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Abstract

There is little research regarding the amount =i
information that three-year-old children can vetain and
the length of time that they can retain it. In a task
in which three-year-olds retained the locations of
hidden objects, subjects were given a reactivation
treatment to determine if the reminder would facilitate
recall. An additional question was whether having input
into where objects were hidden would facilitate recall.
Ninety children learned the location of 16 objects
hidden in a room. One-half of the children determined
which object to hide in each of the pre-selected
locations (self-generated condition), and the
experimenter determined which object to hide at each
location for the remaining children
(experimenter-generated condition). For both the self-
and experimenter-generated conditions, one-third of the
children were visited three weeks after acquisition at
which time they saw the 16 objects (reactivaticn
treatment). Another one-third were returned to the
experimental room but did not see the objects
(partial-reactivation treatmeut). The remaining one-
third of the children were visited again only at final
testing (control treatment). All subjects were tested

ii



for recall of the 16 object-location pairings 4 weeks
after initial learning. Results showed no significant
differences due to reactivation or generation

conditions.
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React.vating Preschool Children's Memory for the

Location of Hidden Objects

Research has grown in the area of long-term
retention of information by infants, school-age children
and adults (e.q., Brainerd, Kingma, & Howe, 1985;
DeLoache, 1986; Howe & Brainerd, 1989; Rovee-Ccllier &
Hayne, 1987). However, there is little evidence
regarding the amount of information that preschoolers
can retain and the length of time that they can retain
it In tests of long-term retention, researchers have
found that reactivating information during a retention
interval is effective in facilitating recall in infants
(e.g., Rovee-Collier & Hayne, 1987) and school age
children (e.g., Hoving & Choi, 1972; Hoving, Coates,
Bertucci, & Riccio, 1972). One issue in tests :zf long-
term retention is whether reactivation of the
information learned in the acquisition stage will
facilitate recall in preschool children. As well, it is
not known whether a full reactivation treatment. such as
reshowing all the material learned at acquisition, would
facilitate better recall with preschool children than a
partial reactivation treatment, such as re-showing a

smaller amount of the learning material.



Ancther issue in the study of long-term vetention
is the effect of source of control at the learaing stage
on facilitating recall in preschoolers. Source of
control is defined as subjects having some input into
the learning material versus them not having input.

In the present study, source of control was
operationalized by varying whether the child or the
experimenter chose a hiding place for each object. It
can also be termed self- versus experimenter-generated
learning, as in the present study. When subjects have
input into the learning material, it facilitates recall
in tests of school-age children and adults.

Researchers (e.g., Bjorklund, 1987, 1988) have
argued that when school-age children and adults have
input into the learning material of a long-term
retention test, they make use of their prior knowledge
of the material. Research in this area leads to the
question of whether merely observing at the acquisition
stage, compared with actually performing at the
acquisition stage in a long-term retention test, will
result in different recall performance. Performing
could positively affect the knowledge a subject has of
the learning material, thus facilitating recall. There

is little evidence regarding the importance of source of



control and of observing versus performing an action for
preschoolers in tests of long-term retention, hcwever
The effects of reactivation and the effects of
source of control in relation tc preschoolers need to be
examined. When researchers learn more about
preschoolers' cognitive abilities, they gain more
knowledge about the adaptive nature of cognitive
ability. As Bjorklund and Green (1992) argued, a better
understanding cognitive ability in older children and
adults requires an understanding of it in preschoolers.
The goal of this thesis was to examine whether
reactivation during the retention interval and/or input
into learning at the acquisition stage of a long-term
retention test would facilitate recall of information
from long-term memory tor three-year-old children.
Three-year-olds have the cognitive abilities t: complete
memory tasks, but as yet have not been studied
extensively. Much about memories of older chiidren and
adults is known, and there is some knowledge about

memory in infancy. However, very little is kncwn about

preschoolers

memory .

Reactivation is defined as the reintroduction of a



porticn of an uriginal event at a time after w h the
event may have been forgotten. In a typical test of
reactivation, the subject first learns material to a
criterion. Then, at some point during the retention
interval, the subject is given a reminder of the leained
material. Finally, the subject is tested for long-term
retention of the event. Testing may involve single o
multiple tests of recall or recognition. The purpose of
reactivation is to reinstate (i.e., reconstruct: the
memory trace. For example, showing a subject a list of
stimulus words from a paired-associates list that he or
she learned previously may reactivate the memory of Lhe
stimulus-response pairs. In infant-memory and animal-
memory paradigms, subjects are trained in a highly
distinctive setting. At some point during the retention

interval, the reactivation treatment is given :n Lhe

same setting that the initial acquisition tooi -lace.
Subjects are subsequently asked to r2produce trn:
acquired response in that setting. Researcher: have
found that reactivating memory is effective in
strengthening the memory trace, thereby facilitating
recall, for both human and animal subjects (Campbell &
Jaynee, 1966, 1969; Rovee-Collier & Hayne, 1927).

campbell and Jaynes (1966) defined reinstatement,



of

another term for reactivation, as a small amo
partial practice or repetition cf a learning excerience
over a period during which some aspect of behaviour is
learned for life. This partial practice is enough to
maintain a response for those subjects who had the
experience at the acquisition stage, but not enough to
produce any learning in those who did not have the
experience. Campbell and Jaynes (1969) demonstrated the
effects of reinstatement with rats in a study where they
explored the retention of a visual discrimination task
learned in infancy. The amount of partial practice
affected the retention of the learned behaviour. Longer
durations of reinstatement resulted in greater retention
of the learned behavior. Thus, occasional reminders of
the original learning experience may reinstate the
memory of that experience.

Although the research on rat populations provides
evidence for the benefits of reactivation, studies on
humans are more relevant to the present research.
Results of a number of studies on infants which used a
conjugate reinforcement paradigm with a suspended mobile
(e.g., Boller, Rovee-Collier, Borovsky, O'Connor, &
Shyi, 1990; Fagen & Rovee-Collier, 1983; Hayne, 1990;

Hill, Borovsky, & Rovee-Collier, 1988; Rovee & Rovee,



1969; Rovee-Collier & Hayne, 1987; Rovee-Collisr &
Sullivan, 1980) have led to the conclusion tha: it is
possible for infants to remember for long pericds of
time. In the paradigm, the infant learns that xicking
its foot causes an overhead mobile to move. At some
point during a retention interval, the infant :s placed
in the same setting but cannot move the mobile: this is
the reactivation treatment. At final testing, the
infant is again returned to the distinct setting and can
kick to move the mobile again. Kicking rate iz used as
the measure of long-term r=tention. Infants who were
not given a reactivation treatment forgot that kicking
caused the mobile to move, as evidenced by low kicking
rates. However, at final recall, after the reactivation
treatment, the kicking rate was at or near the same rate
as at initial acquisition. This finding was cttained
for two-month-olds (Greco, Rovee-Collier, Hayne.

