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scores did not drop significantly over the three hour interval, Since

the cuing by time delay interaction was significant, it would appear that
with cuing alone, recall of categories decreased slightly over the three
hour period, but with cuing after free recall performance increased from
what it had been with no cues three hours earlier (Figure 3, page 47).

The time delay by ECT interaction was also significant since there was a
slight increase in category recall from Rl to R2 in the pre-ECT condition,

but there was a drop in recall in the post-ECT conditior

Words per category recall, The measure of words per category

(WPC) recall was obtained by dividing the number of words recalled in

a given experimental condition by the number of categories from which
words were recalled in that condition, for each subject (Mathews & Tulving,
1973). Table 5 presents the results of the analysis of variance with the
same independent variables as in previous analyses, but with WPC as the

dependent variable,

The two main effects of ECT administration and time delay signif-
icantly decreased the number of words per category recalled, b the main
effect of cuing did not quite reach significance., Although Figure 4
would suggest that WPC recall was much lower for the CR than for the NR
subjects in the pre-ECT condition, and that cued and noncued recall de-
clined at different rates in the pre-ECT and post-ECT conditions, there is

no statistical evidence to support this in terms of the ANOVA as no inter-

actions were significant,
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As illustrated in Figure 4 on page 52 presentation of cues after
a period of free recall had only a very slight effect on WPC recall, re-
lative to noncued recall. Results of the analysis of variance were
basically the same as above, with the main effects of ECT and time delay

reaching significance (Table 6, page 54),

Percent forgetting scores., The percent forgetting from the first

to the second recall period was determined by equation 1, page 28, for all

subjects. The comparison of the means is shown in Figure 5, page 595,

Data for the subjects were submitted to an analysis of variance
for a two-factor mixed design, with cuing as the between-subjects variable
and ECT administration as the within-subjects variable. Results are shown
in Table 7, vage 56. It can be seen that the administration of ECT sig-
nificantly increased the degree of forgetting as so defined, but cues had

no effect whatsoever on the forgetting.,

As sugeested by Figure 5, page 55, the use of an extra cued recall
trial after free recall significantly decreased the forgetting shown by
noncued subjects, both in the pre-ECT condition (3 = 5435, df = 9, p( .01),
and in the post-ECT condition (E = 3,08, 4df = 9, p (.OS). Results of the
analysis of variance comparing cuing after free recall (ER) to cuing alone
(CR) are shown in Table 8, page 57. The variation on the cuing technigue
resulted in significantly less forgettine over time than si idard neg .,

but in this comparison, H&CT administration 4id not increase forgettine,

Percent forgetting data were also analyzed in view of possible
sex differences. There was no difference found in performance between

males and females, either quantitatively or gualitatively.
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TABLE 7

Analysis of Variance of Pe:r 3:nt Forgetting Scores

osource SS daf MS F
Total 52655479 39 - -
Between Ss 22630,84 19 - -
Cuing (C) 2921,76 1 2921,76 2.67
Errorb 19709,08 18 1094,95 -
Within Ss 30024,95 20 - -
ECT (E) 6507 .60 1 6507 .60 5411
Ex C 615,92 1 615,92 0.484
Error 22901,43 18 1272,30 -
W

P <.05



TABLE 8

57

Analysis of Percent Forgetting Scores, with Scores on the
‘tra Cued Recall Test Replacing Free Recall Scores in the

'cond Recall Trial
Source SS af MS F
Total 75900,70 39 - -
Between Ss 39370.88 19 - -
Cuing (C) 8723, 16 1 8723416 5612
Error, 30647,72 18 1702,65 -
Within Ss 36529,20 20 - -
ECT (E) 5772.00 1 5772400 342
Ex C 364,22 1 364,22 0,216
Errorw 30393,.,60 18 1688,:3 -

