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Reinstatement versus Reactivation Effects
on Active Memory in Infants

Scott A. Adler, Amy Wilk, and Carolyn Rovee-Collier

Rutgers University

Reinstatement and reactivation are procedurally different reminder paradigms used with
infants and children, but most developmental psychologists do not distinguish between
them. In 4 experiments with 102 three-month-olds, we asked if they differ functionally as
well. Independent groups of infants received either a reactivation or a reinstatement
reminder 3 days after training, when the memory is active, but its specific details have
been forgotten. In Experiment 1, we measured retention after increasing delays until
infants forgot altogether. A single reinstatement protracted retention twice as long after
training as a single reactivation. In Experiments 2—4, whether the reminder was the
original training stimulus or a novel one differentially affected the duration and specificity
of memory in the 2 procedures as well. These data demonstrate that the distinction
between reinstatement and reactivation is not artificial. In addition to differing procedur-
ally, reinstatement and reactivation differ functionally, with different memory-preserving
effects. © 2000 Academic Press

Key Words:infants; long-term memory; retention; reminders; reactivation; reinstate-
ment; specificity.

Two reminder paradigms that are increasingly used in memory studies v
infants and young children are reinstatement and reactivation. Whereas re;
vation has been used primarily with infants between 2 and 18 months of
(Barr, 1997; Davis & Rovee-Collier, 1983; Fagen & Rovee-Collier, 198:
Hildreth & Rovee-Collier, 1999; Hill, Borovsky, & Rovee-Collier, 1988; Rovee
Collier, Sullivan, Enright, Lucas, & Fagen, 1980; Sheffield & Hudson, 1994
reinstatement has primarily been used with preschool- and school-aged chilc
(Hoving & Choi, 1972; Hoving, Coates, Bertucci, & Riccio, 1972; Howe
Courage, & Bryant-Brown, 1993; Priestley, Roberts, & Pipe, 1999). Despite t
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fact that these reminder paradigms are procedurally quite different, both remi
ers protract retention so that it is exhibited after delays not otherwise possi
and most developmental psychologists do not distinguish between them (e
Howe et al., 1993; Hudson & Sheffield, 1998; Mandler, 1998). Howe et :
(1993) wrote, for example, that “the distinction between reinstatement &
reactivation is ... artificial in that both ... have similar (if not the same
memory-preserving effects” (p. 855). Whether these two reminder procedures
really functionally equivalent, however, has never been investigated.

Campbell and Jaynes (1966) originally introduced the reinstatement paradi
defining it as “a small amount of partial practice or repetition of an experience .
which is enough to maintain an early learned response at a high level, but is
enough to produce any effect in animals which have not had the early exp
ence” (p. 478). In their seminal study with weanling rat pups, they condition
fear of the black side of a shuttle box by administering 30 inescapable sho
there while intermittently exposing the pups to the white (no shock, or safe) si
Over the next month, they gave half of the pups 3 shocks in the black side of
box as reminders—one on Day 7, one on Day 14, and one on Day 21—w!
they gave the other half of the pups no periodic reminders. During the long-te
retention test on Day 28, they placed all pups on the black side of the box w
the door open to the white side. The pups that had received periodic remin
spent significantly more time on the white than on the black side of the b
indicating retention of their conditioned fear, but the pups that had received
intervening reminders exhibited no retention of their conditioned fear, spend
more time on the black (preferred) side. In addition, pups who had not be
trained as weanlings but who had subsequently received the 3 periodic she
also spent more time on the black side of the box during the test, confirming t
the 3 periodic pairings of the shock and the black side of the box were insuffici
to establish new learning.

Spear and Parsons (1976) also conditioned fear in weanling rats by pairin
flashing light (the conditional stimulus, or CS) with a shock in the white compa
ment of a shuttle box for 30 trials. During the long-term retention test, also given
days later, they placed rat pups in the white side of the box, lowered the partif
separating the two compartments so that it formed a hurdle, and turned on the CS
crossing the hurdle, the rat pups could escape from the white side and turn off the
Spear and Parsons distributed six reminders throughout the retention interval, an
test followed the last reminder by 4 days. However, they used four differe
reinstatement conditions—a complete conditioning trial (a CS—shock pairing), re
posure to the white compartment, reexposure to the white compartment and the
and reexposure to the shock in a different apparatus. Because so much new leg
occurred during the six complete conditioning trials, the retention test data from 1
condition were uninterpretable. Of the remaining reinstatement conditions, the
odic shocks were highly effective, whereas the other reminders were no
effective than no reminders at all.
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To test the possibility that the reinstatement effect resulted because peri
reexposures allowed the rapidly growing rat pups to perceptually accommaoc
to the conditioning situation, Spear and Parsons exposed another group
single shock 24 h before the 28-day test—a procedure designed to eliminate
possibility of perceptual accommodation. As it turned out, exposing pups tc
single shock at the end of the retention interval was as effective as exposing tl
to periodic shocks throughout the retention interval. To distinguish this proced
from the reinstatement paradigm, they referred to it as a “reactivation paradig

The latter finding by Spear and Parsons suggested that the reinstatemen
reactivation paradigms may have an equivalent effect on retention despite
procedural differences between them. In two recent studies with human infa
however, presenting a single reinstatement reminder at the end of a 3-w
retention interval did not alleviate the forgetting of either 2-month-olds (Rove
Collier, Hartshorn, & DiRubbo, 1999) or 3-month-olds (Galluccio & Rovee
Collier, in press), whereas presenting a single reactivation reminder after
same delay did. These studies led us to question whether these two remi
procedures truly are functionally equivalent. The present experiments w
designed to answer this question.

EXPERIMENT 1: RETENTION AFTER A REMINDER

Although we have repeatedly found that a reactivation reminder can recovi
memory after it has become inactive, on the two occasions when we presel
either a single reactivation reminder or a single reinstatement reminder to 2-
3-month-olds after the memory was inactive, the reactivation reminder allevia
forgetting, but the reinstatement reminder did not (Galluccio & Rovee-Collier,
press; Rovee-Collier et al., 1999). Because Campbell and Jaynes (1966)
shown that reinstatemenhaintains a memory throughout a long retention
interval, whereas Spear and Parsons (1976) had demonstrated that reactiv
recoverghe memory after it was forgotten, we speculated that for a reinstatem
reminder to be effective, the memory might have to be active when it
presented. In studies of reinstatement, multiple reminders are periodically f
sented throughout a retention interval. Presumably, each reinstatement remi
maintains the memory in an active state until the succeeding reinstaten
reminder is presented, which again boosts the memory and keeps it active
the next reinstatement reminder is presented, and so forth—like periodic:
throwing a new log on a fire.

