Scatter plots of model-specific data. A: Relationship between
the old-new hit rate and the old-new false alarm rate. B: Relationship
between the old—new hit rate and the remember rate. C: Relationship
between the remember rate and the old-new false alarm rate.
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correlated with k than is k itself, the correlation between the
remember rate and the old-new false alarm rate is dominated to a
greater extent by the (negative) contribution of the correlation
between k and d.

Finally, consider the third prediction proposed by Dobbins et al.
(2000), that in a multiple regression analysis, the remember rate
should add no additional information to the prediction of the
old—new false alarm rate than does the old—new hit rate alone.
Regression analysis of the 400 conditions of the observed database
yielded similar results to those found by Dobbins et al. That is,
prediction of the false darm rate is significantly improved if both
the old—new hit rate and the remember rate are used as predictors
than if the old—new hit rate alone is used (AR® = 0.13, p <
0.00001). In addition, as also found by Dobbins et al., the contri-
bution of the remember rate to the combined regression equation is
negative. Yet contrary to the suggestion by Dobbins et a., this
outcome is not inconsistent with SDT interpretation because the
model-specific database yields exactly the same pattern. The rea-
son for this finding is straightforward. Although the relationship
between the old—new hit and false alarm rates is led to be positive
by the fact that they share a common parameter, k, it is led to be
negative (in other words, suppressed) to the extent that the param-
eters k and d are positively correlated. By adding the remember
rate to the regression equation, and by making its contribution
negative, the suppressing effect of d isremoved. Theresult isanet
improvement in prediction because r is less strongly correlated
with k than is k itself.

Ironically, the analysis conducted by Dobbins et a. (2000) on
their data, although presented as an argument against the SDT
interpretation, is completely consistent with this account. They
proposed that the old-new hit rate “has at least two unique and
systematic sources of variance— one resulting from the relation-
ship between remember and hit rates, the other between the re-
maining portion of hit rates (after remember rate is subtracted) and
false darm rates’ (Dobbins et a., 2000, p. 1352). Examination of
Equation 4 reveals that this follows directly from the SDT inter-
pretation. First, the remember rate and the old—new hit rate are
positively correlated primarily because they share a common pa-
rameter, d. If the remember rate is subtracted from the hit rate, the
effect of this parameter is removed, leaving a difference between
r and k. That is, if the effect of the nonlinear function, Fo, and
different regression weights are ignored, we have

Table 2
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old-new hit rate — remember rate = —(k—d) + (r — d)
~ r—k

If the old—new false alarm rate is written in the same way, ignoring
the effect of the function, F, then,

old—-new false alarm rate = —k.

Because r and k are not perfectly correlated, there is a residual
correlation between the old-new false alarm rate and the differ-
ence between the old—new hit rate and the remember rate that
results from the dependence of both these quantities on the shared
parameter, k. Across the 400 conditions of the observed database,
this correlation is a moderate 0.39.

In conclusion, because the predictions derived by Dobbins et al.
(2000) are based on an incomplete analysis of the SDT interpre-
tation, none of the effects that have been demonstrated are incon-
sistent with the SDT interpretation of the RK paradigm.

Argument 4: Confidence Judgments

The principal claim of the SDT interpretation is that RK re-
sponses are equivalent to confidence judgments. However, it has
been argued that thisis ruled out by the data because in studiesin
which both kinds of judgments are directly compared, different
patterns of results are found (Gardiner, 2001; Parkin & Walter,
1992; Mantyla, 1997; Rajaram, 1993; Rajaram, Hamilton, &
Bolton, 2002). Data from two such studies, by Gardiner and Java
(1990) and by Rajaram (1993), illustrate this point. Table 2 shows
the results found by Gardiner and Java (1990). In one experiment
of this study, participants were presented with either words or
nonwords during the study phase and instructed to respond either
“remember” or “know” to items that they recognized at test. A
second experiment was identical to the first except that a different
group of participants were instructed to respond either “sure” or
“unsure” to items that they recognized at test. The results showed
that for RK judgments, more R responses were observed for words
than for nonwords, whereas the reverse occurred for K responses.
In contrast, for sure-unsure judgments, whether the item was a
word or nonword had amost no differential effect.

