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K.C. has been investigated extensively over some 20 years since a motorcycle accident left him with widespread brain damage th
large bilateral hippocampal lesions, which caused a remarkable case of memory impairment. On standard testing, K.C.’s anterogra
is as severe as that of any other case reported in the literature, including H.M. However, his ability to make use of knowledge and e
from the time before his accident shows a sharp dissociation between semantic and episodic memory. A good deal of his general kn
the world, including knowledge about himself, is preserved, but he is incapable of recollecting any personally experienced events. In
such “episodic amnesia,” which encompasses an entire lifetime of personal experiences, K.C. differs from many other amnesic c
we document for the first time the full extent of K.C.’s brain damage using MRI-based quantitative measurements. We then review
investigations with K.C. that have contributed to our understanding not only of episodic and semantic memory but also to the devel
other aspects of memory theory. These include the distinction between implicit and explicit memory, the prospect of new learning in
and the fate of recent and remote memory for autobiographical and public events, people, and spatial locations.
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1. Introduction

What we now may take for granted, the idea that mem-
ory comes in many kinds and varieties, was hardly acknowl-
edged until a window was opened into the normal operations
of the mind through the study of cognitive losses suffered by
brain-damaged patients. The single case studies ofKorsakoff
(1889) were instrumental in laying the foundation for the
tradition of using memory disorders as a means of studying
mnemonic processes. Following in this tradition,Scoville and
Milner (1957)introduced to the world the now famous case
H.M. who graphically illustrated several fundamental distinc-
tions in memory that had been psychologically contemplated
at least as early asJames (1890)but whose biological reality
had remained in doubt. Work with H.M. produced clear dis-
tinctions between memory and other intellectual functions.
First, it showed that severe anterograde amnesia for material
encountered post-injury could occur despite relatively pre-
served intelligence, language, and reasoning ability. Second,
it drew a sharp distinction between long-term and short-term
memory: dense amnesia for ongoing happenings could occur
despite normal ability to hold in mind and make use of infor-
mation involved in ongoing activity. Third, it showed that not
all expressions of long-term memory were impaired. H.M.

was capable of learning skills and acquiring perceptual infor-
mation, even in situations in which he was not aware that he
had learned anything. This overall pattern of selective mem-
ory impairment was especially remarkable in that it occurred
as a result of a relatively circumscribed lesion of the medial
temporal lobes (MTL;Corkin, 1965, 1968, 2002; Corkin,
Amaral, Gonzalez, Johnson, & Hyman, 1997; Milner, Corkin,
& Teuber, 1968). Together with the observations reported by
other experimentally minded neuropsychological students of
memory disorders (Warrington & Weiskrantz, 1968), these
findings helped pave the way to the widely accepted idea of
multiple memory systems (Schacter & Tulving, 1994).

As a result of the intense study of, and behavioural/
cognitive findings yielded by, the single case of H.M. with his
extensive but precisely localized bilateral MTL lesions, many
students of amnesia adopted a “single-memory, single-locus”
concept of global amnesia. Amnesia came to be seen as a se-
vere impairment of a single kind of memory (“declarative
memory”) attributable to the pathology of a single brain re-
gion (hippocampus or MTL). For the purposes of this paper,
declarative memory was defined as long-term memory for
facts and events; it excluded short-term (immediate) memory
as well as non-declarative long-term memory (Squire, 1989).
The tight coupling between amnesia, declarative memory,
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and the MTL greatly simplified the problem of making sense
of the otherwise complex phenomena.

The advantage of this scheme was three-fold. It facilitated
the fit between data and theory, it allowed one to draw mean-
ingful inferences even when some aspects of the total situa-
tion were unknown, and it kept difficulties in understanding
amnesia at bay. Thus, for example, when an amnesic patient
was identified for whom no neuroimaging data were avail-
able, it was possible to infer that he or she had suffered MTL
damage. Similarly, when performance on a memory task was
observed to be affected deleteriously by MTL damage, it was
possible to classify the task as one of declarative memory; if
it was not, it meant that the task was non-declarative. The sci-
entific stratagem exemplified here is well known and widely
used. For example, using similar logic, Tulving has claimed
that the “encoding specificity principle,” according to which
any successful retrieval attempt requires an appropriate match
between the encoded engram and the available retrieval cues,
holds generally, and no exceptions to it exist (Tulving, 1983,
p. 266).