In Experiment 1, therefore, we asked whether reactivation and reinstaten
reminders protract retention equivalently if they are presented when the men
is active. To answer this, we presented 3-month-olds with either a sin
reinstatement reminder or a single reactivation reminder of the same duratic
days after training, when the memory is active (Rovee-Collier, Adler, & Borz
1994; Rovee-Collier & Sullivan, 1980), and assessed how long each protrac
retention. Because a reinstatement treatment presents the full complemer
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training cues, whereas a reactivation treatment presents only a fraction of
same cues, we expected that a single reinstatement reminder would b
effective as a single reactivation reminder at the very least. Therefore, we be
measuring the retention of infants who were given a reinstatement reminde
the point when infants who were given a reactivation reminder no long
exhibited any retention. If the two reminders are functionally equivalent, th
infants’ rate of forgetting after a single reinstatement reminder and their rate
forgetting after a single reactivation reminder should be the same. In all stud
we operationally defined “forgetting” as a failure to respond significantly abo
baseline on the long-term test and “recognition” as responding significan
above baseline on the long-term test.

Method

Participants.Forty-eight 3-month-olds (28 boys, 20 girls) with a mean age ¢
94.6 days §D = 7.5) on their first day of training were recruited from publishe
birth announcements in local newspapers and randomly assigned to six ex|
mental and two control groupa & 6) as they became available for study. Infant:
were Caucasiann(= 42), Hispanic i = 1), and not reportedn(= 5). Their
parents’ mean educational attainment was 15.88 ye&zibs={ 0.50), and their
mean rank of socioeconomic status (Nakao & Treas, 1992) was 68[33=(
20.14). (Demographic information was available from 37.5% of the sampl
Additional infants were excluded from the final sample for failing to meet tt
learning criterionif = 3), inattention § = 1) or crying fi = 3) longer than 2 min
in any of the four sessions, and equipment failure=(1).

Apparatuslnfants were trained with one of three highly detailed, hand-painte
wooden mobiles composed of five objects (Nursery Plastics, Models 801, &
and 809) and five/z-in. silver jingle bells. The mobiles were counterbalance
within groups. During each session, the mobile was hung from an alumin
L-shaped stand (BCS Machine Co., South Plainfield, NJ) clamped to the crib
nearest the experimenter. An identical “empty” stand was clamped to the op
site rail, so that the suspension bar of each stand protruded over the infant’s Ic
abdomen. A white ribbon, tied to the infant’s ankle, was connected without sl
to one of the suspension bars, depending on the phase of the session.

Procedure.Training took place in the infant’'s home crib at a time when th
infant was likely to be playful. This time varied across infants but remaine
constant across all sessions for a given infant. All infants received two 15-r
training sessions 24 h apart and a long-term retention test 7, 9, 14, 16, or 18
later. The experimental groups received a single 3-min reminder 3 days a
training was over, and the control groups received the same 3-min remin
immediately after training was over.

Each training session began with a 3-min nonreinforcement phase dul
which the mobile was suspended from one stand and the ankle ribbon
connected to the other. In this arrangement, the mobile was in view, but the in
was unable to move it by kicking. In Session 1, this was llaseline phase
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during which the infant’s unlearned kick rate (operant level) was measured. N
followed a 9-min reinforcement phasecguisitio) during which the ankle
ribbon was connected to the same stand as the mobile. In this arrangement, |
moved the mobile with an intensity commensurate with their rate and vig
(“conjugate reinforcement”). Finally, each session ended with a 3-min nonre
forcement period. At the end of Session 2, this wasnamediate retention test
during which the infant’s final level of learning (kick rate) was measured. T
qualify for the long-term retention test, infants were required to kick at a rate :
times their baseline rate during 2 of 3 consecutive min during acquisition (1
learning criterion). Théong-term retention testas another 3-min nonreinforce-
ment phase, identical to the baseline phase and the immediate retention
when the infant’s kick rate was measured again. Immediately after the long-te
test, reinforcement was reintroduced as a motivational control procedure
ensure that infants who had responded poorly during the test were not ill, tir
or unmotivated on that particular day. None were—all responded to the con
gency.

Infants in the experimental groups received a brief (3-min) reminder—eitt
a reactivation or a reinstatement reminder—3 days after training was o\
During the reactivation reminderthe ribbon was detached from the infant’s
ankle, but the other end was still connected to the same stand as the mobil
was held by the experimenter, who pulled it to move the mobile noncontinger
at the same rate that the infant had kicked to move the mobile during the la
min of acquisition in Session 2. During theinstatement remindethe ribbon
was again strung from the infant’s ankle to the mobile, as during training, so t
kicks conjugately moved the mobile. When the 3 min timed out, the moth
removed the infant from the crib, and the reminder treatment was over. Gro
receiving a reactivationr¢ac? reminder were tested either 7 or 9 days afte
training; groups receiving a reinstatemeriii) reminder were tested 9, 14, 16,
or 18 days after training.

The reactivation and reinstatement control groups received the remin
immediately after the end of Session 2 and were tested 7 days later. These gr
were included to ensure that infants’ subsequent test performance was not sit
due to their 3 additional min of familiarization with the reinforcer or overtraining
respectively.

Retention Measures

Retention was assessed in terms of two individual measures of rela
responding that we have used in all previous studies of infant memory. 1
primary measure, thibaseline ratio,is computed by dividing each infant’s kick
rate during the long-term retention test (LRT) by that same infant’s baseline k
rate (B): LRT/B. A mean baseline ratio significantly greater than a theoretic
population baseline ratio of 1.00 indicates significant retention (i.e., test perf
mance above operant level). Conversely, a mean baseline ratio not significa
above 1.00 indicates no retention (i.e., test performance at the baseline lev
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TABLE 1
Mean Baseline (BASE) and Immediate Retention (IRT) Kick Rates, Mean Baseline Ratios (BF
Mean Retention Ratios (RR), and Standard Errors (SE) of Groups in Experiment 1

Remindftest day M BASE (SE) MIRT (SE) M BR (SB M RR (SB

Reinstatement reminder

rein/9 7.17 (1.57) 15.00 (2.88) 2.20(0.41)  0.88(0.17)
rein/14 4.28 (0.68) 19.17 (2.68) 2.20(0.31)  0.60(0.13)
rein/16 10.89 (2.58) 20.95 (2.82) 0.62 (0.08) 0.32 (0205)
rein/18 10.73 (1.63) 22.17 (3.62) 1.15 (0.44) 0.36 (0°10)
rein-con/7 5.01 (1.09) 21.12 (5.08) 0.80 (0.18) 0.27 (.09)

Reactivation reminder

react/7 8.61 (1.80) 23.22 (5.17) 1.93(004)  0.74(0.09)
react/9 7.28 (1.89) 16.00 (2.89) 1.29 (0.21) 0.57 (0.10)
react-con/7 7.67 (0.99) 13.50 (0.79) 1.14 (0.15) 0.65 (0.03)

M BR significantly> 1.00 (significant retention).
®M RR significantly< 1.00 (significant forgetting).