The results found by Rajaram (1993) are shown in Table 3. In
this study, presentation of aword in the test phase was preceded by
the brief masked presentation of either the same or an unrelated
word. In one experiment, participants were asked to make RK

Observed and Predicted Mean Proportions of Remember—Know and Sure-Unsure Responses

from Gardiner and Java (1990)

Observed Predicted
Old New Old New

Response

category Words  Nonwords Words Nonwords Words Nonwords Words — Nonwords
Remember .28 .19 .04 .03 .26 19 .08 .03
Know .16 .30 A1 12 17 .30 .09 12
Sure .33 .39 13 .07 34 .39 12 .09
Unsure .28 .28 22 22 .29 .30 21 .20
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Observed and Predicted Mean Proportions of Remember—Know and Sure-Unsure Responses

from Rajaram (1993)

Observed Predicted
Oold New old New
Response
category Same Different Same Different Same Different Same Different
Remember 43 42 .05 .05 43 42 .07 .06
Know 24 .18 .18 13 .26 .20 14 .09
Sure .57 .54 .06 .04 .55 .52 12 .10
Unsure .18 .16 .19 .16 21 .18 15 A1

judgments of recognized words. In a second otherwise identical
experiment, participants were asked to make sure—unsure judg-
ments of recognized words. The results showed that prior masked
presentation of the same word increased K responses for both old
and new words but had no effect on R responses. In contrast, both
sure and unsure responses were increased by prior masked presen-
tation of the same word, although the effect was significant only
for new items. Thus, sure and unsure responses were similar to K
responses but different from R responses.

Although the fact that experimental variables affect RK and
sure—unsure judgments differently invites the inference that they
are based on qualitatively different sources of information, this
pattern of results is not inconsistent with the SDT interpretation.
Tables 2 and 3 aso show the predicted mean proportions of
responses derived from the equal-variance normal distribution
model. The model wasfitted separately to the datafrom each study
under the constraint that the estimate of d' for each level of the
experimental variable condition should be the same under each set
of instructions (RK vs. sure—unsure).® It is apparent that the model
fits the data well and captures the observed differences between
RK and sure-unsure instructions in both studies. That is, the
effects of the experimental variables on each response category are
the same for the predicted means as they are for the observed
means.

The best-fitting model parameters are shown in Table 4. For the
study by Gardiner and Java (1990), the estimate of d” is greater for
nonwords than for words. This finding is consistent with the
well-replicated effect of word frequency on recognition memory
(Schulman, 1967). Of greater interest is the effect of instructions

Table 4

Best-Fitting Parameters of the Equal-Variance Normal
Distribution Model for Each Condition of Gardiner and Java
(1990) and Rajaram (1993)

Gardiner & Java
(1990) Rajaram (1993)
Model parameter Words Nonwords Same Different
Sensitivity (d’) 0.79 1.04 1.32 1.33
Criteria (c)
Remember 1.42 191 1.49 1.52
Know 0.95 1.06 0.81 1.02
Sure 1.19 1.32 1.20 1.28
Unsure 0.45 0.54 0.63 0.80

on the values of the decision criteria Under RK instructions,
participants appear to adopt relatively stringent criteria whereas
under sure—unsure instructions, both criteria are more lenient.
Under RK instructions, participants were told that, “often, when
remembering a previous event or occurrence, we consciously
recollect and become aware of aspects of the previous experience.
At other times, we simply know that something has occurred
before, but without being able consciously to recollect anything
about its occurrence or what we experienced at the time” (Gardiner
& Java, 1990, p. 25). That is, for an item to be recognized, it must
be either “remembered” or “known” in this sense. In contrast,
under sure—unsure instructions, participants were simply asked to
classify each recognized item as either “sure” or “unsure.” It seems
reasonable that participants would, under these circumstances,
adopt a more lenient set of criteria. Of interest is that the same
effect is also found in the data from Rajaram (1993). Although in
this case thereis little or no effect of prime type on d’, the relative
placement of the decision criteria is more lenient under sure—
unsure instructions than under RK instructions.

The results of a study by Mantyla (1997) provide more detailed
information concerning the relationship between confidence rat-
ings and RK decisions. In one experiment, participants classified
recognized items into one of three categories, remember or R
responses, know or K responses, and guess or G responses. In a
second experiment, identical in al other respects to the first,
participants were asked to classify recognized items on a 4-point
confidence scale labeled very high, high, low, and very low,
respectively. The stimuli were photographs of faces that partici-
pants rated in terms of their distinctive or relational characteristics
during the study phases of both experiments. Under RKG instruc-
tions, there was a significant effect of encoding task in one
direction for R responses and in the other direction for K re-
sponses. In contrast, there was little or no effect of this variable on
any of the categories of the confidence scale. Mantyla (1997)
concluded that these results, although consistent with the dual-
process interpretation, were inconsistent with the SDT
interpretation.

