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We investigated the ability of amnesic patients to learn new facts (e.g., Angel Falls is located in
Venezuela) and also to remember where and when 1he facts were learned (i.e., source memory).
To assess the susceptibility of fact and source memory to retrograde amnesia, patients prescribed
electroconvulsive therapy were presented facts prior to the first treatment and were tested afier their
second treatment. All amnesic patients exhibited marked fact memory impairment. In addition,
some amnesic patients exhibited source amnesia (i.e., they recalled a few facts but then could not
remember where or when those facts had been learned). Source amnesia was unrelated to the severity
of the memory deficit itsclf, because patients who exhibited source amnesia recalled as many facts
as the patients who did not. These results show that the deficit in amnesia includes an impairment
in acquiring and retaining new facts. Source amnesia can also occur, but it is dissociable from im-
paired recall and recognition and appears to reflect difficulty in remembering the specific context in
which information is acquired. The findings are discussed in terms of their significance for how

memory is organized.

In the typical memory test, subjects are asked to remember
information learned in a specific context or episode (e.g., “Can
you remember which of these words were the ones [ just showed
you?” or “Did you see this picture 5 minutes ago?”). It is possi-
ble, however, to construct memory tests that do not make ex-
plicit reference to the context in which information was
learned. For example, tests of newly learned facts {(e.g., Where
is Angel Falls located?) require subjects to remember only the
fact itself; it is not necessary to remember when or where it
was learned. Many everyday situations involve this kind of fact
learning, in that it is often important to remember what was
said rather than when or where it was said.

The distinction between memory for content and memory
for context has been useful for understanding the organization
of memory. One of the best descriptions of this distinction has
been developed by Tulving (1972, 1983), who has cogently ar-
gued for a distinction between semantic and episodic memory.
Neurobehavioral data could provide critical evidence for such
a distinction (Tulving, 1986). Indeed, some have argued that
this distinction is prominently reflected in the organization of
brain systems. One view is that amnesia reflects a selective
deficit of episodic memory (Cermak, 1984; Kinsbourne &
Wood, 1975, 1982; for a review, see Schacter & Tulving, 1982).
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Another, similar view is that amnesic patients have a dispropor-
tionately large deficit in remembering contextual information
(Hirst, 1982; Huppert & Piercy, 1978; for a revicw, sec Mayes,
Meudell, & Pickering, 1985).

In light of these ideas about amnesia, one might suppose that
fact learning should be spared in amnesia or be less affected
than the ability to learn contextual information because tests of
fact learning do not require subjects to recollect the learning
episode explicitly. Only a few studies have explored this possi-
bility. Wood, Ebert, and Kinsbourne (1982) described a patient
who became amnesic at the age of 9 years. This patient was
able to progress in school work, albeit slowly, during the years
following the onset of amnesia. This finding suggests that some
semantic memory could be acquired, but not in a normal fash-
ion {see also, Brown, Wood, & Felton, 1986; Ostergaard, in
press). Cermak and O’Connor (1983) examined a patient who
had received a masters degree in physics and had become presi-
dent of an optical firm prior to the onset of amnesia. Neverthe-
less, this amnesic patient was unable to add new factual knowl-
edge related to his previous expertise, despite encouragement
and suggestions to use mnemonic techniques.

In another study, Gabrieli, Cohen, and Corkin (1983) at-
tempted to teach new vocabulary words to H.M., the well-
known amnesic patient who has been severely amnesic since
1953. The words had been added to the dictionary after 1966.
After training, H.M. was impaired on recall and recognition
tests involving the definitions of the new vocabulary words.
Moreover, he performed at chance in a lexical decision task for
the words that had been studied but whose meaning he did not
know. Thus, asking factual questions without making explicit
reference to the learning episode did not seem to make the am-
nesic patient’s task noticeably easier. Taken together, the find-
ings from these case studies suggest that amnesic patients do
have difficulty acquiring new factual information. However, it
is not clear whether the difficulty in learning new facts is just as
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severe or less severe than the difficulty in learning new contex-
tual information.

One line of recent work suggests that tests of factual knowl-
edge might be advantageous for amnesic patients. Specifically,
amnesic patients can successfully learn some tasks that are “im-
plicit” and that can be accomplished without reference to the
context in which the knowledge was acquired. For example,
perceptual and motor skills, such as mirror reading and rotor
pursuit, are preserved in amnesia (see Brooks & Baddeley,
1976; Cermak, Lewis, Butters, & Goodglass, 1973; Cohen &
Squire, 1980; Corkin, 1968; Milner, 1962). These skills are of-
ten retained for months after learning, even though amnesic pa-
tients have poor conscious recollection of having performed the
skill or having seen the testing apparatus. Further evidence for
the presence of implicit memory ability in amnesia comes from
the finding of intact priming effects in amnesia (e.g., Graf,
Squire, & Mandler, 1984; Graf & Schacter, 1985; Jacoby &
Witherspoon, 1982; Shimamura & Squire, 1984; for a review,
see Shimamura, 1986). In all of these tests, good performance
does not require explicit memory for where, when, or even how
information was learned. That is, performance is “context free”
(Kinsbourne & Woced, 1982), and episodic memory need not
be available in order to do well. Are tests of factual knowledge
related to implicit memory tests?