Griesler, & Earley, 1986), three-month-olds

(Rovee-Collier & Hayne, 1987), and siz-month--

(Boller et al., 1990; Hill et al., 1988). Although this
recall is cued, being elicited only by the -e-
presentation of a specific environmental context, it is
similar in character to the more complex and symbolic

recall responses shown by older children.



Rovee-Collier, Sullivan, Enright, Lucas, d Fagen

(1980) stated that reactivation is an important
mechanism through which behaviour can be influenced.
Reactivation can provide the opportunity for the
cumulative effects of early experiences to develop over
long periods of time. The authors concluded that the
results of veactivation studies provide evidence for the
theoretical distinction between availability (i.e.,
storage) and accessibility (i.e., retrieval) of
information in memory. The learned material may be
stored in long-term memory, but without frequent
reminders of the material individuals are unable to
retrieve the stored information. Since reactivation
does not affect recall, however, this may indicate an
inability to access available information.

Although researchers have not studied the =ffects
of reactivation on preschoolers' memory, there :s
research on the role of reactivation in the memory
performance of cchool-aged children. Hoving et al.
(1972) asked children (2 groups with mean ages of 6.7
and 10.1 years) to learn pairs of object names by
showing them 20 black and white line drawings (10 pairs)
of objects on cards. After being shown the pairs, the

children were shown a stimulus card and asked to name



the paired object. All subjects were trained :: the

criterion of one perfect recall trial of all 1> pairs.

In the reactivation condition, children were exposed to

the word pairs embedded in a story four weeks atter
acquisition., Children in the control group were not
re-exposed to the words. At final testing, eight weeks
after acquisition, the initial learning procedure was
duplicated. Children given the reactivalion treatment
performed better at final testing than did children who
received no reactivation treatment. As did Roveze-
Collier et al. (1980), Hoving et al. speculated that
reactivation may be involved in the persistence and
incorporation of early childhood experiences into adult
behaviour patterns. They argued that occasional
reminders of stimuli, identical or similar enough to
stimuli which were present and noticed at acqu.sition,
are effective in maintaining conditioned responding.

With reactivation, the responding is maintaiu

high level after a time period during which the response
would otherwise have been forgotten. This alicws for
future behaviour to build on past experiences.

Hoving and Choi (1972) examined whether the
improved memory in the reactivation condition was due to

the stimulus-objects or the response-objects in the



pairs. Using the same stimulus materials as Heving et
al., Hoving and Choi examined five groups of 5- and

8-year-olds, varying reactivation treatments, showing

stimulus-only cards or response-only cards. They found
that the presentation of the response-card was the
necessary and sufficient reactivator to increase the
retention of paired-associates learning in young
children.

Hoving and Choi (1972) looked at processes invoived
in paired-associates learning to determine why :he
response-only, and not the stimulus-only, condition
increased retention in school-age children. They
differentiated the learning of the response and the
learning of the association between stimulus and
response as two separate processes. Hoving and Choi
argued that when only the stimulus is given as 2
reactivator, a child of six years would not
spontaneously produce the response and hence would not
reexperience the pairings. When the response _s given
as the reactivation treatment, the pairs are
reexperienced, which facilitates recall. Not all
researchers agree. For example, Silvestri, Rohrbaugh,
and Riccio (1970) stated that the stimulus was the

necessary and sufficient reactivator. Regardless of the



specific influences of stimulus and response. remains

that generally the process of reactivation was
effective.

There is inconsistency between the paradijms of
reactivation studies with infants versus school-aged
children. In the infant's situation, reactivation
consists of putting the infant back into the
experimental setting but the kicking produces no
consequence. Operant analysis would call this
extinction. 1In the school-age paradigm, reactivation
consists of showing the word pairs embedded in a1 story.
The procedure provides an additional learning
opportunity; in fact, it may be considered over-
learning. Although the research done in both paradigms
has shown that reactivation facilitates recall, neither

of the paradigms used to operationalize reactivation

uses a true reactivation treatment. In studiez cf the
effects of reactivation, it is necessary to have a
treatment that does not operantly =ztinguish !sarning
but also does not provide too much learning opportunity.
In summary, research on the effects of reactivation
indicates that even a single reactivation experience at
some point during a retention interval will improve

subsequent recall. This is true for iafants (=.g.,



Rovee-Collier & Hayne, 1987) and for school-age children
(e.g., Hoving & Choi, 1972; Hoving et al., 197I). There
is no evidence to support whether reactivation :s an
effective means of facilitating recall of information

from long-term memory with preschool children.

Self- versus Experimenter-Generated Learning

In the present study, a design was employei to
examine effects of reactivation; however, the design
also allows for examination of whether or not having
prior knowledge of or input into the learning material
affects long-term retention of that material. Preschool
children were given the opportunity to choose which
objects are hidden in given locations. They may
associate that cars are hidden behind chairs and, when
asked what to hide behind a chair, they have the
opportunity to choose the car. This would enhance
retention of the object-location pairing for that
subject. In this research, 1 hypcthesized tha: the
effects of prior knowledge combined with the effects of
reactivation would facilitate learning. This question
is secondary to the primary investigation of the effects
of reactivation.

The two groups in the design are referred to as



self-generated learning, in which case the sub:-act has
input into determining the learning material, and
experimenter-generated learning, in which case *the
subject observes the experimenter present the learning
material. Self-generated learning involves having input
into learning by choosing which objects are hidden in
given locations. Experimenter-generated learn:ng
involves observing the experimenter choose which object
goes in which location. The object-location pairings are
later recalled.