The case of K.C. turned out to be one contributor to
the eventual crumbling of the neat and tidy single-memory,
single-locus model of amnesia. Today, there are as many puz-
zles surrounding memory impairment as there are surround-
ing “normal” memory. For instance, it is becoming increas-
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(Corkin, 2002). If so, the cases of K.C. and H.M., seen as
rather different through the eyes of the scientific community,
are, in fact, much more similar in terms of psychopathological
reality.

Clearly, the factors upon which any two cases vary are
boundless, ranging from lesion variables, such as etiology
and lesion site and extent, to age of onset, to pre-morbid
personality. For example, unlike H.M.’s large, yet restricted,
surgical excision of his MTL, K.C.’s closed head injury from
a motorcycle accident resulted in brain damage that is multi-
focal and diffuse and therefore not readily mapped onto his
behavioural/cognitive profile. However, independent of the
nature and extent of his lesions, the behavioural regularities
that he exhibits are real and reliable, allowing important the-
oretical and functional distinctions to be made and parallels
drawn. K.C. has acted as a primary participant in over 20 pub-
lished studies, many of which include multiple experiments,
and has been tested as a member of a group of participants in
many others. Given his special status and the wealth of data
that he has provided, a general overview of his contributions
is appropriate and timely.

It is the goal of this review to describe aspects of the mind
of a remarkable single individual who has contributed greatly
to our understanding of human memory and the brain, both
by validating and extending what was already known from
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ngly clear that there is more than one type of declara
emory impairment much as there is more than one
f declarative memory system. As frequently happens
nly in life but also in science, the contribution that the c
f K.C. made to such a shift from simplicity to complex
ame about because of an accident.

It was in 1983 that Morris Moscovitch was told by a s
ent in his Cognitive Neurology class at Erindale Colleg

he University of Toronto, who was working part-time in
heltered workshop, that in that setting he had met a
ho had suffered traumatic brain injury in a traffic accid
nd now was “just like H.M.” This person came to be kno
s K.C. Moscovitch agreed to test K.C. on standard
opsychological measures and confirmed a pattern of sev
mpaired anterograde memory and relatively preserved
ograde memory. However, upon referral to the newly
ablished Unit for Memory Disorders at the university, it w
oon realized that K.C., though exhibiting severe anterog
mnesia, was not quite like H.M. in that he did not seem t
all any personal happenings from his own life. At that ti
.M. was thought to be able to remember some of his
xperiences up to 5 years or so before his operation (Milner
t al., 1968), though later this lucid period of personal rec

ections was shortened and estimated as comprising on
rst 15 years of his life (Corkin, 1984; Sagar, Cohen, Corki
Growdon, 1985). More recent re-evaluation of H.M.’s ca

as thrown doubt on that figure, too, and raised the pos
ty that, with respect to what we now call episodic mem
.M. is like K.C. in every way. Indeed, it has been sugge

ecently that H.M. cannot recollect any personal happen
nvolving his mother or father, from any period in his l
arlier studies and, more important, by helping to reve
biological level what had been earlier suspected at a

retical level. Anecdotal findings are first presented wi
case history format along with results from neurolog

europsychological, and neuroimaging examinations. T
ollowed by a description of experimental findings provid
y studies with K.C. across some 20 years of research. W
ver possible, we present and discuss K.C.’s data aga
ackdrop of other well-studied amnesic cases and prom

heoretical frameworks. In view of the comprehensive na
f this review, we have devoted a separate section to
ajor experimental theme, and each section may be re

solation. Readers who prefer a brief overview of the rang
.C.’s spared and impaired functioning are referred toTable 1

or a summary.

. Case history

K.C. is a right-handed man with 16 years of formal e
ation. He was born prematurely in 1951 and raised w
supportive family of two parents and four younger sibli

n a suburb of Toronto. Development was reported as no
nd neurological history unremarkable until the summe
is 16th birthday when, while working at his aunt’s Montre
rea farm, he lost consciousness when a bale of hay f
is head. He was admitted to the Montreal Neurologica
titute where he remained for 3 days for observation bu
urgical intervention was performed. He was discharge
nticonvulsant medication that was discontinued upon h

urn to high school after a 1-year absence. After gradua
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Table 1
Summary of spared and impaired cognitive abilities in patient K.C. on experimental tasks

Performance cognitive domain Intact Partially intact Impaired

Associative priming
Word pairs (Section 6.1.1) Lexical decision following

one-trial learning via sentence
generation (lasting 30 min)

Word-stem completion (no
benefit in same context condition
but overall priming intact)

Familiar idioms (Section 6.1.1) Free association
Sentence puzzles (Section 6.1.1) Generation of one-word solutions