The baseline ratio indicates whether or not a group exhibits retention, but i
not informative about the degree of retention. This information is provided by t
retention ratio,which is computed by dividing an individual infant’s respons
rate during the long-term retention test by that same infant’s response rate du
the immediate retention test (IRT): LRT/IRT. The retention ratio describes t
proportion of an infant’s immediate retention (after zero delay) that still remai
at the end of the retention interval. A retention ratio of 1.00 or greater indica
that performance did not decline over this period. A retention ratio significan
less than a theoretical population retention ratio of 1.00 indicates that signific
forgetting took place over the retention interval. The degree of forgetting can
either partial (if the mean baseline ratio is significantlyl.00) or complete (if
the mean baseline ratio is not significantly1.00).

Prior to performing all analyses, we tested the baseline and retention ratio
each group for outliers. An outlier, defined as a ratio falling above the 9C
percentile for a given group, was replaced with the next lowest baseline ratic
retention ratio within that group, anddf was subtracted (Tukey, 1977). None of
the outlier corrections altered the outcome of argst.

Results and Discussion

Separate one-way analyses of variance (ANOVAs) over the mean kick rate
the eight groups during the baseline phase and the immediate retention
yielded no significant differences either before trainiR(j;, 40) = 2.13,ns, or
immediately afterwardi(7, 40)= 1.06,ns(see Table 1). Thus, any subsequen
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FIG. 1. Mean baseline ratios of independent groups of 3-month-old infants who received eit
a reactivation remindeogen circle} or a reinstatement remindesgien squares3 days after training
and a long-term retention test 7 to 18 days after training. The reactivation control gfibiem (
circle) and the reinstatement control groufilied square received an identical reminder imme-
diately after training and a long-term retention test 7 days later. Asterisks indicate significant reten
(i.e., M baseline ratio significantly> 1.00); vertical bars indicate: 1 SE (Experiment 1).

differences in retention could not be attributed to initial differences in unlearn
activity or the final level of learning, respectively.

A one-way ANOVA revealed that the group baseline ratios differed signi
cantly, F(7, 36) = 4.42,p < .001. A Duncan’s multiple range tesp (= .05)
indicated thagroup rein-9andgroup rein-14had higher baseline ratios than all
other groups (see Fig. 1). In additiogroup react-7had a higher baseline ratio
thangroup rein-conandgroup rein-16.An identical ANOVA revealed that the
group retention ratios also differe#(7, 35) = 5.48,p < .0002. A Duncan’s
multiple range testf§ = .05) revealed thagroup react-7andgroup rein-9had
higher retention ratios thagroup rein-16, group rein-18and group rein-con;
group rein-14also had a higher retention ratio thgroup rein-con.In addition,
group react-conhad a higher retention ratio thagroup rein-conand group
rein-16.

To determine which, if any, groups exhibited significant retention, we us
directionalt tests to compare each group’s mean baseline and retention ra
with the corresponding theoretical population ratios of 1.00 (no retention and
forgetting, respectively). These analyses revealed that the reactivation remil
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FIG. 2. Mean retention ratios of independent groups of 3-month-old infants who received eitl
a reactivation remindepfen circle§ or a reinstatement remindesgden squargs3 days after training
and a long-term retention test 7 to 18 days after training. The reactivation control gfibleul (
circle) and the reinstatement control groufilied square received an identical reminder imme-
diately after training and a long-term retention test 7 days later. Asterisks indicate that a gr
exhibited significant forgetting during the long-term test (iM retention ratio significantly< 1.00);
vertical bars indicate: 1 SE (Experiment 1).

produced significant retention 7 days after training but none 9 days afterward {
Figs. 1 and 2)Group react-7had a baseline ratio significantly greater than 1.0(
t(3) = 23.12,p < .0001, and a retention ratio significantly below 1.68) =
4.30,p < .004, indicating that its retention was only parti@roup react-Shad

a baseline ratio not significantly greater than 11(8), = 1.39,ns,and a retention
ratio significantly less than 1.0Q(5) = 4.20, p < .004, indicating that its
forgetting was complete. Thus, 6 days after the reactivation reminder (9 d
after training), forgetting was complete.

In contrast, the reinstatement reminder produced significant retention 9 anc
days after training but not longeGroup rein-9 had a mean baseline ratio
significantly greater than 1.06(5) = 2.94,p < .02, and a mean retention ratio
not significantly less than 1.0@5) < 1. Group rein-14also had a mean baseline
ratio significantly greater than 1.0@5) = 3.91,p < .006, but its mean retention
ratio was significantly less than 1.05) = 3.03,p < .02, indicating that its
retention was only partial. The mean baseline ratiogrofip rein-16andgroup
rein-18, however, were not significantly greater than 1.00, ks(s) < 1, and
both groups had mean retention ratios significantly less than t{4)0= 12.84,
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p < .0001, andt(4) = 6.35,p < .0007, respectively. Thus, 11 days after the
reinstatement reminder (14 days after training), forgetting was complete.

Neither control group exhibited significant retention 7 days later when t
reminder immediately followed training. Both groups had baseline ratios tt
were not significantly above 1.0@rfoup rein-con, @4) < 1; group react-con,
t(4) = 1.11,ng, and both had retention ratios that were significantly below 1.0
t(4) = 13.39,p < .0001, and(4) = 8.34,p < .0002, respectively. Their data
confirmed that the retention advantage exhibited by the experimental groups
not simply due to additional exposure to the reinforcer (reactivation control)
additional training time (reinstatement control) but to the retention boost tt
resulted from retrieval of the training memory at the time of reminding.

