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In three experiments with 164 individuals between 4 and 80 years old, we examined
age-related changes in explicit memory for three perceptual features—item identity,
color, and location. In Experiments 1-2, feature recognition was assessed in an inciden-
tal learning, gamelike task resembling the ga@mncentrationIn Experiment 3, feature
recognition was assessed using a pencil-and-paper task after intentional learning instruc-
tions. The form of the explicit memory function across the life span varied with the par-
ticular perceptual feature tested and the type of task. Iltem recognition was excellent at
all ages but was significantly poorer for older adults than children, color recognition
peaked in late childhood on the gamelike task, and location recognition peaked in early
adulthood on the pencil-and-paper task. These findings indicate that performance on
explicit memory tests is not a consistent inverted U-shaped function of age across vari-
ous features. Explicit memory performance depends on what is measured and how.
Because explicit memory typically reflects a composite of different features, age-related
changes in explicit memory will not necessarily correspond to the function for any sin-
gIe one. © 2002 Elsevier Science (USA)
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Although they may express these ideas in different ways, current account:
memory generally distinguish between more perceptually based, automatic, |
tom-up processing and more reflectively based, effortful, top-down processi
(e.g., Graf & Schacter, 1985; Hasher & Zacks, 1979; Johnson, 1983; Roedi
& Blaxton, 1987; Schacter & Moscovitch, 1984; Squire, 1987, 1992; Tulving
1983). These accounts also generally agree that remembering events, some
called episodic (Tulving, 1972) or explicit memory (e.g., Graf & Schacte
1985), is characterized by the phenomenal experience of specific features (.
color, shape, semantic, time, location, and emotion; Brewer, 1988; Johns
Foley, Suengas, & Raye, 1988) that comprise the event (Johnson & Raye, 19
Thus, episodic memory depends on encoding multiple features and associat
among them. Furthermore, reflective activities (e.g., rehearsal, organizati
semantic judgments, and imagery) contribute to establishing such complex e
representations.

Many, if not all, of such self-initiated or reflective activities are thought to
improve during childhood and decline in normal senescence, yielding an i
verted U-shaped function for explicit memory (for review, see Balota, Dolan, ¢
Duchek, 2000). The view that explicit memory is a U-shaped function of age
a reiteration of the Jacksonian principle of the development and dissolution
function (Jackson, 1880, reprinted in Taylor, 1958). This principle states th
the last function to develop is the first to disappear after brain damage fro
injury, disease, or aging, whereas the first function to develop is the last to
affected when an organism undergoes demise. Because explicit memory
widely thought to be late maturing (Naito & Komatsu, 1993; Parkin, 1989
Schacter & Moscovitch, 1984; Tulving & Schacter, 1990), it should also declin
in old age (e.g., Light & Lavoie, 1993) if its developmental course is describe
by the Jacksonian principle.

Ribot (1882) was the first to anticipate the Jacksonian principle in cogniti
functioning, citing extensive anecdotal evidence that more recent memories
more vulnerable in disease states and old age. He described one example fr
physician in Philadelphia: “Dr. Scandella, an ingenious Italian who visited th
country a few years ago, was a master of the Italian, French, and English |
guages. In the beginning of the yellow fever, which terminated his life . . . |
spoke English only; in the middle of the disease, he spoke French only; but,
the day of his death, he spoke only in the language of his native country” (Rik
1882, p. 182). A laboratory-based example of the development and dissolutiol
human cognitive functioning was reported by Ajuriaguerra, Rey-Bellet-Mulle
and Tissot (1964), who observed that the sequence in which Piagetian abili
emerge in childhood is reversed as the cognitive abilities of senile adults f
gressively degenerate. However, these are examples in the domain of sem
knowledge and skills and do not directly address the developmental course
episodic memory.

More recent studies with children have repeatedly found that explicit memo
performance on recall and recognition tests improves with age (e.g., Carre



278 GULYA ET AL.

Byrne, & Kirsner, 1985; DiGiulio, Seidenberg, O'Leary, & Raz, 1994; Green
baum & Graf, 1989; Kail, 1990; Naito, 1990; Parkin, 1989; Parkin & Streete
1988; Schneider & Pressley, 1989). Likewise, numerous studies have found t
young adults are superior to healthy, older adults on the same tasks (for revie
see Balota et al., 2000; Graf, 1990; Light & Lavoie, 1993). Considered jointl
these studies appear to support the Jacksonian principle. Most of the studie:
memory development with children, however, used verbal materials, raising t
possibility that age changes in verbal competence contributed to this result.

Some researchers sidestepped this potential problem by testing children v
pictorial stimuli. Mitchell (1993) performed a meta-analysis over nine develof
mental studies that used pictorial stimuli and that compared at least two &
groups of either children or adults on tests of both explicit and implicit memon
All of the studies of explicit memory in his analysis used recognition tests exce
two, which used cued-recall tests. Mitchell found large age differences in acc
racy that were described by an inverted U-shaped function, with older childr
performing significantly better than younger children (age rang@-12 years)
and older adults performing significantly worse than young adults (age range
18-71 years). He characterized memory development over the life span in tre
tional Jacksonian terms: “As the most specialized system, episodic memory is
last to develop fully in childhood. Its unique specialization, however, may als
make it the most fragile, and therefore it is the first to go in the course of norm
aging” (Mitchell, 1993, p. 173).

The notion that explicit memory improves during childhood, peaks in your
adulthood, and declines in late adulthood as a mirror image of its order of appt
ance has been uncritically accepted for more than a decade (for review,
Rovee-Collier, Hayne, & Colombo, 2001). Mitchell’s (1993) meta-analysis, how
ever, was performed over different studies that used different tasks, different st
uli, different metrics, and different instructions. In the present study, we reexa
ined the validity of the general notion that the pattern of explicit memory over t
life span is U-shaped. To this end, we assessed the memory of children, yo
adults, and healthy, older adults for three, isolated perceptual features of even
item identity, color, and location. Because individuals’ memory performance w
based on information that they had just studied and because they were expli
asked to select the item or color that they had just seen or to respond to the |
tion where they had previously seen an object, the memory test met the c
monly accepted criteria for a test of explicit memory.

In Experiment 1, we tested 4- and 5-year-olds on a pictorial gamelike incide
tal learning task. In Experiment 2, we tested groups of 5- to 72-year-olds on
identical, pictorial version of the same task with an expanded set of materials
Experiment 3, we gave 10-year-olds the same set of materials but used intent
al learning instructions and a pencil-and-paper task that had previously been |
to study feature recognition with young and healthy, older adults (Chalfonte
Johnson, 1996). In all cases, participants saw colored line drawings of obje
located in various cells of an array during study, and then they were tested on t
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memory for individual features (item, color, or location). Unlike most previou
tests with children, the memory tests did not re-present the features that were
being tested (e.g., color information was not present when item information v
being tested), and the test did not require that these features had been b
together (e.g., participants did not have to remember that the color “blue” we
with the ball).

