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T hree experiments examined the shor t-term retention of order in a modi® ed Brown±Peterson

task. Our intent was to examine the loss of order memory, unconfounded by item memory,

under conditions in which interference from prior trials is kept low. In previous work on the

shor t-term forgetting of order, experimenters have tended to repeat the same items across

trials or to draw from a restricted set; in our experiments, we changed the to-be-recalled items

from trial to trial and used reconstruction as the retention measure. In all three experiments,

very little forgetting was obtained across retention intervals that have traditionally produced

dramatic and systematic loss. Our results are reminiscent of those obtained in the Brown±

Peterson task when performance is assessed after only the ® r st experimental trial.

In the typical Brown±Peterson experiment (Brown, 1958; Peterson & Peterson, 1959) ,

subjects are presented with a shor t list of items (e.g. th ree words or a consonant trigram),

followed by a distractor- ® lled retention interval of varying dur ation . At the point of recall,

the task is to remember the list items in their correct ser ial order. U nder these conditions,

forgetting is often dramatic. In one condition, for example, Peterson and Peter son (1959)

found that subjects responded correctly over 70% of the time following 3 sec of distrac-

tion. After 18 sec, the percentage of correct responses had dropped to 15% .

One advan tage of requiring serial recall is that separate estimates of forgetting can be

obtained for recall based on an ordered or free-scoring criterion. D irect comparisons of these

measu res reveal that ordered recall shows much more forgetting than does free recall, in

which items are scored without regard to or iginal ser ial position (e.g. M arsh, Sebrechts,

H icks, & L andau, 1997; M uter, 1980; Sebrechts, M arsh, & Seamon, 1989). M uter (1980)

found, for example, little difference between ordered and unordered scoring on immediate

tests, but there were advantages for unordered scoring of 20±30% at retention intervals of 2,

4, and 8 sec. One might in terpret these results as suggesting that order in formation is lost

rapidly from memory, but ser ial recall has the disadvan tage of confounding memory for order

with memory for the items themselves. A scoring criterion based on ordered recall therefore

measu res not only the loss of order information , but the loss of item information as well.

A more accurate assessment of the rate at which order information is lost comes from

experiments using order reconstruction as the retention measu re. In reconstruction tasks,
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the critical item information from a tr ial is known by the subject or provided at test. It is

the subject’ s task to place items back into their or iginal order of presentation . Because the

item information is made available at the time of testing, reconstruction is thought to be a

purer test of order or position memory (Healy, 1974; N airne, 1990, 1991). In classic

experiments by H ealy (1974), subjects were presented with lists of four consonants,

followed by digit- tracking distractor tasks in which they read aloud either 3, 8, or 18

digits, presented ind ividually for 400 msec apiece. After the ® nal d igit, subjects attempted

to write down the four items, in any order, into fou r boxes that cor responded to the

temporal order of occur rence. In experiments of th is typ e (called Order Only) the same

items are used on every tr ial and are made available at test, so it is necessary only to

remember the proper orderings on a trial. Typically, Order Only experiments have

revealed relatively rapid forgetting of order; for instance, memory for the order of four

unrelated consonants drops about 30% going from 1.2 to 7.2 sec of distraction.

H owever, memory for order is not always lost at such a rapid r ate. A more recent set of

studies by H ealy and her colleagues (Cunningham, H ealy, T ill, Fendrich, & D imitry,

1993; H ealy, Fendrich, Cunningham, & T ill, 1987), using a new kind of procedure, has

produced considerably slower forgetting rates. In the new procedure, subjects are pre-

sented with two four-consonant lists, or segments, separated by the presentation of an

exclamation mark(!). T he same four items appear in each segment across all tr ials, but

subjects are required to reconstruct the order of only one of the two segments at test. In

those conditions in which presentation rates, retention interval durations, and testing

conditions were most similar to the earlier Order Only experiments, the decline in

performance, though variable, has been as low as 7% .

H ow do we account for these rather dramatic d ifferences in forgetting of what is

ostensibly pure order information across the various p rocedures? One possible explana-

tion is that proactive interference (PI: Keppel & U nderwood, 1962) was able to build up

much more rapidly in the original Order Only experiments because subjects were both

presented with and tested over the same set of items on each trial. Although the same

items were presented across trials in H ealy et al. (1987) and Cunningham et al. (1993),

subjects were not consistently tested over the same set of consonants on each trial in

these experiments. G iven that PI is considered to be one of the major determinants of

forgetting in immediate memory experiments, PI should always be considered as a

prime candidate for in terpreting apparent forgetting differences across experimental

conditions.

