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In the recognition memory task, the experimental sub-
ject decides whether a test item was presented earlier in
the study list. In the judgmentof frequency (JOF) task, the
subject estimates how many times the test item was pre-
sented. Intuitively, the relation between the two kinds of
judgment seems close enough to justify the search for a
common explanation.The understandingof subjects’ per-
formance in both tasks might benefit from such an effort.

The case for a common mechanism is supported by
several empirical results (see Hintzman, 2001b). These
include effects of the spacing of repetitions (Hintzman,
1969; Hintzman & Block, 1970; Hintzman & Rogers,
1973; Underwood, 1969b), effects of type or level of pro-
cessing (Fisk & Schneider, 1984; Greene, 1988; Naveh-
Benjamin & Jonides, 1985; Rose & Rowe, 1976; Rowe,
1974), the word-frequency mirror effect (Greene & Tha-
par, 1994), similar forgetting rates (Hintzman & Stern,
1984), and similar retrieval dynamics (Hintzman & Cur-
ran, 1994). Hintzman, Curran, and Caulton (1995) found
that frequency discrimination performance could be pre-
dicted from forced-choice recognition.Finally, Hintzman
(2001b) demonstrated effects of similarity on JOF vari-
ances and correlations that had been predicted from a
global matching account of forced-choice recognition. In
the latter case, recognition memory and JOF phenomena
that appear quite different on the surface were derived
from the principle that similar retrieval cues produce ac-
tivation strengths that are correlated.

On the other side of the issue, Proctor (1977) argued
that recognition and JOF rely on different mechanisms.

His case rested on two findings. One was that the dis-
crimination of old versus new items was more accurate in
the JOF task than in the old–new recognition task. How-
ever, subsequent work failed to support this conclusion
(Begg, Maxwell, Mitterer, & Harris, 1986; Harris, Begg,
& Mitterer, 1980). Proctor’s other finding—which has
been largely ignored—was that memory operating char-
acteristic (MOC) curves constructed from JOFs have a
different form than those constructed from recognition
confidence ratings (RCRs).1 Discussion of the latter
point figures prominently in this article, but it will be de-
ferred until after presentationof the experimental results.

Only a few theories have been proposed that are ap-
plicable to both recognition and JOF. The most com-
pletely specified is Minerva 2, which assumes that each
presentation of an item leaves its own separate represen-
tation in memory (Hintzman, 1988). Although traces of
repetitions are separate, a retrieval cue activates them in
parallel and their activations sum at retrieval according to
the principle of global matching (Clark & Gronlund,
1996). In Minerva 2, the signal detection theory as-
sumptions that modelers have routinely adopted to ac-
count for RCR are directly extended to handle JOF. That
is, the summed activation (strength or familiarity) di-
mension is partitioned by a series of criteria into regions
for JOF 5 0, 1, 2, and so on. Criteria for JOF will tend to
differ from those for RCR—spanning higher levels of fa-
miliarity, for example—but, in other respects, the model
predicts that RCR and JOF will be the same. The top
panel of Figure 1 depicts the relation between RCR and
JOF, as assumed in the Minerva 2 model.

In recent papers, the REM model has been extended to
numerical JOF (Shiffrin, 2003), and the TODAM model
has been extended to frequency discrimination or relative
frequency judgments (Murdock, Smith, and Bai, 2001).2
It is not entirely clear from these papers how REM should
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be applied to RCR or how TODAM would handle RCR
or numerical JOF. However, the models share a funda-
mental property with Minerva 2: A single strength or fa-
miliarity dimension, which is assumed to underlie recog-
nition decisions, is also the basis of JOF. Thus, in the
absence of additional assumptions, all three of these
models can be seen as instantiations of the more abstract
common path model depicted in the bottom panel of Fig-
ure 1. According to the common path model, any ma-
nipulation that influences strength or familiarity should
have commensurate effects on JOF and RCR.

In the present experiment, the common path model
was pitted against the intuitively plausible conjecture
that JOF should be uniquely sensitive to presentation fre-
quency. This was tested by manipulating both presenta-
tion frequency and exposure duration (see Figure 1). The
subjects studied individual words one to three times,
some for short durations and some for long durations
(the same on each study trial). At test, the subjects per-
formed either the RCR task or the JOF task. In this de-
sign, the effect of duration can be used as a baseline for
comparison of the effects of frequency on the two kinds
of judgment. The intuitive prediction is that, in compar-
ison with exposure duration, repetition will affect JOF
more strongly than it affects RCR. According to the
common path model, two manipulations that affect one

measure will affect the other measure in the same pro-
portion, because both measures depend on the same uni-
dimensional quantity.

There are studies that measured the effects of repeti-
tion and duration on recognition and JOF, but they were
not specifically designed to answer this question. Hintz-
man (1970, Experiment 3) orthogonally varied the pre-
sentation frequencies and exposure durations of words.
On the test, subjects were asked to indicate which words
they thought were old and to give a JOF and judgment of
duration (JOD) to each of them. Duration had a large ef-
fect on JOD and a small effect on JOF and recognition.
Presentation frequency affected all three measures; its
effect on JOF appeared larger than its effect on recogni-
tion probability, but the difference was quite small. In a
similar experiment, Hintzman, Summers, and Block
(1975b, Experiment 3) varied the frequencies, durations,
and repetition spacings of photographs. Duration had a
large effect on JOD, a modest effect on recognitionprob-
ability, and a small effect on JOF. Frequency again ap-
peared to affect JOF more than it affected recognition.
One might question the comparison of JOF and recogni-
tion in both of these studies, because the recognition de-
cision was dichotomous (old vs. new) and because JOF
(like JOD) was contingent on correct recognition and
followed it in time. The present experiment eliminates

Figure 1. Top panel: scheme relating strength or familiarity to recognition
confidence rating (RCR) and judgment of frequency (JOF) in the Minerva 2
model. Bottom panel: the more abstract common-path model, as tested in this
study.
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these confoundings by using RCR and JOF tests that are
parallel.

A secondary benefit of the present design is that it al-
lows one to compare MOC curves constructed from the
two tasks. As was mentioned earlier, Proctor (1977)
found that MOC curves for JOF and RCR differed. Plot-
ted in normal–normal coordinates, MOCs for the RCR
task typicallyhave slopes of less than 1.0 (Ratcliff, Sheu,
& Gronlund, 1992), and this is what Proctor also found.
By contrast, Proctor’s MOC slopes for the JOF task were
greater than 1.0, leading him to conclude that different
processes underlie the two tasks. A more detailed treat-
ment of MOC slopes, which will include relevant data
from Proctor, will be given here.

METHOD

Subjects and Design
A total of 42 University of Oregon undergraduates, participating

for course credit, were tested in groups of 1–3 persons each. Study
and test lists were assigned to groups in such a way that there were
2–4 subjects in each of 16 cells of the experimental design. The de-
sign counterbalanced the assignment of tasks to List 1 and List 2
(JOF first vs. RCR first) and that of individual words to presentation
frequency ( f : 0, 1, 2, and 3) and exposure duration (short [500 msec]
vs. long [2,000 msec] ). To specify 16 cells for counterbalancing pur-
poses, exposure duration was treated as a dummy variable at f 5 0.