The brevity of the delay after which Spear and Parsons (1976) meast
retention following the single reactivation reminder—1 day-relative to the del
after which they measured retention following the last of six reinstateme
reminders—4 days—may have contributed to the apparent equivalence of re
vation and reinstatement in their original study. Although subjects may he
exhibited retention after 1 day whether they received only one shock reminde
several, they may have requiredaore than a single shock reminder to exhibit
retention after delays as long as 4 days (Spear & Parsons, 1976), much less 7
(Campbell & Jaynes, 1966). Hayne (1990), for example, gave 3-month-olds
or two reactivation reminders when their training memory was inactive a
found that all infants exhibited retention after 1 day irrespective of whether th
received one reminder or two, but only infants who received two reminde
exhibited retention after 7 and 14 days.

The present data reveal that the two reminder procedures, reinstatement
reactivation, are not functionally equivalent in protracting retention when tl
memory is active. Presenting a single reinstatement reminder to 3-month-
when the original memory was still active protracted their retention twice as Io
after the end of training (7 days) as a single reactivation reminder of the s
duration (14 days). Because the mobile was moving during both reminders,
only ostensible difference between them was the presence (reinstatemen
absence (reactivation) of the contingency. This factor, then, must have b
responsible for the differential reminder effect. Given that a single reactivati
treatment in Experiment 1 maintained retention for 7 days after training, bu
single reinstatement treatment of the same duration and given after the s
delay maintained retention for 14 days after training, we asked in what otl
ways these two reminder procedures might differ. The succeeding experim
were designed to answer this question.

EXPERIMENT 2: SPECIFICITY AFTER
A REACTIVATION REMINDER

When tested 1 day after training, 3-month-old infants recognize the traini
mobile and discriminate a novel one. Over time, however, they increasini
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forget the specific details of the training mobile; 3 days after training, the
remember only its general features and respond nonselectively whether te
with the training mobile or with a novel one (Rovee-Collier & Sullivan, 1980
When tested 1 day after a reactivation reminder that is given when the men
is inactive, this pattern is reversed. One day after a reactivation treatme
3-month-olds respond nonselectively to the training mobile and a novel one,
3 days later, they respond only to the training mobile and discriminate a no
one (Hayne & Rovee-Collier, 1995). The latter result was interpreted as refle
ing the rate at which the two kinds of memory attributes were recovered by
reminder—memory attributes representing the general features of the trair
mobile were recovered first, and those representing its specific details w
recovered last.

Even though infants generalize to a novel mobile 3 days after training,
generalized reminder cannot reactivate the training memory once it has b
forgotten (Rovee-Collier, Patterson, & Hayne, 1985). Instead, an effective re
tivation stimulus must be virtually identical to the original training mobile
Although exposing 3-month-olds to a novel moving mobile (a reactivatic
procedure) when the memory is active retroactively interferes with their recc
nition of the training mobile 1 day later (Rossi-George & Rovee-Collier, 199
Rovee-Collier et al., 1994), how it affects what and for how long they ultimate
remember is unknown. In the remaining experiments, therefore, we explored
specificity of the memory representation both during and after a reactivation
reinstatement treatment with either the same mobile or a novel one.

In Experiment 2, we asked if exposure to a single reactivation reminder wk
the training memory is still active produces the same specificity after long t
delays. To answer this, we exposed infants to either the original or a novel mo
as a reactivation reminder 3 days after training—a delay when they he
forgotten the specific details of the training mobile—and tested them with eitt
the original or a novel mobile 7 days after training. In Experiment 1, th
retention interval was the end point of their forgetting function after a reactiv
tion reminder.

Method

Participants.Eighteen 3-month-olds (8 boys, 10 girls) with a mean age of 93
days SD = 8.3) were recruited as before and randomly assigned to three gro
(n = 6). All were Caucasian. (Socioeconomic data were not collected, but 1
sample pool was the same as before.) Three additional infants were exclt
from the final sample for crying longer than 2 min in any of the four sessior
Group react-7 which received both a reactivation treatment and a test with tl
original mobile in Experiment 1, was also included in Experiment 2.

ProcedureThe training, reactivation, and testing procedures were the same
in Experiment 1. Infants were exposed to a reactivation reminder—either
original mobile (A) or a novel mobile (B)—3 days after training was over an
were tested 4 days later (7 days after training) with either the original mobile
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TABLE 2
Mean Baseline Kick Rates (BASE) and Immediate Retention (IRT) Kick Rates, Mean Basel
Ratios (BR), Mean Retention Ratios (RR), and Standard Errors (SE) of Groups from Experiment

3,and 4

Group M BASE (SE) MIRT (SB M BR (SB M RR (SB
Experiment 2: 7-day test (reactivation)
react-A/A 10.22 (1.64) 23.17 (3.41) 1.93 (0.04) 0.74 (0.09)
react-B/B 7.72 (1.16) 15.33 (1.47) 0.92 (0.08) 0.37 (0°05)
react-A/B 8.44 (2.24) 23.78 (5.08) 1.08 (0.08) 0.49 (Cb01)
react-B/A 8.61 (1.80) 23.22 (5.17) 2.09 (0.35) 0.58 (0.09)
Experiment 3: 14-day test (reinstatement)
rein-A/A 4.28 (0.68) 19.17 (2.68) 2.20(0.31) 0.60 (0.13}
rein-A/B 6.61 (1.28) 19.33(1.30) 1.77 (0.31) 0.46 (0.06}
rein-B/B 19.13(3.76) 30.69 (5.47) 0.69 (0.16) 0.51 (0°14)
rein-B/A 5.32(0.75) 19.72 (4.19) 0.90 (0.18) 0.23 (0'03)
Experiment 4: 9-day test (reinstatement)
rein-A/A 7.17 (1.57) 17.44 (3.04) 2.20 (0.41) 0.88(0.17)
rein-A/B 6.39 (1.53) 17.00 (3.85) 1.23(0.25) 0.53 (0°16)
rein-B/B 6.39 (0.88) 17.56 (2.55) 1.59 (0.16) 0.67 (0.12)
rein-B/A 6.00 (1.01) 21.44 (2.76) 1.27 (0.17) 0.34 (0'03)

@ Significant retention (i.e., BR significantly 1.00).
® Significant forgetting (i.e., RR significantlz 1.00).

a novel one, forming four groupssroup react-A/Bwas reminded with the
original mobile and was tested with a novel mobitgpoup react-B/Awas
reminded with a novel mobile and was tested with the original mobjiteup
react-A/A(group react-7in Experiment 1) was both reminded and tested with th
original mobile; andyroup react-B/Bwvas both reminded and tested with a nove
mobile.