One important difference exists between tests of skills and
priming, on the one hand, and tests of fact knowledge on the
other. Skill learning and priming effects are exhibited purely in
a subject’s performance. That is, subjects can perform without
any conscious awareness that their memory is being tested. In
such tasks, subjects arc simply asked to read iext, complete
waord beginnings, or free associate to cue words. The only mem-
ory requirement is that linguistic knowiedge (i.e., lexical mem-
ory) be intact. It is not necessary to recollect any facts or epi-
sodes about the event that led to altered performance. By con-
trast, in tests of fact memory, subjects may not need to
remember where or when the fact was learned, but they know
their memory is being tested, and they still must consciously
recollect the fact itself. For instance, the experimenter can ask
a subject, “Where is Angel Falls located?” without stating or
implying that the answer had been presented a few minutes ago.
Yet, memory for the fact itself is explicitly requested. This fea-
ture of fact memory tests distinguishes them from tests of skills
or priming,.

One view of amnesia and the organization of memory takes
inte account these differences between skill learning, priming,
and fact memory. Amnesia has been described as a dissociation
between declarative and procedural memory rather than as a
dissociation between episodic and semantic memory (Cohen,
1984; Cohen & Squire, 1980; Squire, 1987; Squire & Cohen,
1984). Declarative memory in¢ludes explicit memory for facts,
data, and the ¢pisodes accumulated throughout one’s life. Pro-
cedural memory includes motor and cognitive skill learning,
simple classical conditioning, and possibly priming effects.
Priming can be taken as an example of procedural memory,
because 1t relies on changes in the facility for performing partic-
ular cognitive operations within lexical memory (Crowder,
1985; Shimamura, 1986; Tulving, 1983). By this view, amnesic
patients exhibit an impaired ability to acquire declarative mem-
ory, but they exhibit an intact ability to acquire procedural

memory. There 1s a growing consensus that procedural memory
is spared in amnesia and that this kind of knowledge is distinct
from both episodic memory and fact memory (Baddeley, 1984;
Tulving, 1983: Squire & Cohen, 1984).

These considerations provide a rationale for why fact mem-
ory might be impaired in amnesia, whereas skills and priming
are spared. Amnesia produces an impairment in the ability to
acquire declarative memory (i.c., both episodic and semantic
memory), not a deficit limited 1o episodic or contextual mem-
ory. Yet the declarative-procedural and episodic-semantic dis-
tinctions need not be mutually exclusive classifications of mem-
ory organization. For example, on¢ possibility is that all amne-
sic patients exhibit impaired declarative memory, and that
some amnesic patients exhibit an additional deficit in episodic
or contextual memory.

Schacter, Harbluk, and McLachlan (1984) recently provided
evidence in favor of this idea. They found an impairment of
episodic memory in memory-impaired patients, which was dis-
proportionately large compared to the deficit in fact memory.
They presented made-up facts {e.g., Bob Hope’s father was a
fireman) to a mixed group of memory-impaired patients (e.g.,
patients with Alzheimer’s disease, head injury, encephalitis)
and then gave a recall test directly after presentation of this in-
formation, If a fact was recalled, patients were asked how they
had acquired the recalled information. Frequently, patients re-
called a fact but stated that it was learned prior to the experi-
mental session, even though it had actually been learned a few
minutes earlier. That is, they exhibited source amnesia (see Ev-
ans & Thorn, 1966). Source amnesia could not be attributed
simply to poor memory because control subjects, whose fact
memory performance was matched to that of amnesic patients
by testing them after a 1-week delay, exhibited few source er-
rors. Moreover, in the amnesic patients, source memory perfor-
mance was correlated with performance on tests sensitive o
frontal lobe pathology.

The available data raise several questions about the ability of
amnesic patients to learn and retain new factual information.
Are there conditions in which fact learning is preserved in am-
nesia? Is source amnesia a typical feature of human amnesia or
does it occur only in certain patients, for example, those who
hecause of conditions like Alzheimer’s disease or head injury
are likely to have relatively widespread brain damage? Alterna-
tively, do only the most severely amnesic patients exhibit source
amnesia? What is the relation between the severity of source
amnesia and the severity of fact memory impairment?

In three experiments, we tested the ability of amnesic pa-
tients to learn new factual information and to report when and
where a correctly recalled fact was last heard (i.e., source mem-
ory). In Experiment 1, we tested fact and source memory in an
intentional learning paradigm similar to the one used by
Schacter et al. (1984). In Experiment 2, we used an incidental
learning paradigm. Finally, in Experiment 3 we investigated
both fact and source memory when learning occurred prior to
the onset of amnesia and was tested after its onset. In that exper-
iment, patients who were prescribed electroconvulsive therapy
(ECT) were presented facts prior to the first treatment, and they
were given tests of fact and source memory following their sec-
ond treatment.
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Experiment 1

We presented the answers to facts that could not be recalled
and then tested fact recall and recognition after a 2-hr delay.
Source memory was tested by asking subjects to report the last
time a correctly recalled fact was encountered. If a subject
claimed that a fact was learned from an outside source, even
though it was presented during the study phase, then a source
error was recorded. The design of this study was similar to the
study of Schacter et al. (1984), but there were four important
differences between our study and Schacter et al’s. First, we
studied patients with Korsakoff's syndrome, patients with am-
nesia due to an anoxic or ischemic event, and case N.A. Second,
we used actual facts rather than made-up facts. Third, we used
a 2-hr retention interval rather than an interval of several min-
utes. Finally, in this study one experimenter presented all the
facts to each patient, and subjects attempted to discriminate
facts learned during the study session from facts learned at
some earlier ime. Schacter et al. (1984) used this measure and
also asked subjects 1o discriminate whether facts presented dur-
ing the study session had been read to them by a2 man or a
woman.

