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The philosopher David Hartley gave an intuitively 
plausible explanation of how one infers the recency of a 
remembered event: “If the specific nature of memory con-
sists in the great vigour of ideas . . . then, as this vigour 
abates, it ought to suggest to us a length of time elapsed; 
and vice versa . . .” (Hartley, 1834, p. 137). To paraphrase 
Hartley in more modern terms, one might say that an op-
timal cue activates strong traces more than weak traces, 
that memory strength declines with time, and that appar-
ent recency is inferred from trace activation. In the pres-
ent article, this idea will be referred to as the activation 
hypothesis. Taken by itself, the hypothesis predicts that 
if two memories differ in strength, the stronger one will 
seem the more recent. A mathematical model of recency 
judgment by Hinrichs (1970) represents one instantiation 
of the activation hypothesis.

But the concept of memory strength implies more than 
what Hartley called “vigour.” Strong memories are usu-
ally thought to be more accurate than weak memories. If 
that accuracy extends to information about the memory’s 
age, then a judgment of recency (JOR) based on a strong 
memory should be more accurate than a JOR based on a 
weak memory. This idea will be referred to here as the ac-
curacy hypothesis. To make the accuracy hypothesis more 
explicit, it may be related to an oscillator-based model of 
memory for time, proposed by G. D. A. Brown, Preece, 
and Hulme (2000). According to this model, when an 
event is encoded in memory, it is associated with the states 
of several oscillators with varying frequencies. When the 
event is remembered, the retrieved oscillator states are 
compared with the current oscillator states, and the differ-
ence is turned into a JOR. If we make the reasonable as-
sumption that strong memories are better associated with 
their oscillator states than weak memories are, we may 

predict that JORs for strong items will be more accurate 
than those for weak items.

In a typical numerical JOR experiment, subjects go 
through a long, uniform list of items that lacks temporal 
landmarks and associative structure. Individual items are 
repeated at a variety of lags, where the lag is defined as 
the number of items intervening between the study and 
test trials. On test trials, subjects make JORs (i.e., lag 
judgments) from a range of values specified by the ex-
perimenter. If this range corresponds closely to the range 
of actual lags, mean JOR follows a predictable pattern in 
which it overshoots the correct values at short lags and 
undershoots the correct values at long lags, because er-
rors tend to “regress” toward the middle of the JOR scale 
(Hinrichs, 1970). Because the accuracy hypothesis pre-
dicts more such regression for weak items than for strong 
items, the result should be a crossover interaction. The two 
hypotheses thus make different predictions regarding the 
effects of strength on JOR, particularly at the longest lags 
(see Figure 1). What is crucial here is the crossover pat-
tern, which is necessary for strong-item JOR to be more 
accurate at both long lags and short lags.

To examine this question, we need to distinguish it from 
two other issues: First, one should not confound the effect 
of strength or activation on JOR with its effect on recogni-
tion memory, because subjects may use different standards 
to assign JORs to items they fail to recognize. This prob-
lem can be minimized by requesting JORs only for items 
that are recognized as old. Of course, conditionalizing on 
recognition may reduce the difference between strong and 
weak items, but it should not eliminate the difference. Sec-
ond, as was done by Hinrichs (1970), one needs to distin-
guish between the concept of trace strength—a hypotheti-
cal property of the memory of an individual event—and 
the concept of cumulative strength—a hypothetical effect 
of repetition. An item that occurred twice previously has 
two recencies, and memory-judgment studies suggest that 
this is true not only objectively, but also subjectively (Flex-
ser & Bower, 1974; Hintzman, 2003a). Thus, the present 
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article is concerned with trace strength and will not deal 
with cumulative strength or multiple repetition.

In an early study that met these conditions, Fozard and 
Weinert (1972) compared JOR for pictures versus words. 
There were three lag conditions, which averaged 13.5, 
25.5, and 49.5 intervening items. In keeping with the 
literature on the mirror effect (e.g., Glanzer & Adams, 
1985), recognition memory was better for pictures than 
for words. Median JORs, conditional on correct recogni-
tion, were lower for pictures than for words at the shortest 
lag, but they were about the same as those for words in the 
two longer lag conditions. In literature reviews, this result 
has been taken as evidence for the accuracy hypothesis 
(e.g., see Friedman, 1993; Hintzman, 2000). However, a 
more cautious interpretation is that the result is ambigu-
ous, because it fits the activation pattern as well as it does 
the accuracy pattern (see Figure 1). Fozard and Weinert 
did not counterbalance materials over lags, and they com-
puted medians rather than means, possibly because their 
JOR scale lacked an upper limit. The design may have 
been insufficient to yield a definitive outcome.