Results and Discussion

Separate one-way ANOVAs performed on the mean kick rates of the f
groups during the baseline and immediate retention test phases revealed the
groups did not differ either before or after training, b&#(3, 20)< 1 (see Table
2, top). As a result, any subsequent group differences in long-term retent
could not reflect differences in either unlearned activity or the final level
learning, respectively. Identical one-way ANOVAs indicated that the me:
baseline ratiosi-(3, 16) = 4.89,p < .01, and mean retention ratids(3, 18) =
7.82,p < .001, of the three groups differed significantly. A Duncan’s multipls
range test p = .05) revealed thagroup react-A/Ahad a significantly higher
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FIG. 3. Mean baseline ratios of 3-month-old infants who received either a reactivation remin
in Experiment 2 left) or a reinstatement reminder in Experimentrigtft) with either the training
mobile (Mobile A: striped columngor a novel mobile (Mobile Bfilled column¥ 3 days after
training. After both reminders, infants were tested at the end point of their respective reforget
function with either the original cue or a novel one; these delays corresponded to absolute retel
intervals of 7 days (reactivation) and 14 days (reinstatement). In the group labels, the letter befor:
slash indicates the reminder mobile, and the letter after the slash indicates the test mobile. Aste
mark groups that exhibited significant retention (iM.baseline ratio significantly- 1.00); vertical
bars indicatet+ 1 SE.

baseline ratio and retention ratio thgroup react-B/Band group react-A/B.In
addition,group react-B/Ahad a significantly higher baseline ratio and retentio
ratio thangroup react-B/Band a significantly higher baseline ratio thgroup
react-A/B(see Table 2top).

Directionalt tests were again used to compare each group’s mean base
ratio and mean retention ratio with the corresponding theoretical ratios of 1.
The baseline ratio analysis revealed that both groups who were tested with
original training mobile recognized it irrespective of whether their reactivatic
stimulus was the original mobile or a novel one (see Fitefd, Group react-A/A
(group react-7in Experiment 1) had a mean baseline ratio significantly aboy
1.00,t(3) = 23.12,p < .0001, and a mean retention ratio significantly belov
1.00,t(5) = 4.30,p < .004. Similarly,group react-B/Ahad a mean baseline ratio
significantly above 1.00t(4) = 2.39, p < .05, and a mean retention ratio
significantly less than 1.0&5) = 4.70,p < .003, revealing that the retention of
both groups was partial.

In contrast, neither group that was tested with the novel mobile generalize«
it during the 7-day testGroup react-B/Bhad a mean baseline ratio not signifi-
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cantly above 1.0a(4) = 1.06,ns,and a mean retention ratio significantly below
1.00,t(5) = 10.38,p < .0001. Likewise group react-A/Bhad a mean baseline
ratio not significantly above 1.0@(5) = 1.01, ns, and a mean retention ratio
significantly below 1.00f(4) = 40.87,p < .0001. The specificity of infants’
memory at the time of testing was confirmed by the ANOVA, which showed th
both reactivation groups who were tested with the original mobile had basel
ratios that did not differ and were significantly higher than the baseline ratios
both reactivation groups who were tested with the novel mobile, and whc
baseline ratios also did not differ.

These data are particularly interesting because the reactivation treatn
occurred at a point in time when infants typically treat a novel mobile :
functionally equivalent to the training mobile, and these mobiles were functic
ally equivalent in protracting retention of the training memory for an addition
4 days as welldroups react-A/Aandreact-B/A. Because infants remembered
only the general features of the training mobile at the time of reactivation, \
speculate that the retention boost to the original memory that resulted fr
reactivation with the novel mobile was mediated by the general features the
shared with the training mobile. The fact that infants who were both reactiva
and tested with mobile Bgfoup react-B/B failed to respond to it confirms that
the remaining test groups had retrieved the original training memory and not
memory of the reactivation stimulus.

Apparently, the reactivation treatment “reset” the specificity of the memo
and protracted it. Whereas infants typicafjgneralizeto a novel test mobile 3
days after traininggroup react-A/Bstill discriminated the novel test mobile 7
days after original training—4 days after reminding. Unless they had ag:
remembered the details of the training mobig, (the discrimination exhibited
by infants ingroup react-A/Brvould not have been possible. In fact, their test dat
were identical to test data previously obtained from infants who had be
reactivated with the training mobile 13 days after training, when the memory w
inactive, and tested with a novel mobile 3 days later. Once the entire memory \
forgotten, however, a novel mobile could not reactivate it (Hayne & Rove
Collier, 1995).

EXPERIMENT 3: SPECIFICITY AFTER
A REINSTATEMENT REMINDER

In Experiment 3, we asked if exposing infants to a single reinstateme
reminder when their training memory is still active produced the same pattt
of specificity that infants in Experiment 2 exhibited after exposure to a sing
reactivation reminder. To answer this, we again exposed infants to either
original or a novel mobile 3 days after training—this time using a reinstat
ment procedure—and tested them with either the original or a novel mobi
Because the magnitude of retention after reactivation and reinstatemen
Experiment 1 was different after the sambsolutedelays, however, we
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tested infants in Experiment 3 at the sanedative point on their forgetting
function as for infants in Experiment 2, namely, at the end point of the
forgetting function. For infants receiving a reinstatement reminder in Expe
iment 1, this point was 14 days after training.

Method

Participants.Eighteen 3-month-olds (8 boys, 10 girls) with a mean age of 93
days 6D = 7.9) were recruited as before and randomly assigned to one of th
groups @ = 6). Infants were Caucasiam & 14), African Americanif = 1),
Hispanic 6 = 1), and not reportedn( = 2). Their parents’ mean rank of
socioeconomic status (Nakao & Treas, 1992) was 6158~ 20.45) and mean
educational attainment was 15.53 yed®® (= 1.33). Additional infants were
excluded from the final sample for failing to meet the learning criterios (1)
and for inattentionr{ = 2) or crying 6 = 1) for 2 min in any of the four sessions.
Group rein-14 which received both a reinstatement treatment and a test with 1
original mobile in Experiment 1, was also included in Experiment 3.

Procedure.All procedures were the same as in Experiment 1 except tt
infants received a reinstatement reminder with either the original mobile ol
novel one and were tested 11 days later (14 days after training) with either
original mobile or the novel on&roup rein-A/Bwas reminded with the original
mobile and was tested with a novel mobitgpup rein-B/Awas reminded with
a novel mobile and was tested with the original mobgsup rein-A/A(group
rein-14in Experiment 1) was both reminded and tested with the original mobil
and group rein-B/Bwas both reminded and tested with a novel mobile. The:
reminder/test groups correspond to the four reactivation/test groups in Exp
ment 2.