To test the possibility that poor source memory could result
from weak fact memory, we assessed source memory for a
group of control subjects tested after a 1-week retention inter-
val. Fact memory performance for this group of “delayed”™ con-
trol subjects matched the performance of amnesic patients
tested after a 2-hr delay. If source errors occur as a result of
poor memory, then control subjects tested under weak memory
conditions should exhibit as many source errors as amnesic pa-
tients. Alternatively, if source errors are unique to amnesic pa-
tients then it can be argued that contextual or episodic memory
18 disproportionately impaired in these patients.

Method
Subjects

Amnesic patients. 'We tested a group of 11 amnesic patients: 7 with
alcoholic Korsakoff™s syndrome, 2 with amnesia due to an anoxic epi-
sode, | with amnesia due to an ischemic episode, and case N.A, The
patients with Korsakoff’s syndrome consisted of 5 men and 2 women
living in supervised facilities in San Diego County. These patients have
been studied as a group for several years (Grafet al., 1984; Shimamura
& Squire, 1986; Squire, 1982).

Of the 2 patients with amnesia that was due to an anoxic episode, |
became amnesic in 1976 following a cardiac arrest (case A.B.}, and an-
other became amnesic in 1984 when respiratory arrest occurred during
an epileptic seizure (case L.M.). The patient with amnesia due to isch-
emia became amnesic in 1983 following a period of hypotension that
occurred during major surgery {(case G.D.). Case N.A. has been severely
amnesic for verbal material since 1960 when he sustained a stab wound
to the brain with a miniature fencing foil (see Kaushall, Zetin, & Squuire,
1981; Teuber, Milner, & Vaughan, 1968).

The 11 amnesic patients averaged 49.7 years of age, had 12.5 years of
education, and had an average Wechsler Adult Intelligence Scale (WAIS)
1Q) score of 108.5. Their average Wechsler Memory Scale (WMS) score
was 83.0, and the average WAIS-WMS difference was 25.5 (range = 16—
39). In normal subjects, the WMS is equal to WAIS. For the 11 amnesic
patients, average scores for immediate and delayed recall {12 min) of a
short prose passage was 5.0 and 0 segments, respectively (21 segments
total). Average scores for copy and delayed recall (12 min) of a complex

diagram were 29.4 and 6.0 segments, respectively (36 segments total).
Paired-associate memory of 10 unrelated noun-noun pairs on each of
three successive trials was 0.6, 0.5, and 1.4. Neurcpsychological screen-
ing and independent neurclogical examination indicated that memory
impairment was the only remarkable deficit of higher cortical function.
All patients could draw a cube and a house in perspective, and none had
aphasia or apraxia. For 10 of the 11 amnesic patients, more extensive
neuropsychological assessment was obtained (see Squire & Shimamura.
1986). In particular, these 10 amnesic patients averaged 132.5 points
out of a possible 144 points on the Dementia Rating Scale (Coblentz,
Mattis, Zingesser, Kasoff, & Katzman, 1973), losing most of their points
on the memory subportion of the test. Also, on 5 successive study—test
trials these patients averaged 3.6, 4.3, 4.8, 4.5 for free recall of 15 nouns
and averaged 21.9, 24.7, 25.0, 26.0, 26.9 for yes—no recognition of 15
previously presented nouns and 15 new nouns.

Alcoholic controf subjects. We tested 17 alcoholic control subjects.
These subjects had an average drinking history of 22.1 years but had
abstained from alcohol for an average of 17.1 weeks prior to participat-
ing in the experiment. They averaged 51.4 years of age, had 13.5 years
of education, and had a WAIS-Revised subtest score of 18.9 for informa-
tion ( 18.9 for amnesic patients) and 47.2 for vocabulary (49.9 for amne-
sic patients). Their scores for immediate and delayed recall {12 min) of
a short prose passage averaged 7.8 and 6.8 segments, respectively. We
divided these alcoholic subjects into two groups. The first group (7 sub-
jects} was tested after a 2-hr retention interval just as the amnesic pa-
tients. The second group ( 10 subjects) was tested after a 7-day retention
interval at a time when fact memory performance for this group
matched that of the amnesic patients tested afier a 2-hr delay.

Materials

We compiled a list of 30 difficult general-information questions from
Nelson and Narens (1980} and from reference books, and divided them
into three equal sets of 10 questions each. The questions tapped obscure
knowledge about a variety of topics including geography, sports, history,
and entertainment (e.g., What is the name of the town through which
Lady Godiva supposediy made her famous ride?). Two of the sets were
presented as study material, and another set was used during the reten-
tion test to obtain a measure of baseline recall performance. These sets
were rotated across study and baseline conditions so that every three
subjects formed a completely counterbalanced group. Because subject
groups were not numbered in multiples of three, we used only a partially
counterbalanced design.

Procedure

Subjects were told that they would be given the answers to some gen-
eral-information questions and that they should try to remember them.
In order to ensure that the questions could not be recalled from prior
knowledge, we began by asking subjects to answer each question. If the
answer Lo a question was known to a subject, it was discarded from the
study set and replaced with one from a list of suppiemental questions.
If the answer to a question could not be correctly recalled, then the
answer to the question was read by the experimenter as a factual state-
ment {e.g., “The name of the town through which Lady Godiva suppos-
edly made her famous ride is Coventry.”). This procedure continued
until the answers to 20 nonrecalled questions had been presented. Fol-
lowing this input phase, the answers to the 20 questions were presented
for study a second time but in a different order. All questions and an-
swers were presented orally. Subjects were tested individually.

After a 2-hr retention interval, tests of fact recall, source recall and
fact recognition memory were given. During the test phase, noreference
was made to the previous study phase; subjects were simply asked to
answer some general-information questions. We tested memory for the
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20 facts that had been presented at study and also tested knowledge of
10 difficult (baseline) facts and 10 easy facts, which had not been pre-
sented at study. The easy facts were included so that when sulyects were
asked to identify the source of the remembered information some of it
would have originated outside 1the experimental situation. These 20 new
fact questions were intermixed with the 20 questions about facts that
had been studied.