Our research questions were threefold. First, is very young children’s expli
memory the same for different, basic perceptual features that are commot
many events (Experiment 1)? Second, is the pattern of developmental change
viously found in studies of explicit memory also found for each of three basic p
ceptual features when children and adults of different ages are given expl
memory tests for these features—that is, is the same U-shaped function ger
across different features (Experiment 2)? And third, is the life-span pattern
explicit memory for these basic perceptual features affected by the nature of
task used to measure it (Experiment 3)?

EXPERIMENT 1: INCIDENTAL EXPLICIT MEMORY PERFORMANCE
OF 4- AND 5-YEAR-OLDS

Researchers generally agree that explicit memory performance on recogniti
cued-recall, and free-recall tests involves the conscious remembering of a s
cific, prior study episode (for review, see Rovee-Collier et al., 2001). They als
assume that explicit memory improves with age from childhood until youn
adulthood (Kail, 1990; Mitchell, 1993; Naito, 1990; Naito & Komatsu, 1993;
Schneider & Pressley, 1989; Tulving & Schacter, 1990) and declines in old a
(for review, see Balota et al., 2000). The inverted U-shaped form of this functic
over the life span undoubtedly reflects changes in the contribution of many fz
tors, including the speed of processing, attention and its control, strategic skil
motivation, contextual integration, verbal competence, and the neurobiologi
subsystems that underlie all of these factors.

Because most memory studies with children have used verbal materials, de
opmental changes in verbal competence may have contributed to the observ:
that explicit memory improves during the childhood period. As discussed earli
some developmental researchers have sought to eliminate this problem by u
pictorial stimuli in studies with children (for reviews, see Mitchell, 1993
Schneider & Pressley, 1989). Baker-Ward and Ornstein (1988), for example, s
tematically documented the ability of young children and adults to play the gal
Concentration which requires that individuals encode and remember multipl
items. In this game, identical items appear on two cards in a deck that is shuf
before the cards are placed face down. Participants turn over and then reg
each card (e.g., a green vase in location 1), one at a time, until they turn ov
card that they recognize as being like one they saw before. If they remen
where they saw it, then they retrieve the prior card, striking a match. The obj
of the game is to strike more matches than the other player. Baker-Ward
Ornstein found that children’s memory performance in this game was actue
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superior to that of adults. This study was the first to challenge the widely he
assumption that explicit memory performance improves with age.

In a study that was also motivated by the observation that very young child
rarely erred when playin@oncentration Schumann-Hengsteler (1992) found
that children’'s memory performance improved with age for the combination
location information and object identity, but it was age-invariant for individue
features. In two experiments, Schumann-Hengsteler showed line drawings
organized scenes to 4- to 10-year-olds and later asked them to reconstruc
scenes from a pool of items. Children’s responses were scored for correctly ic
tified items irrespective of where they were placed, correctly located items irl
spective of what item was placed there, and correctly located items (the conjL
tion of identity and location information). Although item identity and item
location werescoredseparately, in following the task instructions, children were
likely attempting to usboundidentity and location information to reconstruct the
pictures, that is, putting a particular item in the place where they remembered ¢
ing it before. Thus, this study may not provide the most sensitive measure
memory for individual feature information.

Unlike Experiment 2 of Schumann-Hengsteler (1992), our first experiment w
designed to test the ability of 4- and 5-year-olds to recognize item, location,
color features when each of these three perceptual attributes was tested |
pendent of the other two attributes. To accomplish this, we used a modified \
sion of theConcentratiorgame. The stimulus materials were those that had pr
viously been used to study memory and aging (Chalfonte & Johnson, 1996)
amnesia (Chalfonte, Verfaellie, Johnson, & Reiss, 1996), and the procedure
modified to be appropriate for use with young children. As intbiecentration
game, children actively interacted with the stimulus materials, reaching succ
sively to each location and lifting a card to reveal the particular colored item cc
cealed beneath it. During testing, children similarly selected the correct card fr
an array (item and color feature tests) or reached to the spot on the board an
a sticker on it (location feature test). Because children frequently see monocl
matic line drawings, we expected that children of both ages would be able to 1
ognize black line drawings of colored line drawings of the familiar objects the
had just seen, but we had no expectations about whether they would also be
to recognize color and location features when these features were not “attact
to the objects at the time of testing.

Method

Participants Participants were eighteen 4-year-old children (9 boys, 9 girl
with a mean age of 4.33 yeaS[ = .27) and eighteen 5-year-old children (9
boys, 9 girls) with a mean age of 5.42 ye&B & .02). Children were recruited
from the Rutgers University day-care center and by word-of-mouth and were r.
domly assigned to one of three feature test groups (a between-subjects desig
they became available for study. They were Caucasian (50.00%), Hispa
(5.55%), Asian (11.11%), and Not Reported (32.21%). Demographic informati
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available from 36% of the sample indicated that their parents’ mean educatic
attainment was 16.0@D = 0.00), and their mean rank of socioeconomic statu
(Nakao & Treas, 1992 was 77.03%D = 13.54).

Stimuli The study and test stimuli were drawn from stimuli used by Chalfon
and Johnson (1996) and Chalfonte et al. (1996). The items used in all experim
are shown in Fig. 1a. During the study phase, stimuli were presented on a I
piece of white posterboard (41.5Qrthat was marked off into 49 squares (5tm
ina 7Xx 7 grid (see Fig. 1a). Twelve line drawings of common objects were ra
domly assigned to locations. Each item was in a unique color, and no ob]
appeared in its natural color. Two different study arrays were generated in
manner and were counterbalanced within test groups.

Examples of the three feature test arrays are shown in Fig. 1b—1d. Kenthe
feature recognition tesfLl6 black-and-white line drawings of objects on individ-
ual squares of laminated paper were arranged randomly in front of each ct
Eight of the items were from the study array, and 8 items were novel. For
color feature recognition testl6 colored laminated cards displaying diagona
stripes in a single color were arranged randomly in front of each child. Eight c
ors were from the study array, and 8 colors were novel. For both tests, the ¢
was asked to hand the experimenter the cards that showed the objects or c
that he or she had just seen. Testing was discontinued after children had pick
items. For thdocation feature recognition testhildren were presented with a
game board on which 16 locations were blank and the rest were covered \
black-and-white laminated cards. Eight of the blank locations had previously ¢
played a colored object, and eight of the blank locations had also been bl
before. The child was given eight identical stickers, each displaying a happy fe
and asked to put a sticker in a blank spot on the board where he or she had
viously found an object.

