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Abstract—When ttems are read out of storage during uncon-
strained recall, how should their memory strengths affect recall
order? Common-sense argues that items wil present them-
selves 1o consciousness in the order of theiwr relative memory
strength and that, hence, the read out sequence will be stronger
to weaker In experiments with 6- to 13-year-olds, however, this
sequence was never obtained Dichotomous measures of mem-
ory strength (strong vs weak) showed that weak items were
always recalled before strong items Continuous measures of
memory strength showed that the sequence was weaker to
stronger to weaker This pattern, which we term the cognitive
triage effect, occurred at all age levels, for a variety of matenial,
with different defimitions of memory strength, and became more
pronounced with age Three results suggested that the pattern
was not due to a deliberate strength-based ordering strategy

The pattern was observed in children as young as age 6, it was
present at the earlest stages of recall, and adults (who also
exhibited the pattern) were unaware of what they were doing

Free recall 1s the most frequently used paradigm in the mem-
ory development hterature, owing perhaps to its resemblance to
naturalistic situations in which children must retrieve items
from episodically-related collections These situations range
from 1nnocuous inquines about the events of everyday life to
formal courtroom mterrogations about cnmnal acts (e g , see
Ceci, Ross, & Toglia, 1987; Ceci, Togha, & Ross, 1987). We
have discovered that when children regenerate items in this
manner, therr output queues exhibit a certain property that vi-
olates our mtuitive psychological theories of retneval The
property is a nonmonotonic relattonship between the memory
strengths of episodically-related items and the order i which
children articulate those items duning free recall. We call this
relationship the cogmitive tniage effect because it 15 redolent of
the familiar medical procedure of treating the most difficult
cases first

Under just about any definition of memory strength, whether
commonsensical or theoretical, it seems self-cvident that items
with stronger memory representations will appear i conscious-
ness before items with weaker representations. Thus, if recall
order 1s plotted against some monotonic measure of memory
strength, the intuitive order of read out is stronger to weaker.
This idea was first given quantitative expression m Marbe’s
Law (Marbe, 1901; Thumb & Marbe, 1901), which proposed
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that the activation latency of a word's memory representation 1s
an nverse loganthmc function of its strength (see also, Os-
good, 1953) The stronger to weaker ordenng also falls out of
numerous contemporary theones (¢ g , Bjorklund & Murr,
1988) We have found, however, that children never articulate
items n this order when their recall 1s unconstrained. Instead,
(a) departures from stronger to weaker are present at the earh-
est stages of free recall, (b) these departures become more
marked as learning unfolds; (c) they increase with age; (d) they
obey a simple polynomial rule, (¢) they are conserved across
forgetting ntervals, and (f) they conflict with adults’ introspec-
tive analyses of their recall We report data bearing on each of
these points

GENERAL METHOD

The subjects in our expenments were children and adoles-
cents, ranging from age 6 on the low end to age 13 on the high
end (mostly first, second, fifth, and sixth graders) Al experi-
ments were standard free recall designs with trials consisting of
a study phase dunng which items were presented individually
(3-5 s rate), followed by an rrelevant buffer activity to empty
short-term memory (20-30 s of letter shadowing or backward
counting), followed by an unconstrained test of recall (**Tell me
all the things you can remember”’) Tests termmnated when 15 s
had elapsed without item production. Depending on the exper-
iment, the items were either words (concrete or abstract nouns)
or pictures drawn from familiar norms (Battig & Montague,
1969, Paivio, Yuille, & Madigan, 1968; Togha & Battig, 1978)
The numbers of tems on the lsts of mdividual experiments
were 12, 16, or 24

We summanze data from 11 expenments. The number of
subjects who participated 1n the individual expennments ranged
from a low of 50 to a hugh of 96. The experiments fell into two
groups. (a) 6 fixed-trials studies m which the number of study-
buffer-test trials was either 2 (Expeniment 1), 4 (Experiment 2),
or 5 (Experiments 3-6); and (b) S criterion + retention studics
(Expeniments 7-11). In the latter studies, the subjects received
whatever number of trials was necessary to achseve a critenion
of two consecutive erroriess free recall tests. Two weeks later,
they retumed to the laboratory for a long-term retention session
that consisted of five free recall tests, interspersed with 20 to 30
s of buffer activity to empty short-term memory.