Materials
The stimuli were first (given) names taken from a 1990 U.S. Cen-

sus web site. Initial lists of the 300 most common female names and
the 300 most common male names were edited to remove close
variants and names with similar appearance. Female names were
used in List 1, and male names in List 2. Each test list consisted of
100 names in random order. Forty of the test names were new (study
list f 5 0). Twenty of these new test names did not enter into the
counterbalancing scheme, and their data were not analyzed. The
remaining 60 names had appeared in the study list. The 60 old
names were equally distributed among six cells of the design, as de-
fined by 2 exposure durations (short vs. long) 3 3 presentation fre-
quencies (1, 2, and 3).

Within a study list, critical names were assigned to 10 blocks,
and within each block one name was assigned to each combination
of frequency (0, 1, 2, or 3) and duration (short or long). Each block
also included four filler names with f 5 1. Eight versions of each
study list were constructed by holding block assignments constant
and rotating critical names (but not filler names) through all com-
binations of frequency and duration.

The study-list block structure was determined by an algorithm
intended to hold the mixture of conditions relatively constant
throughout the list. First, the appropriate number of tokens was
made of each name, yielding a total of 160 items. Next, each token
was assigned a number: x 5 r 1 ab, where r is a random number
between 0 and 1, b is the block number, and a is a parameter that
determines the degree of block overlap. Then, on the basis of the x
values, all instances were rank ordered from the beginning to the
end of the list. If a 5 0, the blocks are completely intermixed, so
repetitions tend to be concentrated near the end of the list. If a 5
1, the blocks are completely separate, and repetitions build up pe-
riodically at the end of each block. If a 5 .33—the value used
here—each block overlaps half of the immediately preceding and
following blocks, but does not overlap any of the others.

As a final step, the resulting study lists were edited by hand to elim-
inate repetitions with a spacing of 0, and four filler names were added
at the end of the list. Each study list was therefore 164 items long.

Procedure
Materials were presented on a Macintosh IIci computer control-

ling a full-page monitor. The subjects were seated where they had
a good view of the screen and were told that there would be four
parts to the experiment.

In the first part, they would see a list of about 160 female names,
to study for a later memory test of an undisclosed nature. The sub-
jects were told that names would be repeated in the list, that some
names would be on the screen for only 0.5 sec and others for 2 sec,
and that they should pay close attention at all times. The first study
list was then shown one name at a time, each name being centered
on the screen in uppercase, 48-point Helvetica type. Short-duration
names were on the screen for 500 msec; long-duration names, for
2,000 msec (the same duration on each presentation). Successive
names were separated by 500-msec blank intervals.

Depending on the group’s task order assignment, test instructions
describing either the JOF task or the RCR task were then read
aloud, and the appropriate test forms were distributed. The JOF test
form displayed 100 rows numbered 1–100, each number accompa-
nied by the digits 0, 1, 2, and 3. The question “how many times?”
headed the columns containing the digits. The RCR test form was
similar, except that each row number was accompanied by the let-
ters A, B, C, and D. The A–D columns were headed: sure new,
maybe new, maybe old, and sure old, respectively. (Letters were
used instead of digits to avoid task confusion.)

On the test, the subjects were told they would see 100 names for
7 sec each, and either that they were to judge how many times each
name had appeared in the list (JOF instructions) or that they were
to judge how confident they were that the name had appeared in the
list (RCR instructions). In both cases, they were told that the test
number would appear over each name on the screen and that, to
keep them on pace, the computer would beep once per item. The
subjects were further instructed that they should respond to every
name, even if it required guessing. The 100-item test list was then
presented. Each female name appeared for 6,000 msec terminating
with a 500-msec beep and an additional 500-msec blank interval
(i.e., one item was presented every 7,000 msec).

After the test forms had been completed and collected, the sub-
jects were told they would see another study list, this one consist-
ing of male names. They were told the study procedure would be the
same as before, but that the memory test to follow would differ in
a way that would not be revealed until later. The second study list
was then presented, followed by administration of either the RCR
or the JOF test, as appropriate.

RESULTS

For numerical analysis, RCRs of A–D were converted
to the values 1–4, respectively.Three subjects were iden-
tified as statistical outliers on the basis of unusually low
correlations of their mean judgments (either JOF or
RCR) with presentation frequency. The data from these
subjects were eliminated, leaving N 5 39. Because pre-
liminary analyses revealed no reliable effects of task
order, data from List 1 (female names) and List 2 (male
names) were combined in all reported analyses.

Table 1
Proportion of Variance in Overall Means Explained by

Duration and Frequency (r 2 )

Source

Measure Duration Frequency Sum Ratio

Mean RCR .125 .806 .931 6.5
Mean JOF .038 .945 .983 25.0
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Overall means
Figure 2 shows mean RCR and mean JOF as functions

of presentation frequency and exposure duration. The
means indicate that frequency and duration affected both
measures, and this was confirmed by separate repeated
measures analyses of variance (ANOVAs). For RCR, the
effects of frequency [F(2,38) 5 66.9] and duration
[F(1,38) 5 21.0] were both significant. For JOF as well,
the effects of frequency [F(2,38) 5 225.1] and duration
[F(1,38) 5 11.1] were both significant. In neither case
was the interaction statistically reliable. Comparison of
these F ratios suggests that frequency affected JOF more
than it affected RCR. This observation is consistent with
the appearance of the two graphs, although the ceiling of
4.0 on RCR makes visual comparison difficult.

Bamber (1979) proposed a more direct technique—
termed state trace analysis—to determine whether two
dependent variables reflect a single underlying process.
A state trace graph is a scatter diagram in which one
measure is plotted against the other, with each point de-
fined by a different experimental condition (for similar
logic, see Dunn & Kirsner, 1988). If a single process de-

termines performance on both scales, the points should
fall on a smooth, monotonic function. In Figure 3, the
old-item means from Figure 2 are replotted as recom-
mended by Bamber. Although there is a strong positive
correlation between RCR and JOF across conditions, the
data do not appear to fall on a single function. The dis-
crepancy has been emphasized in Figure 3 by fitting sep-
arate curves to the short-duration and long-durationdata.

Correlations and Explained Variance
Of course, the hypothesis under consideration is not

just that there is a difference between RCR and JOF, but
that JOF is especially sensitive to presentation fre-
quency. What is needed is a statistical test that is directly
focused on this hypothesis. Perhaps the simplest way to
accomplish this is based on correlations (Pearson r).