Procedure Testing was conducted in the child’s home or day-care center du
ing a single session that lasted approximately 10 min. At the beginning of ea
session, every square on the study array was covered by a black-and-white str
laminated card. The child was asked to remove all of the cards on the board,
at atime, and was told that an object was under some of the cards. When the ¢
removed a card and found an object underneath, he or she was asked to n
both the object and its color. This procedure ensured that the objects and tt
colors were familiar. All children named the objects and their colors withot
error. As they removed each card, children put it to the side of the board. Wh
all cards had been removed, the experimenter replaced them, and child
received a second trial.

The socioeconomic index (SEI), published by Nakao and Treas in 1992, is currently the rece
mended source for occupational status. Educational attainment, occupational status, and ar
income are the major components of socioeconomic status. In the SEI, ranks of occupations r
from 1 to 100, with higher paying occupations (e.g., aerospace engineer) being accorded hi
ranks. All studies funded by NIMH and NICHHD are required to report information pertaining t
racioethnic and socioeconomic status.
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FIG. 1. An example of study and test materials used with 5-, 7-, 10-, 22-, and 72-year-olds
Experiments 2 and 3. A subset of the study and test materials was used with 4- and 5-year-ol
Experiment 1. (a) The study array. (b) Stimuli used for the item feature recognition test.

Children’s learning was incidental. That is, they were not told to study eith
the array or a specific feature, and they also were not told that they would latel
asked about the information that they saw. Within 5 min after completing the s
ond trial, children were given a feature recognition test in which they were as}
to pick out the items or colors that they had just seen or to put stickers on
squares where they had just seen an object.
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FIG. 1—Continued(c) Stimuli used for the location feature recognition test. (d) Array used fo
the color feature recognition test.

Results and Discussion

Table 1 fop) presents theroportion of hits(targets selectedfalse alarms
(distractors selected), amtrrected recognition scorgproportion of hits minus
false alarms) for the two groups in Experiment 1. A 2 (Age) (Feature) analy-
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TABLE 1
Mean Feature Recognition Performance of Children, Young Adults, and Older Adults in a
Gamelike Task with a 12-Object Array (Experiment 1) or a 30-Object Array (Experiment 2)

Corrected
Age (Years) Feature test Hits False alarms recognition score
Experiment 1 (12-object array)
4 Item 0.96 (0.04) 0.04 (0.04) 0.92 (0.08)
Location 0.56 (0.04) 0.44 (0.04) 0.13 (0.09)
Color 0.63 (0.03) 0.38 (0.03) 0.25 (0.07)
5 Item 1.00 (0.00) 0.00 (0.00) 1.00 (0.00)
Location 0.52 (0.06) 0.48 (0.06) 0.21 (0.08)
Color 0.56 (0.06) 0.44 (0.06) 0.21 (0.10)
Experiment 2 (30-object array)
5 Item 0.98 (0.02) 0.02 (0.02) 0.97 (0.03)
Location 0.50 (0.04) 0.50 (0.04) 0.00 (0.07)
Color 0.52 (0.06) 0.48 (0.06) 0.03 (0.12)
7 Item 1.00 (0.00) 0.00 (0.00) 1.00 (0.00)
Location 0.43 (0.05) 0.57 (0.05) —0.13 (0.10)
Color 0.63 (0.02) 0.37 (0.02) 0.27 (0.04)
10 Iltem 1.00 (0.00) 0.00 (0.00) 1.00 (0.00)
Location 0.50 (0.03) 0.50 (0.03) 0.00 (0.05)
Color 0.73 (0.04) 0.27 (0.04) 0.47 (0.08)
22 Item 0.97 (0.02) 0.03 (0.02) 0.94 (0.03)
Location 0.55 (0.06) 0.45 (0.06) 0.10 (0.11)
Color 0.54 (0.04) 0.46 (0.04) 0.08 (0.09)
72 Item 0.93 (0.02) 0.07 (0.02) 0.86 (0.04)
Location 0.44 (0.04) 0.56 (0.04) —0.12 (0.09)
Color 0.52 (0.04) 0.48 (0.04) 0.04 (0.09)

Note Parentheses containl SE.

sis of variance (ANOVA) was performed on children’s corrected recognitic
scores. This analysis yielded a significant main effect of Fe&(2e30)= 2.74,

p < .0001, but not of Age-(1, 30) < 1. The two-way interaction was also not
significant,F(2, 30)< 1. Post hoc tests (Duncan’s hew multiple range pest,
.05) indicated that children’s item recognition was superior to their recognition
color and location, which did not differ from one another. Thus, both age grou
exhibited excellent feature recognition of item information but poor featu
recognition of color and location information (see Fig. 2).

Experiment 1 confirmed that the modified gamelike task was appropriate |
use with very young children and that they were highly motivated to perform
The results showed differences in memory for item, color, and location inform
tion and that 4- and 5-year-olds performed identically. Children’s recognition
item information was nearly perfect, but their recognition of location and cols
information was poor. Because the study array in Experiment 1 had contail
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FIG. 2. Mean corrected recognition scores on explicit memory tests of each of three feati
(item, color, and location) for 4- and 5-year-old children who studied a 12-object array (Experimr
1). Vertical bars represertl SE

only 12 items, we increased this number in Experiment 2 in order to reduce
possibility of a ceiling effect on item information and to provide an opportuni
for memory performance on the item recognition test to improve with age. T
study and test arrays in Experiment 2 contained the same items in the same
ber and colors that Chalfonte and Johnson (1996) had originally used with yc
and healthy, older adults.

EXPERIMENT 2: INCIDENTAL EXPLICIT MEMORY PERFORMANCE
OF 5-, 7-, 10-, 22-, AND 72-YEAR-OLDS

The widespread assumption that explicit memory is an inverted U-shaped fi
tion of age is particularly tenuous because different memory tasks have been
with individuals of different ages. The feature recognition performance of t
young children in Experiment 1 strongly suggested that children’s explicit me
ory performance depends on what is measured. In Experiment 2, therefore
asked if explicit memory for these same three features (item, color, and locat
changes in the commonly assumed manner over the life span. To answer thi
administered exactly the same task to children, young adults, and healthy ¢
adults. The children’s ages matched the ages of children who had previo
received recognition tests with various pictorial materials (e.g., Ceci, Lea,
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Howe, 1980; Fagan & Vasen, 1997; Mitchell, 1993; Russo, Nichelli, Gibertoni,
Cornia, 1995; Schumann-Hengsteler, 1992), and the adults’ ages matched tl
of young and healthy older adults who had previously received recognition te
with the same set of pictorial materials used here (Chalfonte & Johnson, 19¢
In contrast to these earlier studies of children, however, here we assessed m
ry for features presented individually at the time of testing rather than in com
nation with other features that had been studied, as in Experiment 1 and Chalfi
and Johnson’s study of age-related changes in memory.