If a subject correctly recalled a fact, we asked, “When was ihe last
tirne you heard this infarmation?” The experimenter recorded the ap-
proximate time and place in which the fact was last heard. If a subject
claimed that a recalled fact was learned from an outside source, even
though it was presented during the study phase, then a source error was
recorded. We called these errors extraexperimental source errors (afier
Schacter et al., 1984). We scored extraexperimental source errors by
calculating the number aof such errors out of the total number of study
facts recalled. A different tvpe of source error occurred when subjects
claimed that a correctly recalled fact was one they had learned during
the study-phase, even though it had never been presented before. This
type of source error was called an experimental source error, and it
could potentially be committed for any of the 20 new questions (10
difficult questions + 10 easy questions) that were correctly recalled. Fol-
lowing the tests of fact and scurce recall, we gave an 8-alternative forced-
choice recognition test for the 20 facts presented during the study phase
and the 20 nonpresented facts.

In addition to the amnesic and alcoholic groups tested after a 2-hr
retenition interval, we tested another group of alcoholic subjects afier a
7-day retention inlerval. Other than 1he lengih of the retention interval,
this control group was tested in exactly the same way as the other two
groups. This additional control group matched the amnesic patients on
fact memory performance and allowed us 1o determine if source errors
can cccur simply as a consequence of poor fact memory.

Results and Discussion

Amnesic patients exhibited impaired fact memory as mea-
sured by tests of both recall, 2{16) = 4.3, p < .01 (see Figure 1},
and recognition, £16) = 3.6, p < .01. On tests of fact recall,
amnesic patients averaged 31% correct and alcoholic subjects
averaged 74% correct (baseline = 0%). On tests of fact recogni-
tion, amnesic patients averaged 36% correct and alcoholic sub-
jects averaged 91% correct (baseline for the two groups averaged
37%). The baseline score was calculated by determining what
percentage of the 10 difficult (nonpresented) items could be rec-
ognized, given that they could net be recalled. Recall perfor-
mance for the 7 patients with Korsakofl”s syndrome, for the 3
anoxic-ischemic patients, and for N.A. was 23%, 43%, and 50%
correct, respectively; and recognition performance was 52%,
56%, and 80% correct, respectively.

The finding of impaired fact learning in amnesia cannot be
attributed to differences in prior knowledge of facts, because
1he amnesic patients and alccholic subjects did not differ in
their fact memory akbility prior 1o the learning session. Specifi-
cally, in the course of being presented 20 questions that they
could not recall, amnesic patients answered 4.5 factvual ques-
tions correctly, and alcoholic patients answered 3.7 questions.
Moreover, during the retest, amnesic patients and alcoholic sub-
jects performed similarly on the 20 new questions. For the 10
new easy questions and the 10 new difficult questions presented
during the recall test but not during the study phase, amnesic
patients recalled an average of 7.9 easy facts and 2.8 difficult
facts (control subjects: 8.1 easy facts and 1.9 difficult facts).

The results also cannat be attributed 1o the fact that recall
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Figure }. Recall of facts {Jefi} and source memory performance (right)
by ammnesic patients { AMN}and alcoholic control subjects (ALC) tested
after a 2-hr retention interval. (Delayed alcoholic subjects [ALC-D]
were tested after a 7<day retention interval, Error bars represent stan-
dard errar of the mean,)

was assessed twice (once during the screening phase and again
during the actual recall test). One could suppese that giving a
second test trial might itself improve recall perfermance and
that this improvement would occur more far control subjects
than for amnesic patients. Because item fluctuations have been
observed in recall tests of word lists (Nelson & Macleod, 1974,
Tulving, 1967}, we presented 20 of the general-infarmation
questions used in this experiment 10 a different group of 6 alco-
holic subjects and asked them to recall the information on two
cccasions, 2 hr apart. Recall performance was 11% and 12%
correct on the first and second trials, respectively. Thus, amne-
sic patients exhibited a true impairment in fact learning,

Source memory was also impaired in amnesic patients (see
Figure 1). The patients committed an average of 45% extraex-
perimental source errors: that is, patients often failed to re-
member that a correctly recalled fact was one that was learned
2 hr befare. Alcoholic subjects averaged only 3% source errors.
[mportantly, source memory impairment was variable across
amnesic patients. Four amnesic patients exhibited 100% ex-
traexperimental source errors, 2 patients made about 40% er-
rors, 1 patient made 10% errors, and 4 patients did not make
any source errors. The 4 patients who committed 100% source
errors were 3 patients with Karsakoff’s syndrome and a patient
who became amnesic following a cardiac arrest (A.B.). During
the test session, these 4 patients never mentioned the previous
study session. The 4 patients who did not commit any source
errors were 4 patients with Korsakoff”s syndrome.

Thus, amnesic patients were able 10 remember some facts,
though they could often not recall the context within which
those facts were learned. It was clear that patients were not sim-
ply responding randomly to the source questions. They were
able to identify correctly those facts that were never presented
during the experimental setting. Thus, in the case of the 20 new
questions that could be correctly answered, experimental
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source errors were never made. The patients were always accu-
rate in stating that these facts were encountered prior to the
study phase.