As a preliminary step, the six old-item RCR means
shown in Figure 2 were correlated with their corre-
sponding exposure durations (500 vs. 2,000 msec),
yielding r 5 .353, and with their presentation frequen-
cies (1, 2, or 3), yielding r 5 .898. The squares of these
values, representing the proportions of variance ex-

Figure 2. Mean recognition confidence rating (RCR) and judgmentof
frequency (JOF) as a function of frequency and duration. Error bars
represent SEs.
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plained by duration and frequency, are shown in the top
row of Table 1. Similarly, the six old-item JOF means
correlate r 5 .195 with duration and r 5 .972 with fre-
quency, yielding the r 2 values in the second row of the
table. As the table also shows, the two variables com-
bined account for 93% of the variance in mean RCR and
98% of the variance in mean JOF. For present purposes,
the crucial values are shown in the right-hand column of
the table. In terms of explained variance, JOF means
were 25 times as sensitive to frequency as they were to
duration. For RCR means, the ratio was only 6.5. This
difference in sensitivity is reflected in the left half of
Table 1, in the form of a crossover interaction.

The reliability of this result can be established by a re-
peated measures analysis. Several logically equivalent
analyses of the interaction were performed, but only one
will be reported, because they all yielded the same out-
come. For the analysis, each of the four r values de-
scribed in the previous paragraph was computed sepa-
rately for each of the 39 subjects (i.e., the overall means
were replaced by the means for each individual subject).
These rs were transformed to the Fisher Z scale to min-
imize skewness and subjected to repeated measures
analysis. For display purposes, the means were inverse-
Fisher transformed (i.e., transformed back to the r scale).
To distinguish these values from arithmetic means, they
are denoted “average r” in Figure 4.

All four average r values were significantly greater
than 0 [ p , .005]. Crucially, the crossover interaction
evident in Figure 4 was highly significant [t (38) 5
4.255, p , .0005]. Frequency affected JOF more than it

affected RCR [t (38) 5 4.920, p , .0005], but the task
difference in the effects of duration was not significant
[t (38) 5 21.231]. This outcome is incompatiblewith the
common path model depicted in Figure 1 and supports
the intuitive idea that JOF should be especially sensitive
to frequency.

Recognition Sensitivity
Proctor (1977) reported that old–new discrimination

was more accurate in the JOF task than in RCR, a con-
clusion that Begg et al. (1986) and Harri s et al. (1980)
failed to confirm. In the present study, the decision that
an item is “old” corresponds to a judgment greater than
0 in the JOF task and to a rating of B or C (numerically,
3 or 4) in the RCR task. Relevant proportions for all con-
ditions are shown in Table A1 of the appendix. Not sur-
prisingly, the bias to call a test item “old” differed be-
tween the two tasks, being lower (more stringent) in

Figure 3. A state trace plot of the old-item means from Figure 2. Fre-
quencies are expressed as the digits 1–3.

Table 2
Group zMOC Slopes Derived From Recognition Confidence

Ratings (RCRs) and Judgments of Frequency (JOFs)

RCR JOF

zMOC Plot Type Short Long Proctor Short Long Proctor

f 5 1 vs. f 5 0 Old–new 0.74 0.70 0.66 1.52 1.41 1.71
(increment)

f 5 2 vs. f 5 0 Old–new 0.68 0.74 0.75 1.18 1.22 1.48
f 5 3 vs. f 5 0 Old–new 0.71 0.74 0.78 1.18 1.08 1.27
f 5 2 vs. f 5 1 Increment 0.92 1.02 1.13 0.78 0.87 0.85
f 5 3 vs. f 5 2 Increment 1.04 1.01 1.04 0.99 0.89 0.86

Note—Data from Proctor (1977) are included for completeness.
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RCR than in JOF. This complicates the comparison of
recognition accuracy, because there is no theory-neutral
way to correct measures of old–new discrimination for
differences in bias.

One commonly used recognition measure is dL [also
known as log(a) or logistic d 9; see Macmillan & Creel-
man, 1991, and Snodgrass & Corwin, 1988]. To compute
dL values, individual proportions of 0 or 1 were adjusted
as recommended by Snodgrass and Corwin. In the ap-
pendix, Table A1 shows mean dL for each old-item con-
dition. Overall, mean dL was slightly higher in the RCR
task than in the JOF task [2.48 vs. 2.12; F(1,38) 5 4.78,
p , .05]. An ANOVA also yielded the expected effects
of duration and frequency (both p , .001) and no sig-
nificant interactions. Parallel analyses based on A9 and
equal variance d9 produced equivalent outcomes.

Although the marginal superiority of RCR to JOF
might be taken as support for a task difference in old–new
discrimination, it is opposite in direction to the differ-
ence reported by Proctor (1977). Thus, the literature as
a whole suggests that this is a highly context-dependent
outcome. This instability may rest in part on the differ-
ence in response bias between the two tasks and in part
on the interaction of bias with the assumptions behind
the discrimination measures. In Proctor’s Experiment 2,
in contrast to the present study, there was a stronger bias
to respond “old” in RCR than in JOF. As is the case with
A9 and equal-variance d9, the model underlying dL as-
sumes that the underlying MOC is symmetric about the
negative diagonal (i.e., that the slope of the normally
transformed MOC is 1.0). The ability to measure dis-
crimination without confounding by bias depends cru-
cially on this assumption. Moreover, as Proctor found

and as the following section confirms, the MOC slopes
for RCR and JOF are different.

MOC Analysis
Followingexamples by early proponents such as Banks

(1970), it has become routine to construct MOC curves
from cumulative RCR proportions. In the case of the pres-
ent data, three such proportions are computed [P(RCR 5
D), P(RCR 5 C or D), and P(RCR 5 B, C, or D)] for each
old-item condition as well as for the new-item condition.
A standard MOC curve is a plot of these values for a
given old-item condition on the ordinate against the cor-
responding values for the new-item condition on the ab-
scissa. JOF proportionscan be treated in exactly the same
way, cumulating from the highest through the next-to-
lowest response value [P(JOF 5 3), P(JOF 5 2 or 3), and
P(JOF 5 1, 2, or 3)]. Theoretical justification for the
equivalent treatment of RCR and JOF is provided by the
top panel of Figure 1. MOCs constructed from the two
tasks should coincide if a single dimensionunderlies RCR
and JOF, as is assumed in the Minerva 2 model.

As was mentioned earlier, Proctor (1977) compared
normal-transformed MOC curves (zMOCs) for the RCR
and JOF tasks and found a difference in slopes: less than
1.0 for RCR and greater than 1.0 for JOF.3 There are many
similarities between Proctor’s study and the present one.
Three differences may be worth mentioning, if only be-
cause they appear not to matter. First, Proctor’s task ma-
nipulation was between rather than within subjects. Sec-
ond, Proctor used a 5-sec presentation rate for all items
(duration was not manipulated). Third, Proctor’s stimulus
materials were common nouns rather than names. Fourth,
although Proctor also used a four-value RCR scale, his

Figure 4. Correlational analysisof effects of duration and frequency on
recognition confidence rating (RCR) and judgment of frequency (JOF).
For averaging, r values were Fisher transformed. Error bars represent
SEs.
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scale was numerical (0–3) and “off center” in that only the
lowest rating indicated that the item was new. In this re-
spect, the RCR and JOF scales that Proctor used were
more alike than those of the present experiment.