Results and Discussion

Separate one-way ANOVAs were performed over the mean kick rates of
four groups during the baseline phase and the immediate retention test (see
2). These analyses indicated that the kick rates of the groups differed priol
training,F(3, 20)= 11.45,p < .0001, but not immediately afterwar€l(3, 20) =
2.27,ns.A Duncan’s multiple range tesp(= .05) indicated thagroup rein-B/B
had a higher baseline than the other groups. Because the introduction of r
forcement during training eliminated this difference, however, any subsequ
differences in retention of the training memory could not be attributed to gro
differences in absolute response rates.

Separate one-way ANOVAs indicated that the group baseline ratios differ
F(3, 19) = 8.39,p < .0008, but their retention ratios did né(3, 18) = 2.53,
ns. A Duncan’s multiple range testp(= .05) indicated that the groups whose
reinstatement was with the original training mobitgqup rein-A/Aand group
rein-A/B) had significantly higher baseline ratios than the groups whose re
statement was with the novel mobilgroup rein-B/Band group rein-B/A;see
Fig. 3, right).
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Directional t tests comparing each group’s mean baseline and retent
ratios with the corresponding theoretical population ratios of 1.00 reveale:
different pattern of results than the pattern found in Experiment 2.
Experiment 3, irrespective of whether their test mobile was the origin
mobile or a novel one, infants responded to it only if they had been reminc
with the original mobile.Group rein-A/A(group rein-14in Experiment 1)
had a mean baseline ratio significantly above 1t(8),= 3.91,p < .006, and
a mean retention ratio significantly below 1.0(§5) = 3.02, p < .02.
Similarly, group rein-A/Bhad a mean baseline ratio significantly above 1.0(
t(5) = 2.53,p < .03, and a mean retention ratio significantly below 1.0(
t(4) = 9.93,p < .0001. These data confirmed the finding of Experiment 1 th
reinstatement with the original training mobile protracted retention for 1
additional days.

In contrast, neither group whose reinstatement reminder was the novel mo
responded to it during the 14-day test regardless of the test mdbitsup
rein-B/B had a mean baseline ratio that was not significantly greater than 1.
t(4) = 1.95,ns,and a mean retention ratio that was significantly less than 1.(
t(5) = 3.61,p < .008. Likewise group rein-B/Ahad a mean baseline ratio that
was not significantly greater than 1.a() < 1, and a mean retention ratio that
was significantly less than 1.064) = 28.52,p < .0001. These data demon-
strated that a novel mobile was less effective than the original mobile
protracting retention.

The pattern of stimulus specificity in Experiment 3 was different from tt
pattern in Experiment 2: The specificity appeared at the time of reminding—
at the time of testing. This result was confirmed by the ANOVA, which showe
that both groups whose reinstatement was with the original mobile had base
ratios that did not differ and were significantly higher than the baseline ratios
both groups whose reinstatement was with the novel mobile, whose base
ratios also did not differ.

The preceding experiments revealed that whether the training stimulus
a novel stimulus was used as the reactivation reminder (Experiment 2)
the reinstatement treatment (Experiment 3) had a different impact on infar
memory performance. This differential effect occurred despite the fact tt
infants typically give no indication that they can even distinguish betwet
the original stimulus and a novel one 3 days after training, when th
were reminded. Although whether the reminder or test mobile was no
affected reactivation and reinstatement differently, we were satisfied that
understood the basis of the specificity following reactivation (see Resu
and Discussion, Experiment 2). However, we still had no firm clue about t
basis of the specificity associated with reinstatement. In Experiment
therefore, we assessed the specificity of infants’ memory performance f
lowing reinstatement with either the original stimulus or a novel one after
shorter delay.
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EXPERIMENT 4

Recall that 3-month-olds discriminate a novel mobile from the one they we
trained with for 1 day after the end of training; after retention intervals of 3 da
or longer, however, they generalize to a novel test mobile—presumably bece
they still remember the general features of the original mobile, which the no
mobile shares (Rovee-Collier & Sullivan, 1980; Rovee-Collier et al., 1994).
Experiments 2 and 3, therefore, we gave infants a reminder treatment with ei
the original mobile (Mobile A) or a novel one (Mobile B) 3 days after the end «
training. In Experiment 3, infants whose reinstatement reminder was Mobile
had generalized to Mobile B when tested 14 days after training, &tritlef their
protracted forgetting function. We were unable to say, however, whether tt
had simplycontinuedto generalize to a novel mobile from Day 3 through Da
14 or whether their original memory had been “reset” during their partial trainir
trial (reinstatement) with Mobile A. If their memory had been reset, then v
would expect them to discriminate Mobile B after a shorter delay in the same v
that infants discriminate a novel mobile shortly after original training is ove
(Rovee-Collier & Sullivan, 1980). In addition, infants who had received
reinstatement treatment with Mobile B had failed to recognize either Mobile
or Mobile B during the 14-day test. Although these data suggested that a nc
mobile was simply an ineffective reinstatement reminder, we thought that p
haps infants might recognize one of these mobiles after a shorter delay, pa
ularly given that the reinstatement treatment was an abbreviated training tri

In Experiment 4, therefore, we asked two questions: (1) What was the basi
infants’ generalization to Mobile B after reinstatement with Mobile A in th
preceding experiment? and (2) Was the reinstatement treatment with Mobil
completely ineffective, or might its effect be seen after a shorter test delay?
answer them, we gave infants a reinstatement treatment on Day 3 with ei
Mobile A or Mobile B, as before, but this time we tested them with either Mobil
A or Mobile B after a shorter delay—9 days after training.