Method

Participants Fifty-four children, 30 young adults, and 30 healthy older adult
were participants. All were recruited through published news releases and
word-of-mouth and were randomly assigned to one of the three feature |
groups (a between-subjects design) as they became available for study. The
dren ranged in age from 5 to 10 years and included 9 boys and 9 girls with a rr
age of 5.25 yearsSp = .32), 9 boys and 9 girls with a mean age of 7.25 yeal
(SD = .25), and 7 boys and 11 girls with a mean age of 10.42 y8Brs (.37).
They were Caucasian (44.44%), Asian (3.70%), African American (9.25%
Hispanic (1.85%), and Not Reported (40.74%). The children’s parents hac
mean educational attainment of 15.56 ye&i3 € 0.95), and their mean rank of
socioeconomic status (Nakao & Treas, 1992) was 6GB3+21.22).

The young adults were upper-level college students and included 13 males
17 females with a mean age of 22.83 ye8&8i3 € 1.17). They were Caucasian
(83%) and Asian (27%). The older adults were recruited from the local comn
nity and included 12 males and 18 females with a mean age of 72.1§®ats (
5.21). Their mean level of educational attainment was 11.5 y&@rs 3.6) and
mean rank of socioeconomic status (Nakao & Treas, 1992) was 4188 (
25.74). All were Caucasian.

Stimuli and proceduteThe study and test materials and the procedure were t
same as in Experiment 1 except that the number of items in the study array
increased from 12 to 30 (see Fig. 1a and the Appendix), and the number of
items was increased from 16 to 20 (10 old items and 10 new items). Also
Experiment 2, participants were not asked to name the objects or colors, and |
ing was stopped when an individual had picked 10 items.

Results and Discussion

Initially, we asked if the number of items in the study array affected th
youngest children’s explicit memory performance. To answer this, we compar
the memory performance of 5-year-olds who studied the 30-item array
Experiment 2 with that of 5-year-olds who had studied the 12-item array |
Experiment 1. More than doubling the number of items in the study arra
affected neither 5-year-olds’ recognition of feature identity nor their pattern c
feature recognition (see Table 1, rows 2 and 3). A 2 (Array Ske) (Feature)
ANOVA on the corrected recognition scores from the three feature recognitic
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tests of 5-year-olds in each experiment yielded no effect of Array &ide,30)

< 1, and no interactiorz(2, 30) < 1. As before, however, the effect of Feature
was highly significantF(2, 30) = 88.88,p < .0001. A Duncan’s new multiple-
range test < .05) indicated that 5-year-olds’ feature recognition of item iden
tity was again superior to their feature recognition of color and location, whic
did not differ. As in Experiment 1, 5-year-olds’ recognition of color and loca-
tion information was poor.

A5 (Age) X 3 (Feature) ANOVA was conducted on the corrected recognitio
scores from Experiment 2 (see Tablebbftom) to assess potential differences in
test performance. This analysis yielded significant main effects of B@k,99)
= 3.29,p < .02, and Featurd;(2, 99) = 203.60,p < .01, and a marginally sig-
nificant interactionF(8, 99) = 1.99,p < .056. The interaction was clarified by
separate one-way ANOVAs for each feature. Not only did the pattern of recogt
tion differ for the three features as it had in Experiment 1, but also the pattern
recognition changed differently across age. First, the ages differed significan
on the item feature recognition te$i(4, 33) = 3.26,p < .03. Post hoc tests
(Duncan’s new multiple range tegt,< .05) indicated that 5-, 7-, and 10-year-
olds recognized significantly more items than 72-year-olds, while the mean ite
recognition score of 22-year-olds was intermediate between the mean item rec
nition scores of the children and older adults. On the color feature recogniti
test, the ages also differed significantif4, 33) = 3.74,p < .05, with 10-year-
olds outperforming 72-year-olds, 22-year-olds, and 5-year-olds; their perfort
ance on the color feature recognition test, however, did not significantly diffe
from that of 7-year-olds. Although performance on the location feature recogr
tion test was best for 22-year-olds, performance was relatively poor at all ag
F(4, 33)= 1.10,ns

The recognition performance of 5-, 7-, and 10-year-olds on the item featu
test was near or at ceiling; therefore, these age groups might have differed had
test array been larger. Nevertheless, the findingsdicuggest that the children
and older adults performed more poorly than young adults. More critical to eve
uating the Jacksonian hypothesis was shperior performance of 10-year-olds
relative to that of 22- and 72-year-olds on the color feature recognition te:
Finally, these results reveal that performance on the color memory task was
simply a function of verbal skills because young and older adults undoubtec
possessed better verbal labels than 10-year-olds for the 30 studied colors (se
Appendix).

EXPERIMENT 3: INTENTIONAL EXPLICIT MEMORY PERFORMANCE
OF 10-, 19-, AND 70-YEAR-OLDS ON THE PENCIL-AND-PAPER TEST

In Experiment 2, we used a gamelike task with children, young adults, a
healthy older adults to compare their incidental explicit memory for three pe
ceptual features. The general pattern of results favored the children—not
young adults, as would be predicted by the Jacksonian hypothesis. We wonde
however, if the pattern of results would be the same under intentional learn
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conditions using the pencil-and-paper task that Chalfonte and Johnson (1996)
previously used with young and healthy older adults. Experiment 3 was desig
to answer this question.

Because the pencil-and-paper task is inappropriate for use with younger c
dren, we administered it only to a new group of 10-year-olds and compared tt
memory performance in this task with their memory performance in the gamel
task in Experiment 2. In addition, we compared the memory performance
young and older adults in the gamelike task from Experiment 2 with the men
ry performance previously obtained by Chalfonte and Johnson (1996) fre
young and older adults in the pencil-and-paper task.

Method

Participants Thirty 10-year-old children (9 boys and 21 girls) with a mean ag
of 10.25 years3D = .33) were recruited by word of mouth and newspaper adve
tisements and were randomly assigned to one of three tests as they became
able for study. They were Caucasian (73.33%), African American (3.33%), Asi
(10.00%), Hispanic (10.00%), and Other (3.33%). Their parents’ mean edu
tional attainment was 15.33 yeaD(= 1.24), and their mean rank of socioeco-
nomic status (Nakao & Treas, 1992) was 7188 € 15.19).