Although Mantyla (1997) found a significant difference be-
tween the different encoding instructions for both R and K re-
sponses, areanalysis of these data reveals that they are not incon-
sistent with the SDT interpretation. Table 5 presents the observed

8 Even though small differences in d’ are likely to occur between
different groups of subjects.
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Observed and Predicted Data and Best-Fitting Parameters of the Equal-Variance Normal
Distribution Model for Experiments 1 and 2 of Mantyla (1997)

Observed?® Predicted d’

Response Criterion

category Dist. Rel. New Dist. Rel. New Dist. Rel. c
Experiment 1 2.27 2.03

Remember 0.54 0.45 0.03 0.55 0.45 0.02 215

Know 0.20 0.28 0.04 0.23 0.25 0.05 151

Guess 0.11 0.13 0.09 0.11 0.14 0.08 1.05
Experiment 2 2.10 2.05

Very high 0.45 0.43 0.01 0.45 0.43 0.01 2.22

High 0.20 0.20 0.03 0.20 0.20 0.03 1.72

Low 0.12 0.12 0.05 0.12 0.12 0.04 1.36

Very low 0.07 0.08 0.04 0.07 0.07 0.05 112

Note. Dist. = distinctive condition; Rel. = relational condition; d’ = sensitivity.
2 Observed data from Experiment 1 have been estimated from Figure 1 of Mantyla (1997, p. 1207).

mean proportion of responses in each of the categories used in
Experiment 1 (RKG instructions) and Experiment 2 (confidence
ratings). Also shown are the predicted means based on the equal-
variance normal distribution model. This model was fitted sepa-
rately to each experiment under the constraint that the decision
criteria should be the same under both distinctive and relational
conditions. Three aspects of these data merit consideration. First,
although there are small differences in the estimates of sensitivity
(d") between the two experiments, they are similar both in mag-
nitude and in demonstrating a small advantage for the distinctive
condition over the relational condition. Second, these relatively
minor differences, coupled with different placements of the deci-
sion criteria, are sufficient to capture the observed differencein R
responses between the distinctive and relational conditions as well
as, albeit to a lesser extent, the difference in K responses. This is
in contrast to the similarity in confidence ratings between the two
conditions. Third, comparison of the two sets of decision criteria
provides some information concerning how participants may have
interpreted RKG instructions. Specificaly, R responses appear to
correspond to a level of confidence between “high” and “very
high,” K responses appear to correspond to a level of confidence
between “low” and “high,” and G responses appear to correspond
to alevel of confidence between “very low” and “low.”

Argument 5: Dissociation of Remember and Overall Hit
Rates

In arecent article, Conway et al. (2001) proposed that the SDT
interpretation is refuted if the proportion of R responsesis found to
differ between two conditions while the overall hit rate remainsthe
same. In a series of experiments, they compared two different
encoding instructions that were either relatively high or low in
self-reference. In the first experiment of the series, Conway et al.
observed a higher proportion of R responses and a lower propor-
tion of K responses to targets in the high self-reference condition
than to targets in the low self-reference condition. Because there
was an increase in R responses and a decrease in K responses, the
net effect was no difference in the overall hit rate. There was thus
a dissociation between remember rate and overall hit rate from
which the authors concluded that “these differences cannot be

explained by atrace-strength account of memory” (Conway et d.,
2001, p. 680).

The argument advanced by Conway et al. is not correct. Let R;
and R, be the remember rates for two conditions and let H, and H,,
be the corresponding overall hit rates. Then, from Equation 1, the
difference in remember rates is given by

Ry — R = Fo(r, — dp) — Fo(ry — dy),
and the difference in overall hit rates is given by
Hy — Hy = Fo(k, — dp) — Fo(ky — dy).

Clearly, the fact that the second of these equationsis equal to zero
does not imply that the first equation should also be equal to zero.

