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Less-Than-Expected Variability in Evidence for
Three Stages in Memory Formation

Seth Roberts
{Iniversity of California, Berkeley

Gibbs and Ng (1976, 1977} proposed a three-stage model of long-term memory formation on
the basis of results from 2 onerizl-leaming passive-avoidance provedure using chicks, Chi-
square tests show that much of the evidence for this model (Gibbs & Ng, 1976, 1977, 1979,
19842, 1984b), involving transient drops in retention and drug effects, s Jess variable than would
be expectod by chance. This should reduce belief in the model,

Lee-Teng and her colleagues {(Cherkin & Lee-Teng, 1965:
Lee-Teng & Sherman, 1966} developed a widely used one-
trial-learning procedure involving chicks, The training trial
consists of placing a small bead ¢oated with a bitter-tasting
substance close to the chick’s beak; the chick usually pecks
the bead. The test trial consists of a re-presentation of the
bead. Memory for the training trial is shown by a2 reduced
tendency to peck the bead on the test trial.

On the basis of work with this procedure, Gibbs and Ng
(1976, 1977} proposed a three-stage model of memory for-
mation. According to their model, the first stage of memory
{short-term) is formed soon after the training trial and begins
to decay after about 10 minutes. The second stage of memory
(intermediate-term) is based on the first stage; it begins
roughly when the first stage ends, and it Iasts until about 50
minutes after the training trial. The final stage (long-term)
begins roughly when the second stage ends, and it lasts indefs
initely. Different stages are sensitive to different drugs; for
example, ouzbain acts on the second stage but not the first,

The main support for these ideas has come from two lines
of evidence. (a) Drug effects: Gibbs and Ng (1976, 1977)
measured the effect of drugs that reduced retention using a
range of train-test intervals. (The train-test interval {TTI} is
the time between the training trial and the testing trial.) Some
drugs reduced retention only with TTls greater than a certain
time {e.g., 10 min). Categorized according to the necessary
TTE, the drugs fell into three different groups, suggesting that
they were acting on three different memaories. {b) Fransient
drops in retention: In some experiments (Gibbs & Ng, 1979,
1984a, 1984D), the function showing retention as a function
of TT1 contains what ook like fissures (e.g., Figure 1), All of

‘the functions contain two fissures, which supposedly corre-

spond to change-overs from short-term to intermediate-term
memory (the jeft-hand fissure) and from intermediate-termn
to long-term memory (the right-hand fissure). Retention is
low for a short period hecause one memory decays before the
next becomes accessibic.
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The purpose of this article is to point out that much of this
evidence is less variable than would be expected by chance,
assuming that trals with different chicks are independent.
‘Fhe two kinds of evidence-transient drops in retention and
drug effects--will be covered in separate sections.

Transient Drops in Retention

According to the procedure section for the data shown in
Figure | {Figure 3 of Gibls & Ng, 1984b),

Bray-old [chicks) were pretrained in pairs to peck atared and a
blue glass bead. . . . Following pretraining, a similar red bead | _.
was dipped in the chemical aversant, methyt anthranilate, and
presented for 10 s, ... Tests for retention of the leamed associa-
tion were carried out at varous times between § min and 24 b
after learning, with a different group of approximately 20 chicks
for each learning-retention interval under each drug condition.
In these retention trals, a dry red and a dry blue bead were
presented in succession for 10 s each. ... The proportion of
chicks avoiding [i.e., not pecking} the red bead at each retention
trial was taken as an index of memory, {Gibbs & Ng, 1984b, p.
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CORTICOSTERONE
0o ¢ Red beoo
* Bilue bead
) & o o el?
B o
o ""--..,_‘_‘_‘o/"
&
B
L
Rx]
<
i3
=
&
>
-
&
-
LK R ] - -» - - - - -
- * * 4 - - - -
i 6 LY W20 50 83 il

Teme of test gfver fegerang  linang ]