Forty-eight young adultdM age= 19.17 yearsSD = 1.42) and 48 healthy
older adults M age= 70.50 yearsSD = 4.58) were tested by Chalfonte and
Johnson (1996). The young adults were predominately college freshhestu{
cational attainment 13.9 yearsSD = 1.2), and the older adults were recruited
from local retirement communities. Their mean educational attainment was 1
years §D = 2.3). Data pertaining to sex and socioeconomic status were r
reported.

Study stimuli The study and test stimuli were identical to those used &
Chalfonte and Johnson (1996). The study arrayxa77grid (19 crf), was pre-
sented on a single’d, X 11-in. sheet of paper. Line drawings of common object
were displayed in 30 of the 49 possible locations on the grid (see Fig. 1a).
study objects were computer-drawn in unique colors, no more than five obje
were located in any given row or column, and none of the objects was in its
ural color. Two study arrays were generated in this manner and were counter
anced within test conditions.

Test stimuli The pencil-and-paper test was also identical to that used |
Chalfonte and Johnson (1996). As before, the item recognition test consiste
10 studied items and 10 novel items. This time, however, the test objects appe
as black-and-white line drawings arranged in five rows of four items each on
81/, X 11-in. sheet of paper (see Fig. 1b). For the item feature recognition te
children were asked to circle with a pencil the objects that they had seen in
study array. For the location feature recognition test, children were presented v
a 7 X 7 array marked off on an 8, X 11-in. sheet of paper. A black “X”
appeared in each of 10 studied locations and in the 10 novel locations (see
1c). Children were asked to circle those locations that were marked by an *
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where an object had previously appeared in the study array. For the color fea
recognition test, 10 studied colors and 10 novel colors were arranged in five rc
of four blocks each on an’8, X 11-in. sheet of paper. Each block displayed
rectangle with 12 stripes in a single color (see Fig. 1d). Children were askec
circle the colors that they had seen in the study array.

Procedure A single session lasting approximately 5 min was conducted in tl
child’'s home. Unlike Experiments 1 and 2, at the beginning of the session
Experiment 3, participants were explicitly instructed to study a particular featt
(item, location, or color) for 90 s and were told that they would then be tested
this information. They received one of the three feature recognition tests 5 r
later.

Results and Discussion

A 2 (Test) X 3 (Feature) ANOVA was performed on 10-year-olds’ correcte
recognition scores for the two test procedures (the posterboard game fi
Experiment 2 and the pencil-and-paper task from Experiment 3) and the th
feature tests (item, color, and location). This analysis yielded a significant m:
effect of TestF(1, 42)= 5.39,p < .03, and Featur&;(2, 42)= 78.51,p < .0001,
but the two-way interaction was not significaf(2, 42) = 1.58,ns A Duncan’s
new multiple-range testp(<< .05) indicated that the 10-year-olds’ corrected
recognition scores on the pencil-and-paper test in Experiment 3 (see Table
were significantly lower overall than their scores on the mod@@iedcentration
game in Experiment 2 (see Table 1). As before, 10-year-olds’ performance on
item feature recognition test in Experiment 2 was significantly better than th
performance on both the color feature and the location feature recognition te:

TABLE 2
Mean Feature Recognition Performance of Children, Young Adults, and Older Adults
in a Pencil-and-Paper Task with a 30-Object Array

Corrected
Age (Years) Feature test Hits False alarms recognition score
Children (Experiment 3)

10 Item 0.94 (0.03) 0.06 (0.03) 0.88 (0.06)

Location 0.50 (0.05) 0.50 (0.05) —0.01 (0.10)
Color 0.61 (0.04) 0.37 (0.03) 0.20 (0.06)

Young and older adults (Chalfonte & Johnson, 1996)

19 Item 0.93 (0.03) 0.02 (0.01) 0.91 (0.03)
Location 0.58 (0.06) 0.24 (0.03) 0.34 (0.07)
Color 0.65 (0.05) 0.41 (0.04) 0.24 (0.05)
70 Item 0.95 (0.02) 0.06 (0.02) 0.89 (0.04)
Location 0.56 (0.05) 0.49 (0.04) 0.07 (0.05)
Color 0.71 (0.05) 0.50 (0.05) 0.21 (0.04)

Note Parentheses containl SE.
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Planned comparisons using Student’s unpaitests indicated that the type of
test did not affect either item feature recogniti¢h¥y) = 1.50,ns, or location fea-
ture recognition{(14) < 1; however, 10-year-olds’ color feature recognition was
significantly better on the gamelike tagi4) = 2.57,p < .03. Their poorer per-
formance on the color feature recognition test undoubtedly contributed to th
poorer overall performance on the pencil-and-paper test.

Next, we compared the memory performance of the 10-year-olds |
Experiment 3 with that previously obtained from 19- and 70-year-olds on &
identical pencil-and-paper version of the same feature recognition tests with ids
tical materials and instructions (Chalfonte & Johnson, 1996). Student’s unpair
t tests on the corrected recognition scores revealed that the 10-year-olds did
differ from the 19-year-olds on the item feature and color feature recognitic
tests, bothts(24) < 1. The same results were obtained when 10-year-olds’ pe
formance on the item feature and color feature recognition tests was compa
with that of 70-year-oldst(24) = 1.29,ns, andt(24) < 1, respectively. On the
location feature recognition test, however, 10-year-olds performed significant
worse than 19-year-oldg24) = 2.92,p < .005, but not differently from 70-year-
olds,t(24) < 1. Thus, although 10-year-old children recognized color feature ar
item feature information as well as young and older adults on the pencil-an
paper test, their location feature recognition was poorer than that of the you
adults but equivalent to that of older adults.

Identical analyses were used to compare the corrected recognition score:
the young and older adults on the gamelike task (Experiment 2) and the pen
and-paper task (Chalfonte & Johnson, 1996). These analyses indicated f
young adults performed equivalently on the two versions of the item featu
recognition testt(24) = 1.37,ns, as did the older adult§24) < 1. Young adults
also performed equivalently on the two versions of the color feature recogniti
test,t(24) = 1.89,ns as did the older adult$(24) = 1.40,ns However, both
young adultst(24) = 3.50,p < .01, and older adult$(24) = 2.38,p < .05, per-
formed significantly better on the pencil-and-paper version of the location fe:
ture recognition test, suggesting that they were able to improve their memory |
location information under intentional learning conditions. Thus it appears the
relative to the incidental gamelike task, the intentional paper-and-pencil te
situation reduced children’s memory for color and increased adults’ memory f
location.