*p (.0F
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Discussion

As predicted, bilateral ECT administration depressed recall
significantly, resulting in an anterogra memory deficit as measured
by a decrease in recall from pre-ECT levels, This finding is in
conf .Y Wwith results ¢ previous research pointing to the disruptive
effect of bitemporal shock on the level of recall (Costello et al.,, 1970;
Fromholt et al., 1973; Squire & Miller, 1974). Post-ECT performance was
significantly impaired whether memory loss was measured in terms of
absolute number of words recalled (Table 1, page 43), absolute number of
categories from which words were recalled (Table 3, page 46), or mean
number of words per category recalled (Table 5, page 51), or whether it
was measured in terms of proportion of forgetting of that which was

originally recalled (Table 7, page 56).

The post-ECT deficit was evident in the initial recall period
following ECT (R1), For each group, the Rl level of recall was signifi-
cantly lower than its equivalent in the pre-ECT conditions (see Figure
2, page 41, Figure 3, page 47, and Figure 4, page 52). General depression
of recall by electroconvulsive therapy may suggest a disruptive effect
of the stimulation on the acquisition of material (Cohen et al., 1968;
Miller, 1970), However, it cannot be assumed that what was recalled at
Rl represents the totality of what was learned, since other factors
interfering with retention or retrieval phases of memory may have alre:
played a part in diminishing recall. Thus, the performance deficit at

R1 may be due to disruption in learning, retention, retrieval, or all of
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&CT the unavailability was as marked in Rl as it was in R2, both being
evidenced by a decrease in words per category recall from the pre-ECT
level (Figure 4, page 52). Since it was as noticeable before the time
lapse as after, the post-ECT deficit cannot be interpreted as increased
loss of retention; rather, the more likely interpretation is in terms of
some factor having more or less equal bearing on all post-ECT conditions,

likely concerned with an aspect of getting the material into storage.

In summary, the data on the post-ECT forgetting are rather
ambisuous, Per :nt forgetting measures suggest that forgetting does in
fact increase after ECT, while measures of absolute decrease in recall
over time and of words per category recall suggest that though there is
less material available in storage after ECT, this decrement is not
significantly time-related. That material is less available after ECT
is clear, but it would appear that there is insufficient reason to
believe that this is a result of once remembered material becoming less
easily remembered over time, as in other post-traumatic amnesiac The
generally lowered recall levels after electroconvulsive therapy is more

probably a result of decreased post-ECT storage of information.

The fect of Cuing

It has been seen that in all likelihood, material is less avail-
able after ECT than before, and that this post-ECT unavailability does not
increase over time, but is present at the initial recall. As there is

no proof of accelerated forgetting after ECT, there is no possibility of
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attributing the post-shock deficit to a decrease in accessibility of
retained material, This being the case, it is not surprising that the
main hypothesis of greater efficacy of cuing after ECT than before was

not supportec as cuing could naturally not overcome the unavailability

of material at recall (Nelson % Brooks, 1974), Neither the cuing by ECT
inter :tion nor the triple interaction between cuing, ECT, and time delay
was significant. This held true whether the dependent variable was words
recalled (Table 1, page 43), categories recalled (Table 3, page 46), or
percent of words forgotten over a three hour interval (Table 7, page 56).
Cuing did not assist post-#CT recall any more than it id pre-ECT recall,
and produced no more of an effect on the decline of recall over time

after ECT than it did prior to the shock. Even if increased post-ECT
forgetting had been demonstrated, such results with cuing would still give
no evidence that the effect of electroshock in decreasing recall is to
increase the disruption of retrieval of intactly stored material, such as
that reported to occur normally over time. Results from the extra recall
trial also support the conclusion that the post-EZCT deficit does not re-
sult from an increased inaccessibility of available material. As shown

in Figure 2, page 41 and Figure 3, page 47, though ER scores were signif-
icantly higher than NR scores, the proportion of increase was approximately
the same in the pre-ECT and post-ECT conditions, with no differential
effects evident, The findings of Warring  »n and Weiskrantz (1974) were