Surprisingly, to our knowledge no one has examined the retention of order information

under conditions in which PI is effectively minimized. Repeating the same items across

trials, or at least drawing from an extremely restricted set, is the norm for stud ies inter-

ested in examining the immediate retention of order information. T he reasoning is

straightforwardÐ by repeating items across tr ials, subjects are assured of remembering

the appropriate item information on a tr ial, and thus a more accurate assessment of order

retention can be obtained. U nfortunately, controlling for item information is gained with a

poten tially substantial costÐ the proactive effect of prior tr ials is likely to overestimate the

rate of order loss.

In the present experiments, we sought to obtain a better estimate of order loss by

having subjects reconstruct the order of a number of shor t word lists, but each list
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contained a new set of words (i.e. items not p reviously encountered with in the experi-

ment). Because reconstruction is used as the retention measure, we could effectively

control for item information while at the same time reducing the potential for across-

trial confusions. Experiments 1 and 2 examined the retention of order information over

retention intervals ranging from 2 to 96 sec. Experiment 3 attempted to isolate the

effects of across-tr ial repetition of items: In one condition, different items were used

across all trials. In a second condition, replicating the procedures of past studies, the

® ve- item lists were created by repeatedly sampling from a restr icted set of 10 items.

EXPERIMENT 1

In Experiment 1, subjects were presen ted with lists of ® ve items. T he ® nal item of each

list was immediately followed by a retention interval of 2, 8, 16, or 32 sec ® lled with

digit shadowing. After the distractor interval, the ® ve list items were presented again in

a new random order. T he subject’ s task was to reconstruct the order of the original

presentation.

Method

Subjects and Apparatus

Subjects were 48 Purdue U niversity undergraduates who participated for course credit. Subjects

were tested in individual sessions lasting 1 hr. Stimuli were presented and controlled by IBM -

compatible computers.

Materials and Design

T he words were 180 medium- to high-frequency nouns, four to seven letters in length, taken

from Paivio, Yuille, and M adigan (1968). By randomly sampling from this pool, 36 ® ve-item word

lists were created. T he ordering of words within each list was randomly determined and remained

constant for all subjects. Four practice lists preceded 32 experimental trials. Practice trials employed

a random ordering of the different retention intervals.

Four retention intervals were employed in a within-subject design: 2, 8, 16, and 32 sec. Using a 4

3 4 L atin Square, lists were assigned in blocks of four to a particular sequencing of retention

intervals. Randomization across blocks of lists was achieved by randomizing the row orderings of

this same L atin Square. T hus, each list served an equal number of times under each of the four

retention intervals. Subjects had no way of knowing which of the four retention intervals would

appear on a given trial.

Procedure

Each trial began with the word READY accompanied by a tone, followed by presentation of the ® ve

list items. Items were presented for 750 msec with a 250 msec inter-stimulus interval. Subjects read

each word aloud as it appeared on the screen. Following the ® nal item of each list, subjects engaged in

a digit-tracking distractor task for 2, 8, 16, or 32 sec. T his task involved reading aloud digits (0±9)

that appeared individually at the centre of the computer screen at a rate of 500 msec per digit. T his

distraction interval was immediately followed by the order reconstruction task.
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For the reconstruction task, the ® ve list items were re-presented in the centre of the computer

screen, but in a new random order. T he subject’s task was to write the items on a sheet of paper in

their original order of presentation. T he paper contained blank spaces for the responses next to

each of the numbers 1±24. Subjects were instructed to ® ll in each of the ® r st ® ve response blanks

and not to repeat any item. No restrictions were given about the order of responding, and no time

limits were imposed. Items remained on the screen until the space bar was pressed to initiate the

next trial.