GENERAL DISCUSSION

Cognitive psychologists and cognitive neuroscientists often treat episo
memory as a single entity (Nelson, 1995; Squire, 1987, 1992; Tulving
Schacter, 1990), or as reflecting one of two states (e.qg., “remember” vs “knov
Gardiner & Java, 1993; Tulving, 1985), rather than as the final, expressed c
come of a number of different types of information and processing factc
(Johnson, 1983, 1992; Johnson & Hirst, 1993; Johnson & Raye, 1981). T
assumption and the Jacksonian (first-in, last-out) principle have led to the wid
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held but oversimplified conclusion that explicit memory improves during chilc
hood, peaks in adulthood, and declines in old age.

The present findings raise questions about this conception of the developm
of explicit memory. First, the explicit memory function for three different per-
ceptual features over the life span was not universally described by the Jacksor
principle—a first-in, last-out principle. Figure 3 shows that insofar as there wze
an age trend for the recognition of item information, children performed the be
and older adults performed the worst. Figure 3 also shows that incidental rec
nition memory for color information peaked at 10 years of age on the gamelil
task. Finally, Chalfonte and Johnson (1996) previously found that young adul
recognition of location information on a pencil-and-paper test was superior to tt
of healthy, older adults after intentional learning instructions. At present, w
found that 10-year-olds’ recognition of location information under the same col
ditions did not differ from that of Chalfonte and Johnson’s older adults but we
significantly worse than that of their young adults (see Fig. 4). Thus, the on
indication from the present studies of a finding consistent with the Jacksoni
hypothesis and resembling the U-shaped function typically used to descr
changes in explicit memory over the life span (e.g., Mitchell, 1993, p. 172) we

Experiment 2
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FIG. 3. Mean corrected recognition scores on explicit memory tests of each of three featu
(item, color, and location) for 5-, 7-, 10-, 22-, and 72-year-olds who studied a 30-object array ir
game-like task (Experiment 2). Vertical bars represehSE
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for the recognition of location feature information as measured on the pencil-ar
paper test, which peaked at 19 years under intentional learning instructions.

Taken together with previous findings, these results suggest several points
directions for further research. First, the fact that children’s color memory w
better than that of adults suggests that the availability of verbal categories ¢
not necessarily help memory under all circumstances (see Schooler, Fiore
Brandimonte, 1997, for examples in which verbal processing may reduce, rat
than help, memory for hard-to-describe experiences). The finding that childre
color memory was actually hurt by intentional learning instructions (Experime
3 vs Experiment 2), which may invoke inappropriate encoding strategies or str:
gies that are as yet poorly developed, is consistent with this notion. If so, tt
there may be other features of experience about which children’s incidental me
ory is actually better than that of adults. Alternatively, children may have bet
color perception—findings by Kovacs and colleagues (Kovacs, 2000, perso
communication, January 2001; Kovacs, Kozma, Feher, & Benedek, 1999) sugc
that the perception of color peaks at 14 years of age, or color may be more sa
to children than to adults (i.e., receive more processing).

Experiment 3
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FIG. 4. Mean corrected recognition scores on explicit memory tests of each of three featu
(item, color, and location) for 10-year olds (Experiment 3) and 19- and 70-year-olds (Chalfonte
Johnson, 1996) who studied a 30-object array under intentional learning instructions. Vertical k
representt1 SE



DEVELOPMENT OF EXPLICIT MEMORY FOR FEATURES 293

Incidental memory for location was too poor in all age groups to provide
good assessment of potential changes in memory for location across the life s
However, the fact that both children and older adults were less accurate in in
tional location memory than young adults (see Fig. 4) suggests that intentic
encoding of location information profits from the types of reflective processin
perhaps including verbal coding (e.g., “a saw is in the upper left corner”) or re
tional processing (e.g., “a saw is above the sun”) of items, that presumably de
op into young adulthood and become less effective in older adults.

Finally, we should note that these studies investigated the encoding of feat
information as a first step toward clarifying age-related changes in explicit mer
ory. Understanding how features become bound together into complex episo
memories is also critical (e.g., Johnson, 1992; Johnson & Chalfonte, 19¢
Mitchell, Johnson, Raye, & D’Esposito, 2000; Mitchell, Johnson, Raye, Mathe
& D’Esposito, 2000; Reinitz & Alexander, 1996). These two aspects of episod
memory—memory for features and memories for what features go togett
(source memory; Johnson, Hashtroudi, & Lindsay, 1993)—often are not clea
separated in the developmental literature. The present findings suggest that (
variety of features may have to be systematically investigated before it is possi
to make general conclusions about developmental trends in feature memory, .
(b) a range of possible combinations of features may have to be systematic:
investigated before general conclusions can be drawn about developmental tre
in memory for bound features. For example, although children’s location mem
ry was poor when it was tested independently of item and/or color informatio
their location memory is quite good under some circumstances, as when they w
cued with item and/or color information in the gai@encentrationBaker-Ward
& Ornstein, 1988). That is, there may indeed be many situations in which ch
dren’s memory might be worse than that of adults, but there may also be situatic
in which it might be no worse, or even better.

Why are some stimuli easier to remember than others? Superior memory
different features or feature combinations is found even in studies of youl
infants. Adler and Rovee-Collier (1994), for example, found that 3-month-olc
remembered the combination of two line segments in the shape of L or
equally long but not as long as when the segments were combined in t
shape of at+. Evidently, the crossing in the makes it especially memorable
(Julesz, 1981). Of course, memory for some features and feature combinatit
that is based on acquired world knowledge should be easy (e.g., Bransforc
Johnson, 1973). Such results, along with the present findings, indicate tt
studies that systematically investigate various features and combinations
features across a wide range of ages would be useful in clarifying the dev
opment of explicit memory. Further questions need to be answered as we
Are the features combined during encoding and consolidation and reactival
as a unit? Or are they reassembled during remembering? Are different featu
and feature combinations forgotten at different rates? And, if so, what are t
determinants?
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There is considerable neuropsychological, human neuroimaging, and anir
lesion work implicating both the hippocampal system and frontal regions in expli
it memory (Schacter & Tulving, 1994; Squire, 1987). There is also evidence th
older adults’ source memory is disrupted more than their memory for individu
features (Chalfonte & Johnson, 1996) and that this is at least partly a conseque
of disrupted feature-binding processes at encoding (Mitchell, Johnson, Ra
Mather, & D’Esposito, 2000) that are mediated by a frontal-hippocampal circt
(Mitchell, Johnson, Raye, & D’Esposito, 2000). Because the development of t
hippocampus and frontal regions continues through childhood (cf. Diamond, 19¢
and these regions show an increasing chance of neuropathology with age (F
2000), it seems reasonable to expect explicit memory to assume a Jacksor
U-shaped function. Nevertheless, even should children turn out to be poorer tt
young adults at some types of feature binding, the present studies reveal that t
memory for some types of individual features is not poorer. Eventually, how fe
tures and processing components interact with each other and with the requ
ments of the task at hand (cf. Johnson & Chalfonte, 1994) should determine
shape of the age-related, explicit memory function in different situations.