Two areas of particular interest relevant %o this
issue of source of control are knowledge base, and
subsequent behaviour of observers and performers.
Knowledge base is a theoretical construct used to
identify prior knowledge. The effects of prior
knowledge can be =2xamined by using the experimental
manipulation of self- versus experimenter-generated
learning; this study attempts ‘o answer the question:
"Does having prior knowledge of the learning raterial
facilitate acquisition and recall of the materzal?”

According to Bjorklund (1988), a person’'s prior
knowledge is the conceptual information he or she has
about the definition of and the relations among common

language terms. A well-elaborated knowledge Lase may



facilitate memory performance on long-term reteation

tests (a) by facilitating deliberate use cf mercry

ivation

strategies, (b) through relatively automatic a
of relations among items, and/or (c¢) by increasing the
activation of individual items (Bjorklund, 1987).
Children who make yreater use of their knowledge base
have more features in long-term memory associatsd with
the items. Therefore, at the time of recall the
activated features should be more accessible for
children involved in determining the learning material
than for children who simply observed at the acquisition
stage. Memory representations for children who use
their knowledge base while involved in determining
hidden object location pairings, for example, should be
better able to readily activate these representations
than those children who have no opportunity tc use their
know1edge base.

Bjorklund (1987) stated that the more knowledge a
child has about a set of items and the more en:ciunters
with the items, such as through reactivation treatments,
the less mental effort is required to activate the
items. If this is so, then the use of knowledge base in
acquiring information to-be-learned, should leave more

of one's limited processing capacity for other cognitive



activities.

The work of Bjorklund (1987, 1988) and How= (1985)
indicated that prior knowledge is an important
explanatory component of memory performance. The prior
knowledge strengthens the memory trace and fac:ilitates
recall. For example, in a paired-associates task the
subject's knowledge base may include that two words are
frequently encountered together. When given a stimulus
word and asked to choose another word to pair :t with,
their choices are based on their prior knowledge. This
makes learning easier and strengthens the memcry trace
because the subjects start out with a non-zero ‘trace.

Many other researchers have added to this debate
(e.g., Baker-Ward, Hess, & Flannagan, 1990; Feldman &
Acredolo, 1979; Rudy & Goodman, 1991). Enhanced recall
of lzarned material may occur for children as :oung as
four years of age (e.g., Feldman & Acredolo, 1273).

These results illustrate the importance cf man:pulating

self-generated versus experimenter-generated -:nditions

. Vhen

of recall when studying early memory developme:
subjects have input into the learning material. they

have the opportunity to use prior knowledge. Whether or
not learning and recall are facilitated is impcrtant for

practical and empirical reasons. Practically, it is



important to know the henefits of involvement :z
learning for such purposes as designing educat::n
programs. Empirically, it is important for researchers
to know when designing studies of memory that the mode
of involvement (i.e., actively involved, as in self-
generated learning, vs. passively invoived, as in
experimenter-generated learning) will affect the
performance of young children.

In order to examine the importance of a knowledge
base, Bjorklund and Bernholt~ (1986) and Bjorklund
(1988) used the paradigm of recalling self- versus
experimenter-generated word lists. Bjorklund and
Bernholtz manipulated the typicality of words with
groups of good and poor 13-year-old readers. For the
self-generated list, the typicality of the items was
Jdetermined hased on rating data obtained from the
children in a previous session. For the exper:menter-
generated list, typicality was based on norms :btained
from a sample of college students. During the learning
stage of the study, subjects received two lists
consisting of sets of typical and atypical items for
recall. At recall, performance was better for the
typical than for the atypical items for each group of

childre- with both the self-generated and experimenter-
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generated lists. Good readers recalled more £:ir *he
experimenter-generated listc than did poor readers.
When the lists were devised by the subjects, hcwever,
there were no recall differences between the good and
posr readers, Bjorklund and Bernholtz argued that the
differences in knowledge base between the gocd and poor
readers were responsible for the differences ia recall
found with the experimenter-generated lists rather than
differences in strategy use. They stated that
performance was influenced by nonstrategic,
organizational processes associated with the relatively
effortless activation of well-established semantic
memory relations.

Bjorklund (1988), in examining how knowledge base
is affected by age, studied children's strategies for
remembering word lists (subjects were from grafe 4 and
grade 7). The typicality of the words was judged either

by the subjects or by adult raters. Bjorklund referred

to research on children's free recall (Bjorkluzd &
Bernholtz, 1986; Rabinowitz, 1984) and cued recall
(Ackerman, 1986; Bjorklund & Thompson, 1983; Whitney &
Kunen, 1983) in which performance was higher for sets of
typical than atypical category exemplars. In the

procedure, subjects learned a word list, and a: final



testing they were given four recall tests. 0ldec
children recalled more words than younger chiléren, and
recall was greater for typical than for atypical
category items for both self-generated and adul:-
generated lists. Recall of the atypical items Zor both
older and younger children was greater for subjects
receiving self-generated lists than for those resceiving
adult-generated lists. With more knowledge, prccessing
becomes more efficient, thereby enabling easier access
to entries in semantic memory.

In summary, Bjorklund and his colleagues
(Bjorklund, 1987, 1988; Bjorklund & Bernholtz, 1986;
Bjorklund & Bjorklund, 1985) found that knowledge base
is an important explanatory component of memory
performance. In their studies, recall was better in
self-generated conditions than in experimenter-zenerated
conditions. This learning condition variable
interacted, however, with age (older wvs. jyounger),
reading ability (good vs. pocr) and typicality.

The second area to consider in examining the
effects of source of control is the difference in
subsequent behaviour of observers
(experimenter-generated learning) and performers

(self-generated learning). The question in this area of



observers versus performers is whether observin; an
action to be later recalled will aff=ct recal!
differently than performing the action. For k2
purposes of the present research, this questior 1s asked
regarding three-year-olds. Following the logic of his
theory, Bjorklund might argue that performing 3 task
would strengthen the features in memory associated with
the task. At time of final recall, the featurss would
be more accessible for performers of the task ‘hereby
making recall less effortful. A child who interacts
with objects to-be-hidden at their hiding location may
have representations of movement and events that are
linked to locations (e.g., Cohen & Cohen, 1982). It is
also possible that the motor activity involved in
performing the task may interfere with establiching the
memory representations, although this possibility iz not
empirically supported. Baker-Ward et al. (1922 found

that performed actions were retained better tha:n

chserved actions when & to-be-recalled wvent: wero
familiar and meaningful. They also argued,
alternatively, that passive observation of ancther's
activities may direct the subject's choice at recall, a
possible support to the speculation that perfcrming may

cause interference.
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Cornell and Heth (1986) examined observers and

3

0
o

performers in 3 task of hiding and later findi

marbles in a room. The subjects, in kindergarzsn and
grade two, either hid the marbles themselves, chose the
locations but observed the experimenter hide the
marbles, or observed the experimenter choose the
locations and hide the marbles. The subjects
immediately were required to find the marbles.
Generally, although children who chose the locations
used some form of strategy in their choices, there was
no difference in recall between the groups. Children
used memories of hiding places to direct their search.
The information obtained from observation was sufficient
to establish these memories.