Interestingly, source memory impairment was not related to
fact memory impairment. The 4 amnesic patients who made
100% source errors remembered about the same number of
facts as the 4 patients who made 0% source errors. Specifically,
the 4 patients who made 100% source errors recalled 31.7%
facts and recognized 46.2% facts, whereas the 4 patients who
made 0% source errors recalted 25.0% facts and recognized
47.5% facts. Furthermore, the group of delayed alcoholic sub-
jects committed only 14% source errors (see Figure 1), despite
the fact that their recall {(34%) and recognition (67%) perfor-
mance matched the fact memory performance of the amnesic
patients. Thus, the source memory impairment exhibited by
some amnesic patients could not be explained as a consequence
of their poor fact memory.

Experiment 2

In this experiment we evaluated the ability of amnesic pa-
tients to learn factual information incidentally. It seemed possi-
ble that the intentional learning instructions in the previous ex-
periment gave control subjects an advantage over amnesic pa-
tients because they could engage in extensive elaborative
encoding. Yet, much of the information that we learn in daily
life is learned incidentally. Perhaps fact learning would be pre-
served in amnesic patients if information were learned inciden-
tally,

We also assessed source memory. This measure provided a
replication of the source memory impairment observed in Ex-
periment 1 with the same amnesic patients. [n that experiment,
source memory performance was variable: some patients exhib-
ited source amnesia and some did not. This experiment pro-
vided a way to determine if source memory performance is a
consistent phenomenon within individual amnesic patients.

Method
Subjects

Amnesic patients. We tested 10 of the 11 patients described in Exper-
iment |; | patient with Korsakoff’s syndrome was not available for
testing,

Alcoholic conerof subjects. We tested 14 new alcoholic control sub-
jects, These subjects had an average drinking history of 22.8 years but
had abstained from alcohol for an average of 30.8 weeks prior to partici-
pating in the experiment. They averaged 52.1 years of age, had 12.2
years of education, and had a WAIS subtest score of 18.2 for information
{18.9 far amnesic patients) and 42.1 for vocabulary (42.9 for amnesic
patients). We divided these alcoholic subjects into two groups. The first
group (8 subjects) was tested after a 5-min delay, just as the amnesic
patients. The second group (6 subjects) was tested after a 2-hr delay in
order to assess source memory in subjects whose fact memory perfor-
mance matched that of the amnesic patients.

Materials

Thirty difficult trivia facts (e.g., The last name of Lucy and Linus in
the comic strip, “Peanuts™ is Van Pelt) were obtained from encyclope-
dias and popular books on triviz and printed individually on index

cards. None of these facts had been used in the previous experiment.
The facts were divided into two sets of 15 each. Each set contained three
facts from each of five categories: (a} books and comics, (b) movies and
plays, (¢} history, (d) geography, and (e) sports. One set was presented for
study and another set was used to assess baseline recall and recognition
performance. The two sets were counterbalanced across study and base-
line conditions.

Procedure

This task required subjects to read and encode 15 trivia facts, without
any instructions to learn or remember them. Cue cards showing the five
categories were placed in front of the subject. Subjects were asked to
read each fact and place it next to the appropriate category name. The
task was self-paced. After sorting all 15 facts, subjects sorted the facts a
second time, reading the facts aloud and placing them in a category. For
the second presentation, the category cue cards were rearranged, and
the facts were presented in a different order.

After a 5-min retention interval, we tested fact recall, source recall,
and fact recognition for the 15 study facts, 15 new facts that had not
been presented, and 4 new easy facts. This test phase was identical o
the procedure used in Experiment 1. During the recall test, if a subject
correctly recalled a fact, we asked, “When was the last time you heard
this fact?” The experimenter recorded the approximate time and place
in which the fact was last heard.

A second group of alcoholic subjects was tested after a 2-hr delay.
This additional control group was matched to the amnesic patients on
incidental fact memory performance and as in Experiment | it provided
a test of the possibility that source errors are related to poor fact

memory.

Results and Discussion

We obtained baseline recall and recognition rates from each
subject by including 15 facts that had been used as study mate-
rial for other subjects. Baseline performance was not signifi-
cantly different across amnesic patients, alcoholic controls, and
delayed alcoholic controls: baseline recall, F(2, 21) = 1.0, p =
.37; baseline recognition, F(2, 21) = 1.1, p = .36. Because of
the incidental nature of the study task, we could not screen the
questions for prior recall ability. In order to evaluate fact recall
memory statistically, we subtracted each subject’s recall perfor-
mance for the 15 baseline facts from his or her performance
for the 15 studied facts. We used the same measure 10 assess
recagntion performance.

Even when facts were presented incidentally, amnesic pa-
tients exhibited impaired fact memory (see Figure 2). Com-
pared with alcoholic control subjects, amnesic patients exhib-
ited impaired fact recall, (16) = 2.15, p < .03, and impaired
recognition, H(16) = 3.28, p < .01. Alcohalic subjects recalled
43% correct facts (baseline = 8%) and recognized 78% correct
facts (baseline = 32%). As a group, the amnesic patients aver-
aged 32% recall (baseline = 14%) and 54% recognition (base-
line = 42%). Recall and recognition performance across etiolo-
gies were as follows: 24% and 52% correct facts for six patients
with Korsakoff's syndrome, 35% and 53% facts correct for three
anoxic-ischemic patients, and 60% and 67% facts correct for
N.A. Fact memory performance by alcoholic subjects tested af-
ter a 2-hr retention interval was nearly the same as amnesic
patients tested after a 5-min retention interval. Specifically, de-
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Figure 2. Recall of facts after incidental learning {lefl) and source mem-
ory performance (right) by amnesic patients {AMN) and alcoholic con-
trol subjects (ALC)Y tested after a 5-min retention interval, (Bascline
recall rates are shown below recall performance fhatched area). Delayed
atcohalic subjects {ALC-D] were tested after & 2-hr retention interval,
Error bars represent standard error of the mean.}

layed alcohalic subnects recalled 30% correct facts (baseline =
10%) and recognized 54% correct facts (baseline = 36%).