thus not replicated for this specific amnesia,

If forgetting had been demonstrated to increase after ECT, however,

it would have to be considered that a cue may fail to increase recall for
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a reason other than the obvious one that the word to be recalled is it-
self not in storage. When the information needed is not in storage,
either because it was ] st over time or because it was never there,
naturally a cue cannot access it. The other possibility, when post-ECT
forgetting is found to increase but where there is no evidence for in-
creased disruption of retrieval is that the cue used was not a part of
the stored memory for a word, and thus was not effective in providing
accessibility to the retained material. Under these circumstances, be-
fore a retrieval-failure hypothesis can be iscounted, it must be deter-
mined that the cues used were effective in carrying out the function for
which they were intended, that fi :tion being to provide a means of ac-

cessibility to adequately retained material,

Table 3 on page 46 would suggest that the cues used were effective,
since in terms of higher-order units or categories, the main effect of
cuing was significant, indicating that when cues were given to subjects
at recall, they recalled words from significantly more categories than
with free recall., Cues would thus seem to have been effective in their
control function of providing access to the higher-order unit, and
according to the explanation of Tulving and Pearlstone (1966) they should
have provided access to material adequately retained., However, unlike
the ita of Tulving and Pearlstone, category recall was not here accom-
panied by the expected correlated increase in word recall. Cuing did
not significantly increase the total number of words recalled, as is

evident in Table 1, page 43, and Table 2, page 44, There is no obvious
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methodological reason why this relationship did not occur, and the most
likely explanation is that the data on category recall were influenced

by subjects' guessing, since category items were fairly high associations
to the category names. Thus, increase in category recall with cuing can-
not be taken as an unambiguous demonstration that cues were effective in

their function.

Another piece of data that might ostensibly indicate that cues
were effective in their function of providing access to retained material
are the ER scores (Figure 2, page 41 and Figure 3, page 47). Presentation
of cues after free recall did lead to recall of words and categories not
previously recalled in R2. The improvement in recall suggests that non-
cued subjects had retained material not previously recalled by convention-
al means, and the use of cues demonstrated that there had been some diffi-

culty in retrieval of retained material for these subjects.

Though the presentation of cues after free recall did significantly
increase subjects' recall, the failure of the cuing by time interaction
(Table 1, page 43, and Table 3, page 40) indicates that the wrd ¢ ing
used here had no effect on the decline in recall over time, Forgetting
was as high for cued subjects as it was for noncued subjects, so it we
are to believe that the cues were indeed effective in their function,
then it must be accepted that subjects' decline in recall over time was
not at all affected by retrieval dysfunction. That such a dysfunction
does occur normally to some extent has been satisfactorily docu nted

(Crouse, 1948; Tulving & Pearlstone, 1966; Tulving & Thomson, 1973), and
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that it does not happen here probably reflects on the failure of the

cuing vprocedure for these subjects. When the ER scores were used in the
analysis of variance, the cuing by time interaction was significant,
showing that in this condition recall dropped less over time than it did
with the standard cuing procedure (see Table 2, page 44, and Table 4, page
49), Similarly, when percent forgetting scores represented the proportion
of decline in recall from the R1 (noncued) trial to the R2 (extra recall)
trial, the main effect of cuing was significant (Table 8), showing that

the ER trial did lead to a closer reinstatement of R1 recall levels than
the standard cuing procedure did. However, since they involve comparison
of free recall in the period and cued recall in the R2 period, which

are basically two different treatments, to cued recall at both Rl and R2,
no valid interpretation can be made of these significances, What is im-
portant is that the ER scores are not different from the CR scores at R2,
and the scores are not different from the NR scores, Therefore, all that
can really be said about the ER trial is that when subjects were given cues
after free recall, their performance level increased sienificantly over

what it had been th no cues in the R2 period.