The following analyses are based on group zMOC
curves. The short-duration and long-duration data are
presented separately, and Proctor’s (1977) results are
shown for comparison. (Response proportions for Proc-
tor’s study can be found in his Table 2; those for the pres-
ent experiment are given in Tables A2 and A3 of the ap-
pendix.) The top three rows of Table 2 of the present
work show slopes for standard zMOC curves—that is,
curves plotting old versus new items. All slopes for the
RCR task are less than 1.0, whereas those for the JOF
task are greater than 1.0. Proctor’s slopes for JOF are
somewhat higher than those obtained here, but it is evi-
dent that the task difference was replicated.

When old items are plotted against new items, as in
the standard MOC, the effects of different study trials are
confounded. For example, the f (i.e., frequency) 5 3 ver-
sus f 5 0 slopes shown in Table 2 represent the summed
effects of Presentations 1, 2, and 3. To separate out the
effects of individualpresentations, it is more revealing to
plot data for a given f against the next lower frequency
( f 2 1). Such an increment MOC shows how each study
trial affected performance. Figures 5 and 6 display in-
crement zMOCs for the RCR and JOF tasks, respec-
tively. Slopes for the f 5 2 and f 5 3 increments are
shown numerically in the bottom rows of Table 2.

These plots reveal that the primary difference between
the RCR and JOF tasks can be attributed to f 5 1. In the
RCR task, the first presentation produced a slope of less
than 1.0, whereas slopes for Increments 2 and 3 were
very close to 1.0. (An increment zMOC slope of 1.0
means that the standard zMOC slope is not changing.) In
the JOF task, in contrast, the first presentation produced
a slope greater than 1.0. Slopes were slightly less than
1.0 for the second and third increments. It is important
to note that this pattern replicates across all three data
sets, because individual subjects’ data were too sparse
(i.e., they included too many proportions of 0) to permit
a meaningful subject-by-subject slope analysis. Replica-
tion also suggests that none of the methodological dif-
ferences between Proctor’s (1977) experiment and this
one was crucial in producing the outcome.

DISCUSSION

The aim of this study was to test the hypothesis that
the JOF and RCR tasks are based on the same unidi-
mensional scale of strength or familiarity, as is assumed
in the Minerva 2 model (Hintzman, 1988). Three aspects
of the data appear to contradict the hypothesis:First, rel-
ative to the effect of exposure duration, presentation fre-
quency had a stronger effect on mean JOF than it had on
mean RCR. Second, measures of old–new discrimina-
tion were higher in the RCR task than in the JOF task.

Third, the shapes of MOC curves constructed from JOF
were different from those constructed from RCR.

The second of these findings is suspect because there
is no theory-neutral way to measure old–new recogni-
tion discrimination without confounding by response
bias, and the bias to identify an item as old was greater
(more lenient) in JOF than it was in RCR. This concern
is reinforced by the fact that Proctor (1977) reported an
old–new discrimination difference in the opposite direc-
tion, and his data displayed a more lenient bias in RCR
than in JOF. Moreover, in principle, there appears to be
no a priori reason to expect subjects to base old–new dis-
crimination on different kinds of information in the RCR
and JOF tasks. For these reasons, the obtained difference
in dL appears equivocal and will not be discussed further.

The following discussion deals first with the differen-
tial effects of frequency and duration, and then with the
pattern of zMOC slopes. This leads to a new hypothesis
about the basis of JOF that does not embody the com-
mon path assumption.

Mean RCR and JOF
Mean RCR and mean JOF were both influenced more

by presentation frequency than by exposure duration.
However, a state trace analysis suggested that a single
underlying variable could not have produced the ob-
tained pattern of means, and a correlational analysis
showed that JOF was more sensitive than RCR to fre-
quency. The special sensitivity of JOF to frequency con-
f irms an impression gleaned from published experi-
ments, discussed earlier in this article (Hintzman, 1970;
Hintzman et al., 1975b), and is consistent with the intu-
ition that JOF should be based—at least in part—on in-
formation specific to repetition.

Can this result be explained by a unidimensional
strength (common path) account of RCR and JOF? One
critic of the present study commented that it could be,
because RCR and JOF are different tasks, so “of course
the response mappings will be different.” A glance at
Figure 1 should show that this approach will not work.
According to the common path model, RCR and JOF are
mapped onto a single underlying variable, which does
not differentiate between effects attributable to fre-
quency and those attributable to duration. JOF might
conceivably be mapped onto this variable with more pre-
cision than RCR, or vice versa, but then the curves in
Figure 4 would not cross and the ratios of explained vari-
ances in Table 1 would not differ. A floor effect could pro-
duce a spurious interaction, but the average r values re-
lating duration to RCR and JOF (see Figure 4) were both
significantly greater than the floor value of 0. There ap-
pears to be no way for a common path model to explain
these data.

Standard zMOC Slopes
As was indicated earlier, one basis for Proctor’s (1977)

conclusion that different information underlies RCR and
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JOF derived from the slopes of zMOC curves. Standard
(old–new) zMOC curves for RCR had slopes of less than
1.0, whereas those for JOF had slopes greater than 1.0.
The slopes obtained in the present experiment replicate
Proctor’s findings. In dealing with repeated items, how-
ever, Proctor did not look at the slopes of increment
zMOCs, which separate out the effects of individual
study trials. When such curves are plotted from Proctor’s
data and from the present data, one again sees a common
pattern (Figures 5 and 6). The task differences in slopes
derives from the test item’s first study presentation. Ob-
viously, the slope data are inconsistent with the assump-
tions of Minerva 2 (see Figure 1); but how ought they to
be interpreted?

The usual interpretation of zMOC slopes, based on
signal detection theory, is that they reflect the ratio of the
standard deviation of the new-item distribution to the
standard deviationof the old-item distribution. In this in-
terpretation, an RCR slope of less than 1.0 indicates that
old items vary in strength more than new items do (see,
e.g., Ratcliff et al., 1992). This is consistent with a num-
ber of recognition memory models in which variability
attributable to encoding sums with variability that exists
prior to study (e.g., Gillund & Shiffrin, 1984; Glanzer &
Adams, 1990; Hintzman, 1988; Shiffrin & Steyvers,
1997). A direct extension of this reasoning to standard
MOCs for JOF, however, leads to a rather implausible in-
ference: that the information underlying JOF decreases
in variance when items are encoded (see Proctor, 1977).

Van Zandt (2000) has taken a different approach to un-
derstanding the slopes of standard zMOC curves. Van
Zandt manipulated payoffs and probabilities to skew
old–new response bias in either direction, obtaining
RCR slopes that were less than 1.0 when there was a
strong bias to call a test item “new” and greater than 1.0
when there was a strong bias to call a test item “old.”
These results were shown to be consistent with a diffu-
sion model of the old–new decision process, in which
RCR is based on the “balance of evidence” at the time of
the decision. It may appear that van Zandt’s approach is
applicable here, because there was a greater tendency to
call test items “old” in JOF than in RCR. Could JOF be in-
terpreted as the same as RCR, but with a different old–new
response bias?