THE TRIAGE EFFECT: ACQUISITION DATA

An mdex of memory strength 1s required to study the rela-
tionship between recall order and memory strength. Since recall

Copyright © 1990 Amencan Psychological Society 247




PSYCHOLOGICAL SCIENCE

Children’s Retneval

accuracy has been interpreted as a monotonic measure of mem-
ory strength from Ebbinghaus to the present day (e g , compare
Osgood, 1953, to Jahnke, Davis, & Bower, 1989), this was the
natural mndex to choose Accuracy has the further advantage of
being sensitive to individual differences in the memory
strengths of specific items An item that 1s strong for one sub-
Ject may be weak for another, but this will translate mto an
accuracy differential For this reason, accuracy is an inherently
less noisy strength index than other measures that might be
considered

To determine how items’ memory strengths affect their out-
put order in the earliest phases of free recall, we classified items
that children recalled on Tnal 2 of Experiments 1 to 6 as being
‘‘strong’’ or ‘‘weak’’ on the basis of Tnal 1 performance Strong
items were those recalled and weak 1items were those not re-
called We were surpnised to find that children recalled weak
items before strong ones on Trial 2 Since these studies vaned
with respect to item difficulty and list length, an overall picture
was sought by converting to standard scores (Z-scores) For
children between 6 and 13, these analyses showed that the dis-
tance between the mean recall positions of weak items (earher)
and strong items (later) was in the neighborhood of 5 SD This
effect held up from early childhood to early adolescence,
though 1t increased with age The distance was roughly 3 SD
and 6 SD for the youngest and oldest subjects, respectively

We examined recall order on subsequent trials using the data
of Expeniments 2 to 6 Weak items continued to occupy earlier
positions than strong items, and the positional spread increased
steadily across trials We classified items according to memory
strength as before (strong = correct and weak = error) and
then analyzed order of recall on Tnals 3 to § as a function of the
classifications on immediately preceding trnials Weak items

were always recalled before strong items The distance between
the average positions of the two types of items increased to
approximately 7 SD by Tnal 5, and became more marked with
age (about 9 SD for the oldest subjects versus about 5 SD for
the youngest subjects, pooled across Tnals 3-5) So, the coun-
terintuttive relationship between recall order and memory
strength was not a chimerical feature of early stages of recall

So far, a dichotomous index of memory strength has been
used A more fine-gramned index is possible that takes items’
complete error-success histonies into account On any Tnal i,
previous recall errors for an item may vary between 0 (strongest
items) and 1 — 1 (weakest items) When we applied this graded
imdex to Trnials 4 and 5 of Experiments 2 to 6, the children
seemed to be implementing memory-strength discrniminations
that were more refined than simple dichotomies Their proto-
cols followed a continuous, nonmonotonic ordering, with the
weakest items (lowest accuracy) being read out at the start and
fimish of tests and the strongest items (highest accuracy) being
read out 1n between

To venfy this suggestion, we turn to Experiments 7 to 11
Remember that these studies were identical to Experiments 1 to
6, except for the perfect recall criterion and the retention tests
We plotted order of output on the two criterion tests (when all
items were recallable) against two experimentwise measures of
memory strength—total errors to criterion per item and trial
number of the last error per tem The weaker to stronger to
weaker ordering emerged at all age levels with both measures

To illustrate the fundamental pattern, summary curves for
second grade children (7-year-olds) and sixth grade children
(11-year-olds) are exhibited in Figures 1 and 2 These curves
were constructed by aggregating data from the two age levels
across Expennments 7 to 11 (The plots for individual experni-
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Fig. 1. Mean total errors to criterion per tem as a function of the items’ positions in
criterion recall queues (Vincentized quartiles)
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Fig. 2 Mean trial of last error per item as a function of the items’ positions n criterion

recall queues (Vincentized quartiles)

ments displayed the same pattern as the aggregate plots ) Since
list length ranged from 12 items to 24 items, the curves n Fig-
ures 1 and 2 are based on Vincentized quartiles for the individ-
ual studies