Results and Discussion

Statistical reliability was measured at the p < .05 level for all analyses. Only those items

that were p laced in their cor rect within- list positions were counted as correct. T he

propor tions of correct responses as a function of retention interval are shown in T able

1. A 4 (retention interval) 3 5 (ser ial position) analysis of variance (AN OVA) revealed

reliable main effects of retention interval, F(3, 141) = 4.30 (MSE = 0.052), and ser ial

position, F(4, 188) = 61.79 (MSE = 0.028). T he interaction did not approach signi® -

cance, F(12, 564) = 1.52 (MSE = 0.014). T he ser ial position data are presented in the

Appendix and reveal standard bow-shaped serial position effects at each of the four

retention interval conditions. T he propor tion of cor rect reconstruction responses

decreased with increases in retention interval, bu t the drop in performance was slight.

Planned comparisons indicated that on ly the differences between the 2-sec and 16-sec and

between the 2-sec and 32-sec retention intervals were signi® cant, Fs(1, 141) = 8.40 and

9.99 (MSE = 0.052), respectively.

Whereas H ealy (1974, 1975, 1982) showed drops in reconstruction performance of

nearly 30% over 6±7 sec of distractor interval, our subjects showed only a 7% drop

over 30 sec of dist raction. F rom the 2±8 sec distractor intervals, performance dropped

by only 4% , a nonsigni® can t difference. For the 48 subjects, 26 showed better

performance after 2 sec of distraction than after 8 sec, 16 subjects showed the oppo-

site pattern, and 6 were the same. T his experiment indicates that there is very little

loss of order information across retention intervals when reconstruction is used as the

retention measure and different items occur on every tr ial. It is still possible, however,

that forgetting becomes more dramatic for lists of d ifferent items at retention intervals

longer than those used here. Experiment 2 examined this possibility by testing

reconstruction performance across longer retention intervals than those used in

Experiment 1.
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TABLE 1
Overall Reconstruction Performance for Experiments 1, 2, and 3

Retention Interval

Experiment 2 4 8 16 24 32 48 96

1 .78 Ð .74 .71 Ð .71 Ð Ð

2 Ð .81 Ð Ð .74 Ð .77 .73

3 different .78 Ð .79 Ð .72 Ð Ð Ð

same .74 Ð .64 Ð .57 Ð Ð Ð

Note: D ifferent = Different items across trials. Same = Repeated items across trials.



EXPERIMENT 2

Experiment 2 followed the procedures of Experiment 1 in all details except for the range

of retention intervals used. Everyone was required to reconstruct the presentation order

of ® ve- item lists following distraction intervals ranging from 4 sec to over 90 sec.

Method

Subjects and Apparatus

Subjects were 32 Purdue University students who par ticipated for course credit; none had parti-

cipated previously in Experiment 1. T he stimuli were presented and controlled by IBM -compatible

computers.

Materials and Design

T he stimulus materials used in Experiment 1 were used again in Experiment 2. A new series of

list-retention interval combinations was created as before. T he four new retention intervals lasted for

4, 24, 48, or 96 sec.

Procedure

Except for the change in retention interval durations, the procedure of Experiment 2 matched

that of Experiment 1 in all details.

Results and Discussion

As in Experiment 1, items were scored as correct only if they were placed in their cor rect

within-list position. T able 1 shows the propor tions of correct respon ses as a function of

retention in terval. An AN OVA on these data revealed reliable effects of retention interval,

F(3, 93) = 4.34 (MSE = 0.059), and serial position, F(4, 124) = 45.05 (MSE = 0.017);

the interaction did not approach signi® cance, F(12, 372) = 1.10 (MSE = 0.015). T he

ser ial position effects, shown in the Appendix, were once again bow-shaped at each of the

retention intervals. M ost impor tantly, there was some decline in performance at the

longer retention intervals, but the decline was slight. Planned comparisons revealed

signi® cant differences only between retention intervals of 4 and 24 sec and 4 and

96 sec, F(1, 93) = 2.81 and 3.35 (MSE = 0.059), respectively. Over 90 sec of additional

distraction produced a drop in performance of only 8% . Experiment 2 therefore repli-

cates the results of Experiment 1 and once again indicates that the loss of order informa-

tion is minimal when lists are constructed of different items on each tr ial.