Explanatory Power of the SDT Interpretation

Each of the arguments evaluated in the previous sections has
been shown to be flawed. Hence, in relation to these arguments,
there currently exists no data from either the RK or RKG para-
digms that can be shown to be inconsistent with the SDT inter-
pretation. Yet it is not sufficient that a viable model be merely
consistent with the data, it should also offer a plausible explanation
of the phenomena of interest. For the SDT interpretation, this
means that the parameters d, k, and r ought to be affected by
appropriate experimental manipulations in psychologically mean-
ingful ways. It is in relation to this point that Gardiner and
Richardson-Klavehn (2000) have criticized the SDT interpretation,
suggesting that it fails “to explain why the criteria [model param-
eters| are affected by different independent and subject variablesin
the ways they have to be to fit the data’ (p. 236). This raises an
important issue that has yet to be systematically investigated in the
literature, partly as a consequence of the view that the SDT
interpretation has already been ruled out by the data. Although it
is beyond the scope of the present article to discuss in detail
whether or not the parameters of the SDT interpretation are af-
fected systematically by all possible experimental factors, | will
attempt to illustrate its explanatory power in relation to the effects
of three different factors on R and K responses. These factors
concern the proportion of old words presented at test, the level of
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Table 6
Fit of the Equal-Variance Normal Distribution Model to the Results of Sudies Varying the Proportion of Old Items Presented at Test
Observed Predicted
Best-fitting
Old New model parameters Old New
Study and condition R K R K d k r R K R K
Strack & Forster (1995)
30% old 0.30 0.26 0.03 0.10 1.23 111 1.79 0.30 0.26 0.04 0.10
50% old 0.37 0.33 0.02 0.23 1.23 0.67 1.59 0.37 0.35 0.06 0.19
Hirshman & Henzler (1998)
30% old 0.19 0.29 0.05 0.13 0.74 0.84 1.64 0.19 0.28 0.05 0.15
70% old 0.28 0.43 0.11 0.35 0.74 0.15 1.29 0.29 0.43 0.10 0.34
Verfaellie et al. (2001)
Amnesic
30% old 0.10 0.38 0.03 0.22 0.82 0.79 2.03 0.11 0.40 0.02 0.19
70% old 0.22 0.44 0.07 0.21 0.82 0.53 1.64 0.21 041 0.05 0.25
Controls
30% old 0.50 0.18 0.01 0.04 2.00 154 2.00 0.50 0.18 0.02 0.04
70% old 0.60 0.19 0.03 0.10 2.00 1.14 1.73 0.60 0.20 0.04 0.09

Note. R = mean proportion of remember responses; K = mean proportion of know responses; d’ = sensitivity; k = old-new decision criterion; r =

remember—know decision criterion.

processing demands of the orienting task given at study, and
comparison of amnesic participants and controls.

Three studies have investigated the effect of inducing a change
in response criteria on the proportion of R and K responses (Strack
& Forster, 1995; Hirshman & Henzler, 1998; Verfeellie, Gio-
vanello, & Keane, 2001). In each of these studies, participants
were told that either a relatively small or large proportion of
studied words would appear in the test phase. In fact, half the test
items were from the studied list in each case. Under these circum-
stances, according to SDT (Green & Swets, 1966), if participants
are motivated to maximize their overall level of performance, they
should adopt a more stringent criterion for responding “old” in the
low-proportion condition than in the high-proportion condition.
The results of these studies are shown in Table 6 along with the
values of the best-fitting parameters and corresponding predictions
of the equal-variance normal distribution model. This model was
fitted separately to each pair of conditions under the constraint that
d’ should be the same under each level of the independent variable
in each study. The modél fits the data well and in each case a shift
in decision criteria in the expected direction is observed. That is,
when participants are told that a relatively high proportion of test
items are from the studied list, the criteria decrease for both
old-new and RK decisions. These results pose difficulties for the
dual-process interpretation because according to this interpreta-
tion, R and K responses are assumed to reflect different forms of
memory retrieval. If an experiment reports an increase in both
kinds of response, as do the experiments in Table 6, this must be
attributed to an increase in the success of the different forms of
memory retrieval. However, it is difficult to see how instructions
concerning the proportion of old items to be expected in a recog-
nition test should have any effect on retrieval from memory.

Table 7 presents data from seven studies that have investigated
the effect on the proportion of R and K responses of a change in
the level of processing demanded by the orienting task given at
study.” Some of these data have been averaged over other exper-
imental factors in order to clarify the results. In each study, the

false alarm rate was constrained to be equal across each level of
the independent variable. Thus, in contrast to the studies listed in
Table 6 that attempted to selectively manipulate the decision
criteria while keeping sensitivity constant, the studies listed in
Table 7 attempted to selectively manipulate sensitivity while keep-
ing the decision criteria constant.