Figure 1. Retention as a function of time beiween {raining trial and
test srial For the bead used in training {red) and another bead (blue).
{Corticosterone was given 10 alt chicks shortly after the training inals))
Nove. From “Hormonal Influcnce on the Duration of Shont-Term
and iatermediate Stages of Memory™ by M. E. Gibbs and K. T. N
{984, Behaviowral Brain Research. 11 Figure 3, p. 112 Copynight
1984 by Elsevier Science Publishers. Reprinted by pormission.
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Thus each group of chicks should contribute one red-bead
point and one blue-bead point in Figure 1. At some TT1s
{e.g., 15 min), the number of red-bead points {one) differs
from the number of blue-bead points (two). This is because
coincident points were not distinguished (K. T. Ng, personal
communication, March 18, 1985). At a2 TTI of 15 min, for
exampile, this means that two groups were tested and produced
different results with the blue bead but the same results with
the red bead. According to Ng, the fines summarizing the red-
bead dafa were drawn in an unusual way—rather than
through the average of the red-bead points—*10 indicate more
¢learty the effects of replication and to show that replication
was not camied out on alt TTis” (K. T. Ng, personal com-
munication, March {8, 19435).

Three papers (Gibbs & Ng, 1979, 1984a, 1984b) contain a
total of 11 graphs that resemble Figure {. Two of the papers
(Gibbs & Ng, 1979, 1984b) contain no other graphs; the other
paper (Gibbs & Ng, 1984a) contains three other graphs that
differ in many ways from Figure 1. H trials with different
chicks were independent, then all of the graphs resembling
Figure 1 show variability that is less than what is expected
due {0 chance alone. When the dips in the function are
exciuded, the rest of the red-bead points are remarkably
constant, and the blue-bead points are also unusually con-
stant.

To estimate the probability that the data would be so
constant by chance, let us assurne that each point is based on
exactly 20 chicks and that trials with different chicks were
independent. Then chi-square tests allow us to compare the
variability found in the data with the variability expected by
chance. Consider the red-bead function shown in Figure L.
Including rephications, it has 37 points. Based on comparisons
with the number of blue-bead points, two of the red-bead
points {af TTIs of 15 min and 70 min) represent two coinci-

dent points, increasing the total to 39 points. To eliminate
the variability caused by the dips, | exclude the data from the
bottom of the dips (at TTls of 15 and 80 min, 2 points per
TTI) and the points next to them {at T11s of 10, 26, 75, and
85 min, 2 points per TT1), leaving 27 points. Each poimt
corresponds to two counts——the aumber of chicks avoiding
and the number not avoiding—so that the 27 points corre-
spond 0 a 2 X 27 table of counts, where the 2 rows correspond
to the aumbers avoiding and not avoiding and the 27 columns
correspond to the 27 different points. The null hypothesis is
that the prebability of an avoidance was the same for ali 27
points. Because there are 26 degrees of freedom, the expected
chi-square is 26. The actual chi-square is 10.4. If the null
hypothesis is true, the probability of 4 value as low as this
happening by chance is .004. If the null hypothesis is false—
if the probability of an avoidance varies from point 10 point—
the probability is even lower.

The blue-bead data can be analyzed in the same way, except
that there is no need to exclude any of the points, The expected
chi-square is 37; the actual chi-square is 20.4. The probability
of a value as fow as this happening by chance is 03,

Table 1 shows the result of analyzing all £ graphs in this
way. Two graphs (Figure 3 of Gibbs & Ng, 1979, and Figure
2 of Gibbs & Ng, 1984a) contain a dip that is at a2 minimum
for two TTIs; in these two cases, the data from both TTEs
were exchuded, along with the data from the fwo neighboring
TTIs, In two cases {Figure | of Gibbs & Ng, 19844, and Figure
1 of Gibbs & Ng, 1984}, differences in the number of red-
bead points and blue-bead points at a single TT meant that
there were some coincident poiats, but it was impeossible to
determine exactly what the coincident points were; in these
cases, values were chosen that maximized the chi-square.
Combining the analyses over graphs for each combination of
bead (two beads) and paper (three papers) pives six overali