In contrast, performing an activity may facilitate

recall of the activity (Baker-Ward =t al., 1927: Zchen §
Cohen, 1982). There is also evidence that cbssrving is

4 that

sufficient to form representations in memory

srz and

there is ro difference in recall hetween

i

performers (Cornell & Heth, 1986). This lack =
significant Jdifference may be a result of the =ype of
objects being hidden; the objects (marble.) were alike.
Distinctive cbjects may have been more interesting,

thereby increasing motivation of subjects to find the



objects. To answer this question, further eviience
using objectz that would intrigue preschoolers :s
needed.

In the present study, the recall of observers versus
performers was examined. The objects used were novel
and age-appropriate toys. Involvement with hiding the
objects (i.e., choosing which objects are hidden in
given locations) is expected to facilitate acquisition
and recall of the hiding locations. This expectation is
based on the research which argues that prior “nowledge

facilitates learning and recall (e.g., Bjorklund &

Bernholtz, 1986) and the research which supp 5 that

performing as opposed to observing an activity

facilitates learning and recall (e.g., Cohen & Zohen,

1982).

In summary, whether :r not nowledge bas« ind

subsequent behaviour of chservers and perfors

facilitate learning and recall of mateirial iz
unresolved., The inconsistency in research regards
whether or not self-generated learning and/or pzrforming
a task in a test of long-term retention facili‘ates
recall. Having prior knowledge of the learning material

may give subjects the opportunity to use this knowledge

to strengthen memory traces. This use of prior
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knowledge facilitates acquisition and recall c2

information, although there is no evidence tha: this is

so for three-year-olds. The knowledge base litesrature
includes a number of studies of self- versus
experimenter-generated word lists, and studies of the
effects of being permitted to use prior knowledge in
paired-associates tasks. The results of the studies
show that having input into determining the lists
facilitates recall, at least for school-age children and
adults. More features are encoded, which makes the
lists more readily accessible at time of recall.
Regarding the controversy about the effects of
observing versus performing a task, researchers argue
that performers recall better than observers of events
(Baker-Ward et al., 1990; Cohen & Cohen, 1382) and,
alternately, that there is no differance hetween
observers and performers (Cornell & Heth, 1986). As
well, there is evidence in the two-choice alternation
task literature that a task of hiding and sesk:ing
objects, a widely used task in this area, may te beyond
the cognitive abilities of three-year-olds (Rabinowitz &
DeMyer, 1971). These researchers would argue “hat
examining the effects of observing versus performing by

employing a paradigm of hiding and seeking objects would



be inappropriate, although other res=archers

DeLoache, 1986) would disagree.

Memory for Hidden Obiject Locations

In long-term retention studies of the effects of
reactivation and source of control, appropriate methods
of testing are necessary. Retention of word lists, such
as used in Bjorklund (1987, 1988), Bjorklund and
Bernholtz (1986), Hoving and Choi (1972), and Hoving »t
al, (1972) are appropriate in testing school-age
children, but more innovative methods are needed when
testing younger children. Lange, MacKinnon and Nida
(1989) stated that the less cognitively demanding the
task, and the more attractive the task, the mors likely
that preschoolers will tend to automatically respond
with more =ffcrt. DeLoache (1986) successfull: used u
memory-for-hidden-objects paradigm to study twc-year-old
children's long-term retention. The subjects understood
what was required of them and were capable Lf :smpleting
the task. The current research used a similar paradigm.

There are conflicting opinions in the literature as
to whether preschoolers are cognitively capakle of

understanding the concept of "hiding". Flavel!,

Shipstead, and Croft (1978) examined whether



young children hLetween the ages of 22- and 48-rzunths

were able to hide objects from another person. They also
examined whether the subjects were able to determine if
the other person could see the hidden cbject(s;. Even
the youngest subjects knew how to hide an object from
the experimenter by putting an object on the side of a
panel opposite the experimenter. Only the older
children were able to hide an object by placing a panel
between the object and the experimenter. All children
did well on determining whether a second experimenter
could see an object when the first experimenter held a
panel in a certain position and asked the child if the
second experimenter could see the object. Thus, the
results of Flavell et al. support the view that 2.5- to
3.5-year-old children understand the concept of hiding.

Lempers, Flavell, and Flavell (1977, in =zzamining
hiding behaviour, had young children aged 1- t: 3-vears
hide an object from the experimenter. Either the child
was to move ‘he object tc hide it behind a par:z!, :r the
child was to move the panel to hide the object. Three-
year-olds performed at ceiling levels on almost all
tasks used in the study. Lempers et al. concluded that
by the age of three years children demonstrate the

knowledge that objects can block the vision of other



objects. They found that three-year-olds know :hat the
experimentar's perception of an object is inderendent of
their own. These young subjects dc not exhibi: much
egocentric hiding.

In contrast, Rabinowitz and DeMyer (1971} found
that three-year-olds do not have the cognitive ability
to organize; they do not have the systematic ccgnitive
abilities for hiding or searching. 1In the two-choice
alternation tasks used by Rabinowitz and DeMyer, the
children choose between two locations to find hidden
objects; they may also hide the object. Their ability
to hide in an unpredictable wanner was examined and it
was determined not to be present at age three jears.
The authors also found that the ability to search comes
only about six months before the ability to hide.
According to Rabinowitz and CeMyer, ‘herefare, the

subjects in the present research wers only lLeg:inning to

have the ability tc search.