Three aspects of these curves are notable First and most
important, the relationship between memory strength and recall
order was weaker to stronger to weaker at both age levels for
both measures of memory strength The children began cnite-
rion tests by reading out weaker items, then rotated in progres-
sively stronger items, and finally rotated n the remaining
weaker items As might be expected from the shapes of these
plots, the curves were well fit by quadratic equations Typr-
cally, such expressions accounted for 80 to 95% of the vanance

Second, age permuted the internal geometry of the weaker to
stronger to weaker relationship For both the total errors mea-
sure (Figure 1) and the trial-of-last-error measure (Figure 2), by
early adolescence the relationship was a symmetnical U curve
of the sort that 1s routinely associated with senal learming. In
young children, however, the weaker to stronger arm was
shorter than the stronger to weaker arm; the curve was more
like a J thana U

Third, although the usual age trend 1n recall accuracy was
present, the trend was more marked n some segments of the
curve than elsewhere The age difference was much greater in
the stronger to weaker arm than in the weaker to stronger arm

These findings have been confirmed through reanalysis of
pubhished data. We have reported several prior critenion devel-
opmental studies of recall. The same patterns have been ob-
served in the data of Bramerd (1983), Bramerd, Howe, Kingma,
and Bramerd (1984), Bramerd, Kingma, and Howe (1986a,
1986b), and Brainerd and Reyna (1990, m press)
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SPECIAL PROCESSING?

We mterpret our data as favoring a weaker to stronger to
weaker ordering There i1s another explanation, however, that
mught cover our results and retain the stronger to weaker or-
dening The explanation claims that (a) common-sense and clas-
sical theones are correct in supposing that recall accuracy and
recall order are both monotonscally related to memory strength
at the time that each 1s measured, but that (b) processes mter-
vene between the accuracy measurements taken on earlier tests
and the order measurements taken on later tests such that (c)
accuracy 1s nonmonotonically related to current memory
strength by the time that order 1s measured

Ths explanation devolves from the farmbiar wdea of error-
dniven special processing It assumes that on study tnals, sub-
Jects use error feedback from previous tests to focus mnemonic
activity on ttems that are giving them trouble. This tactic con-
verts some weak items into strong tems, and these formerly
weak (now strong) items are read out first on the next test. If
most of the items classified as “‘weak’ by our dichotomous
mdex were specially processed, thus could explain why they
were read out before the items classified as “*strong.”” With our
continuous mdex, the lower accuracy to hgher accuracy to
fower accuracy ordenng could be explained on the ground that
the lower accuracy items appeanng at the start of a queue have
become the strongest items via special processing. Finally, the
developmental trends could be due to age improvements m spe-
cial processing ability. Although this explanation is appealing, it
18 inconsistent with several aspects of our data. We list six such
findings by way of illustration, summanzing them mn Table 1 as
an advance organizer.
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1 Forgetting rates.
Table 1. Predictions and observations for the In Expenments 7 to 11, retention tests were administered
special-processing hypothesis two weeks after acqusition Since there were no further study
opportunities after the acquisition criterion was achieved, the
Prediction Observation output sequence on the last criterion test was necessanly a final
Forgetting rates are Forgetting rates are memory strength ordering from the standpoint of the special-
mnversely related to nonmonotonically processing hypothesis If the hypothesis 1s correct in assuming
output positions n related to output that this sequence was stronger to weaker, it 1s constramed to
cnterion queues positions In criteron predict a negative relationship between crniterion recall posi-
queues tions and forgetting rates across retention intervals Very strong
The tnage effect should The tnage effect emerges stems (early positions) should be forgotten more slowly than
emerge In late in very early childhood moderately strong items (mddle positions), which in turn
childhood or early should be forgotten more slowly than very weak items (terminal
adolescence posttions) But if the hypothesis is wrong and the criterion out-
Output positions 1n Output positions in put sequence was weaker to stronger to weaker, criterion recall
consecut;‘\;e ul‘:lnlt)eemn conseccutxvc critenon positions will be nonmonotonically related to forgetting rates,
qu:lune: e!l‘y related gg:‘;‘: n‘;rteom cally with the largest amounts of forgetting for words that were re-
po related called first and last The latter pattern was obtained in our ex-
Output positions in Output positions 1n penments Aggregate curves from Experiments 7 to 11 appear
consecutive precriterion consecutive precriterion n Figure 3 Since recall was perfect by the end of acquisition,
queues should be queues are error rate during the retention session 1s the forgetting measure
positively related nonmonotomcally in these curves
related
Tnage curves should Trnage curves sharpen 2 Early emergence
flatten across tnals across tnals by & ;
Error and Erro d For the special-processing hypothesis to work, one must as
-s::mcess ntal r:;s:cc::eznm sume that error feedback causes subjects to activate mnemonic
gequclncy measures of ?requep:cy measures of strategies and focus them on error-producing items Under this
memory strength should memory strength are assumption, test tnal errors will be more beneficial for subse-
be related to recall related to recall order in quent learning than test tnial successes, an outcome that occurs
order 1n opposite ways the same way mn adult recall (for a review, see Halff, 1977) But when the
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Fig. 3. Average recall error probability per 1tem during long-term retention sessions
(forgetting rate) as a function of the stems’ positions 1n acquisition recall queues (Vin-
centized quartiles).