Table
Chi-Square Values for 22 Data Sets: Observed Versus Expected
Red bead Biue bead
Source Expected Observed < Expected Observed <
Gibhs & Ng (1979}
Figure ] 16 4.7 22 53
Figure 2 i4 32 20 3
Figsre 3 12 3.2 19 $.2
Al figures 437 11.% 00001 61 t7.6 000014
Gibbs & Ng
{19844}
Figare §. top 2 12.3 46 40.4
Figure 1. bottom 14 1.¢ bl 6.0
Bath figures 46 13.3 80001 a7 46,5 83
Gibbs & Ng
(1984b}
Figue | 29 3.7 34 26.0
Figure 2 20 49 3 4
Figure 3 26 0.4 w 20.4
Figure 4 6 FRRH 26 132
Figure 5 28 16.4 41 19.%
Figure 6 H 4.8 26 NG
All figures 135 31.2 D000 § 145 126.7 A0

Note The prvatues are the Hkelthood that the ehi-square valoes would be as Tow or lower by chance.
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chi-squares, and alf six indicate that variability was rcliably
less than expected by chance. In five of the six cases, p <
0001, For a similar use of chi-square tests, see Fisher (1936).

The data are also remarkable in other ways. The narrowness
of the figsures, especially the later fissure, shows a precision
of timing (when precision is measured by relative error) that
far exceeds anything | have seen in other behavioral data
involving the timing of durations. For example, the second
fissure in Figure | is centered a1 80 min, and its width halfway
between top and botiom is about 10 min, The ratio of width
to center is about 0.13. In contrast, experiments by others
that have found dips in retention have observed ratios of
width to center that are abways roughly 1.0 or more (Cherkin,
£97 1 Frieder & Allwels, 1978, 1982, Irwin, Banuaziz, Kal-
sner, & Curtis, 1968, Menzel. 1979:; Zerbolio, 1969; and many
studies of the Kamin effect, eg., Kamin, 1957). In other
experiments involving duration timing, ratios of width to
center are roughly 1.0 or more {e.g., Church & Gibbon, 1982;
Gormezano, Kehoe, & Marshall, 1983; Heinemann, 1974;
Roberts, 1981}, Duration timing {(done by ¢gg timers and
stopwatches) should not be confused with cycle timing (done
by alarm clocks and wall clocks); cycle timing in animals is
sometimes extremely precise {e.g., DeCoursey, 1960}, A sec-
ond remarkable feature of the data is that there are fwo dips
in retention. Many labs, using a variety of animals and tasks,
have observed 2 single dip in the function relating retention
to TTE {e.g., the references given above}, but no other lab, as
far as T know, has found two.

Drug Effects

The first evidence for the three-stage model came from the
study of drugs that produce amnesta, The article that proposed
the three-stage model {Gibbs & Ng, 1976) contains two fig-
ures, one of which is reprinted here as Figure 2. ¥t shows the
effect of different drugs (saline, ouzbain, LiCl, KCl} on the
learning task discussed earlier. The two lines in the cuabain
panet represent results from different injection times; the two
lines in the saling and LiC] represent replications (K. T. Ng,
personal communication, March 18, 1985). The text states
that there was “a different group of 20 chickens at each
learning-retention interval.™ I will assume that different points
are based on different groups of 20 chicks; in other papers
{e.g., Gibbs & Ng, 1984a), this is made explicit.