EXPERIMENT 3

T o assess the effects of repeating items across trials directly, subjects in Experiment 3

reconstructed two different blocks of ® ve-item lists. In one block, each tr ial consisted of

® ve new items not seen previously in the experiment, as in the prior experiments. In the
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other block, the ® ve-item lists were constructed by repeatedly sampling from a restricted

set of 10 items. T he presentation, distraction, and test procedures of Experiment 3 were

identical to those of the previous experiments except for a change in the retention inter-

vals. In this experiment, subjects reconstructed the order of each ® ve- item list following

2, 8, or 24 sec of d igit-t racking distraction.

Method

Subjects and Apparatus

T hirty-six Purdue University students par ticipated in individual sessions lasting approximately

1 hr; none had participated previously in Experiments 1 or 2. T he stimuli were presented and

controlled by IBM -compatible computers.

Materials and Design

T he stimulus materials used in Experiment 3 were drawn from the same pool used in Experi-

ments 1 and 2. For use on the repeated-item trials, ten words were randomly selected. T he ordering

of these ten items was randomized 12 times, without replacement, to create 24 ® ve-item lists. For the

different-item trials, 27 ® ve-item lists were created by sampling randomly as in the previous experi-

ments. T hree of these lists served as stimuli for practice trials. T he remaining 24 lists served as

materials for the different-item condition.

Following the procedure of Experiments 1 and 2, repeated-item and different-item word lists

were randomly assigned to each retention interval using a 3 3 3 L atin Square. T hree retention

intervals were used: 2, 8, and 24 sec.

Procedure

T he presentation, distraction, and reconstruction task demands were identical to those used in

Experiments 1 and 2. A random half of the subjects received the block of repeated-item lists prior to

the block of different-item lists. T he other one-half received the reverse ordering. T hree practice

trials, one for each retention interval, preceded the 48 experimental trials.

Results and Discussion

For each list type, items were scored as correct only if they held their correct within-list

ser ial position. T able 1 shows the propor tion of cor rect responses as a function of list type

and retention interval. A 2 (list type) 3 3 (retention interval) 3 5 (ser ial position)

AN OVA revealed reliable main effects of list type, F(1, 35) = 32.46 (MSE = 0.105),

retention interval, F(2, 70) = 24.14 (MSE = 0.052), and ser ial position F(4, 140) =

75.71 (MSE = 0.025). T here was also a signi® cant L ist 3 Retention Interval interaction,

F(2, 70) = 9.06 (MSE = 0.037), a L ist 3 Serial Position interaction, F(4, 140) = 2.53

(MSE = 0.018), and a Retention Interval 3 Serial Position interaction , F(8, 280) = 3.85

(MSE = 0.018). T he three-way L ist T ype 3 Retention Interval 3 Serial Position inter-

action was not signi® can t, F < 1.
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Of main interest is the L ist Type 3 Retention Interval interaction. As shown in T able

1, the decline in performance with an increasing retention interval was much more

pronounced when items were drawn from a restr icted set. When different items were

used across tr ials, performance losses were quite small. Planned comparisons revealed

signi® cant differences among all means when items were repeated across trials, F(1, 136)

= 18.05, 59.66, and 12.08 (MSEs = 0.044), for the 2- and 8- , 2- and 24-, and 8- and 24-

sec interval comparisons, respectively. When items changed from trial to trial, there was

signi® cantly lower performance for the 24-sec retention interval compared to the 2- or 8-

sec intervals, F(1, 136) = 7.62 and 9.41 (MSE = 0.044), respectively; the 2- and 8-sec

means did not differ from one another, F < 1. F inally, and impor tantly, performance at

the shortest retention interval did not differ across the two list typ es, F(1, 82) = 2.64

(MSE = 0.06).

T hese data suggest that the build-up of PI, when items are repeated across tr ials, is an

impor tant sou rce of order forgetting over the shor t- term. Also, replicating Experiments 1

and 2, Experiment 3 demonstrates that order information is lost relatively slowly when

memory lists contain unique items on every tr ial. Although the rate of loss for the

restricted set condition was not as rapid as that shown in H ealy’s experiments, our

pool of items (10) was larger than the largest pool (8) used by H ealy (1982, Experiment

1). T he fact that we used word stimuli in our experiment may also have contr ibuted

somewhat to the rates of forgetting that we obtained (see, e.g. M urdock & H ockley, 1989) .

T his possibility is entertained in greater detail in the general discussion.