Method

Participants.Eighteen 3-month-olds (10 boys, 8 girls) with a mean age of 95
days SD = 9.6) on their first day of training were recruited from published birtl
announcements in local newspapers and randomly assigned to gnoa?) @s
they became available for study. Infants were African Americar=(3) and
Caucasianr(= 15). Their parents’ mean educational attainment was 15.27 ye
(SD = 1.35), and their mean rank of socioeconomic status (Nakao & Tre
1992) was 71.763D = 15.16). (Demographic information was available fron
67.0% of the sample.) Additional infants were excluded from the final sample
crying longer than 2 min in any of the four sessions< 7) and because of a
scheduling conflictrf = 1). Group rein-9,which was tested with Mobile A in
Experiment 1, was also included in Experiment 4.
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Procedure.All procedures were the same as in Experiment 3 except tt
infants were tested 9 days after traini@youp rein-A/Bwas reminded with the
original mobile and was tested with a novel mobitgpup rein-B/Awas re-
minded with a novel mobile and was tested with the original molgleup
rein-A/A (group rein-9in Experiment 1) was both reminded and tested with th
original mobile; andgroup rein-B/Bwas both reminded and tested with a nove
mobile. In the group labels, the reinstatement mobile is indicated by the lef
before the slash, and the test mobile is indicated by the letter after the slasl|

Results and Discussion

Separate one-way ANOVASs over the mean kick rates of the four groups dur
the baseline phase and the immediate retention test (see Table 2) indicatec
they did not differ either before training or afterwafes(3, 20)<< 1. Identical
analyses indicated that the baseline ratios of the four groups also did not di
significantly,F(3, 20) = 1.21,ns,although the difference in their retention ratios
approached significanc&(3, 20) = 3.01,p < .054, due to the relatively high
retention ratio ofgroup rein-A/A.

When tested 9 days after training, infants recognized both Mobile A a
Mobile B when the test mobile had been used as the reinstatement reminder
they failed to recognize either Mobile A or Mobile B when the other mobil
(Mobile B or Mobile A, respectively) had been used as the reinstateme
reminder (see Fig. 4). Botgroup rein-A/Aand group rein-B/Bhad baseline
ratios significantly greater than 1.a(5) = 2.91,p < .025, and(4) = 3.80,p <
.01, respectively, indicating that both groups exhibited significant retention wt
tested with the same mobile that they saw during the reinstatement treatmr
Whereas the retention ratio gfroup rein-A/Awas not significantly less than
1.00,t(5) < 1, ns, the retention ratio ofjroup rein-B/Bwas,t(5) = 2.74,p <
.025, confirming thagroup rein-A/Aexhibited no forgetting between training
and testing, bugroup rein-B/Bdid. Its retention was only partial.

In contrast, neithegroup rein-A/Bnor group rein-B/Ahad a baseline ratio
significantly greater than 1.0€5) < 1, ns,andt(5) = 1.59,ns,respectively, and
both groups had retention ratios significantly less than 1t(@&),= 2.96,p <
.025, andt(5) = 22.44,p < .001, respectively. These two measures provic
convergent evidence that infants did not recognize a test mobile that diffe
from the reinstatement mobile, whether they had been trained with it 9 d:
earlier @roup rein-B/A or not (@roup rein-A/B.

These results answered two important questions. First, did infants sim
continue to generalize to novel mobiles once they had initially forgotten t
specific details of their training mobile, regardless of whether their reminder w
novel or familiar? The answer is “no.” The reinstatement treatment with Mob
A reestablished the specificity of the training memory because infants who w
tested 6 days after reinstatement—9 days after training—again discriminate
novel test mobile from the training one. Whereas infants had remembered ¢
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FIG. 4. Mean baseline ratios of 3-month-old infants who received a reinstatement treatment v
either the training mobile (Mobile Aleft) or a novel mobile (Mobile Bright) 3 days after training
and were tested with either Mobile At¢iped columnsor Mobile B (filled column$ either 9 days
(Experiment 4) or 14 days (Experiment 3) after training. In the labels o thes, the letter before
the dash indicates the test mobile, and the letter after the dash indicates the test day. Asterisks
groups that exhibited significant retention (i.el,baseline ratio significantly- 1.00); vertical bars
indicate+ 1 SE.

the general features of the training mobile at the time of reminding, aftet
reinstatement treatment with the original mobile, they again remembered
specific details as well. Thus, although reactivation and reinstatement had
tially appeared to have different effects on memory specificity (see Fig.
Experiment 4 revealed that both reminder procedures restored specificity at
time of testing.

Infants whose reinstatement reminder was Mobile B also exhibited specific
during testing 6 days later, responding differently to Mobile A than to Mobile E
They did so, however, for a different reason. The fact that they recognized o
the novel reinstatement mobile and not the original training mobile suggests
the details of the reinstatement mobile (Mobile B) had bsestitutedfor the
forgotten details of the original mobile (Mobile A) in the training memory at th
time of reminding.

Second, did infants’ failure to respond to either mobile after 14 days wh
their reinstatement mobile was novel (Experiment 3) mean that the novel mol
was an ineffective reminder? Again, the answer is “no.” In Experimegteyp
rein-B/B responded to the novel reinstatement mobile (Mobile B) 9 days af
training, yetgroup react-B/Awhich was reactivated with the novel mobile, hac
recognized the training mobile only 7 days after training (Experiment 2), a
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group rein-con,which wasovertrainedwith the original mobile for the same
amount of time, had not recognized the training mobile even 7 days la
(Experiment 1). Thus, the novel reinstatement mobile had boosted retent
Further, because 3-month-olds who received three 3-min reinstatements but
never initially trained exhibited no retention of the reminder mobile 6 days lat
(Galluccio & Rovee-Collier, in press), it is safe to conclude that the memo
performance ofgroup rein-B/B9 days after training reflected retrieval of the
modified training memory. Apparently, the additional 3 min of training durin
the reinstatement procedure boosted retentiograup rein-B/Bvia the general
features that Mobile B shared with Mobile A. Perhaps because the novel det
that had replaced the original details in the training memory had themselves
trained for only 3 min during the reinstatement treatment, however, reinstatern
with the novel mobile was insufficient to support retention after the longest t
delay—14 days.

GENERAL DISCUSSION

The present experiments reveal that reactivation and reinstatement, in add
to differing procedurally, differ functionally as well. A major factor in their
relative efficacy as reminders appears to be the state of the memory—whe
active or inactive—at the time of reminding. Previously, we found that a sing
reactivation reminder was effective in recovering a memory that was inactive
2 and 3 months of age, but a single reinstatement reminder was not (Gallucci
Rovee-Collier, in press; Rovee-Collier et al.,, 1999). In free-operant studi
presenting the reinforcer as a reinstatement reminder requires that subj
respond at a rate sufficiently high to actually produce the reinforcing event t
they had experienced during training. If they have forgotten the training mem
at the time of reminding, however, infants do not respond above baseline—
is the definition of forgetting. As a result, they will produce an effective
reinstatement reminder only if they are able to relearn the response-reinfo
ment contingency sufficiently early in the allotted reminding period to reap |
full benefits.