(lasting 1 week)
Perceptual priming

Word-fragment completion
(Section 6.1.1)

Word-fragment completion Cross-modal

Three-word sentences (Section 6.1.3) Word fragment completion
(lasting 1 year)a

Complex learning
Computer-related vocabulary

(Section 6.1.2)
Method of vanishing cues
(lasting 6 weeks)

Computer skills (Section 6.1.2) Method of vanishing cues
(lasting 7–9 months)

Semantic learning
Three-word sentences (Section 6.1.3) Cued recall (two-word cue)
Novel word definitions (Section 6.1.4) Cued recall of amusing word

definitions if interference
minimal and stimuli repeated at
study (lasting 30 months)

Post-morbid knowledge of famous
names and vocabulary terms
(Section 6.1.4)

Recognition; reading speed and
accuracy; familiarity ratings;
guessing

Identification (categorization,
matching); definitions

Remembering events
Mnemonic precedence (Section 6.1.5) Spatial location and identity of

two hidden objects (only the first)
Remote semantic memory

Pre-morbid (>5 years pre-injury)
knowledge of famous names and
vocabulary terms (Section 6.2.1)

Recognition; reading speed and
accuracy; familiarity ratings;
identification (categorization,
matching); definitions

Autobiographical memory
Personal episodic incidents

(Sections 6.2.1, 6.4)
Family photographs
Autobiographical interview
(free recall, specific probing)

Personal semantics
(Sections 6.1.4, 6.2.1)

Trait self-knowledge
(self-descriptive adjective
ratings)
Family photographs

Spatial memory
Anterograde (Section 6.2.2) Object-location memory

Learning of spatial layouts
Route learning

Retrograde (Section 6.2.2) Localization of large
geographical features on an
outline map of the world

Localization of specific
features on outline maps of
Canada and Ontario

Proximity judgments; distance
judgments; landmark sequencing;
blocked-route problem solving;
vector mapping

Sketch mapping (accurate
placement of streets but few
landmarks included)

Landmark recognition and
identification

House recognition

Visual imagery
Object identity (Section 6.4) Shape, size, colour
Spatial relations (Section 6.4) Angle of clock hands, route

generation
Image transformations (Section 6.4) Letters, objects

a Indicates better-than-normal performance.
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K.C. enrolled in a 3-year business administration program at a
community college, during which time he sustained a second
blow to his head when his homemade dune buggy collided
with a much larger vehicle, resulting in a fractured mandible
but no loss of consciousness. Notably, there was no apparent
change to K.C.’s cognitive functioning following either ac-
cident. He successfully completed his college degree at the
age of 25 and became employed at an engineering and man-
ufacturing plant at the age of 27, where he was responsible
for delivery and pickup, and quality control of products.

In October of 1981, however, K.C.’s life took a dramatic
turn. At the age of 30, he suffered his latest and most dev-
astating head injury, leaving him densely amnesic, when he
rode his motorcycle off an exit ramp on the stretch of highway
from the plant to his nearby house. Upon arrival to a regional
hospital, he was unconscious with dilated fixed pupils and
was noted to have clonic seizures. Due to the severity of his
neurological condition, he was soon transferred to a larger
hospital where he underwent neurosurgery for the removal
of a left-sided subdural hematoma that extended over the en-
tire convexity and along the tentorium and the falx as revealed
on CT. His return to consciousness at 72 h post-trauma took
place in an intensive care unit where he was to remain for 1
month until stable enough to be transferred to a rehabilitation
hospital for a 6-month stay. He remained stuperous over the
n und
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might participate. In this sense, K.C. lacks ‘autonoetic’ con-
sciousness, which refers to the subjective awareness of not
only remembering the past but also thinking about the future.
This differs fundamentally from ‘noetic’ consciousness, or
simply knowing in the present of an episode that took place
at an earlier time, which K.C. continues to possess (Tulving,
1985; Wheeler, Stuss, & Tulving, 1997).