GENERAL DISCUSSION

T he results of Brown±Peterson experiments are commonly interpreted as providing

strong suppor t for the idea that information is lost rapidly from shor t- term memory in

the absence of rehearsal. H owever, this is a gross oversimpli® cation of these results

because this conclusion is based on serial recall performance (e.g. Brown, 1958; M urdock,

1961; Peterson & Peterson, 1959) . As mentioned in the introduction, serial recall requires

subjects to remember both the items and the order in which the items occurred. T he

estimates of forgetting obtained in typical Brown±Peterson experiments is therefore based

on the loss of both item and order information . T he loss of information from shor t-term

memory is much less drastic when purer measures of item (e.g. M arsh et al., 1997; M uter,

1980; Sebrechts et al., 1989) and order (e.g. H ealy, 1974, 1975, 1982) information are

used.

T he experiments described in this paper were undertaken to examine the retention of

order information across various retention intervals under conditions in which interfer-

ence from prior tr ials is minimized . Although H ealy’ s (1974, 1975, 1982) experiments

showed less forgetting of order than is suggested by typical Brown±Peterson experiments,

the amount of forgetting was still fairly large. We reasoned, however, that H ealy’ s experi-

ments might be overestimating the rate of order loss because items were repeated across

trials, allowing for the rapid build-up of PI. In our experiments, we attempted to mini-

mize PI by using different items on every trial. We are not claiming to have eliminated PI,
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which is probably impossible for all practical purposes, but it is reasonable to assume that

subjects are less likely to confuse curren t tr ial information with prior trial information

when items occur no more than once in a study. In Experiments 1 and 2, little forgetting

was found over retention intervals ranging from 2 sec to over 90 sec. In Experiment 3, we

found more rapid forgetting, but only when items were repeated across trials. T hese data

are consistent with our specu lation that the repetition of items across tr ials allows for a

rapid build-up of PI.

It is equally impor tant to stress, however, that we d id obtain signi® cant forgetting in

each of our experiments. T here was a signi® cant decline in order memory with an

increasing retention interval, although at a rate far slower than is traditionally found. It

is also worth noting that performance at the shor test retention intervals was well off the

ceiling of perfect performance. We did not include a 0-sec retention interval in our

experiments, but it seems likely that performance would improve with immediate testing.

T o check on this possibility, we tested an additional set of 24 subjects, in a design similar

to Experiment 3, except that we included a 0-sec (no distraction) condition along with a

2-sec distractor condition. At the 0-sec delay, performance d id not depend on whether

the same or different items were repeated across tr ials (different items = .81; same items =

.80). At the 2-sec delay, performance dropped signi® can tly for both conditions, and more

forgetting was found when the same items were repeated across tr ials (different items =

.68; same items = .62).
1

T he fact that performance dropped from a 0-sec to a 2-sec retention interval is

noteworthy, but not surprising; it is also quite dif® cu lt to in terpret. One possibility is

that components of the shor t- term memory trace decay rapidly between 0 sec and 2 sec

(e.g. T ehan & H umphreys, 1995) . Baddeley and Scott (1971) found that when subjects

were tested after on ly a single tr ial in the trad itional Brown±Peterson task, there was some

forgetting after a few seconds of distraction, but it reached asymptote after about 5 sec.

Our results showed a similar pattern: T here is signi® cant loss between 0 sec and 2 sec,

but little fur ther decline with increasing retention interval. It is impor tan t to note, how-

ever, that the comparison between a 0-sec and a 2-sec delay is confounded by the p resence

or absence of a distractor task. T he vocalization of r ap idly presented digits could interfere

with retention of the memory list for a number of reasonsÐ such as through the over-

writing of sensory features, interference with encoding processes, or through lowering

storage resources. In our opinion, the more interesting comparisons are those among

conditions that include distractor tasks, but where the distractor tasks vary in length.

In our case, we observed little forgetting of order after an initial shor t (2-sec) period of

distraction unless items were repeated across tr ials.