The alternation task c¢f hiding i somewha-
different from hiding objects as in the Lemperz et al.
(1977) study. The alternation task literature views
hiding as a purposeful strategy rather than as an innate
ability as described in the Lempers et al. study.

Therefore, researchers such as Rabinowitz and IeMyer



(1971) who claim that three-year-nldz cannot hide may be
referring to strategic hiding.

In the present ctudy, preliminary investizations
indicated that three-year-olds did understand what was
being expected of them when asked to hide an object.
Based on the results of this test and on the research of
both Flavell et al. (1978) and Lempers et al. {1977), I
contend that preschool children understand the concept
of hiding.

The memory-for-hidden-objects paradigm requires an
ability to search as well as to hide. Searching for
hidden objects is well within the capacity of infants
and is useful in assessing the memory skills of toddlers
and young children (Bjorklund & Muixr, 1988). We know
from the research of Heth and Cormell (1980) that

children ac young as one year of age can search

effectively after observing models, their mothsrs,
perform a search task. Children as young as three years

ranment

cf age can search effectively in a natural =
without observing a model. Searching seems to be a
skill that develops early in life.

Thus, in accord with the research of DeLcache
(1986), DeLoache and Brown (1983), DeLoache, Cassidy,

and Brown (1985), Flavell et al. (1978), and Lempers et



al. (1277}, prescheccl drea

and to later zearch for hidden

Therefore, 3 memory for hidden

shjects

cbjects parad seems to

be appropriate to test recall cf infarmation f::xm long-

term memory

in three-year-old children.



Present Research

There are caveral Lypotheses

that in a test of long-term rete

hypothes
three-year-old subjects, reactivation of a rortion of

the original learning material during the retextion

interval will facilitate recall of that mater : §

postulate that the stronger the reactivation, :he better

will be the recall, tested by giving come subj
information during reactivation. This hypothe:z:s is

based on analyses by researchers studying th pact of

reactivation (e.g., Hayne, 1990; Hoving & Chei, 1972;
Hovirg et al., 1972; Rovee-Collier & Hayne, 1227) who
argued that the amount of reactivation does facilitate
recall.

I also hypothesized that three-year-old children

intc
long-term retention test will have better cf that
materzal than those who da & ut" was
operationalizad as performir the task.
This hypothesis is based on the work ers

(e.g., Saker-Ward et al. 1990; Bjorklund, 1287, 1°88;
Cohen § Cohen, 1982; Feldman & Acredolo, 1972; Rudy &

Goodman, 1991) who argued that more knowledge about what

is learned, and performing rather than cbserving a task

60
-3



imprcves recall of what is learned. I wanted =:

determine if hasing input into learning a task

effective in facilitating recall with preschoclars.

1f reactivation facilitates recall in infaats and
school-age children, then it may also facilitate recall
in preschoolers. Furthermore, if self-generatzd
learning facilitates acquisition and recall with three-
year-olds, then subjects in the self-generated condition
given a reactivation treatment should have the bLest
recall performance. This possibility of thess :ffects
is the reason why the two variables are examined in a
task which required three-year-old children tc remember

the location of hidden objects.



"
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Method
Subjects. The subjects were 90 three-year-old :hildren
(M = 39 months, SD = 1.96). The subjects were :zelected
from 24 daycare centres in St. John's, Permission for
each child's participation was obtained by a letter of

parental consent.

Design. The design was a 2 (self- versus experimenter-
generated learning) X 2 (reactivaticn, partial
reactivation, control) % 4 (trial) design, wherz the
first two factors were between-subjects and the last
factor was within-subjects. The dependent variable was
total number of errors on each of four long-term

retention test trials.

Materials and Procedure. All children were tested at

their daycare. During the acquisition phase, zll

subjects learned the hiding cations of 15 okiacts
(ball, book, car, cards, cow, crayons, eraser, flower,
harmonica, man, plane, scissors, spoon, sunglasses,
watch, yo yo). A subject was first taken intc a
separate room that was approximately 3 meters ¥ 3

meters. The criteria for choosing the room was that it
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be familiar to the child, that it b2 free £u

distractions, and that it have potential for 1f Hiding

lecations (e.g., behind a chair, under a cush;

The
child was then introduced to the experimenter %y a

daycare staff member, and after cstablishing rapport,

the experimenter asked the child: "Would you to
play a game with me? I would like to show you some toys
that I have in this bag, and then we can play a game
with them." Children tested within each daycar: were

distributed as evenly as possible across the

between-subject cells.

The experimenter and the child sat in the middle of
the room on the floor, and the experimenter tock the
items at random from a bag and placed them on ke floor
in front of the child. After being shown each item the

hild was ashed, "#hat iz thiz <alled?" If th. -hild

did not respond cor did not knew, the informati:i was

provided. Failure ‘s name an chject :iccurrad .. @

than five percent of the cases. as lonj iz th

used a tame that was 2 synonym for “he r:ques
the child's object name was accepted and used “hLroughout
the study.

Then the child was told that he/she and the

experimenter were going to play a game of



"hide-and-se

«ith the objects. The fzsllow:

instructions were used: "We are going “2 play : jame of
hide-and-seek, Lut instead of you and I hiding, we are
going to hide these toys around this room. When we are
finished hiding them, you are going to have to Zind
them."

In all instances the child wac shown the lccation
for hiding the object. Within each daycare the
locations fer all children were held constant. The only
factor that varied was which cbject was hidder 3t each

location. Subjects ln the scelf-gencrated cordition were

asked which object they would like to hide in 2zc
the given locations. The following instructions were
used: "Here is a good hiding place. Which of these
things would you like me to hide here?" in the

simentar-generated conditio

the follow:

instructions: "Here iz a good hiiing

place. T am jeing to hide the here."

edure was S:llewed until .ll

:bjects were hidden,

hject ¥
In both conditions, the experimenter actually rlaced the
object in its hiding location. Thi:z was the first study
trial.

After the items were hidden, the =xperimenter asked



I8

the child the locaticn of the objects in a prs-irranged

random crder. This was the first “act trial. ried
recall was randomized, with the constraint that sbjects
which were hidden last were not among the fi to be
asked for in order to avoid serial position effacts.