Two other relevant experiments compared memory judg-
ments for different categories of words (Hintzman, 2003b). 
Rare words were recognized better than common words, 
and concrete words were recognized better than abstract 
words—both results suggesting a difference in strength, 
consistent with the mirror effect. In both experiments, mean 
conditional JOR was shorter for the better recognized class 
of words at every lag, ranging from 5 to 30 items—a result 
consistent with the activation pattern.

A different manipulation suggests that the crucial vari-
able is not the strength of the memory trace, per se, but 
the degree to which the trace is activated by the retrieval 
cue (Hintzman, 2002). In this study, the stimuli were first 
names presented in two different visual contexts or fonts. 
Again, the lags and JORs ranged from 5 to 30 items. When 
a name’s study and test contexts were the same, recogni-
tion was better than when the two contexts were different, 
and mean conditional JOR was also shorter. This result 
was interpreted as consistent with either of two hypoth-
eses concerning the basis of JOR. One was the activation 
hypothesis, which subsumes the assumption that a cue 
that matches the trace produces greater activation. The 
other was the context change hypothesis, which holds that 
the basis of JOR is a comparison of the retrieved context 
and the test context—the better the two contexts match, 
the shorter should be the JOR.

In a more recent study, however, I rejected the context 
change explanation of JOR (Hintzman, 2004). It was rea-
soned that cognitive context should change more rapidly, 
the more items are processed per unit of time. The effects 
of time and items on JOR can be dissociated by varying 
the rate of presentation. In two experiments that accom-
plished this, JOR proved to be based on the memory’s age, 
as measured in time, and independent of the number of 
items processed during the interval. By a process of elimi-
nation, this conclusion suggests that the physical match-
ing result reported in Hintzman (2002) was mediated by 
differential activation.

With one exception (Fozard & Weinert, 1972), which 
yielded an ambiguous outcome, the studies just reviewed 
appear to support the activation hypothesis over the ac-
curacy hypothesis, but there are two reasons to be cau-
tious about this conclusion. First, the expectation that 
judgments based on strong memories should be more ac-
curate than judgments based on weak memories seems 
intuitively compelling. Second, the extant results raise 
questions about the generality of the activation pattern, 
over both materials and lags. The present experiments 
were intended to explore these issues further. In Ex-
periment 1, JORs were compared for color photographs 
versus names—an item manipulation similar to that of 
Fozard and Weinert, which was expected to yield a large 
strength difference. In Experiment 2, all stimuli were of 
a single type (color photographs), and memory strength 
was manipulated through study duration. In both experi-
ments, the lags ranged from 9 to 60, and the possible JORs 
ranged from 10 to 60, doubling the range of lags used in 
the Hintzman (2002, 2003b) experiments.

Figure 1. Patterns of mean JOR predicted by the activation 
hypothesis and the accuracy hypothesis. Diagonal lines indicate 
perfect accuracy.
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EXPERIMENT 1

Method
Subjects. Fifteen University of Oregon students were tested indi-

vidually in sessions lasting less than 50 min. Eight participated for 
pay, and 7 participated for course credit.

Materials. There were two types of visual stimuli: names and 
pictures. The former were common female and male first names, 
taken from a 1990 U.S. Census Web site. The initial name list was 
edited to remove close variants and names that were visually similar, 
yielding a final list of 400 names, three to eight letters in length. 
Each name was displayed on the computer screen in black uppercase 
32-point Helvetica font, against a white background. The pictures 
were 216 digitized color photographs, mostly from a Microsoft Of-
fice CD-ROM clip-art collection. They were selected to be of low 
interitem similarity and depicted a wide variety of scenes and ob-
jects. A typical picture occupied a screen area of about 230 cm2.

Procedure. Each subject was seated before a computer control-
ling a 15-in. monitor. The subjects were told that they would see a 
long list of names and pictures, many of which would be repeated. 
They were informed that each stimulus would remain on the screen 
until they pressed one of seven keys of the keyboard. If the item was 
new, they were to press the “Z” key, which had been labeled with an 
“N.” If they thought the item was old, they were to give a JOR—that 
is, a judgment of how many items back in the list it had been when 
they saw it before. JORs were made using the 1–6 keys of the nu-
merical keypad, by multiplying by 10; thus, the possible values for 
JOR were 10, 20, 30, 40, 50, and 60 items.