VOL. 1, NO. 4, JULY 1990




PSYCHOLOGICAL SCIENCE

S

C.J. Bramerd et al.

assumption 1s studied with children, the results are different 1n
the sense that error-dnven special processing does not seem to
occur before early adolescence (e g., Bramerd & Howe, 1980,
Bramnerd et al , 1984) Thus result 1s 1 good agreement with the
larger hiterature on children’s mnemonic strategies, which
shows that spontaneous use of mnemonics such as rehearsal,
elaboration, and subjective organization in recall 1s a post-
childhood phenomenon (for a review, see Bjorklund & Mur,
1988) But the result 1s clearly not 1n agreement with the special-
processing hypothesis because the nonmonotonic relationship
between recall order and recall accuracy is observed in children

as young as age 6

3 Criterion recall orders

Because all items are recallable at criterion, there 1s no error
mformation to mitiate special processing So, the output se-
quence on any cntenon test will be a final ordering with respect
to memory strength, which imphes a monotonic, positive reia-
tionship between items’ recall positions on adjacent cntenon
tests But if the output sequence 1s weaker to stronger to
weaker, this relationship should be nonmonotonic, specifically
an nverted U function Because items recalled at the start and
fimsh of Test 1 are alike in memory strength, they will tend to
exchange positions on Test 1 + 1, whereas items recalled in the
muddle of Test 1 will tend to stay there on Test : + 1 To
examune these possibihities, we plotted Criterion #1 recall order
agamnst Criterion #2 recall order in Expennments 7-11 We ob-
tamned the inverted U predicted by the weaker to stronger to
weaker hypothesis throughout the 6 to 13 age range The third
author has observed the same pattern in the criterion protocols
of aged subjects (data from Howe, 1988)

4 Precniterion recall orders

A simular difficulty anses with the relationship between re-
call orders on consecutive precriterion tests On adjacent Tests
tand : + 1, suppose we restrict attention to tems that are
recalled on both tests For the same reason as in Pomnt #3,
special processing predicts a positive relationship between
rtems’ recall positions on the two tests Also for the same rea-
son as 1 Point #3, weaker to stronger to weaker predicts the
same nonmonotonic relationship as for adjacent cnterion tests
We plotted recall orders on adjacent precriterion tests using the
Tnal 2 to 5 data of Expenments 2 to 11 The mverted U rela-
tionship forecast by weaker to stronger to weaker was consts-
tently observed

5 Intertnal sharpeming.

If errors mitiate special processing of error-producing stems,
then weaker items (higher error rates) are, m general, being
strengthened more than stronger items (lower error rates).
Hence, the “‘strength spread” between items recalled at differ-
ent positions contracts as tnals accumulate It follows that the
relationship between recall order and any other measure of
strength, whatever that relationship 1s, will become less pro-
nounced across trials because streagth ddfferences are becom-
mg harder to detect In fact, however, we have seen that the
order/accuracy relationship sharpens across trals.
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6 Preexperimental memory strength.