The child was asked to point to the object frem where

he/she was seated without revealing the cbject it the

location he/she pointed. The =xzperimenter sa I am
going to ask you tc tell me where the toys ars hidden
one at a time. You are not allowed ¢z luock at the
objzcts. You are only allowed to point tc whare ycu
think the toy is hidden." If no response Lo '%e Lequest
to point to the object was given, the chill wac asked to
stand next to where the object was hidden. [£ this was
unsuccessful, he/she was asked to te!l the experimenter

wher2 the object was hidlen, 2 1w ML 41 d

not revezal ‘he object,

definite whoizz was accepted 3

given 12 ceccnds to identify

choics was Saken as Ll:/ler ansuer.

After asking for the locations cof the 10 :bjects,

the experimenter again chowed the child the

their locaticns in a pre-arranged random order ‘thus

avoiding serial position and shoit-term-memc.y wffects).



child

orce again 3 t2st trial was administered where

w@as asked, in a pre-arranged random order, the ! -cation

of tlL2 hidden objects. Thic study-‘ect groce was
followed until the child reached a criterion cZ two
cons:cutive perfect recall trials. 2t that tizme the
child was retuirned to his/her normal activity =with the
other children at the daycare.

Thrce weeks after acquisition, one-third

children returned to the testing room with the

ation

wxperimenter and were shcwn the objects (reac
treatment condition). Upon returning to the r:zom the
experimenter said: "Do you remember being here with me,
and playing a game of hide-and-seek? We used these
toys. I'm going tc show them to you again." =11

subjects stated they remembered the activity. After

shewing the rubject the cbis
"That's all we're geing s do today. Let':s gc tack and
see whal ‘he -ther boys and girls are doing nc«.”
Rnother third of the children returned to the :zesting
room with the experimenter three weeks after scguisition
but wer= not shown the objects (partial reactivation
treatment condition). These subjects were asked by the
experimenter: "Do you remember being here witk me and

playing a game of hide-and-seek? I just wanted o see if

33



sther

you remembered. Let's go back and see what

boys and girls are doing now." The vemaining rd of
the children were in the -ontrol condition and “rere not

seen again in the experimental context until fizal

testing.

Four weeks afte: acquisition each child rz:urned to
the testing room with the experimenter. Each was told
that he/she was going to again play the game of
"hide-and-seek." The following instructions w«ore given:

e are going to play that game of Lide-and-s

aga
I already have the toys hidden where they were hidden
before. I want to see if you remember where they are.

Where did we hide the ? Point to where we hid it."

There were four test trials with no further study
opportunities. Howe and Brainerd (1989) recommended

four trial designz. They otated that it iz able

to examin: change:s in performance between two :-: more

Petention performanu: 'snid -

impreve across test trials; alz aight wot

veveal 2all that 2 3u

The children were asked in a pre-arranged random
order whers the items were hidden. As at acquisition,
they were £irst asked to pcint to the objects. [If they

did not respond, they were asked to stand next %o the



<hbject., If thiy agaiz did not respond, taey

ts ‘211 the -xperiment:r where the :bject wa:s
Eny response which indicated 1 definite choice w-as
acceptcd. At this time the objects were not a.:ually

hidden, since there would be no study trials ani the

test trials did nct require retrieval of the
object. This also ensured that the child would not
reveal the object during a st trial. Ten sec:nds were

allowed for a response and the first answer was ccored.
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Results

Analysis c¢f Poguisition Data

An analysis of variance was conducted on the

acquisition data for the 90 subjects in the six groups.

The design was a 2 (self-generated versus experimenter-
generated) X 3 (reactivation, partial-reactiva‘:on,
control) between-subjects design. The dependent
variable was total number of errors. The analysis of
variance showed no significant main zffectc o
interactions (see Table 1). Subjects in each cf the six
groups learned to criterion within approximately five
study-test trials; there was no significant difference
between groups in how many study trials it tgok to reack
the criterion of two consecutive perfect recalls of 16

object-location pair

Insert Tabl< 1 about here

Analysic of Long-‘term Petention Data

Although the initial ANOVA on the acquicition data
showed rno main effects or interactions, an ANCZYA was
conducted on the retention data. This was done to

ensure that the results observed will be attrikuted



within limite ¢f error to the treatment variab

nge of ANCOVA lhelps to eliminate spurious caus::z =

effects, zuck as rate of learning at *‘he acqui

s:age of a two-stage experiment (Underwood, 1%
decign was 2 (self-generated versus experimenter-
generated) X 3 (reactivation, partial-reactivation,
control) X 4 (trial), where the first two factcrs were
between-subjects and the last factor was within-subject.
The dependent variable was total errors on each of the
four long-term retention test trials, and the :cvariats
was total errors at acqui. .tion.

The covariate was significant [F(1,83) = 24.21, p <
0.01], and the interaction between source of ccatrol
(self- versus experimenter-generated learning) and trial
approached significance, [F(3,252) = 2.62, p = 0.0517]
{cee Table 2}. BApproximately S50 percent cf the

acquisition material was racalled by subjects iz all six

groups. The fact that three-year-:1dc were it

vemember with 50 percent accuracy the location :

1iddsn ~hioct: iz interesting and rhsuld :neow

further research.

Insert Table 2 about here




Since the covariate was :ignificant

who made fewer !2ar errors made fewer recall

errors), the estimated pepulation rameter

mean) for each level of the independent variable was
calculated. The adjusted mean error rate for each test
trial are listed in Table 3. 1In the self-gene:ated
condition, there were few differences between the total
number of errors in each of the three treatmer:

conditions (reactivation, partial-reactivaticn, and

contrel}. In the experimenter-generated co an,
subjects receiving the control treatment tzndet to have
slightly more errors than thosec receiving the 'wo

reactivation treatments. There was very little

difference between performance for :ubjects receiving
the reactivation or partial-reactivation treatment.

Insert Table about here

In crder to interpret the iiteraction

of control and t 1 that =pproache

adjusted mean errors calculated on the self- and
experimenter-generated conditions were analyzed using a
Newman-Keuls test. The relevant trial mean number of

errors are listed in Table 4.



Insert Table 4 about hLore

The NHewman-Keuls test (p < .01) indicated that :he
interaction was due to performance being poorer on

subsequent long-term retention tests within the self-

generated condition relative to the experimer
generated condition.