The presentation list was 600 items long. Items were selected 
from the name and picture master lists randomly, without replace-
ment. The experimental program stepped through positions P � 
1–600, in sequence. It first checked to see whether a repetition had 
already been assigned to P. If not, it selected either a name or a pic-
ture, with equal probability, and assigned it to P. Next, the program 
randomly chose one of four repetition lags (lag � 9, 21, 38, or 60) 
and checked to determine whether position P � lag was already oc-
cupied. If that position was empty, the item in P was assigned also 
to P � lag; otherwise the item was not repeated.

Excluding the first 62 trials, which were not analyzed, this design 
yielded an average of 29 observations per cell, per subject. Each item 
remained on the screen until the subject responded. A 500-msec blank 
interval preceded each trial. The subjects tended to go through the list 
at a regular pace, typically completing the task in 25–35 min.

Results
Data from 2 outlying subjects were dropped from fur-

ther analysis. One had a recognition hit rate of less than 
70%, and the other had mean JORs that were essentially 
uncorrelated with lag (r � .1). Statistical tests for the 
remaining 13 subjects were based on t tests for planned 
contrasts—dichotomous for item type and linear for lag 
(see Rosenthal & Rosnow, 1985).

Recognition. Overall recognition performance was 
measured using Pr � P(hit) − P(false alarm). As expected, 
recognition was better for pictures than for names [Pr � 
.958 vs. .835; t(12) � 4.950, p � .001]. False alarms and 
hits both showed the mirror effect pattern. Mean false 
alarm rates on pictures and names were .015 and .113, 
respectively [t (12) � 3.363, p � .001], and mean hit rates 
were .973 and .948 [t(12) � 2.579, p � .05]. As is shown 
in the top panel of Figure 2, hit rates also displayed a sig-
nificant linear trend on lag [t(12) � 5.479, p � .005], but 
the lag � item type interaction was not reliable (t � 1).

JOR. Mean JOR is shown in the bottom panel of Fig-
ure 2. In addition to the obvious effect of lag, JOR dis-

played an effect of item type [t (12) � 5.313, p � .001] 
and a lag � item type interaction [t (12) � 3.325, p � 
.01]. Despite the interaction, pictures were judged to be 
more recent than names at every lag, and if the analysis 
was restricted to the two longest lags, the difference re-
mained significant [t (12) � 2.697, p � .02]. The result is 
consistent with the activation hypothesis.

Salient differences between names and pictures, how-
ever, make the JOR difference theoretically ambiguous. 
The nature of retrieved temporal information could be 
different for names and for pictures, or the same temporal 
information could be mapped onto JOR according to dif-
ferent standards. In the model of Hinrichs (1970), decay-
ing strength is transformed into numerical JOR through 
a process of Thurstonian scaling, which can be affected 
by instructions to subjects regarding the range of possible 
lags. In a similar way, self-instruction could differentially 
affect the way in which recency information for pictures 

Figure 2. Results of Experiment 1, as a function of lag and item 
type. Top panel: Probability of a recognition hit (SE � .01). Bot-
tom panel: Mean JOR conditional on a hit (SE � 0.8). Both SEs 
were computed from the between-conditions mean square (see 
Loftus & Masson, 1994).
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and names is transformed into a numerical JOR. It might 
be argued that such differential mapping is unlikely when 
pictures and names are randomly intermixed, as they were 
in Experiment 1, because it would require subjects to con-
stantly readjust their JOR criteria. Nevertheless, the pos-
sibility of differential scaling makes it difficult to unam-
biguously infer differences in strength from the obtained 
JOR differences.

EXPERIMENT 2

The aim of Experiment 2 was to isolate the effect of 
strength from possible scaling or bias differences, by ma-
nipulating strength in a way that is not confounded with 
type of item. The weak and strong stimuli were color pic-
tures, studied for either a short duration or a long duration.

Method
Twenty University of Oregon students participated for course 

credit. The pool of photographs used in Experiment 1 was expanded 
to include 370 pictures. The experimental design was like that of 
Experiment 1, except that weak and strong items were defined by 
a short (1,500-msec) study duration and a long (3,500-msec) study 
duration. From the subject’s viewpoint, every presentation was ei-
ther a study trial or a test trial. On a study trial, exposure duration 
was controlled, and the subject was not required to make a keypress. 
On a test trial, the word test was superimposed in the center of 
the picture in white, 32-point Helvetica font, and the subject had to 
make one of seven responses—“N,” or a numerical JOR—as had 
been required on all trials in Experiment 1.