We conducted a control expennment with fifth and sixth
grade children 1n which a preexperimental measure of memory
strength was adopted The subjects were admmstered four
study-test cycles with hists composed of half hgh-frequency
nouns and half low-frequency nouns, the nouns having been
equated on other difficulty factors The assumption, of course,
was that high-frequency words have greater memory strength
than low-frequency words The memory strengths of words re-
called on Tnals 2 to 4 could be classified in two ways. (a)
success or error on the previous test and (b) high frequency or
low frequency The special-processing hypothesis expects that
these two strength measures will be related to recall order in
opposite ways—words that produced an error on the previous
test will again be recalled before words that produced a success,
but high-frequency words will be recalled before low-frequency
words On the other hand, the weaker to stronger to weaker
ordering implies that the two strength measures will be related
to recall order in the same way We observed the second resuit.

DELIBERATE STRATEGY?

If weaker to stronger to weaker 15 accepted as a working
hypothests, 1t 1s natural to ask whether this ordening is the result
of some conscious, deliberate strategy or whether it anses from
nonstrategic retriecval mechamsms We have examined this is-
sue n adults because such subjects are both most hikely to use
dehberate strategies and most able to articulate the nature of
their strategies We have studied two questions, 1n particular. Is
the tnage pattern present in adult recall and, if so, are adults
aware of what they are doing”

The first question 1s pertinent because the tnage pattern may
be a by-product of immature memory systems, and 1t could be
replaced by some other pattern (¢ g , stronger to weaker) in
adults Consequently, we analyzed data sets from earher free
recall expenments with adult samples, some published (e.g.,
Howe, 1988) and others unpublished We also analyzed unpub-
lished data supphed to us by C. Camp of the Umiversity of New
Orleans The resuits were qualitatively similar to those we have
reported for chiidren The U curves that were obtained when
recall order at cnterion was plotted against graded memory-
strength measures resembled the symmetnical curves for ado-
lescents 1n Figures 1 and 2

The second question was studied by admmmistering a memory
guestionnaire to 147 undergraduates The questionnaire de-
scrnibed a typical free recall study i which the task was to
remember as many of the studied items as possible. The sub-
Jects answered 10 questions about this hypothetical expenment.
Seven of the questions were distractors that dealt with rele-
vant factors (e.g., the physical appearance of a memory labo-
ratory). The fourth, seventh, and tenth questions bore on the
triage effect. Question #4 asked what strategies respondents
ught use to maxmmize output on a free recall test. Nearly all of
the reported strategies were semantic (¢ g., associative or tax-
onomic relatedness), phonological (e.g., rhyming or other
sound patterns), or visual (¢.g., spatial positions or images). No
subject reported a senal order strategy based on stem difficulty.

Question #7 asked whether recall order would be affected
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by prior knowledge that some items were more likely to pro-
duce errors than others Only a small proportion (19%) said that
ths knowledge would influence them Most subjects stated that
they would recall words in whatever order they came to mind or
that they would rely on semantic, phonological, or visual strat-
egies Question #10 asked subjects to imagine that they pos-
sessed knowledge of relative item difficulty They were then
asked which of the following orders would produce the best
recall easy to hard, hard to easy, easy to hard to easy, hard to
easy to hard They were also asked to explan their choice The
results showed that 72% chose easy to hard, 21% chose hard to
easy, 5% chose easy to hard to easy, and 2% chose hard to easy
to hard Most of the subjects who selected easy to hard gave
sensible rationales (e.g , “‘it’s better to warm up with the easy
ones to get your brain going’’), and so did most of the subjects
who selected hard to easy (e g , ‘‘get the hard ones out before
they disappear’’) None of the subjects who selected the other
sequences gave mtelhgible explanations

To sum up, adults exhibit the same sort of nonmonotonic
relationship between recall order and measures of memory
strength as children do The relationship does not seem to be
under the control of a conscious strategy because adults are
unaware of what they are doing Our best evidence, then, is that
the weaker to stronger to weaker sequence 1s a fundamental
attribute of retrieval rather than a cunious consequence of stra-
tegic intervention The reader will have noticed that this con-
clusion comports well with two other findings that we have
reported The triage effect first appears at age levels that are far
below those at which children display conscious application of
mnemonic strategies (early adolescence in most instances), and
the effect appears at the very start of free recall, before there
has been much opportunity for children to sample potentially
helpful strategies
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