The results presented in Table 7 show that a change from
shallow to deep encoding instructions consistently increases the
proportion of R responses. According to the dual-process interpre-
tation, this should be due to an improvement in the form of
memory retrieval that underlies R responses. According to the
SDT interpretation, it is attributable to an increase in sensitivity.
Also presented in Table 7 are the values of the best-fitting param-
eters and corresponding predictions of the equal-variance normal
distribution model. This model wasfitted separately to each pair of
conditions under the constraint that k and r should be the same
under each level of the independent variable in each study. It is
apparent that the difference in R responses is well accounted for by
a concomitant change in d'.

Table 7 also demonstrates that level of processing manipulations
have more variable effects on K responses. Whereas the original
study by Gardiner (1988) found no change in K responses between
shallow and deep processing at study, subsequent studies have
found either an increase (two studies) or a decrease (four studies).
This pattern is less clearly explained by the dual-process interpre-
tation, at least if it is assumed that R and K responses directly
reflect each underlying process. One dual-process model that de-
parts from this view is the independence model proposed by
Yonelinas and Jacoby (1995). In this model, R and K responses
reflect the levels of two independent memory processes, called
recollection and familiarity. Recollection is indexed by the pro-

”A wide variety of manipulations have been used. For the present
analysis, “generate” versus “read” instructions have been classified as
“deep” and “shallow,” respectively.
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Table 7
Fit of the Equal-Variance Normal Distribution Model to the Results of Sudies Varying Levels of Processing Instructions
Observed Predicted
Best-fitting
QOld New model parameters QOld New
Study and condition R K R K d’ k r R K R K

Gardiner (1988, Exp. 1)

Shallow 0.35 0.17 0.06 0.07 122 117 161 0.35 0.17 0.05 0.07

Deep 0.65 0.17 0.05 0.07 2.10 117 1.61 0.69 0.13 0.05 0.07
Khoe et al. (2000, Exp. 1)

Shallow 0.16 0.29 0.08 0.25 0.32 0.43 1.34 0.15 0.30 0.09 0.24

Deep 0.26 0.34 0.08 0.25 0.70 0.43 134 0.26 0.35 0.09 0.24
Perfect et al. (1995, Exp. 2a)

Shallow 0.37 0.28 0.02 0.05 213 1.76 2.46 0.37 0.27 0.01 0.03

Deep 0.69 0.19 0.02 0.01 2.95 1.76 2.46 0.69 0.19 0.01 0.03
Rajaram (1993, Exp. 1)

Shallow 0.32 0.30 0.02 0.14 1.28 0.96 1.75 0.32 0.31 0.04 0.13

Deep 0.66 0.20 0.02 0.14 2.15 0.96 175 0.66 0.23 0.04 0.13
Schacter, Curran, et a. (1996, Exp. 1)

Shallow 0.37 0.23 0.05 0.12 123 0.95 156 0.37 0.24 0.06 0.11

Deep 0.90 0.06 0.05 0.12 2.87 0.95 1.56 0.90 0.07 0.06 0.11
Wippich (1992)

Shallow 0.17 0.24 0.02 0.12 0.82 1.05 1.79 0.17 0.25 0.04 0.11

Deep 0.40 0.31 0.02 0.12 1.62 1.05 179 0.43 0.28 0.04 0.11
Y onelinas (2001)

Shallow 0.19 0.32 0.03 0.18 0.80 0.78 167 0.19 0.32 0.05 0.17

Deep 0.54 0.27 0.03 0.18 1.80 0.78 1.67 0.55 0.30 0.05 0.17

Note. R = mean proportion of remember responses; K = mean proportion of know responses; d’ = sensitivity; k = old-new decision criterion; r =

remember—know decision criterion; Exp. = experiment.

portion of R responses, and familiarity isindexed by the proportion
of K responses divided by one minus the proportion of R responses
(for a detailed discussion and derivation, see Yonelinas, 2002). If
these formulas are applied to the datain Table 7, the variability in
K responses disappears. For each study, a shift from shallow to
deep processing is accompanied by an increase in both recollection
and familiarity. This is important evidence in support of this
model.