Except for the distinction between study and test trials, the al-
gorithm that generated the list order was the same as that used in 
Experiment 1. Each picture was displayed in the test-trial format 
on its final appearance. Thus, if the item was not scheduled to be 
repeated, Trial 1 was a test, and if the item was repeated, Trial 2 was 
a test. The subjects were instructed about the two study durations 
and the difference between study trials and test trials. Otherwise, the 
procedure was the same as that of Experiment 1.

Results
The data of 2 subjects who had recognition hit rates 

below 70% were dropped from further analysis, leaving 
an N of 18. Data from the retained subjects are shown in 
Figure 3.

Recognition. As expected, recognition performance 
was better on long duration pictures than on short dura-
tion pictures [Pr � .82 vs. .76; t(17) � 4.846, p � .001]. 
The single false alarm rate, computed from items tested 
on Trial 1, was .04. The top panel of Figure 3 shows rec-
ognition hit rates for items that were tested on Trial 2. In 
addition to the main effect of duration, hit rates displayed 
a significant effect of lag [t(17) � 4.760, p � .001] and a 
nonsignificant duration � lag interaction [t � 1].

JOR. The bottom panel of Figure 3 shows mean JOR 
for items correctly identified as old. There was a reliable 
main effect of study duration [t (17) � 3.652, p � .002]. 
At every lag, long-duration items were judged to be more 
recent than short-duration items. Although the duration 
effect was smallest at Lag 60, the lag � duration interac-
tion was not reliable (t � 1).

DISCUSSION

Do stronger memories seem more recent than weaker 
ones, regardless of actual recency (the activation hy-
pothesis), or is JOR more accurate for stronger memo-
ries (the accuracy hypothesis)? The data of Experiment 1 
conformed to the activation pattern, in that pictures were 
judged more recent than names. Although mean JOR dis-
played a strength � lag interaction, it was not a cross-
over interaction of the kind specified by the accuracy 
hypothesis. This result appears to clarify the ambiguous 
outcome of Fozard and Weinert (1972), in favor of the 
activation hypothesis. The alternative explanation of Ex-
periment 1—that subjects used different standards to map 
JORs onto strength with pictures and with names—would 
not apply to Experiment 2, in which exposure duration 
was used to manipulate the strength of a single type of 

Figure 3. Results of Experiment 2, as a function of lag and item 
type. Top panel: Probability of a recognition hit (SE � .02). Bot-
tom panel: Mean JOR conditional on a hit (SE � 0.7). Both SEs 
were computed from the between-conditions mean square (see 
Loftus & Masson, 1994).
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item. The results of this experiment again conformed to 
the activation pattern: Long-duration pictures were given 
reliably lower JORs than were short-duration pictures, 
and there was no crossover interaction.

One might object that the JOR difference in Experi-
ment 2 appears to be small, but—as will be seen later—the 
magnitude of the effect (about 1 item on average) is about 
what would be expected from the results of other stud-
ies that used the same running memory task. Moreover, 
it can be argued that the effect of strength was actually 
somewhat greater than Figure 3 suggests. This is because 
lag is defined relative to the offset of the study trial, and 
this requires the onsets of study trials for long-duration 
pictures to be 2,000 msec earlier than those for short-
duration pictures. If a memory’s subjective age is tied to 
its initial encoding, then long-duration memories might be 
expected to seem slightly older at test than short-duration 
memories—the opposite of the observed difference in JOR. 
If this is right, then the duration-induced difference in ac-
tivation or strength must have been powerful enough to 
outweigh this time-of-encoding difference—perhaps 30% 
larger than it appears in the data.

A final consideration is that the outcome of Experi-
ment 2 is consistent with the outcomes of four other 
running JOR experiments conducted in the same labora-
tory under similar conditions. These experiments com-
pared high-frequency and low-frequency words (Hintz-
man, 2003b, Experiment 1), abstract and concrete words 
(Hintzman, 2003b, Experiment 2), matching and non-
matching physical context (Hintzman, 2002), and names 
and pictures (the present Experiment 1). In each case, 
the outcome resembled the activation pattern shown in 
Figure 1—that is, there was a main effect, and no indica-
tion of a crossover interaction. In most cases, strong items 
were more sensitive to recency, in that the JOR curve for 
strong items was steeper than that for weak items. Nev-
ertheless, strong items were judged less accurately than 
weak items at the longest lags, contrary to the accuracy 
hypothesis. The consistent tendency for the curves to con-
verge at longer lags may simply mean that the subjective 
difference between JORs of 10 and 20 is greater than that 
between JORs of 50 and 60 (e.g., Schneider, Parker, Os-
trosky, Stein, & Kanow, 1974).