There are several reasons to doubt that this will work.
First, the present task difference in old–new bias was
small in comparison with those that van Zandt (2000) in-
duced in her subjects. Second, Proctor (1977) found a
bias difference in the opposite direction, but obtained the
same slope difference as was found here. Third, it is by
no means obvious in van Zandt’s approach why the slope
difference would derive primarily from the first study
trial, as is shown by the increment zMOCs (Figures 5 and
6). Fourth, quite apart from the slopes, a bias difference,
by itself, would not produce differential effects of fre-
quency and duration on mean RCR and mean JOF (see
Figure 4). All versions of the common path model ap-
pear inconsistent with this finding.

Increment zMOC Slopes
The key to understanding the difference between the

RCR and JOF tasks may lie in the increment zMOCs.
This possibility is pursued in the following argument.

According to the signal detection model, zMOC slopes
reveal the relative variances of the conditions that are
plotted against each other. Thus, the increment zMOC
slopes for RCR suggest that Presentation1 increases vari-
ability, but beyond that, Presentations 2 and 3 do not
change it substantially.4 The JOF slopes suggest that Pre-
sentation 1 decreases variability in comparison with its
initial value, but that variability increases again on Pre-
sentation 2 and (perhaps) Presentation 3. Even if one
were tempted to ignore the obvious similarity of the
tasks and propose that RCR and JOF are based on dif-
ferent “memory systems,” the inferred changes in vari-
ance for JOF seem bizarre. Before we adopt such a view,
we need to consider alternative explanations.

A good way to begin may be to ask what each point in
an increment zMOC plot represents, and how it con-
tributes to the slope of the function. The more distant a
point is from the diagonal, the greater is the difference
between the (normalized) proportions for the frequency
f and frequency f 2 1 conditions. In Figure 6, the left-
hand point of every JOF curve reflects the choice between
JOF of 3 versus 2, the midpoint reflects the choice of
2 versus 1, and the right-hand point reflects the choice of
1 versus 0 (old vs. new). Moving from left to right in Fig-
ure 5, likewise, the RCR points reflect decreasing confi-
dence that the test item was old.5 All curves necessarily
increase from left to right because the proportions are
cumulative.

Now consider the zMOC functions for f 5 1 in both
figures. The main cause of the task difference in slope is
the position of the left-hand point above the diagonal.
RCR slopes are less than 1.0 primarily because a single
study trial produced a large increment in the probability
of giving the highest RCR. However, the same presenta-
tion had relatively little effect on the subjects’ willing-
ness to give JOF 5 3, and standard JOF slopes are
greater than 1.0 primarily for this reason. One might say
that a single study trial “released” high RCRs but not
high JOFs. In contrast to RCR, as is suggested by the
slopes for f 5 2, high JOFs tended to be “released” by the
second study trial. Apparently, the subjects were willing
to give the highest RCR to a test item provided that it was
actually old, but they were not willing to say that the test
item was repeated in the list (JOF . 1) unless it really
was repeated. To explain this, we need to consider the
kinds of information that might be available to a subject
on a test trial.

Recollection, Repetition, and JOF
An alternative to the unequal-variance signal detec-

tion account of zMOC slopes for RCR is provided by
certain two-process theories of recognition memory (for
a review, see Yonelinas, 2002). The basic idea of these
theories is that a recognition judgment can be based on
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familiarity, or it can be based on specific details relating
to a prior study trial, that are recalled—or recollected—
at test. If a study trial is recollected, subjects tend to re-
spond with a high RCR, but they are very reluctant to
give a high RCR in the absence of such recollection.
Thus, according to these theories, the process that medi-
ates “release” of high RCR is recollection of a study
trial.

A recent experiment by Hintzman (2001a, Experi-
ment 1) suggests that JOF may be strongly tied to recol-
lection. Subjects studied a list in which presentation fre-
quencies varied. On the test, they indicated whether or
not each test item was old and, for each item judged“old,”

made two additional judgments. The first concerned
whether they remembered what went through their minds
when they had studied the item, or whether it just seemed
familiar (a variant of the remember–know task). The sec-
ond judgment was a numerical JOF. Mean JOF for items
that subjects rated as familiar were lower and much less
sensitive to frequency than those for items subjects rated
as remembered. This suggests that recollection provides
the evidence that supports high JOF. However, the crucial
factor cannot be recollection of earlier study per se. If it
were, then high JOF—like high RCR—would be “re-
leased” by a single study trial, and zMOC slopes for f 5 1
would be less than 1.0 in both cases.

Memory theorists sometimes treat recollection as an
all-or-none event that supports correct responding re-
gardless of the memory task. This seems overly simple,
however. More plausibly, correct responding depends
on the nature of the recollected information and the
subject’s understanding of its relevance to the task at
hand. In the source- and reality-monitoring framework
put forward by Johnson and her colleagues, recollection
is assumed to be rich in information about the mental
processes that surrounded the remembered event (e.g.,
Johnson, Hashtroudi,& Lindsay, 1993; Mitchell & John-
son, 2000). Such information may (or may not) be used
in a particular task by a given experimental subject. In
the present context, this suggests that we need to consider
how the mental processes engaged by a second study
trial on an item may differ from those engaged by the
first study trial.

An obvious candidate is reminding. This term is used
here to refer to the spontaneous recall of events related
to the stimulus—particularly, earlier events in the exper-
imental context. Reminding (also called study phase re-
trieval) is recollection that occurs during a study trial.
In a list containing repeated or related words, reminding
can be a subjectivelycompellingphenomenon,but mem-
ory theorists have generally ignored it. It may be worth-
while, therefore, to review some of the objective empiri-
cal evidence of reminding.

Hintzman and Block (1973) had subjects study a list
of words in which the temporal spacing of study trials
was manipulated. They then asked the subjects to judge
the study list spacings of two kinds of test pairs, some
representing unrelated words (e.g., queen–tractor) and
some representing repetitions of a single word (e.g.,
queen–queen). Spacing judgment accuracy for repeti-
tions was much higher than that for unrelated words. To
explain this result, it was hypothesized that the second
study trial on a word often reminds the subject of the
first study trial, and that this reminding includes infor-
mation about the first study trial’s recency. This informa-
tion, in turn, is encoded into memory. In this way, a kind
of implicit recency judgment is stored that can be re-
called on the later test and used to mediate a judgment of
spacing. To test this account of spacing judgments,
Hintzman, Summers, and Block (1975a) added a condi-
tion in which the test pairs were of semantically related

Figure 5. Group normal–normal memory-operating charac-
teristics (zMOCs) for increments in recognition confidence rating
attributable to f 5 1, 2, and 3. Top panel: data from Proctor
(1977). Middle and bottom panels: short and long duration data,
respectively, from the present experiment.
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words (e.g., queen–king). Here, the second event was ex-
pected to trigger retrieval of the first, much as is the case
with repetition. Spacing judgments for related pairs were
considerably more accurate than those for unrelated
pairs, as is predicted by the reminding hypothesis.