The variable effect of levels of processing on K responses may
a so be explained by the SDT interpretation. Table 7 showsthat the
proportions of K responses are reasonably well fit by the equal-
variance normal distribution model, and, more important, that this
model also captures the variable effect of level of processing on K
responses. According to the SDT interpretation, for the data pre-
sented in Table 7, any differences between shallow and deep
conditions are attributable solely to a change in sensitivity. For R
responses, this always means that there is an increase from shallow
to deep. For K responses, if the strength-of-evidence distribution
of old items is unimoda then whether there is an increase or
decrease depends crucially on the relationship between d’ and the
two decision criteria. Intuitively, if d’ is very much less than k or
very much greater than r, then the proportion of K responses for
old itemsisat aminimum, but if d’ falls between k and r, then the
proportion of K responsesis at a maximum. For the equal-variance
normal distribution model, this maximum occurs when d’ = (k +
r)/2. Let dgand df, be the sensitivities associated with shallow and
deep processing, respectively, and let d;,,,, = (k + r)/2. If dgand
dp are both less than dy,,,, then there should be an increase in the
proportion of K responses from shallow to deep processing. If dg
islessthan d;,, and dj, is greater than d/, .. (by approximately the

same amount), then there should be little or no change in the
proportion of K responses. Finadly, if dg and dj, are both greater
than dy,.,, then there should be a decrease in the proportion of K
responses from shallow to deep processing. This pattern accounts
for al of the data presented in Table 7.

The foregoing analysis also leads to the following prediction of
the SDT interpretation. If the strength-of-evidence distribution of
old items is unimodal and the false alarm rate for R and K
responses is fixed across a set of conditions, then over a sufficient
range of R responses, the relationship between the proportion of R
responses and the proportion of K responses should be nonmono-
tonic. Specifically, as the proportion of R responses increases, the
proportion of K responses should first increase and then decrease.
Thisis anecessary consequence of the SDT interpretation (and the
assumption of unimodality) and has nothing to do with the nature
of the independent variable that affects d’. In contrast, athough
such a result is consistent with the dual-process independence
model, it is not demanded by it. According to this model, if both
familiarity and recollection increase across the levels of an inde-
pendent variable, a similar nonmonotonic relationship between R
and K responses will result. However, because familiarity and
recollection are assumed to be independent, other relationships
between R and K responses may occur, thereby refuting the SDT
interpretation.

Table 8 presents summary data from four studies that compared
amnesic participants and controls on the RK paradigm. Asin Table
7, the data from some studies have been averaged over other
independent variables in order to clarify the effect of amnesia on
R and K responses. Although it has been suggested that amnesia
has a selective effect on R responses (Hirshman, Fisher, Henthorn,
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Table 8
Fit of the Equal-Variance Normal Distribution Model to the Results of Sudies Comparing Groups of Amnesic Patients and Controls
Observed Predicted
Best-fitting
Old New model parameters Old New
Study and condition R K R d’ k r R K R K

Knowlton & Squire (1995)

Amnesic 0.17 0.16 0.09 0.10 0.45 0.89 1.39 0.18 0.15 0.08 0.10

Control 0.46 0.21 0.02 0.04 1.98 154 2.08 0.46 0.21 0.02 0.04
Schacter, Verfaellie, & Pradere (1996)

Amnesic 0.28 0.23 0.14 0.20 0.45 0.43 1.05 0.27 0.24 0.15 0.19

Control 0.71 0.13 0.06 0.12 2.02 0.92 1.45 0.72 0.15 0.07 0.10
Schacter et al. (1997)

Amnesic 0.18 0.29 0.07 0.14 0.75 0.84 1.65 0.18 0.28 0.05 0.15

Control 0.31 0.31 0.05 0.12 127 0.97 1.76 0.31 0.31 0.04 0.13
Verfaellie et a. (2001)

Amnesic 0.16 041 0.05 0.22 0.83 0.66 1.82 0.16 0.41 0.03 0.22

Control 0.36 031 0.04 0.13 1.42 0.98 177 0.36 0.31 0.04 0.13

Note. R = mean proportion of remember responses, K = mean proportion of know responses; d’ = sensitivity; k = old-new decision criterion; r =

remember—know decision criterion.

Arndt, & Passannante, 2002), the results of these four studies
present a mixed picture. Even though in each study the proportion
of R responses was found to be less for amnesics than controls,
changes in the proportion of K responses were more variable. One
study found relatively little change in K responses;, however,
another found a decrease, and the remaining two found an
increase.

