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Memories exist in multiple forms medi-
ated by different brain systems1. A dis-
tinction between memories accessible to
conscious awareness and unconscious
memories dates back at least to 1804,
when the French philosopher Maine de
Biran2 distinguished between well-cir-
cumscribed, conscious ‘ideas’ and habit-
ual actions or vague feelings that do not
generate an idea. Despite the subsequent
growth of experimental memory
research, the issue lay dormant during
most of this century, suppressed by
efforts to provide a systematic account-
ing of learning without reference to
covert mental events. However, it strong-
ly re-emerged with the discovery that
conscious and unconscious memory can
be dissociated in brain-damaged patients.
Lesions of the medial temporal lobe3,
including those that are restricted to the
hippocampus4,5, cause a selective loss of
declarative or explicit memory—the
capacity for conscious recollection of
specific facts and events6,7. Conversely,
damage to other specific brain areas
selectively impairs unconscious forms of
memory8–10 but spares conscious mem-
ory. Do these findings indicate that hip-
pocampus-dependent memory is
equivalent to conscious memory? In this
issue of Nature Neuroscience, a study of
patients with hippocampal damage11

indicates that the relationship is not so
simple.

Because hippocampal damage causes
amnesia without abolishing conscious-
ness, this region cannot be necessary for
awareness in general, but it could be a
‘gateway’ for awareness to enter into
memory. Clark and Squire12 recently
argued that the study of memory pro-
cessing in the hippocampus may lead to
insights about consciousness. Their exper-

limited to those who became aware of the
relationship. Clark and Squire concluded
that hippocampal mediation of conscious
awareness is critical to trace condition-
ing, and they suggested that this form of
learning provides “a means for studying
awareness in nonhuman animals”.

Now Chun and Phelps11 challenge the
conclusion that hippocampus-dependent
learning necessarily involves awareness.
This paper and another recent study (dis-
cussed below) are consistent with an
alternative view of how the hippocam-
pus processes information, namely that
it subserves the networking of relevant
relationships among items stored in
memory13. Such a relational organization
is promiscuous in the sense that infor-
mation within the network can be
accessed by many routes including, but
not restricted to, conscious awareness.
This focus on network organization and
accessibility, rather than on conscious-
ness per se, is emphasized in research on
hippocampal function in animals. Across
a broad range of experiments, the hip-
pocampus is critical to learning and
remembering relationships among items
in memory, including relationships that
characterize spatial layouts, items in the
particular context in which they have
been experienced, and other associative,
sequential or logical relationships among
experiences13.
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Declarative memory, the conscious recollection of past experiences, is known to involve the
hippocampus. Now a study of amnesic patients shows that hippocampus-dependent learning
can occur in the absence of conscious awareness.

iment was based on a puzzling finding on
hippocampal damage and classical
(Pavlovian) conditioning in animals. Hip-
pocampal lesions do not prevent rabbits
from learning to blink in response to a
tone when they are trained on a conven-
tional protocol in which the tone begins
before and then slightly overlaps with an
air puff to the eye. However, unlike intact
animals, rabbits with hippocampal dam-
age fail to learn on a variant of this pro-
tocol in which the tone and air puff are
separated by a half-second ‘trace’ interval.
(This gap is probably too brief for rabbits
to forget the tone, judging by the short-
term memory capacity retained by
humans with similar damage.)

Clark and Squire12 replicated this pat-
tern of findings in amnesic people with
hippocampal damage. During condi-
tioning, subjects were shown a silent
movie, which they were instructed to
remember while ignoring distracting
sounds and air puffs. Afterward, they
were asked whether they had become
aware that the tones predicted air puffs.
In the conventional conditioning proto-
col, amnesics and normal controls both
acquired the eyeblink response, and no
relationship between performance and
awareness was observed in normal sub-
jects. In the trace conditioning protocol,
however, amnesics failed to learn, where-
as among normal subjects, success was
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Fig. 1. Examples of screen presentations used in blocks of training trials. Each screen contains an
arrangement of colored ‘L’s (background context) and a ‘T’ (target cue) in various orientations.
Two repeating cue–context configurations are highlighted (orange or yellow outline); the remain-
ing trials have novel cue–context configurations.
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Guided by this perspective, Chun and
Phelps11 examined amnesic patients to
determine whether learning of complex
relationships depends on the hippocam-
pus even without conscious awareness.
The authors used a test of non-conscious
(implicit) memory for the relationships
between cues and the context in which
they were presented14. Subjects were
trained to locate a visual target stimulus
(the letter ‘T’ in various orientations)
among a background of many ‘L’ dis-
tractors. On some trials, the background
was a new random configuration of dis-
tractors; on other trials, particular back-
ground configurations were repeated and
consistently predicted the location of the
target (Fig. 1). This protocol reveals two
types of memory in normal subjects14.
Search time decreases with practice on
all trial types, presumably by procedur-
al learning, which is known to be spared
in amnesic patients. More importantly
for the question at hand, search time is
further decreased on trials with repeat-
ed configurations of target cues and con-
texts, showing memory for particular
cue–context relationships; this perfor-
mance advantage is unrelated to aware-
ness that the context has been repeated.