Source memory was also impaired in amnesic patients {see
Figure 2). Amnesic patients committed an average of 69% ex-
tracxperimerttal source errors, somewhat more than the num-
ber of errors committed by these same patients in Experiment
1. One patient with Kersakoff's syndrome was excluded from
this analysis because she did not correctly recall any facts and
therefere did not have a chance 1o exhibat source errors (her fact
recognition score was 53%). Alcoholic subjects tested after a
5-min delay averaged only 11% source errors, and none of the
delayed alcoholic subjecis tested afier a 2-hr defay commuitted
any extraexperimental source errors, As in Experiment 1,
source memory impairment was variable among patients. How-
ever, the 4 amnesic patients who committed 100% exiraexperi-
mental source errors in Experiment 1 also committed 160%
source errors in this experimens. One additional patient with
Korsakoff's syndrome who had cornmitied 0% source errors in
Experiment ! commitied 100% errors in this experiment, but
that score was based on only one item. The other 4 amnesic
patients, who averaged 23.2% source errors in Experiment 1,
averaged 30.5% source errors in this experiment. Thus, even
though source memory impairment was varigble across pa-
tients, it was relativelv consistent within patientsin two separate
experiments. Experimental source errors (i.e., stating that a fact
was presented when actually it was never presented before) were
low in all groups {amnesic patients = [ 1% errors; alcoholic sub-
jects = 0% errors; delayed subjects = 3% errors).

As in the previous experiment, SOUIce memory impairment
was not related to fact memory ability. The 4 patients who rnade
100% source errors, in both this experiment and the previous
experiment, exhibited about the same fact recall memaory score
as the 4 patients who made the fewest source errors (average =

23.5% source errors). Specifically, the 4 patients who made the
mast source errors recalled 36.5% facts and recognized 58.2%
facts, whereas the 4 patients who made the fewest source errors
recalled 40.0% facts and recognized 53.5% facts. Moreover, de-
layed contrel subjects, whose fact recall (30% facts) and recogni-
non (54% facts) performance matched that of amnesic patients,
did not exhibit any source errors. Thus, SOUrce Memory impair-
ment can be dissociated from the general fact memory impair-
ment exhibited by amnesic patients.

Experiment 3

In the final experiment, we studied retrograde amnesia for
recently learned facts. That is, we presented facts before the on-
set of amnesia and tested fact memory after its onset. We also
assessed retrograde amnesia for source information. It has pre-
vigusly been shown that memory for a recently learned skill
(i.e., reading mircor-reversed words) is spared following ECT,
everr when patients are taught the skill before and during the
first 2 days of the treatment course (Squire, Cohen, & Zou-
zounis, 1984}, The skill survived ECT, but patients failed ques-
tions about the training experience itself. The present experi-
ment tested whether fact learning, Hke skills, is spared following
ECT or whether it is impaired like memery for recently occur-
ring episedes and contextual information. We tested patients
who were prescribed bilateral ECY, patients who werg pre-
scribed right unilateral ECT, and hospitalized depressed pa-
tients not receiving ECT. The study and test procedures were
the same as those used in Experiment {.

Method
Subjects

Fatients receiving bilareral electraconvudsive therapy. This group con-
sisted of 9 inpatients (mean age = 44.1 years, mean education = 3.0
vears) residing at one of five local kospitals, All patients had been pre-
scribed bilateral ECT by their physictans for reliel of depressive iflness.
Seven palients were treated with a monitored ECT apparatus {MECTA)
machine, and two were treated with 2 Mederaft B-24 device. Electrode
placement was bitemporal.

Patients receiving right unilateral ECT. This group consisted of 8
inpatients {mean age = 36 3 years; mean educaticn = 13.86 vears) resid-
ing at six local hospitals. All had been prescribed right unilateral ECT
by their physicians for relief of depressive iliness. Six patients were
treated with a MECTA machine and two were treated with a Medcraft
B-24 device. Right unilateral ECT was given in the same manner as
bilateral ECT, except that both elecirodes were positioned over the right
sidde of the head in a frontal-parigial or frontal-tempaoral configuration.

Dapressed patients. This group consisted of 10 inpatients (mean
age = 43.5 years; mean education = 12.1 years) with the clinical diagno-
sis of depression. These patients were inpatients at the same psychiatric
hospitais as the patients prescribed ECT.

Procedure

Patients received treatment two or three limes a week, as prescribed
by their physicians. Anterograde and retrograde amnesia are prominent
side effects of ECT {Price, 1982; Squire, 1984). Following a posttreat-
ment confusional period of about 30 min, amnesia emerges as a rela-
tively circumscribed disorder. The retrograde amnesia following ECT
can be temperally hmited, affecting information acquired a few years
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Figure 3. Fact recall (left) and source memory performance (right) for
facts learned prior to bilateral ECT (BIL) or right unilateral ECT (RUL)
and tested after the second treatment of the series. (Depressed patients
[DEP] were tested after a comparable interval. Error bars represent
standard error of the mean.)

prior to treatment and sparing more remote memory (Cohen & Squire,
1981; Squire, Slater, & Chace, 1975).

We presented facts one or two days before the first treatment and
tested fact and source memory 6-10 hr after the second treatment. We
used a similar retention interval for depressed patients. The mean reten-
tion intervals for patients receiving bilateral ECT, patients receiving
right unilateral ECT, and depressed patients were 3.7 days, 3.1 days, and
3.6 days, respectively. Except for the retention interval, the procedure
was exactly the same as the one used in Experiment |. To summarize,
subjects were given the answers to 20 questions that they could not re-
call. After the answers to all 20 questions were presented, the answers
were presented for study a second time. Following the retention interval,
fact recall, source recall, and fact recognition memory were tested for
20 study facts and 20 new facts (10 difficult facts + 10 easy facts).