In summary, an ANOVA was conducted on the

dicated ns main effaz:s

ich

acquici

tre

interactions. R2n ANCOVA was then conducted,

dependent variable being total errors on each =Z the
four long term retention test trials and the ccvariate

being total errors at acquisition. The cnly s:ignificant

effect was for the covariate. The interaction between

Mewman-Keul:s test ~onducted

of the long-term retention

interaction approached :ignifi:ance because

slight decrecase ia errsrs _ver the Sour long-

trials for the experimenter-generated condition and a

slight increase for the self-generated condi



Discussion

In the present experiment, three-ysar-old ch

clearly able to learn and recall information
four-week interval: The subjects recalled approximately
50 percent cf the hidden object-location pair:.
However, the hypothesis that a reactivation treatment

during a retention interval would facilitate all {rom

long-term memory for tlrec-year-old children was not

supported.

In answer to the gquestion of whether laving
input into learning facilitated acquisition ani Lecall

of the hidden object-location pairings, the int:raction

between source of control and trial approached
significance. Input into the learning material, and

possibly the opportunity for use :f prior knowledge Lo

elaborate the lzarning material,

perhaps even detrimental, with thiz age groug.

The 2ffects «f Loth lzac atizn ane ok
control were examined to determine whet wonlad
be an interaction between the two variables. orklund

(1987, 1982) argued that both prior knowledge and
repeated exposures to the learning material strengthen

the links between features in memory traces. The



that

implication

should have worked together to
clearly was not the case.
Reactivation did not facilitate recall of

information from long-term memory. Results showed no

significant difference between the three treat:

conditions (i.e., reactivation, partial-reac
and control). There are several ways to interyret this

finding. First, the experimenter's presence ci:side c£

the wxprrimental sontext may have acted 45 a i:activator

for all subjects. It may also have interfered with the
original memory trace of the acquisition mater:al.

The reactivation treatment was given in the daycare
centre, where the experimenter was often seen :7 all

children. When he went to test subsequent sukbiects at

the same la sentre,

the initial learning fcr the subjects tssted 22
evilenced by the many children who asked to

zame {the wethod was presented as 3 jawe ¢

ng material may have Leen
for subjects in all conditions. Boller et al. {1990)
stated that information acquired after initial :raining
may become associated with the original memory :race.

enter in

Such information may include seeing the expe



context. As well as r:aactivatiag subject: -

ditions, this

altered the crigina! trace and created
between the new trace and the original trace. 3oller ct
al. argued that the longer the retenticn interval, the
more opportunities for this to ocecur. If thiz
alteration happens, then an otherwise effectiv:
reactivator. such as showing the objects used :a an
object-location pairing task, might be unable 3 access

the ori ntol

fade: f Yhe Sight i Yhe wipo

reactivated the original memory trace for all

yinal *rac: fo: 111

conditions, or if it altered the or

conditions thereby reducing access to the trac:, then

the sight of the experimenter could account fco thern

being no difference between the three treatmen:

ins. The infcrmaticn was availak!

sordi

r1an

accessible, as Rovee-Collier aad Fagen

A seccnd Interpretation o accsunt for why

that the

reactivation was nct =ffect

room wac essxd Ly caoa daily
familiar room in the daycare was used to make “hz child
feel more comfortable. DeLoache, Cassidy and Z:iown
(1985) found no performance difference hetween

conducting .uch tests in the home (familiar seiting) and




the lab ‘.nfamiliar zetting). The

the <bject-lscation pair

response

seen by the subs regularly over the fo

retention iaterval which reactivated the pai
Hoving and Choi (1972) stated that the respons< was the
necesscary and sufficient veactivator. It may 2 that

all subjects had thic reactivation treatment, reducing

any differences between treatment ccondition

study had been done in a school, as was the Hex

al. {1972) Zn.a lab cetiing,

the control condition would not have ceen the

i school

i

experimenter until final testing. as well,
or lab the subjects would not have routinely besn in the
=Xperimental room.

A third possible interpretation is based za the

than

fact that the

sponse (hiding locations)

treatment. Although Hoving

because the design is analogous to the infant research

on reactivation. Rovee-Collier and Hayne (1987; used a
complex stimulus and a single response. The response in

the present study was complex and might have rrovided




zeac

acquisition stage. Rovee-Colliar and Pagen (1°21)

argued that the fewer the number of conte:itual cues at

acquisition, the smaller the possit 1y that the target
t

attribute wil!l be accessed at f£inal testinj. !faybe
there w2re not enough contextual cues in the present

study. Each rcom used had enough locaticns t

15 cbjects. However, locaticns cuch as 'ia al

brightly coloured clown on the top' :iather th
locations such as 'behind a chair' cr 'under 1 :cushion'
might have increased the contextual cues. Alsc, Rovee-
Collier and Hayne (1937) emphacized 'he importance Jf a
distinctive setting for reactivation to be effective.

It zay Le that a more dic ssary.

A reactivation treatment = cagly

reinforced the relationchip Letween the

that may have contriluteld ..
null findings is the length of retention intervals. The
retention intervals between acquisition and
reactivation, and between reactivation and loas-term

retention, differ from those used in research :n infants



.nd zchecl-age children. Infant researcherz

three-month-cl.1 thildren Zorget after @ - 12 dajs

{Rove

% Hayrsz, 1987) and that

zhildrun forget after 14 - 20 days (Hill et al.. 1988).

A reactiva‘ion treatment within two weeks of f:rgetting,

they stated, will allow full access

the crizinal

memory trace. Researchers who study school-age children

(Moving & Choi, 1972; Hoving et al., 1272) emg

7 a

longer time pe:iod between acy ition and reactivation

ind between .zac

o

tin and loag

The interwval cf three ueeks betzeen acqu

tion and
reactivaticn may not have Leen long 2nough to .isure
that there had been sufficient forgetting for
reactivation to be rmffective. The time pariod tetween
reactivation and final testing may also not have keen

sptimal o

necessary to determine how long

forget and the optimal time for

tc ke wmost -££

Thus, there e several interp:
reactivation was not effective in facilitating recall in

three-year-old children. There seems to be

evidence in the literature that reactivation

effoctive with infants (e.g., Rovee-Collier ¢ Hayne,



preschool children. Such

sffective

reactivaticn

the subjects are seen

continuous reactivation, and when a response

a stimulus is used as the reactivat:or

plausible in explaining why the

would 2% 'he learniny Wwao
also examined. The lack =¢ in
sl tel

cug
Lo Eormel

by choosing which object to hide in a given l:zation,
and this may not have been dictinct enougk f::z the
experimenter-generated condition. If cubjectc in the

celf-gensrated condition were required Lo chuise the



tte primary cencern of reac
.edurdant. Each child would have been reminded of
different cbject-lccation pairings, and any diZferences

found could not have conclusively Leen attributzd to the

effects cf reactivatior nce the reacti

sould not

have bLeen consistent acrcss parti

The guesticn of whether or nst performing 3 task

ied mate

ell and Heth {1983} a

there i3 no

waterial. Boller et al. (1990} argued that pas

hidden-object locations faci

vonf

the rezearch demand furthe.

esearch to determine if having input inte the learning

mate vffective <I that




materizl.