It is possible that the use of words in our experiments might account for the slower

rates of forgetting that we found . H ealy et al. (1987) and Cunningham et al. (1993) did

® nd slow rates of order information loss using letter stimuli. H owever, we cannot be
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certain that the same slow rates of order loss would be obtained under our p rocedures

when d ifferent letters, as opposed to words, were presented across tr ials. T here is evi-

dence, for example, that reconstruction performance relies to some extent on in ter- item

associations, and it may well be easier for people to associate unrelated words than

unrelated letters (N airne & Ser ra, 1992) . In addition, a good deal of evidence that

suggests that inter-item associations are forgotten quite slowly from memory is beginning

to accumulate (e.g. H ockley, 1992; M urdock & H ockley, 1989) . T he possibility that our

result is limited to word stimuli (or other easily associated items) is therefore a real one.

It is our belief that the data of the current experimentsÐ particularly Experiment 3Ð

further rein force the view that any fu ll accoun t of forgetting in immediate memory will

need to appeal in some way to interference, and to PI in particular. N airne, N eath, and

Serra (1997) recently showed that another benchmark ® nding in immediate memoryÐ the

word length effectÐ also depends on the presence of PI. T he mnemon ic advantage that

shor t words show over long words in immediate memory span is usually attributed to

autonomous decay processes (e.g. Baddeley, 1992)Ð that is, long words take longer to say,

and thus fewer words can be rehearsed within a ® xed decay window. H owever, N airne et

al. (1997) found no evidence for a word length effect on early tr ials in a session; the

shor t-word advan tage emerged only after several tr ials, indicating that PI is a necessary

requisite for the appearance of the word length effect. Exactly why the presence of prior

trials leads to word length effects and to the p resence of interval-based forgetting remains

unclear, but it does represent a signi® cant empirical challenge to theoretical accounts of

shor t- term memory.

One might be able to explain the current results by appealing to a two-process account,

which proposes that immediate memory performance re¯ ects the contr ibution of, or

trade-off between, separate shor t- and long-term memory systems. When PI is

minimized, through the use of different items on every trial and reconstruction as the

retention measure, subjects might be able to recover tr ial information relatively easily

from long- term memory, effectively masking the contr ibution of a decay-based shor t-

term memory system. When the same items are used on every trial, as in Experiment 3

and most other studies of immediate retention, the mnemon ic representations from prior

trials clutter long-term memory, and subjects sh ift strategically to recovery from shor t-

term store. An account of this type has been proposed previously to explain the classic

data of K eppel and U nderwood (Atkinson & Shiffrin, 1968; Cowan, 1995) , and it could be

applied to the p resent results.

H owever, a ``shifting stores’ ’ account remains largely speculation at this point. T here is

no direct empirical evidence con ® rming that subjects strategically shift from shor t to

long- term retr ieval within an experimental session. M oreover, N airne and Kelley (in

press) have shown that the phonological similarity effect remains in immediate ser ial

recall when different items are used on every tr ial and reconstruction is used as the

retention measure (see also Colthear t, 1993); if subjects tended to rely on recovery

from long-term memoryÐ which is presumably semantically basedÐ in an ``uncluttered’ ’

environment, then the phonological similarity effect should have been reduced or elimi-

nated when different items were used across tr ials. T here is also a sign i® cant amount of

evidence ind icating that memory performance over the shor t and long term follows

similar rules (see N airne, 1996, for a review), so whether suf® cient evidence exists for
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the postu lation of separate shor t and long- term memory systems is a matter of debate.

What remains, however, are the data: T he results of the cur rent experiments con ® rm that

forgetting rates in immediate memory are highly variable, depending importantly on the

presence or absence of interfering materials from prior trials.
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Appendix
Serial Position Effects for Experiments 1± 3

Serial Position

Experiment 1 2 3 4 5

1 RI = 2 .92 .73 .66 .70 .86

RI = 8 .87 .73 .66 .67 .80

RI = 16 .85 .72 .62 .64 .72

RI = 32 .84 .70 .65 .61 .73

2 RI = 4 .93 .83 .74 .74 .84

RI = 24 .85 .72 .67 .69 .78

RI = 48 .88 .76 .72 .68 .81

RI = 96 .82 .68 .66 .66 .82

3 difference RI = 2 .90 .74 .63 .71 .92

RI = 8 .87 .78 .68 .73 .87

RI = 24 .83 .69 .63 .65 .80

repeated RI = 2 .90 .67 .65 .61 .87

RI = 8 .75 .61 .57 .59 .71

RI = 24 .64 .52 .53 .52 .62

Note: RI = retention interval.