Other researchers extended the reminding hypothesis
to judgments of relative recency or order (Tzeng & Cot-
ton, 1980; Winograd & Solway, 1985). The essential
finding of these studies was that subjects can remember
the temporal order of two related words better than that
of two unrelated words. The proffered interpretation was
that subjects recollect on the test whether king reminded
them of queen during study, or queen reminded them of
king. The same process may operate when there are rep-
etitions of a single item. Hintzman, Block, and Summers

(1973) found that subjects were able to accurately judge
whether they had seen a word on the first study trial and
heard it on the second or vice versa. Again, we can sup-
pose that the state of awareness is different when one is
visually reminded of hearing a word than when one is au-
ditorily reminded of seeing the word. Recollection of ei-
ther state on a later test would allow one to judge the
order of presentation modalities.

The preceding ideas can be extended in a natural way
to explain JOF. Let Ei,1 represent the subject’s encoding
of item i on Study Trial 1, including whatever thoughts
are triggered by i’s presentation. We assume that the sec-
ond presentation of i is not only encoded in its own right,
but also reminds the subject of the first presentation—
that is, on Trial 2 the subject’s state of awareness is rep-
resented by Ei ,2 1 R{Ei ,1}. The tokens Ei ,1 and Ei ,2 may
be highly similar, but they need not be identical. Enclo-
sure of Ei ,1 in brackets implies awareness that it belongs
to the past and a rough idea of its recency. Crucially, be-
cause episodic memory records conscious awareness, on
Study Trial 2 all this may be encoded into memory. If so,
and if a third study trial on i reminds the subject of the sec-
ond study trial, the subject’s state of awareness will be rep-
resented by Ei ,3 1 R{Ei ,2 1 R{Ei ,1}}, and so on. As is in-
dicated by the brackets, the subject is not reminded of
Presentations 1 and 2 as separate events, but of being re-
minded of the first presentationby the second presentation.

Suppose the fourth presentation of i is not a study trial
but a test trial (T). The subject’s state at test is Ei ,T 1
R{Ei ,3 1 R{Ei ,2 1 R{Ei ,1}}}, where the R outside brack-
ets represents the current act of recollection and those
nested inside brackets are recollected remindings. Such
recursive reminding could serve as a discriminative cue
for JOF. In principle, although successive levels become
less discriminable with increasing depth—as with any
typical psychophysical function—the number of embed-
ded levels, or reminding depth, can grow without limit.

Such a function relating discrimination to depth, to-
gether with outright failures of encoding and reminding,
help explain why JOF errors are graded. That is, incor-
rect JOFs are not random guesses from the range of pos-
sible frequencies, but they tend to be close to the right
value. The zMOC slopes suggest, in addition, that sub-
jects attach special importance to the recollection of at
least one reminding. That is, for a subject performing the
JOF task, there is a crucial difference between Ei ,T 1
R{Ei ,1} and Ei ,T 1 R{Ei ,2 1 R{Ei ,1}}. If an otherwise de-
tailed recollection includes no reminding, that may be
taken as compelling evidence that the test item occurred
exactly once—hence, JOF 5 1. By contrast, in the RCR
task such recollection justifies the highest confidence
that the test item was presented in the list. This would ex-
plain why zMOC slopes are different in the two tasks and
why Study Trial 1 is the main source of the difference.

With the foregoing assumptions, it is straightforward
to explain why frequency and duration have different ef-
fects on JOF and RCR. The amount of recollection may
increase with total study time and may be used in per-
forming both tasks. However, it is the content of recol-

Figure 6. Group normal–normal memory-operating charac-
teristics (zMOCs) for increments in judgment of frequency at-
tributable to f 5 1, 2, and 3. Top panel: data from Proctor (1977).
Middle and bottom panels: short and long duration data, re-
spectively, from the present experiment.
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lection that is important, and subjects treat recollection
of reminding as diagnostic for JOF. A full-fledged expe-
rience of reminding may require that information be
brought back into primary (working) memory, not sim-
ply matched to what is already there. In comparison with
spaced repetition, therefore, extending a study trial from
500 to 2,000 msec would have little effect on reminding
depth.

Recursive Reminding and other JOF Results
The recursive reminding approach to JOF was in-

vented to account for the present data. Does it help ex-
plain other findings? In this section, I argue that several
JOF phenomena that have seemed puzzling from other
points of view may be understood in terms of this new
hypothesis.

Study trial similarity. The first phenomenon con-
cerns the similarity of successive study trials on the same
item. Hintzman and Stern (1978) compared mean JOF
for items that had been repeated in either identical or
varying contexts. In one experiment, subjects rated
words on semantic scales that either changed or stayed
the same over repetitions of a given word. In another ex-
periment, the subjects rated how well celebrity names
fitted into sentence frames that either changed or stayed
the same over repetitions. At test, the subjects gave JOFs
either for the words or for the celebrity names. In both
experiments, mean JOF was higher when the test item
had been repeated in the same context than when the
context had varied.

A priori, Hintzman and Stern (1978) had considered
two possible outcomes of their manipulation: that vary-
ing context would have no effect on JOF, or that it would
enhance JOF by yielding discriminably different traces.
Thus, they could offer only post hoc explanations for
their finding. One explanation—also incorporated into
Minerva 2 (Hintzman, 1988, pp. 539–540)—was that
similar memory traces tend to mutually reinforce one an-
other’s activation at the time of the test. Such an account
seemed necessary because of the prior assumption that
study trials are independently encoded in memory. The
reminding hypothesis does not make this assumption and
offers a more straightforward explanation: Repetition
can trigger reminding, and reminding depends on simi-
larity. JOF tends to be higher in the identical-context
condition because identical study trials are more effec-
tive reminders.

Automaticity. The second phenomenon—which is
really a set of phenomena—relates to the “automaticity”
of memory for frequency. Early studies (e.g., Flexser &
Bower, 1975; Hasher & Chromiak, 1977; Howell, 1973)
found that subjects remember frequencies about equally
well, whether or not they are warned of an upcoming
JOF test. In addition, Hasher and Chromiak gave sub-
jects JOF accuracy feedback and practice at counting
repetitions. Neither treatment had a discernible effect on
JOF, suggesting that memory for frequency is an innate
skill. Perhaps more surprising is that children as young

as 6 years of age can be about as accurate at JOF as
adults are (Hasher & Chromiak, 1977; Hasher & Zacks,
1979). Null results such as these were taken by Hasher
and Zacks as demonstrating the automatic encoding of
frequency. Others argued against automaticity, noting
that JOF is affected by attention and by the type or “level”
of processing. Distraction tasks impair the encoding of
frequency information, and mean JOF is higher follow-
ing semantic processing of words than following visual
or phonemic processing (see, e.g., Fisk & Schneider,
1984; Greene, 1986; Rose & Rowe, 1976).