Some researchors may argue that thies-yeas-21d

children dc =nct have the 2 rxmplete a

task cuch as the one required in this study. However,
based on the work of Flavell et al. (1978) and Luompers

et al. {1977}, thrze-year-olds should be akle -: perform

the present task. It appeared Jduring the present
experiment that the subjects understced Lthe veguirements
cf the task. Their recall of about 50 percent >f the
material ndicates that they understood.  The: -fore, the
lack of difference may morc likely be due to = lack cf
distinctiveness between the task demands than =3 a lack
of understanding of the task.

Subjects in the self-generated condition lad the

opportunity to use prior knowledge learned through thei:

neis snvircament

hidden Lekird a cushion.’

cignifizant results reflects that the children zimply

did nct havs this kind =€ prisr knowladge

«tain the ianfc.mution.

not seem to automatically or deliberately use z strategy

such as elaboraticn to help themselves acqguire ‘he

learning material.

The interaction between source cf cont and trial



W

appreac

slight

the zp

increase in errors f£sr the self-genzrated ¢
Although not too much can be made cf this, the decrease
in performance in the self-generated condition was

surprising. Since this condition's knowledge tise waz

supposedly elaborated, these children zhould have been

able to retain the material over

« children

became bored with the task and put less effort:
recalling the object-location pairings. It seens mors

possible that their knowledge base was not elak:crated

test trialz ic velated

and the decr2ase in recall over
to some other factor.

21though the hypoth

not supperted, in this s

and oae thing was l2arned.

components cf a two-stage long-term retention test.

Whern subjects learn the acquisition material *

tericn, it ensures that zll subjects learn

stringent

the material. At long-'erm retenticn, as Hoving et al.



of some information may spark recall of addit
information. Multiple test tvials van result :: ne

in information recalled, :r 1

decrease in information recallad.

three-year-olds there was a slight

trials c£ information recalled Zot

Lom but

between the self- and exzperimenter-generated

& single test would not have zhown “his appruact

significant difference and is not necessarily icative

and Low ctrong the nome

are.,

impcitanzc and multiple

with three-year-old subjects was appropriate. ZResearch

with preschoolers has tended to rely cn pa:

cor epizodic memories of events in which the subjects

took part. The method used here was neovel, mctiva




zan

wt al., {1978) and Lempers

seem to ke able to

of hide-ani-seek to

understc:i what it

meant to hide the objects,

o

the hidirng lesaticns, an

acquiring information and retaining that information

sver long periods of time. Second, the lack

significant main 2ffects or interactions may

saussd %y | probl

bSetween :onditisns nct being distinzt

eacugh. Thi. l: nev research

mentioned wethodslogical cencerns &

empirical evidence to justify further research cn the

cffects of reactivation and source of contrsl
relation to long-term retention for preschoolers. To

determine if reactivation and input Intc learz:izg

fitd



shou.

activation and -ontrc!

Letween

that only the prescribed veactivation trsatmen:
given. The task demands could also be increaszd by
increasing the retention interval or the number of
object-location pairings. PFinally, to

knowledge base rathzr than juct use it

question as in the present study, futuie

@
®
©

should clearly differentiate the task demand

Entey g

generated and cxperi

coenditions. Eased on LlLe findirngs .£ resear

areas of reactivation and self-yenerated lzarring and on

the results of thic study, future research sheuld reveal

amount of information preschool.rs

morz about tt

retain and the length of time they can retain it
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Table 1. 3Analysis of v

Condition T 9. 1444 2.2885
Treatment 2 §5.0112 7.1315
Condition/Treatment 2 3.2444 2.2618
Errcr 84 44,2612

Condition - Experimenter/Self Cenerated Lrearn:

Treatnent - Reactivation/Partial Reactivatis



:£ <ovariance on 1

Table 2.

Condition 1 120.4823 2.82
Treaiment 2 £9.2284 1.48
Cond./Treat. 2 26.5160 1.e7

lst covariate 1 1122.2919 24.22 3.0000
1 srrey 33 46,2704

Trial 3 1.05¢8 0.33
Trial/Zerdition 3 0.2593 2.€2 0.0517
Trial/Treatment 6 5.2556 1.66

0.

Trial - Trial #1-4
Cependernt Variable - Total errors on each tes! trial
Covariate - Tatal eriors at acquisi




Table 3. lean 2ach treatment
self-Cenerated Zondition
Trial Condition
Reactivation Partial Reactivatizn Control
1 Mean 2.62 2.31 8.27
sD 3.7 3 84l
2 Mean 2.39 A 8.27
SD 4. 1.6 4.9
3 Mean 2.42 0.908 2.54
sD 2.8 2.2 5,
4 Mean 3.59 3.91 10.41
SD 1 B 5.
Experimenter-Generated Cor i:lion
Trial Zondition
Reactivation  Partial Reactivation  Control
1 Mean 5.8 21 L)
sD 3.7 4 2.9
2 Mean 2.18 550 Bt
SD 4.e 3.¢ 2.2
2 Mean ] 5.79 2:52
sD 3.3 41 2.1
4 Mean 249 5.45 9,38
sD 2.9 4.1 1.1




rors for Self- and Exper

Table 4. Trial mean
el

ated conditions empl.jed in Newm
test.
Condition

Self-Cenerated Experimenter-Gererated
Trial Mean SD Mean sB
1 8.73 4.2 e.22 4.0
2 9.02 4.7 8.13 4.1
3 9.65 4.4 7.82 2.€
1 2.34 4.1 7.75 €
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