Consistent with previous reports14,
Chun and Phelps11 found that normal
subjects could not discriminate novel
from repeated backgrounds. Even sub-
jects who were aware that repetitions had
occurred could not identify the repeated
contexts, nor did they show greater facil-
itation for repeated contexts than other
subjects who were unaware. Thus this
protocol assessed the capacity for learn-
ing cue–context relationships without
conscious awareness. Amnesic subjects
with hippocampal damage improved
their response times with practice across
novel configurations, in accordance with
other findings that procedural learning
is mediated by non-hippocampal sys-
tems6. However, they failed to show
added facilitation due to experience with

zation. How can this view be reconciled
with the link between conscious aware-
ness and learning success that Clark and
Squire reported in their human eyeblink
conditioning experiments? It remains
possible that awareness is not a prereq-
uisite for learning; instead learning and
awareness could be correlated because
both are consequences of the way that
the hippocampus processes information,
as the networking hypothesis would sug-
gest. According to this interpretation, the
hippocampus mediates an organization-
al process that captures both the explicit
predictive relationships of the condi-
tioning protocol and the awareness of
their occurrence. Taken together, these
findings suggest that the hippocampus
mediates the networking of memories
with or without conscious awareness, but
that one cannot have awareness of these
memories without involvement of the
hippocampal network (Table 1). Thus,
awareness of a memory might best be
seen as an emergent property of hip-
pocampal processing, in that the net-
working of memories usually results in
(or is usually accessible to) conscious
awareness.
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repeated contexts. (As
expected, none of the
amnesic subjects was
aware of the repeti-
tion.) This pattern of
spared learning of gen-
eral task procedures
and impaired learning
of specific cue–context
relations is consistent
with many animal
studies that have
focused on relational
organization without

reference to awareness. More important-
ly, the results of this study support the
notion that hippocampus-dependent
memory is not fundamentally driven by
awareness.

Another recent experiment points to
the same conclusion. Using a formally
similar design, Whitlow, Althoff and
Cohen (Soc. Neurosci. Abstr. 21, 303.5,
1995) examined the performance of
amnesic patients using eye movement
monitoring to measure nonconscious
memory for spatial relations among
objects within scenes. Subjects studied
real-world scenes, then viewed either
identical scenes or scenes in which some
objects had been rearranged. In response
to identical repeated scenes, normal sub-
jects had fewer eye fixations and sampled
fewer regions, indicating an overall facil-
itation or ‘priming’ in scanning familiar
pictures (another type of memory spared
in temporal lobe amnesia). When pre-
sented with rearranged scenes, normal
subjects concentrated their scanning in
the manipulated zones, and this effect
did not depend on conscious awareness
of the manipulation. Amnesic patients
showed the same general facilitation
when scanning familiar scenes, consis-
tent with intact priming of perceptual
processing for familiar items mediated
by non-hippocampal systems. By con-
trast, they failed to show excessive scan-
ning of manipulated zones in the
rearranged scenes. These data show the
same pattern of spared and impaired
memory performances as the Chun and
Phelps study, demonstrating generality
of the selective deficit in implicit mem-
ory for stimulus relationships across two
methods of testing.

These studies are consistent with
Moscovitch’s proposal15 that conscious
memory is special only because the con-
scious experience of the remembered
event is stored along with other infor-
mation about what occurred, and is
therefore a part of the network organi-

Table 1. Summary of discussed observations on
awareness, memory and hippocampal function.

Conscious Unconscious
(explicit) (implicit)

Hippocampus- Recollection of Cue-in-context
dependent facts & events relations

Trace conditioning Object-in-scene
relations

Hippocampus- Habits/procedures
independent Priming

Emotional
Delay conditioning

© 1999 Nature America Inc. • http://neurosci.nature.com
©

 1
99

9 
N

at
u

re
 A

m
er

ic
a 

In
c.

 • 
h

tt
p

:/
/n

eu
ro

sc
i.n

at
u

re
.c

o
m