The ER ti1 1l demonstrated that subjects had retained 1 terial not
previously retrieve , but the evidence is that the cuing procedure used
was not effective since it did not show difficulty in retrieval that would
be expected over time for all subjects. Therefore, even if increased for-
getting after ECT had been shown, the lack of sufficient effectiveness of

the cues would have presented a difficulty n the discrimination of the
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forgetting as being due either to increased interference with retrieval
processes as a result of cerebral disorganization, or to accelerated loss
of stored information. Since, however, the presentation of cues in the
ER trial did seem to show some efficacv, as instruments to access material
not retrieved in the free recall trial, this type of method might be in-
corporated into future research attempting to assess the post-ECT memory
isorder. As an alternative to the method employed here, the comparison
could be made between cued recall after free recall and a second free re-
call after free recall. The results of this comparison could then serve
to distinguish a decline in recall over time after ECT as one of failure

of retention or failure of retrieval.

Conclusions: The Nature of the Post-ECT Deficit

Though the administration of a series of electroconvulsive treat-
el s resulted in substantially lowered levels of recall in the vresent
tbjects, insufficient evidence was found to conclude that subjects did
)rget learned material faster after ECT than before the treatment, as
s been suggested by Cronholm and Ottosson (1961) and by Fromholt et al.
973). In view of this finding, it would not have been possible to
ipport a retrieval-failure explanation of the post-ECT amnesia, since

cue utilization could not possibly succeed in removing the memory impair-
:nt caused by unavailabilitv that followed the ECT series. It would
)pear that the post-ECT defect can be compared neither gqualitativelyv nor

1antitatively to that which occurs normally over a time delay or to that
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which is associated with other amnesias (Warrington & Weiskrantz, 19?4).
Though both pre- and post-ECT memory seem to be affected somewhat by
unavailability through loss of material as well as by inaccessibility

of stored material under normal conditions, decreased recall levels after
ECT cannot be fully accounted for as an increase in either of tnese types
of forgetting., Rather, the vparticular unavailability seen after ECT would
seem most likely to result from an increase in difficulty in getting
material into storage, since the deficit is evident in the initial post-

FCT recall trial and is not affected by time,

That is not to say, of course, that a retention or a retrieval
deficit may not also coexist as a part of the anterograde memory dys-
function, It merely suggests that the predominating difficulty, resulting
in lowered post-ECT baselines, precludes the demonstration of such a
deficite Use of methods to increase the initial post-ECT baseline, for
example, having subjects learn the list to a set criterion, would probably
allow the demonstration of a retention or retrieval deficit if such ex-
isteds However, such methods would introduce the danger that the resulting
differential efficacy of cues may be merely an artifact of the procedure
used. This may actually be the case in studies that have shown differential
efficacy of recall cuing for amnesics over controls (eg. Warrington &
Weiskrantz, 1974), 1in which event a conclusion of increased blocking of
retri in the post-traumatic condition would be unwarranted. For the
present subjects, the interruption of retention and retrieval processes
has a negligible effect on the overall pattern of responses, and it would

appear that the effect of the ECT current is to produce an anterograde
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amnesia by impairing the bprocess of acquisition, such that the material

to be learned does not become properly stored,

Doubts were also cast on the efficacy of the cuing procedure used
in that it may have been insufficient to discriminate a retrieval failure
from a retention failure even if increased forgetting had been shown,
Though an extra cued recall trial for noncued subjects indicated tnat re-
tained material was not always recalled, use of the cues did not show the
disturbance of accessibility over time that has been noted in the general
population, If the cues used could not demonstrate inaccessibility of
retained material, it could be that we are in fact dealing with a different
population of subjects, to whom previous methods and results cannot be
generalized. It may well be that taxonomic cuing is not the most effective
type for the present group of subjects, though it certainly has been
effective in demonstrz ing retention in normals and in other amnesic
conditions; there is no data to confirm or deny that it is likewise
effective for psychiatric patients undergoing electroconvulsive treatment.
In view of the fact that the subjects performed somewhat differently when
tested by cued recall after free recall as opposed to cued recall in all
trials, it may be profitable to explore this variation on the cuing method

with these particular subjects.