The data of Figure 2 show the anomaly noted earlier, less-
than-expected variability. When there is more than one point
at a given time of testing, the two points are on average too
close together. As before, this can be measured with chi-
square tests. Each pair of points generatesa 2 X 2 table, where
the two rows are the wo possible responses {avoid or rot
avoid) and the {wo columns are the two points, The chi-
squares, with 1 degree of freedom per table, can be added up
across tables. Undike the data of Figure |, the data of Figure
2 were not always easy 10 converl 10 numbcers because the
points were not always centered on a poreentage divisible by
5. When (wo poings overlapped, [ assumed that they repre-
sented the same value: otherwise, 1a cases of doubt, | chose
the pereentage that gave the most variability. Chi-sguare
values for the three pancls of Figure 2 with repetitions, each
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Figure 2. Retention as a function of time befween training trial and
test trial, {Different panels correspond to different drugs given before
the training wial.) Note. From “Memory Formation: A New Three-
Phase Model”™ by M. E. Gibbs and K. T. Ng. 1976, Newroscience
Letters, 2, Figure 1, p. 167, Copvright 1979 by Elsevier/North-
Holland. Reprinted by permission.

with an expected value of 6, are 0.9 (saline, p < 05), 1.}
{ouabain, p < 03}, and 0.7 (LiCl, p < .0}). Fhe overall chi-
square is 2.7 with an expected value of 18; the probability
that a value as low wouid occur by chance is less than .00t
The other figure of Gibbs and Ng {1976} contains no repeated
points, s0 the same analysis cannot be done.

Less<than-expected vartability occurs yet again in 2 long
paper {Gibbs & Ng, 1977) that reviews old evidence and
presents pew evidence. The paper contains 15 figures with
data; T consider here onty some of the data from two of them
(Figures 5 and 8 of Gibbs & Ng, 1977, reprinted here as
Figures 3 and 4). The two chosen figures share a procedural
feature not shared by any of the other i3 figures, but the
selection should be taken into account when judging the p
values, The experimental procedure is the same as before,
with each point based on 2 different group of 20 chicks. The
different lines, connecting different plotting symbols, corre-
spond to different times that 3 amnesic agent {(Figure 3,
ousbain; Figure 4, cycloheximide} was injected, ranging from
30 or 45 min before the training trial to 10 or 30 min afier
the training trial,

i.eaving aside (a} in Figure 3 only, the {wo extreme times
of injection (30 min before and 10 min afier), which scem
systematicatly different from the rest, and (b) the results from
TFis of more than 30 mia, where the Hnes seem 0 diverge
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systematically, the rest of the data seem too close together. In
cach case, the fines follow 100 closely a common path. The
likelihood that the lines would be so close by chance can be
measured just as it was measured with Figure 2. Each TTi
generates a {able and a chi-square value; for example, if there
are 4 points at one TTL, this gencrates a 2 X 4 table. Adding
up chi-squares across TTls generates a chi-square for each
figure. The dara of Figure 3 generate a chi-square of 6.3 with
an expected value of 17, p < 0L The data of Figure 4 give a
chi-square of 3.5 with an expected value of 1R, p < 01, The
overali chi-square of the two figures taken together is 9.8 with
an expected value of 35, p < 0001, This p value may be
artificially low because of the selection of data; a more con-
servative assessment would be the maximum of the p values
for each figure alone (< .0}
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Figrre 3. Retention as & function of time belween training trint and
sest trial. {Different lines correspond o different times of injection of
auahain, from 30 min hefore the training toal 10 10 min afice.} Nare,
From “Psychobiology of Memory: Towards a1 Modet of Memory
Farmation™ by M. E. Gibbs and K. T. Ng. 1977, Biobefurviorat
Reviews, §, Figure 5. p. 121 Copyright 1977 by ANKHO insterns-
tional, Reprinted by permission,
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Figure 4. Retention as a function of time between Iraining trial and
test trial, {Different lines cormespond to different times of injection of
cycloheximide, from 45 min before the training trial to 30 min after)
Note. From “Psychobiology of Memory: Towards a Modet of Mem-
ory Formation™ by M. E. Gibbs and K. T. Np, 1977, Biobehavioral
Reviews, 1, Figure 5. p. 124, Copyright 1977 by ANKHO interna-
tional. Reprinted by permission.