These results are understandable if memory for fre-
quency depends on study phase reminding. Reminding is
an essentially automatic process, even in children of kin-
dergarten age. The main requirement is that the item be
encoded in a way that supports effective retrieval; hence,
JOF is affected by the amount and type of prior stimulus
processing.

JOF in amnesia. A third phenomenon is the well-
established finding that memory-impaired subjects, un-
like controls, confuse frequency and recency. For exam-
ple, amnesics have a strong tendency to judge that an
item seen three times yesterday was seen one time today—
as though they have little basis for such judgments other
than strength or familiarity (Huppert & Piercy, 1978;
Mayes et al., 1989; Meudell, Mayes, Ostergaard, & Pick-
ering, 1985). In contrast with amnesics, even normal chil-
dren as young as 4 years old have little trouble avoiding
this error (McCormack & Russell, 1997).

It is a widely held view that most amnesics are more
impaired in contextualmemory, or recollection, than they
are in familiarity (see, e.g., Aggleton & Brown, 1999).
The reminding hypothesis—unlike Minerva 2—estab-
lishes a link between recollection and JOF. If amnesics
tend not to experience remindings during study trials and
can recollect them only poorly when they do, they will be
forced to base JOF on less diagnostic information, such
as familiarity, to the extent that it is available.

Registration without learning. A fourth puzzling
JOF phenomenon was discovered by Hintzman, Curran,
and Oppy (1992). In their Experiment 1, subjects saw a
list of singular and plural nouns, which were presented 1
to 15 times each. On a JOF test, some nouns were tested
exactly as they had been studied, and others were tested
with plurality changed (i.e., the final “s” was added or
deleted). The subjects were instructed to be careful to
give JOF 5 0 if the noun’s plurality was different from
the form they had studied. On the first study trial, the
subjects’ ability to discriminate changed-plurality from
same-plurality nouns jumped to an intermediate level,
but it improved very little with further repetition. By
contrast, JOF increased directly with repetition both for
nouns tested in their original forms and for changed-
plurality nouns that were given JOF . 0 in error. This
pattern of results was called registration without learn-
ing, because repetitions apparently registered in mem-
ory, as is indicatedby the increasing JOF, but little seemed
to be learned about the item itself after the first presen-
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tation. Analogous results have been found with pictures
(Hintzman et al., 1992) and with auditory materials (Shef-
fert & Shiffrin, 2003). The failure to learn from repeti-
tions has proved remarkably resistant to instructional
manipulation (Hintzman & Curran, 1995).

Registration without learning seems like an anom-
alous result but appears easy to explain within the pres-
ent framework. One need only assume that remindings
are attention-demanding events that occupy working
memory capacity and crowd out other kinds of process-
ing. There is a tradeoff between the two components of
Ei ,2 + R{Ei ,1}. The reminding is encoded in memory, but
at the cost of poor additional learning of features of the
stimulus itself. In accord with this hypothesis, if a re-
peated item is studied in two different versions, subjects
remember the first version better than they remember the
second (DiGirolamo & Hintzman, 1997).

Spacing of repetitions. There is a large body of liter-
ature on the effects of the temporal distribution of study
trials on memory (see Dempster, 1996, for a review).
Generally speaking—although there may be some ex-
ceptions—spaced presentations produce better learning
than do massed presentations. The effects of spacing are
especially robust in the JOF task, in which massed repe-
titions yield only modest increases in mean JOF in com-
parison with spaced repetitions (see, e.g., Hintzman &
Rogers, 1973).

Some theorists (e.g., Greene, 1989; Thios & D’Agos-
tino, 1976) have proposed that study phase retrieval or re-
minding plays a key role in spacing effects—an idea that
may be particularly applicable in the case of JOF. It was
argued earlier that extending the duration of a single ex-
posure does not trigger repeated remindings because the
stimulus is already in primary memory. An experience of
reminding requires that the prior event disappear from, and
be brought back into, awareness. This reasoningmay apply
also to massed repetitions. The cognitive system may be
tuned to take special note of recurring patterns but to ig-
nore the absence of change. Indirect measures of atten-
tion support this view. Magliero (1983) found that pupil di-
lation decreased from Study Trial 1 to Study Trial 2 when
presentations were massed, but recovered as the spacing
interval became longer. Likewise, using a secondary task,
Johnston and Uhl (1976) found that reaction time to a
probe stimulus decreased over a sequence of four massed
repetitionsof a study item. Incidentally,when repetitions
were spaced, reaction time increased in comparison with
the Study Trial 1 baseline—a result consistent with the
idea that remindings are attention-demanding events, as
was suggested in the preceding section.

There is nothing dramatically new in this proposal. As
Dempster’s (1996) review indicates, retrieval-induced en-
coding and its interaction with primary memory are com-
mon components of spacing effect theories. The new ar-
gument here is that these componentsare a natural fit with
the mechanism of recursive reminding. Thus, a relatively
simple hypothesis may explain the highly regular effects
of spacing on JOF, even if the literature on spacing effects
as a whole is beyond the reach of a single theory.

Recursive Reminding Versus Counting
It is sometimes suggested that JOF could be based on

counting, which is a recursive process resembling the
one proposed here. In this section, I examine the relation
between recursive reminding and counting.

There are two basic versions of the counting approach
to JOF. According to one of them, subjects retrieve rele-
vant traces at test and count them. Although subjects
may sometimes do this to estimate category frequency
(e.g., the number of different flower names in a list), it
does not appear to be the basis of JOF for repeated items
(Brown, 1995). Contrary to a sequential counting hy-
pothesis, the shortest decision times in a frequency dis-
crimination task are found not when the two frequencies
being compared are low, but when the frequency differ-
ence is large—for example, decisions are faster for f 5
5 versus 2 than for f 5 2 versus 1 (Hintzman & Gold,
1983). Of course, trace numerosity could be estimated
by a nonsequential process of some kind. In the Min-
erva 2 model, although multiple traces of an item are
stored and activated at test, JOF (like RCR) is based on
the sum of their activation strengths. In essence, “weigh-
ing” the aggregate is used as a substitute for counting its
members. As we have seen, however, Minerva 2 does not
explain the present experimental results. If the model
were right, the JOF and RCR tasks would not be differ-
entially affected by duration and frequency, and zMOC
slopes for the two tasks would not differ.

The other version of the counting hypothesis says that
subjects count repetitions during study and retrieve the
final count on the JOF test. The problem with this view
is that counting is a strategic process, not an automatic
one. As was discussed earlier, JOF performance is af-
fected little by instructions, practice, or age. It is hard to
see why subjects of all ages, with no motivation to do so,
would count occurrences of words in a list.