APPENDIX
A List of RGB Values That Describe the Colors Used in the Stimuli of Experiments 1, 2, and 3.
Colors
Stimulus R G B
1 0 44564 0
2 0 57146 51903
3 0 65535 0
4 1951 39640 55154
5 13107 25952 64486
6 16253 0 2884
7 17301 36437 0
8 19660 11796 0
9 20185 20447 0

10 20709 0 37748
11 24903 36699 65010
12 28311 0 17301
13 29097 17563 0
14 35127 262 62389
15 35913 62651 60030
16 41680 49544 65273
17 41680 65535 41942
18 44268 180 7167
19 45874 47447 0
20 46399 0 27000
21 46923 24641 63962
22 54525 40894 65535
23 56098 65535 47185

N
N
5
s
N
=
©

16515 23855
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APPENDIX—Continued

Colors
Stimulus R G B
o 61340 37224 0
26 63962 23068 46923
27 64748 262 10486
28 65535 20709 2097
29 65535 41680 31981
30 65535 50593 53214

Note We used color laser prints of the stimuli that were colored on a Macintosh lici in the gray
ics environment of PowerPoint (version 2.01; Microsoft).

REFERENCES

Adler, S. A., & Rovee-Collier, C. (1994). The memorability and discriminability of primitive percep
tual units in infancyVision ResearctB4, 449-459.

Ajuriaguerra, J. de, Rey-Bellet-Muller, M., & Tissot, R. (1964). A propos de quelques problem
poses par le deficit operatoire des vieillards atteints de demence degenerative en debut d’e
tion. Cortex 1, 103-102.

Baker-Ward, L., & Ornstein, P. A. (1988). Age differences in visual-spatial memory performance: [
children really out-perform adults when playi@pncentration? Bulletin of the Psychonomic
Society 26, 331-332.

Balota, D. A., Dolan, P. O., & Duchek, J. M. (2000). Memory changes in healthy older adults. In
Tulving & F. I. M. Craik (Eds.)Oxford handbook of memo(pp. 395-409). Oxford: Oxford
Univ. Press.

Bransford, J. D., & Johnson, M. K. (1973). Considerations of some problems of comprehension
W. Chase (Ed.)Yisual information processin@p. 383—438). New York: Academic Press.

Brewer, W. F. (1988). Qualitative analysis of the recalls of randomly sampled autobiographical eve
In M. M. Gruneberg, P. E. Morris, & R. N. Sykes (Ed®Jjactical aspects of memory: Current
research and issues: Volume 1. Memory in everydaypfe263—-268). New York: Wiley.

Carroll, M., Byrne, B., & Kirsner, K. (1985). Autobiographical memory and perceptual learning: /
developmental study using picture recognition, naming latency, and perceptual identificati
Memory & Cognition13, 273-279.

Ceci, S. J,, Lea, S. E. G., & Howe, M. J. A. (1980). Structural analysis of memory traces in child
from 4 to 10 years of agBevelopmental Psychology6, 203—212.

Chalfonte, B. L., & Johnson, M. K. (1996). Feature memory and binding in young and old adul
Memory & Cognition24, 403-416.

Chalfonte, B. L., Verfaellie, M., Johnson, M. K., & Reiss, L. (1996). Spatial location memory i
amnesia: Binding of item and location information under incidental and intentional encodil
conditions.Memory 4, 591-614.

Diamond, A. (1990). Rate of maturation of the hippocampus and the developmental progressio
children’s performance on the delayed non-matching to sample and visual paired compari
tasks.Annals of the New York Academy of Scier@8,394-426.

DiGiulio, D. V., Seidenberg, M., O’Leary, D. S., & Raz, N. (1994). Procedural and declarative mer
ory: A developmental studrain and Cognition25, 79-91.

Fagan, J. F, lll., & Vasen, J. S. (1997). Selective attention to novelty as a measure of information
cessing across the life span. In J. A. Burack & J. T. Enns (Bd®htion: Development and psy-
chopathology(pp. 56-73). New York: Guilford.

Gardiner, J. M., & Java, R. |. (1993). Recognizing and remembering. In A. E. Collins, S.
Gathercole, M. A. Conway, & P. E. M. Morris (EdsTiheories of memorypp. 163-188).
Hillsdale, NJ: Erlbaum.



296 GULYA ET AL.

Graf, P. (1990). Life-span changes in implicit and explicit memBuofletin of the Psychonomic
Society 28, 353—-358.

Graf, P., & Schacter, D. L. (1985). Implicit and explicit memory for new associations in normal al
amnesic patientslournal of Experimental Psychology: Learning, Memory, and Cognifién
501-518.

Greenbaum, J. L., & Graf, P. (1989). Preschool period development of implicit and explicit reme
bering.Bulletin of the Psychonomic Sociedy, 417-420.

Hasher, L., & Zacks, R. T. (1979). Automatic and effortful processes in merdouynal of
Experimental Psychology: General08 356-388.

Johnson, M. K. (1983). A multiple-entry, modular memory system. In G. H. Bower {Huk)psy-
chology of learning and motivatidivol. 17, pp. 81-123). New York: Academic Press.

Johnson, M. K. (1992). MEM: Mechanisms of recollectidaurnal of Cognitive Neurosciencé,
268-280.

Johnson, M. K., & Chalfonte, B. L. (1994). Binding complex memories: The role of reactivation at
the hippocampus. In D. L. Schacter & E. Tulving (Edgl¢mory systems 199pp. 311-350).
Cambridge, MA: MIT Press.

Johnson, M. K., Foley, M. A., Suengas, A. G., & Raye, C. L. (1988). Phenomenal characteristics
memories for perceived and imagined autobiographical evdptgnal of Experimental
Psychology: Generall17, 371-376.

Johnson, M. K., Hashtroudi, S., & Lindsay, D. S. (1993). Source monitdPsychological Bulletin
114, 3-28.

Johnson, M. K., & Hirst, W. (1993). MEM: Memory subsystems as processes. In A. F. Collins, S.
Gathercole, M. A. Conway, & P. E. Morris (EdsTheories of memorfpp. 241-286). Hillsdale,
NJ: Erlbaum.