Discussion

In five papers, the variability of some or most of the data
is less than expected if (a} there were 20 chicks per datum and
{b) triaks with different chicks were independent. In most cases
{e.g., Figure 1}, the spacing of the data points leaves no doubt
about the sample size. As for the assumption of independence,
there are four ways that it could be violated: either within
groups or between groups, and with either a positive or a
negative correlation. However. only one of the four possibi-
ities would produce the less-than-expected variability detected
here: a within-groups negative correlation, which means that
i one chick avoids, then other chicks in the group are less
likely to avoid. The most obvious source of lack of independ-
ence, fluctuations in the experimental conditions, would Pro-
duce a positive correlation between chicks, An assumplion of
independence is made every time a test of significance is used,




124 SETH ROBERTS

and there is nothing in the published descriptions of Gibbs
and Ng's procedure to make the assumption of independence
less plausible than usual,

in a letter, however, Ng states that chicks were tested in
pairs, 2 fact not made clear in any of the papers {personal
communication, March 18, 1985). This raises more strongly
than usual the possibility of dependence between chicks. Chi-
sqpuare tests can be used to ask if a negative correlation within
pairs of chicks tested together could produce the less-than-
expected variabilily. Consider Table 2. It gives the probability
of avoidance for the second-tested chick of a pair contingent
upon what the first-tested chick did. The correlation between
chicks is as strong as possible—in the negative direction—
given that both chicks have an overall probability of avoidance
of .8, Table 2 should help make it clear that when the
correlation between chicks within pairs is as negative as
possibie, each pair of chicks produces only one of two resulis.
When the overall probability of aveidance is greater than .5,
the two results arc {a) one chick avoids or (b} both chicks
avoid. Thus, with 20 chicks (10 pairs), the 1otal number of
avoidances is between 10 and 20, When the overali probability
of avoidance 15 less than .5, -the two results are (a) neither
chick avoids or (b} one chick avoids.

Thus, with maximum negative correlation, a total of 17
avordances out of 20 trials {10 pairs of chicks) means that in
7 pairs, both chicks avoided; in-3 pairs, one chick avoided.
We can now do chi-square tests just as before except that the
tested tables contain counts of pairs of chicks rather than
counts of individual chicks {e.g., 17 and 3 are replaced by 7
and 3). These tests assume the maximum possible negative
dependence within pairs and independence between pairg.
The chi-squares based on these new assurnptions are still less
than their expected values in all 27 cases considered eariier
{22 in.Fable 1, 3 in Figure 2, | in Figure 3, and | in Figure
4}, and the p values are still very fow, For the data of Table
t, for example, five of the six overall p values are less than
002, So dependence within pairs cannot explain the lack of
vartability, This is consistent with Ng's statements that “ex-
amination of the raw data does not substantiate lack of
independence between trials™ and “whatever evidence of lack
of independence there is, it would seem to be insufficiént to
account for the phenomenon under discussion” {personal
communication, March 18, 1985)

Fable 2
Example of Maxinmum Negarive Pependence Within a Pair
of Chicks '

Probability that second chick

Action of first chick Wikt avoid Wit not avoid
Avoided 35 25
Did not avosd 14 G

NMeter Entrics in the sable are probabilitics of avoidance for the sceond-
tested cisick in a patr. The correlation between chicks s as negative
as possible assuming ihat the overali probability of avoidance is .80
love bzl chicks.

The evidence discussed here is not the only evidence for
the Gibbs and Ng model, Gibbs and Ng have reporied other
evidence, involving drug effects, not considered here {e.g.,
Gibbs, 1983; Gibbs & Ng, 1978), and others have described
evidence for three-or-more-stage models of memory forma-
tion {e.g., Fraeder & Allweis, 1978, 1982) that are somewhat
different than the Gibbs and Ng proposal. But the articles
discussed here contain some of the most important evidence,

Until it is explained, the less-than-expected variability in these

papers should reduce one’s belief in the model.
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