A major source of the failure to demonstrate increased forgetting
over time and in the low efficacy of the cuing procedure is the lack of
statistical power - a result of too few subjects relative to the large

variability of the sampling group. This can be seen by looking at the



large sampling errors shown in the Tables. The only restriction placed on
the selection of subjects were those previously listed. Thus, there is the
likelihood of the patients used as subjects varying widely along the dimen-
sions of psychiatric disorder, other treatments being received concurrently,
motivation for the task, and premorbid intellectual and memory functions.
The effects of these interrelated influences on performance in a memory

task has not been assessed here, but doubtlessly, such important variables
must play a part in the end results. Use of a larger sampling group might
help overcome this drawback, as might attempts to restrict the heterogeneity

of the sample, and provide zreater statistical power,

In conclusion, it must be accepted that for the present sample
of psychiatric patients the major effect of cerebral disorganization
associated with ECT administration is to generally depress recall levels,
so that less material is available after ECT. The low initial baselines
would suggest that the post-ECT anterograde amnesia occurs as a result of
impairment in the acquisition of material, so that information is not
available in storage. Neither disruption of accessibility to adequately
stored material, nor the loss of that material itself appear to be a
significant part of the memory disorder; failure of retention or retrieval
plays such a small part so as to be negligible, in view of the overall
decline in recall and the low post-ECI baselines. In this regard, the
post~ECT deficit is parallel neither to that normally occurring over a

time delay nor to other amnesiase.
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Appendix A
Below are the word lists used in the memory taske. The number
in parentheses after the category name¢ refers to the number of different
instances generated for that category by the normative samples the number
after the category item refers to the frequency ranking of the item in

that category (Battig & Montague, 1969),

LIST A LIST B
KINDS OF TOOLS (35) KINDS OF FLOWERS (34)
ammer (1) rose (1)
wrench (9) pansy (9)
square (15) lilac (15)
KINDS OF TREES (39) KINDS OF ANIMALS (42)
pine (3) horse (3)
birch (6) tiger (6)
spruce (9) bear (9)
KINDS OF COLORS (26) KINDS OF VEGETABLES (27)
green (3) corn (3)
yellow (&) bean (&)
purple (7) lettuce (7)
KINDS OF FRUIT (31) KINDS OF INSECTS (32)
apple (1) fly ()
grape (6) beetle (6)
cherry (7) roach (7)
KINDS OF CLOTHES (3" KINDS OF FURNITURE (37)
blouse (5) desk (5)
coat  (7) couch ' )

socks (2) table (2)



Appendix B(i)

Score sheet for subjects presented List A in the pre-ECT condition

and List B in the post-&CT condition.

as they were recalled by the subject.
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Words were checked by the examiner

Sub ject:

WORD PRE-KCT

green
yellow

purple
blouse
coat
socks
hammer
wrench
square
apple
grape
cherry
pine

birch
spruce

Total R1
Total R2
Total Pre-ECT

% Forgetting

Condition:

WORD

R1

corn
bean
lettuce

desk
couch
table
rose
pansy
lilac
fly
beetle
roach
horse

tiger
bear

Total R1
Total R2
Total Post-ECT

% Forgetting

POST-ECT

R2



Appendix B(1ii)
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Score sheet for subjects presented List B in the pre-ECT condition

and List A in the post-ECT condition, Words were

as they were recalled by the subject.

checked by the examiner

Subject:

WORD PRE-ECT

corn
bean
lettuce

desk
couch
table
rose
pansy
lilac
fly
beetle
roach
horse

tiger
bear

Total R1
Total R2
Total Pre-z=CT

% Forgetting

Condition:

WORD

green
vellow
purple

blouse
coat
socks
hammer
wrench
square
apple
grape
cherry
pPine
birch
spruce

Total RI1
Total R2
Total Post-ECT

% Forgetting

POST-ECT