Results and Discussion

ECT produced retrograde amnesia for recently learned facts
(see Figure 3). Patient groups differed significantly on tests of
recall, F(2, 24) = 4.9, MS, = 406, p < .02, and recognition, F(2,
24) = 6.4, MS, = 452, p < .01. Planned comparisons showed
that the depressed patients recalled more facts than the patients
prescribed bilateral ECT, 1((17) = 3.0, p < .01. Patients who were
prescribed right unilateral ECT exhibited an intermediate level
of performance, and their recall score did not differ significantly
from either of the other two groups (p > .10). The same pattern
of results was found for recognition memory performance
{(depressed patients = 75% correct; right unilateral ECT pa-
tients = S8% correct; bilateral ECT patients = 40%). The de-
pressed patients recognized significantly more facts than pa-
tients who were prescribed bilateral ECT, ¢(17) = 3.5, p < .01,
and the patients prescribed right unilateral ECT exhibited in-
termediate fact memory. Their performance was not signifi-
cantly different from the other two groups: right unilateral ECT
versus depressed patients, (16) = 1.8, p = .09; right unilateral
ECT versus bilateral ECT patients, #(15) = 1.7, p = 10.

One might suppose that these three groups differed in degree
of depression during the study phase or in general cognitive
ability during the test phase and that such differences influ-
enced memory performance. These possibilities seem unlikely.
First, prior to ECT, retrieval of factual knowledge was compara-
ble across groups as indicated by the number of questions that
could be recalled during the initial screening phase (depressed
patients, 2.7 questions; right unilateral ECT, 3.4 questions; bi-
lateral ECT, 1.9 questions). Also, recall performance was sim-
ilar for the 10 difficult, new questions presented during the test
phase: Depressed patients recalled 0.7 facts, right unilateral
ECT patients recalled 1.5 facts, and bilateral ECT patients re-
called 1.6 facts. Moreover, recognition performance for these
10 new questions was similar across groups: 25%, 34%, and 34%
for depressed, right unilateral ECT, and bilateral ECT patients,
respectively. Finally, performance was similar across groups on
the 10 new easy questions (recall: 80%, 81%, and 72% correct
for depressed, right unilateral, and bilateral ECT patients, re-
spectively; recognition: 93%, 94%, and 88%). Thus, the memory
impairment associated with ECT selectively affected the reten-
tion of recently acquired factual information. It did not affect
the ability to recall information that was already known at the
time of the experiment and had presumably been acquired
long ago.

As is shown in Figure 3, source memory was also different
across subject groups, F(2, 21) = 6.3, MS, = 981, p < .01. One
bilateral ECT patient and 2 right unilateral ECT patients were
excluded from this analysis because they failed to recall any
study facts and therefore did not have an opportunity to exhibit
source amnesia, Patients prescribed bilateral ECT made an av-
erage of 53% extraexperimental source errors, whereas patients
prescribed right unilateral ECT and depressed patients made
only 15% and 1% source errors, respectively. Although bilateral
ECT patients averaged 53% source errors, there was consider-
able variability across subjects. Four bilateral ECT patients
made 100% source errors, | patient made 25% errors, and 3
patients did not make any source errors. As in the previous two
experiments, the 5 patients who made source errors exhibited
nearly the same level of fact recall and recognition memory
(16% correct recall, 43% correct recognition) as the 3 patients
who did not exhibit any source errors (18% correct recall, 42%
correct recognition).

Patients did not respond in a random or confused fashion to
the source questions, They were able to identify correctly those
facts that were never presented during the experimental setting,
Thus, in the case of the questions that could be correctly an-
swered but were never presented during the study phase, bilat-
eral ECT patients, right unilateral ECT patients, and depressed
patients were almost always accurate in stating that this infor-
mation was learned prior to the study phase. In fact, only |
patient (a right unilateral ECT patient} on one occasion incor-
rectly stated that an answer had been presented for study when
it had not actually been presented.

General Discussion

Across a variety of study and test conditions, all of the amne-
sic patients exhibited impaired fact memory. Fact memory was
impaired even when material was presented incidentally and



FACT MEMORY AND SOQURCE AMNESIA 471

then requested implicitly without making reference to the
learning episode (Experiment 2). The finding with patients pre-
scribed bilateral ECT (Experiment 3) demonstrated that fact
memory was impaired when material was learned prior to the
onset of amnesia and tested after its onset. This result can be
contrasted with the finding that a mirror-reading skill was re-
tained in a normal fashion when it was learned just prier to
bilateral ECT and tested after treatment (Squire et al., 1984},
Thus, retrograde amnesia spares recently acquired skills, but it
affects recently acquired fact memory just as it affects contex-
tual or episodic memory.

Memory for spatial-temporal context was disproportionately
impaired in some, though not in all, amnesic patients. That is,
some patients successfully recalled a few recently learned facts
but also exhibited scurce amnesia: they did not recall the epi-
sode 1n which the facts were learned. This finding replicates the
finding of Schacter et al. (1984). It also extends our understand-
ing of source amnesia in several important ways. First, source
amnesia was not restricted to those etiologies of memory im-
pairment that produce relatively widespread cognitive impair-
ment (e.g., Alzheimer’s disease, head injury, encephalitis). Sec-
ond, only some amnesic patients exhibited source amnesia.
Nevertheless, the ones who exhibited the impairment did so
consistently in two experiments. Third, source amnesia was un-
related to the severity of fact memory impairment. That is, pa-
tients who exhibited source amnesia recalled and recognized as
many facts as the patients who did not. Fourth, source amnesia
could not be explained as a dissociation specifically between
recall ability and source memary because both fact recall and
recognition memory were dissociated from source memory.
Fifth, source amnesia was observed even when information was
presented prior to the onset of amnesia resulting from ECT.