Of course, one cannot completely discount the pos-
sibility that the curves would cross if the range of lags 
were further extended, but this would require two rever-
sals of JOR accuracy. That is, JOR accuracy for strong 
items would have to be greater than that for weak items 
at short lags, lower at intermediate lags (i.e., long lags in 
the present experiments), but then greater again when lags 
are considerably longer. Moreover, in a study of memory 
for news items from previous years, well-remembered 
events were judged to be more recent than more poorly 
remembered events of equivalent age (N. R. Brown, Rips, 
& Shevell, 1985). This suggests that the activation pat-
tern generalizes to lags far beyond those of the present 
experiments.

In each of the running JOR experiments conducted 
in my laboratory, a strength or activation difference was 
found in JOR and also in recognition memory. Is there a 
simple relation between these two outcomes? One way to 
explore this question is to graph the strong versus weak 
difference in JOR against the corresponding difference 
in recognition accuracy, as measured by Pr. Figure 4 is 
a scatter diagram showing the results of all five experi-
ments. The correlation (r � .895) suggests that the effects 
of strength or activation in the two tasks might be attrib-
uted to the same underlying process. The biggest proce-
dural difference among the plotted experiments was the 
range of lags, which was 5–30 items in the earlier stud-
ies, as opposed to 9–60 items in the present experiments. 
There is no suggestion in Figure 4 that the observed rela-
tion can be attributed to this procedural difference.

Despite the commonality suggested by Figure 4, there 
is at least one important difference between JOR and rec-
ognition. As one would expect on intuitive grounds, lag 
has a stronger effect on JOR than on recognition. This 
difference can be quantified in the results of the present 
experiments, by contrasting the variance explained by lin-
ear trend on lag with the variance explained by the item 
manipulation. As can be seen in Table 1, when compared 
with the item manipulation, lag has a disproportionate 
effect on JOR. Previous studies using the running JOR 
task all produced similar outcomes. Moreover, Hintzman 
(2003b) directly compared JOR with recognition confi-
dence ratings, conditionalizing both measures on correct 
recognition. The effect of lag on JOR was much stronger 
than its effect on recognition confidence. The activation 
hypothesis by itself does not explain this difference be-
tween JOR and recognition.

Further evidence that some unique cue contributes to 
JOR comes from the study of fast versus slow presentation 
rates, mentioned earlier (Hintzman, 2004). When contri-
butions of time and items are dissociated, JOR appears 
to be based on the passage of time, with no independent 
contribution from the number of items. This outcome sug-
gests that JOR is especially sensitive to some unknown, 
time-specific cue, which we might call “factor T.” Con-
text change apparently can be ruled out as the basis of 
factor T, because cognitive context should change more 
rapidly in fast blocks than in slow blocks.

Then what is factor T ? One possibility is that JOR is 
based on retrieved oscillator readings that were associated 
with the event at encoding (G. D. A. Brown et al., 2000). 
This could help explain why JOR is related to time rather 
than items, but it does not explain why, at the longest lags, 
JOR is less accurate for strong items than for weak items. 
The failure to obtain a crossover interaction is especially 
troublesome in Experiment 2, where differential scaling 
of JOR for weak and strong items was unlikely.

Another possible explanation of factor T is that subjects 
are sensitive to the degree to which a memory has con-
solidated and that they use this information to formulate 
a JOR (Wickelgren, 1972, 1974). The neural mechanisms 
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and anatomical systems that underlie a memory appear 
to change with time (e.g., McGaugh, 2000) and could 
therefore be seen as potential cues to recency. By itself, 
however, this hypothesis does not explain the activation 
pattern obtained in this and previous studies. The fact that 
weak items seem older than do strong items would require 
that they be more consolidated than strong items of the 
same age, and this seems like a paradox.

At the present, no one seems to have proposed a single 
mechanism for JOR that explains both its unique sen-
sitivity to time and the highly replicable activation pat-
tern. An alternative to the single-mechanism approach is 
to assume that apparent recency is an attribution that is 
based on more than one cue. In everyday life, as Friedman 
(1993) has argued, people use a variety of cues to judge 
when a remembered event occurred. These include asso-
ciations with temporal locations and landmarks, relative 
order information, and information related directly to the 
memory’s age, otherwise known as distance information. 

The running judgment task used here is structured in a 
way that virtually excludes any role for information on 
location or order and thus emphasizes information related 
to distance.