This analysis is supported by recent evidence from 6-month-olds. Twenty d
after training, when forgetting was complete (i.e., infants again responded at
baseline rate), we gave them a 2-min reinstatement treatment. As was the
with younger infants, it was not an effective reminder; infants failed to exhit
significant retention when tested 1 day later. When we instituted the requiren
that infants must reattain the original learning criterion during the reinstatem
treatment, however, infants whose reinstatement was given after the trair
memory was inactive exhibited significant retention not only 1 day later but f
4 weeks afterward (Sweeney & Rovee-Collier, 1999). This problem may
unique to free-operant studies in which exposure to the reinforcer during
reinstatement treatment is response-contingent. A similar problem does not ¢
during a reactivation treatment because exposure to the reinforcer is not
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sponse-contingent but is under the control of the experimenter, who moves
mobile for the infant at the same rate that the infant had moved it at the enc
training. Nor does it arise in classical conditioning studies (e.g., Campbell
Jaynes, 1966; Spear & Parsons, 1976) because exposure to the reinforcer
the shock) during both training and reminding also is not response-contingent
is under the control of the experimenter. As a result, subjects are reexposed t«
reinforcing stimulus whether they respond or not.

We found that a reinstatement reminder was more effective than a reactiva
reminder in protracting a memory that is still active. Whereas a reactivati
reminder protracted retention for 4 additional days (1 week after training),
reinstatement reminder of the same duration and given after the same d
protracted retention for 11 additional days (2 weeks after training). This discre
ancy may have resulted from the deleterious effect of giving a reactivati
reminder when the memory is active. Both Gordon (Gordon, 1981; Gordc
Smith, & Katz, 1979) and Lewis (1979) proposed that memories can be modif
only when they are active. When Gordon et al. (1979) gave adult rats a 1
exposure to the C8, their memory of active avoidance was reactivated; whe
the exposure duration was increased to 75 s, however, it was extinguished.
authors suggested that reactivation of the memory begins when the reactive
stimulus is initially exposed and that, once the memory has been reactivatec
continued presence without reinforcement leads to new learning (e.g., ext
tion).

Data from the present study are consistent with this analysis. In Experimen
infants whose reinstatement stimulus was a novel mobile (Mobile B) recogni:
Mobile B 6 days later. For these infants and infants in the corresponding gro
in Experiment 2, the specific details of the novel reactivation mobile we
apparently substituted into the memory for the details of the original mobile tt
had been forgotten. As a result, infants’ original training memory, acquired w
Mobile A, was buffered to some extent against extinction or other potentia
subtractive effects at the time of reactivation, but, for the same reason,
modified memory was not boosted as much by the reminder procedure.
reactivation treatment with the original training mobile (Mobile A) was even le:
effective than reinstatement with a novel one. Although these infants failed
recognize the original mobile 9 days after training, they did recognize it 7 de
afterward. Why was their retention benefit from a reactivation treatment with t
training mobile, which reexposed all of the specific details that were in t
original memory, not greater? We think that this was because they lear
something during reactivation with Mobile A when the training memory was st
active that partiallycounteracted that benefias Gordon (1981; Gordon et al.,
1979) proposed.

Evidence supporting this analysis comes from two other reminder studies v
3-month-olds. In the first study, Hayne (1990) gave infants one, two, or thi
reactivation treatments after training was over—on Day 6, on Days 6 and 13
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on Days 6, 13, and 20, respectively. One reactivation treatment protrac
retention for 3 days but not for 1 week, whereas two reactivation treatment:
each given after the memory was forgotten—protracted retention for 2 weeks
not for 3 weeks. Three reactivation treatments, however, were no more effec
than one. Hayne hypothesized that the efficacy of the third reactivation treatn
was reduced because it was given when the memory was still active after
second reminder. In the second study, Galluccio and Rovee-Collier (in pre
tested this hypothesis. They gave infants either two or three reinstaten
treatments on the same days as Hayne except that their first reminder was al
on Day 3, when the memory was active, instead of on Day 6, when it was r
They found that two reinstatement treatments also protracted retention fc
weeks; however, three reinstatement treatments—all given when the men
was active—protracted retention for 3 weeks.

At first blush, these studies seem to suggest that when both reminders at
the same duration, reactivation and reinstatement are functionally equiva
under certain circumscribed conditions, that is, if the reactivation treatmen
given when the memory imactiveand if the reinstatement treatment is giver
when the memory isctive. Such was the case, for example, when infant
received two reinstatements (Days 3 and 13) when the memory was ac
(Galluccio & Rovee-Collier, in press) and two reactivations (Days 6 and 1
when it was not (Hayne, 1990). In another experiment in the same ser
however, Hayne gave two reactivations (on Days 20 and 27), and infa
remembered for the same length of time as infants who received three reinst
ments in the Galluccio and Rovee-Collier study. Had Galluccio and Rove
Collier given their third reinstatement on Day 27, when the memory was s
active, infants might well have exhibited retention after an even longer del:
Unfortunately, this alternative was not possible because infants cannot be te
supine after they are 17 weeks old. Thus, although differentially manipulating
timing of reactivation and reinstatement can protract retention equivalently, t
equivalence is @sychophysicagffect—not a fundamental characteristic of the
two reminder procedures. Differentially manipulating other temporal paramet
(e.g., duration) of encoding and/or reminding, for example, might also prodt
equivalent retention following reactivation and reinstatement.

When the same temporal parameters are used for both procedures, reinstate
and reactivation protract retention for different durations. During a reinstatem
treatment when the memory is active, the additional learning about the continge
in the presence of the original training mobile apparesiiys witrithe prior learning
achieved during original training to protract retention. During a reactivation tre
ment when the memory is active, however, the additional learning about the c
tingency apparentlgubtracts fronany retention benefit initially achieved by retriev-
ing the memory at the time of reminding (Rovee-Collier, 1995). As a result, when
memory is active and both reminders are of the same duration, reinstateme
substantially more effective than reactivation in protracting retention.
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In addition to protracting retention for different durations, the specificity of tr
original memory is affected differently by reinstatement and reactivation tre
ments. Reinstatement with the original complement of cues resets the mem
reestablishing the same specificity of the memory that was seen shortly 2
original training (and prolonging it); only at the end of their protracted forgettin
function do infants again remember only its general features. In contrast, a
reactivation with the original training mobile, infants did not again generalize
Mobile B, even at the end of their protracted forgetting function.

This study demonstrates that the distinction between reinstatement and r
tivation is not artificial. In addition to differing procedurally, reinstatement an
reactivation differ functionally, with different memory-preserving effects. I
economic terms, these two reminders are not substitutable.
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