It is difficult to argue that source amnesia occurred because
amnesic patients had been given repeated tests of fact memory
and thus were more confused than control subjects about where
or when they had learned the facts. First, these experiments
were separated by 1-3 months. Second, if patients with source
amnesia thought that they had been presented facts on some
previcus occasion, they could at least have reported that the
information was learned during a prior experimental session.
Yet, in the present experiments, amnesic patients never attrib-
uted the source to any prior experimental session. Instead, they
attributed the fact to other sources, such as a newspaper article
or a television show.

The finding of source amnesia appears to constitute a true
dissociation between fact and context memory, or between se-
mantic and episodic memory. That is, some amnesic patients
exhibited a disproportionate impairment in remembering the
spatial-temporal context in which facts were presented. In other
words, their impairment in episodic memory was greater than
would have been expected, given their level of fact memory per-
formance. However, this dissociation was not observed in all
patients. Some amnesic patients did not exhibit source amne-
sia, although they were just as impaired in fact memory as the
patients who did exhibit source amnesia. Also, delayed control
subjects whose fact memory performance was matched to the
performance of amnesic patients did not exhibit source amne-
sia (see also Schacter et al., 1984). Source amnesia appears to
represent a neurologically dissociable deficit that can occur in

addition to impaired declarative memory. Source amnesia may
be related to damage in brain regions other than the dience-
phalic and medial temporal areas that have been linked to am-
nesia (for a review, see Mair, Warrington, & Weiskrantz, 1979;
Mishkin, 1982; Squire & Zola-Morgan, 1983). One possibility
is that damage to frontal lobes produces source amnesia be-
cause these brain areas ar¢ involved in processing or storing
spatial-temporal information (see Milner & Petrides, 1984;
Schacter, 1986; Squire, 1987). Indeed, Schacter et al. (1984)
showed that source memory performance was correlated with
performance on tests sensitive to frontal lobe pathology. We also
found a positive, though nonsignificant, rank-order correlation
between source memory performance (combined scores from
Experiments | and 2) and performance on tests sensitive to
frontal lobe dysfunction (r; = .40). Thus, source amnesia could
depend on frontal lobe pathology, which occurs in some pa-
tients, whereas the anterograde amnesia common to all patients
is related to medial temporal or diencephalic damage.

The findings from this study showed that fact memory—that
is, the acquisition of new semantic knowledge—was impaired
in amnesia. These data therefore create some difficuities for the
view that the semantic—episodic distinction can completely de-
scribe amnesia. It could be argued, however, that tests of fact
memory depend on retrieval of episodic or contextual memory
and that control subjects perform better than amnesic patients
because they are able to recall episodic memory related to the
study session. [n this way, it might be argued that impaired fact
memory performance in amnesia was actually dependent on a
deficit in episodic memory. To reduce the availability of epi-
sodic retrieval strategies, we used methods that have been used
previously in priming studies: for example, we framed the test
session not as a test of previously learned information but as a
test of general information, and we never mentioned the previ-
ous study session. Moreover, when we tested fact memory, we
included at least as many new questions as study questions.

In any case, it is difficult to account for the present findings
entirely in terms of a deficit of episodic memory, unless some
auxiliary assumptions are added to Tulving’s original formula-
tion (Tulving, 1972, 1983). For example, if it is presumed that
all memories must be stored in episodic memory before they
are stored in semantic memory (Cermak, 1984; Kinsbourne &
Wooed, 1982), then fact memory performance is impaired in
amnesic patients because of an impairment in episodic mem-
ory and not because of an impairment in semantic memory per
s¢. This view, however, does not account for the finding that
memory for facts was impaired even when facts were presented
prior to the onset of amnesia (Experiment 3), unless the transfer
from episodic to semantic memory takes considerable time.
Second, this view does not offer an account for entirely normal
skill learning and priming in amnesia, unless skill learning and
priming are simply defined as examples of semantic memory
that do not have to enter episodic memory. If one argues that
fact learning requires elements of ¢pisodic memery, then the
semantic-episodic distinction cannot be easily evaluated em-
pirically {for discussions of related issues, see McKoon, Ratcliff,
& Dell, 1986).

We favor the view that the defining feature of amnesia is an
impairment in the ability to establish declarative memory,
whereas the ability to establish procedural memory is preserved
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(Cohen, 1984; Cohen & Squire, 1980; Squire & Cohen, 1984).
The episodic-semantic distinction can be usefully applied to
the marked impairment in source memory exhibited by some
amnesic patients. This deficit appears to represent a specific
and neurologically dissociable impairment in contextual mem-
ory. By this view, source amnesia reflects impairment in re-
membering spatial-temporal context: an impairment in a par-
ticular aspect of declarative memory, which can occur in addi-
tion to a general impairment of declarative memory. This
additional impairment may be related to frontal lobe pathology
or to other brain damage, whereas the global deficit in declara-
tive memory (¢.g., recall and recognition} in amnesic patients
is related to damage to medial temporal and diencephalic brain
regions. Thus, the procedural-declarative and episodic-seman-
tic memory distinctions need not be mutually exclusive dichot-
omies. Both appear to be useful in describing the organization
of brain systems.
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