The answer may be that, in making a JOR, subjects use 
two kinds of distance cues in parallel (Hintzman, 2004). 
Thus, Hartley’s (1834) insight that a remembered idea’s 
“vigour” is the cue to its age may be only part of the an-
swer. The other hypothetical basis for JOR is the mysteri-
ous factor T. As hypothesized by G. D. A. Brown et al. 
(2000), factor T could be based on oscillator readings, or, 
as hypothesized by Wickelgren (1972, 1974), it could be 
based on the degree of consolidation. Alternatively, fac-
tor T could be a dynamically changing property of the 
memory trace that evolved specifically to represent a 
memory’s age. Whatever the nature of factor T, the best 
current hypothesis seems to be that, in making a JOR, 
subjects allocate some weight to this time-related cue and 
some weight to strength or activation.

REFERENCES

Brown, G. D. A., Preece, T., & Hulme, C. (2000). Oscillator-based 
memory for serial order. Psychological Review, 107, 127-181.

Brown, N. R., Rips, L. J., & Shevell, S. K. (1985). The subjective 
dates of natural events in very-long-term memory. Cognitive Psychol-
ogy, 17, 139-177.

Flexser, A. J., & Bower, G. H. (1974). How frequency affects recency 
judgments: A model for recency discrimination. Journal of Experi-
mental Psychology, 103, 706-716.

Fozard, J. L., & Weinert, J. R. (1972). Absolute judgments of recency 

Figure 4. Scatter diagram of the difference in mean JOR versus the 
difference in mean recognition Pr, across five experiments: word con-
creteness and word frequency from Hintzman (2003b); context match-
ing from Hintzman (2002); pictures versus names and study duration 
data from the present experiments.

Table 1
Percentage of Variance Among Means Explained by Linear 

Trend on Lag and by Item Manipulation

Experiment  Dependent Variable  Lag  Item Manipulation

Experiment 1 JOR 92 4
P(hit) 68 21

Experiment 2 JOR 99 1
  P(hit)  50  42



864    HINTZMAN

for pictures and nouns after various numbers of intervening items. 
Journal of Experimental Psychology, 95, 472-474.

Friedman, W. J. (1993). Memory for the time of past events. Psycho-
logical Bulletin, 113, 44-66.

Glanzer, M., & Adams, J. K. (1985). The mirror effect in recognition 
memory. Memory & Cognition, 13, 8-20.

Hartley, D. (1834). Observations on man, his fame, his duty, and his 
expectations (6th ed.). London: Thomas Tegg & Son.

Hinrichs, J. V. (1970). A two-process memory-strength theory for judg-
ment of recency. Psychological Review, 77, 223-233.

Hintzman, D. L. (2000). Memory judgments. In E. Tulving & F. I. M. 
Craik (Eds.), The Oxford handbook of memory (pp. 165-177). Oxford: 
Oxford University Press.

Hintzman, D. L. (2002). Context matching and judgments of recency. 
Psychonomic Bulletin & Review, 9, 368-374.

Hintzman, D. L. (2003a, November). Effects of repetition on judgment 
of recency. Paper presented at the annual meeting of the Psychonomic 
Society, Vancouver, British Columbia, Canada.

Hintzman, D. L. (2003b). Judgments of recency and their relation to 
recognition memory. Memory & Cognition, 31, 26-34.

Hintzman, D. L. (2004). Time versus items in judgment of recency. 
Memory & Cognition, 32, 1298-1304.

Loftus, G. R., & Masson, M. E. J. (1994). Using confidence intervals 
in within-subject designs. Psychonomic Bulletin & Review, 1, 476-
490.

McGaugh, J. L. (2000). Memory—A century of consolidation. Sci-
ence, 287, 248-251.

Rosenthal, R., & Rosnow, R. L. (1985). Contrast analysis: Focused 
comparisons in the analysis of variance. Cambridge: Cambridge Uni-
versity Press.

Schneider, B., Parker, S., Ostrosky, D., Stein, D., & Kanow, G. 
(1974). A scale for the psychological magnitude of number. Percep-
tion & Psychophysics, 16, 43-46.

Wickelgren, W. A. (1972). Trace resistance and the decay of long-term 
memory. Journal of Mathematical Psychology, 9, 418-455.

Wickelgren, W. A. (1974). Single-trace fragility theory of memory 
dynamics. Memory & Cognition, 2, 775-780.

(Manuscript received September 29, 2004;
revision accepted for publication January 15, 2005.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