Another problem is that counting employs an abstract
code, which must also be used to represent other kinds of
quantitative information. If presentation frequency were
represented by a general-purpose numerical or quasi-
numerical code, one might expect to find across-task in-
trusions. However, frequency and learned numerical as-
sociates appear to coexist in memory without interfering
with each other (Hintzman, Nozawa, & Irmscher, 1982),
and the same is true of presentation frequency and spa-
tial numerosity (Hintzman, 1982). Jonides and Jones
(1992) reported that JOF for numerically related terms
(e.g., quartet, couple, alone, solo, twins) was less accu-
rate than JOF for control words, and they concluded that
the numerical meanings of these words interfered with
frequency coding. However, the control words used by
Jonides and Jones were not matched with the numerical
words with respect to interitem similarity. Semantic con-
fusion among the numerical words could explain their
reduced level of JOF accuracy.

The counting-at-study hypothesis has a certain intu-
itive appeal, even if firm empirical support is lacking.
However, this appeal may derive from its similarity to re-
cursive reminding. If one studies a list in which items are
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repeated, one quickly becomes aware of the repetitions.
It is a simple step to turn this observation into some sort
of counting hypothesis. The important difference is that
reminding depth uniquely represents reminding. It can
be transformed into a numerical or verbal code for the
purpose of communication (e.g., on a JOF task), but the
representation itself is not shared with other kinds of
quantitative information.

The extant theory that most closely resembles the
present one may be the sequential view of Capaldi (1967,
1994), which was developed not for human memory but
for phenomena of instrumental learning—typically, run-
ning speeds of rats in a straight-alley runway. A large
body of literature attests to rats’ sensitivity to sequential
patterns of rewarded (R) and nonrewarded (N) trials,
even over long intertrial intervals. This sensitivity in-
cludes a primitive ability to “count.” Capaldi assumes
that experimental cues retrieve from the animal’s memory
a record of previous trials, which includes information
about order (RN vs. NR), intertrial interval (recency), and
the number of successive trials with a particular (N or R)
outcome. Importantly, this retrieval is cue specific, so
conflicting patterns—for example, one in a black run-
way and the other in a white runway— can be learned si-
multaneously. The exact process by which cue-specific
reinforcement histories accumulate in memory is not de-
scribed, but it would have to be sensitive to sequence
length and preserve the relative order of related events,
even over long intervals. Such information could be en-
coded in memory cumulatively, trial by trial, through a
process of recursive reminding.

Conclusion
The present research reveals two differences between

JOF and RCR. First, as intuition suggests it should be,
JOF is more sensitive than RCR to presentation fre-
quency. Second, in accordance with earlier results of
Proctor (1977), MOC curves constructed from the two
kinds of judgmentshave different forms. Both results are
contrary to theories such as Minerva 2 (Hintzman, 1988)
that attribute JOF and RCR to a common unidimensional
scale of strength or familiarity.

To explain these findings, it is proposed that repeti-
tion of an item can remind the subject of earlier presen-
tations in the experimental context. Such remindings be-
come a prominent part of the cognitive context that is
encoded in memory and recollected on a later test. Mul-
tiple repetitions yield a representation in which remind-
ings are recursively embedded. JOF is based primarily
on the recollected depth of recursion of reminding, just
as modality or source judgments are based on recollected
sensory attributes. This assumes that subjects treat re-
minding depth as especially diagnostic in the JOF task,
but does not preclude contributions from factors such as
familiarity.

Some years ago, Underwood (1969a) proposed that
frequency was one of several distinct attributes of mem-
ory. To explain why a special frequency attribute would
exist, Hasher and Zacks (1979) argued for the evolu-

tionary significance of memory for frequency. Accord-
ing to the present view, however, it is not necessary to
postulate a special memory attribute for frequency. Such
a representation can be derived from iterative applica-
tion of elementary principles of encoding and retrieval.

More work needs to be done to develop this hypothe-
sis. For example, does familiarity play a role in JOF?
Does the trace stored for Presentation 2 replace that
stored for Presentation 1, coexist with it, incorporate it,
or reference it with some kind of pointer? Despite such
questions, it is evident from the foregoing discussion
that recursive reminding may help explain several other-
wise puzzling characteristics of memory for frequency.
The hypothesis does not refute the intuitive judgment
that JOF and recognition are closely related, but it does
define the relation differently than previous theories.
Memory for frequency is seen to reflect an accumulation
of spontaneous acts of recognition that occurred as the
list was being studied.

A broader implication of the present work is that rep-
etitions are not identically encoded in memory. It has
been an implicit or explicit assumption of virtually every
memory theory that repeating an item strengthens (or
duplicates) the effect of the initial study trial on that
item. Thus, repeating the item and extending the length
of a single exposure have been seen as two ways of ac-
complishing the same result. But if what is encoded in
memory is what one thinks about an item, and if what
one thinks about the item changes with repetition, then
this assumption is wrong. Moreover, reminding may di-
vert attention from the item itself, toward the temporal
structure of subjective experience. A primary goal of
memory research should be to understand how this tem-
poral structure is apprehended.
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NOTES

1. The acronym MOC is used here, instead of the more common
ROC, to avoid visual confusion with RCR.

2. The cited paper also applies TODAM to relative recency judgments.
3. The rows of Proctor’s (1977) Table 3 appear to have been inadver-

tently reversed.
4. As Ratcliff et al. (1992) pointed out, this result in itself is prob-

lematic for Minerva 2 and other global matching models.
5. Because Proctor’s (1977) RCR scale was off center, the recognition

decision is represented by the right-hand point in Proctor’s data and by
the middle point in the present data.

APPENDIX

Table A1
False Alarm Rates, Hit Rates, and

Mean Logistic Discrimination Measures (dL)

RCR JOF

Duration Frequency P (old) dL P (old) dL

0 .19 – .30 –
Short 1 .63 1.64 .70 1.46

2 .79 2.47 .79 1.93
3 .83 2.74 .89 2.70

Long 1 .72 2.09 .72 1.62
2 .84 2.79 .85 2.32
3 .89 3.17 .90 2.67

Note—RCR, recognition confidence rating; JOF, judgment of frequency.

Table A2
RCR Proportions

RCR Proportion

Duration Frequency A B C D

0 .554 .254 .118 .074
Short 1 .185 .182 .169 .464

2 .108 .103 .151 .638
3 .077 .097 .138 .687

Long 1 .167 .110 .210 .513
2 .064 .097 .128 .710
3 .036 .074 .100 .790

Note—RCR, recognition confidence rating.

Table A3
JOF Proportions

JOF Proportion

Duration Frequency 0 1 2 3

0 .701 .246 .041 .012
Short 1 .297 .503 .185 .015

2 .208 .362 .331 .100
3 .108 .341 .349 .203

Long 1 .277 .510 .187 .026
2 .146 .351 .374 .128
3 .097 .238 .397 .267

Note—JOF, judgment of frequency.

(Manuscript received July 22, 2003;
accepted for publication September 25, 2003.)