Asdiscussed in relation to the effects of levels of processing, the
variability in K responses poses difficulties for some dual-process
accounts. Nevertheless, it can be accommodated by the indepen-
dence model if it is assumed that amnesia affects both recollection
and familiarity. Y et the data may also be explained in terms of the
SDT interpretation. The best-fitting parameter values and predic-
tions of the equal-variance norma distribution model are also
presented in Table 8. Although no claim is made that this is the
correct SDT model, it can be seen that it is able to capture the main
features of the data. More important, the model demonstrates
severa regularities. First, as expected in each study, there is a
decrease in d’ for the amnesic groups compared with the controls.
Second, there is also a decrease in the levels of both decision
criteria, k and r. This effect follows directly from the principle that
the placement of the decision criterion is moderated by the level of
sensitivity (Hirshman, 1995). Although the optimal placement of
this criterion, under the equal-variance normal distribution model,
is at d'/2, participants must also balance at least two other de-
mands. First, they are required to follow, asfar as possible, the RK
instructions. As suggested by the results found by Mantyla (1997),
these instructions invite participants to adopt relatively stringent
criteria for both old-new and RK decisions. As a result, partici-
pants would be encouraged to place the old-new criterion, k, at a
point on the strength-of-evidence continuum that is numerically
greater than optimal. Second, it is not unreasonable, given these
instructions, to suppose that participants may expect that a pro-
portion of responses should fall in both categories. In other words,
they are likely to be reluctant to set the RK criterion, r, at such a
stringent level that effectively no items are “remembered.” It is
conceivable that the net effect of these demands would be to

position the decision criteria more or less as they appear to have
been according to the data in Table 8. As a result, athough the
proportion of R responses (and the proportion of overal hits) will
necessarily be lessin amnesics compared with controls (because of
the decrease in d), the difference in the proportion of K responses
will be more variable because of the different emphases that
participants place on each of the competing demands that they are
attempting to satisfy.

In conclusion, at least in relation to the examples given above,
the effects of different variables on the parameters of the SDT
interpretation appear to follow a number of regularities and to be
explicable in terms of a few relatively simple considerations. In
light of this, it should be possible to develop more detailed and
psychologically meaningful accounts of the RK paradigm within
an SDT framework.

Summary and Conclusions

The aim of the present article has been to critically evaluate the
proposal that the SDT interpretation of the RK paradigm has been
ruled out by the evidence. Although not constituting an exhaustive
list, five prominent arguments against the SDT interpretation were
examined. Each of these arguments proposes that the SDT inter-
pretation is unable to account for a particular pattern of data that
can be shown to exist. Yet in each case, it could be shown that the
pattern of data is not inconsistent with the SDT interpretation.
Therefore, this interpretation is not ruled out by these data. Thisis
not to say that the SDT interpretation is consistent with all possible
outcomes. Despite the fact that existing tests are flawed, it is
possible to derive other patterns of data that are inconsistent with
the SDT interpretation. In addition, although further examination
of this question is required, it is possible to outline some genera
principlesthat govern the effect of different experimental variables
on the theoretical constructs implied by the SDT interpretation.
These principles concern the relationship between sensitivity and
decision criteria and provide a framework for explaining observed
changes in R and K responses.
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The principal conclusion of the present study is that the SDT
interpretation represents a psychologically plausible and empiri-
cally viable account of the RK paradigm and, by extension, of the
RK G paradigm. This conclusion, however, requires two qualifica-
tions. First, it should not be inferred that the alternative dual-
process interpretation has been shown to be incorrect. Rather, on
the basis of the evidence reviewed in the present article, this
interpretation has merely not yet been shown to be correct. Future
research may yet reveal that the SDT interpretation is ruled out by
the data. Second, the present conclusion applies only to data from
the RK and RKG paradigms—it does not address other kinds of
data that have been used to support dual-process accounts of
recognition (e.g., Jacoby, 1991; Mandler, 1980; Y onelinas, 2002).
It should also be noted that even if recognition memory can be
decomposed into two qualitatively different components, it does
not mean that these components are necessarily indexed by R and
K judgments.

The conclusion reached in the present study is similar to the
view proposed by Hirshman, Lanning, et a. (2002), who have
urged “investigators of the remember—know paradigm and of
memory consciousness to use the two-criterion signal detection
model to facilitate theoretical development” (p. 155). By heeding
this advice, it should be possible to determine whether the RK
paradigm indexes two separate components of memory or whether
it is simply a matter of confidence.
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