Johnson, M. K., & Raye C. L. (1981). Reality monitoriRgychological Reviev88, 67—85.

Julesz, B. (1981). Textons, the elements of texture perception and their interadtiturs. 290,
91-97.

Kail, R. (1990).The development of memory in child(@nd ed.). New York: Freeman.

Kovacs, I. (2000). Human development of perceptual organizafision Research40, 1301-1310.

Kovacs, I., Kozma, P., Feher, A., & Benedek, G. (1999). Late maturation of visual spatial integrati
in humansProceedings of the National Academy of Sciences of the 36SA2205-12209.

Light, L. L., & Lavoie, D. (1993). Direct and indirect measures of memory in old age. In P. Graf
M. E. J. Masson (Eds.)mplicit memory: New directions in cognition, development, and neu-
ropsychology(pp. 207—-230). Hillsdale, NJ: Erlbaum.

Mitchell, D. B. (1993). Implicit and explicit memory for pictures: Multiple views across the lifespar
In P. Graf & M. E. J. Masson (Edslplicit memory: New directions in cognition, development,
and neuropsychologipp. 171-190). Hillsdale, NJ: Erlbaum.

Mitchell, K. J., Johnson, M. K., Raye, C. L., & D’Esposito, M. D. (2000). FMRI evidence of age-
related hippocampal dysfunction in feature binding in working mem@ggnitive Brain
Research10, 197-206.

Mitchell, K. J., Johnson, M. K., Raye, C. L., Mather, M., & D’Esposito, M. (2000). Aging and reflec:
tive processes of working memory: Binding and test load defleggchology and Agindl5,
527-541.

Naito, M. (1990). Repetition priming in children and adults: Age-related differences between implic
and explicit memoryJournal of Experimental Child Psycholadg)0, 462—-484.

Naito, M., & Komatsu, S. L. (1993). Processes involved in childhood development of implicit mer
ory. In P. Graf & M. E. J. Masson (Edsmplicit memory: New directions in cognition, devel-
opment, and neuropsycholofpp. 231-260). Hillsdale, NJ: Erlbaum.

Nakao, K., & Treas, J. (1992). The 1989 socioeconomic index of occupations: Construction from
1989 occupational prestige scores@aneral Social Survey Methodological RepoNs. 74.
Chicago, IL: NORC.

Nelson, C. A. (1995). The ontogeny of early memory: A cognitive neuroscience perspecti
Developmental Psycholog§l, 723-738.



DEVELOPMENT OF EXPLICIT MEMORY FOR FEATURES 297

Parkin, A. J. (1989). The development and nature of implicit memory. In S. Lewandowsky, C. Dui
& K. Kirsner (Eds.)]mplicit memory: Theoretical issu¢gp. 231-240). Hillsdale, NJ: Erlbaum.

Parkin, A. J., & Streete, S. (1988). Implicit and explicit memory in young and old aBulish
Journal of Psychology79, 361-369.

Raz, N. (2000). Aging of the brain and its impact on cognitive performance: Integration of structu
and functional findings. In F. I. M. Craik & T. A. Salthouse (EdBhje handbook of aging and
cognition(2nd ed., pp. 1-90). Mahwah, NJ: Erlbaum.

Reinitz, M. T., & Alexander, R. (1996). Mechanisms of facilitation in primed perceptual identifice
tion. Memory & Cognition24, 129-135.

Ribot, T. A. (1882)The diseases of memofyew York: Appleton & Co.

Roediger, H. L., lll., & Blaxton, T. A. (1987). Effects of varying modality, surface features, and rete
tion interval on priming in word-fragment completiddemory & Cognition15, 379-388.

Rovee-Collier, C., Hayne, H., & Colombo, M. (200The development of implicit and explicit mem-
ory. Amsterdam: John Benjamins.

Russo, R., Nichelli, P., Gibertoni, M., & Cornia, C. (1995). Developing trends in implicit and explici
memory: A picture completion studyournal of Experimental Child Psycholody9, 566-578.
Schacter, D. L., & Moscovitch, M. (1984). Infants, amnesics, and dissociable memory systems. In
Moscovitch (Ed.)Advances in the study of communication and affect: Voif&nt memorypp.

173-216). New York: Plenum.

Schacter, D. L., & Tulving, E. (1994). What are the memory systems of 19947 In D. L. Schacter &
Tulving (Eds.)Memory systems 199gp. 1-38). Cambridge, MA: MIT Press.

Schneider, W. E., & Pressley, M. J. (1988)emory development between 2 and Rew York:
Springer-Verlag.

Schumann-Hengsteler, R. (1992). The development of visuo-spatial memory: How to remember I
tion. International Journal of Behavioral Developmgh5, 455-471.

Schooler, J. W.,, Fiore, S. M., & Brandimonte, M. A. (1997). At a foss words: Verbal overshad-
owing of perceptual memories. In D. L. Medin (E@he psychology of learning and motivation
(Vol. 37, pp. 291-340). San Diego: Academic Press.

Squire, L. R. (1987)Memory and brainNew York: Oxford Univ. Press.

Squire, L. R. (1992). Declarative and nondeclarative memory: Multiple brain systems support
learning and memorylournal of Cognitive Neurosciencg 232-243.

Taylor, J. E. (Ed.). (1958%elected writings of John Hughlings Jackson, VolLdhdon, UK: Staples.

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & W. Donaldson (Eds.
Organization of memorgpp. 381-403). New York: Academic Press.

Tulving, E. (1983)Elements of episodic memoiyew York: Oxford Univ. Press.

Tulving, E. (1985). How many memory systems are thAra@rican Psychologis#0, 385-398.

Tulving, E., & Schacter, D. L. (1990). Priming and human memory systgaence247, 301-306.

Received September 25, 2000; revised September 18, 2001



	EXPERIMENT 1: INCIDENTAL EXPLICIT MEMORY PERFORMANCE OF 4- AND 5-YEAR-OLDS
	FIG. 1
	FIG. 1—Continued
	TABLE 1
	FIG. 2

	EXPERIMENT 2: INCIDENTAL EXPLICIT MEMORY PERFORMANCE OF 5-, 7-, 10-, 22-, AND 72-YEAR-OLDS
	EXPERIMENT 3: INTENTIONAL EXPLICIT MEMORY PERFORMANCE OF 10-, 19-, AND 70-YEAR-OLDS ON THE PENCIL-AND-PAPER TEST
	TABLE 2

	GENERAL DISCUSSION
	FIG. 3
	FIG. 4

	APPENDIX
	APPENDIX —Continued
	REFERENCES