The motorcycle accident had an equally profound im-
pact on K.C.’s personality. Though he continues to be polite
and easy-going, his once gregarious, thrill-seeking character
changed into one that is soft-spoken and tranquil. The time
in his life defined by hurrying to work without breakfast after
sleeping in, socializing at bars and over card games, member-
ship in a rock band, trips to Mardi Gras, and motorcycle rides
remains familiar, but there is no trace of personal recollec-
tion of any episode. Whatever K.C. knows about his past is
functionally in the same category as his knowledge of other
people’s past. Trait knowledge of his current, subdued self
is similarly accurate in the absence of any ‘remembering’ of
specific events involving this self (Tulving, 1993). K.C. has
managed to acquire some personal gist-like knowledge over
the years of his life since his injury, but this acquisition is at-
tributable to a semantic learning mechanism that can operate
without the luxury of rich episodic detail, an important point
to which we shall return later.
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ext 5 days, responding only to simple commands. At aro
days, he appeared to recognize his mother. A follow-u
can performed during week 3 showed a chronic bila
rontal subdural hematoma, slightly enlarged ventricles
ulci, and left occipital lobe infarction presumed to be
ndary to compression of the left posterior cerebral a

rom increased intracranial pressure.
Upon his transfer to the rehabilitation hospital, K.C. w

oted to be reading and conversing quite well and beg
ecognize friends but showed slowed mentation as we
emiplegia and a homonymous hemianopia, both affe

he right side. A CT scan performed in May 1982 showe
emaining signs of the subdural hematoma and ventricl
ormal size, except for a focal enlargement of the occi
orn of the left lateral ventricle. A well-defined area of
reased density was noted in the left occipital lobe toge
ith prominent sulci over the convexity, particularly over

eft frontal cortex.
K.C. was discharged home in July 1982. It was at this

hat the severity of his inability to commit new information
ny type to memory became more evident, forewarning
as to remain apparent on later MRI scans—namely se

njury to his medial temporal lobes, including almost co
lete hippocampal loss bilaterally. It also became incr

ngly clear, especially to those who knew K.C. from bef
is injury, that any details of personal happenings that
ad shared with him, however meaningful at the time of
urrence, had ceased to exist in K.C.’s mind. Not even a
act corpus of mental faculties such as perception, lang
nd reasoning skills would enable K.C. to relive a pers
pisodic past or invent possible future events in which
K.C.’s new ‘self’ is readily apparent in his behaviour d
ng testing sessions. He is always agreeable, courteou
ttentive, never complaining of fatigue and taking plea

n the challenge posed by many of the tests. K.C.’s suitab
s a research participant is further reinforced by the fac
e never confabulates. If anything, he is very conservati
is responses, saying ‘yes’ or ‘no’ to a question only whe

eels absolutely sure of the answer. He therefore guesse
e has never met one of the authors (R.S.R.) who has, in
isited him at his home approximately eight times a yea
he past 5 years, though there is a certain level of famili
nd comfort that he demonstrates, particularly in a gre
illingness to initiate conversation and to ask questions
Of relevance here is K.C.’s appropriate, albeit blun

epertoire of emotional reactions. K.C.’s ability to comm
n his current emotional state, together with his clear
reciation of humour and sarcasm, further suggests an
theory of mind,” such that he is quite able to infer his own
thers’ thoughts, feelings, and intentions (for recent rev
f this topic, seeFrith & Frith, 2003; Siegal & Varley, 2003).
his is in sharp contrast to a complete personal disconne

rom the emotional details of past experiences with pers
nd world tragedies that, under normal circumstances, w
ave been branded as a mental snapshot of the greates
ess and intensity. Consider a few examples. K.C.’s you
rother from whom he was once inseparable met accid
eath a few years prior to his own head injury. K.C. rem
ers nothing of the circumstances in which he had learn

his shocking news, including where he was at the time,
old him of the event, and how he reacted emotionally. L
ise, the events of a potentially lethal chemical spill fr
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a train derailment that forced him and his family to evacu-
ate their home for over a week have been reduced to a dry
fact of the world. The events surrounding a recent fall at his
family’s cottage that resulted in several operations to repair a
shattered knee, a cast from waist to toe, and his residing in the
main floor living room with crutches for over 6 months, are
similarly as good as gone. Each time he is told of September
11, he expresses the same horror and disbelief as someone
hearing of the news for the very first time.

Now 51 years old, details of personal occurrences con-
tinue to exist only in the present, vanishing from K.C.’s re-
ality the moment his thoughts are directed elsewhere. He
remains single and without children, and continues to live
with his parents in the house in which they had lived since
he was 9 years old. On most days, his mother wakes him be-
tween 7:30 h and 8:00 h in the morning for breakfast. After
finishing his meal, a note on the microwave door tells him
to return upstairs for his daily exercise routine on a treadmill
and stationary bicycle. He then dresses and grooms himself
in preparation for one of his scheduled half-day excursions,
which alternate between volunteering at a local library and
participating in such activities as playing pool, swimming,
and bowling with a small group of other head-injured people
whom he again sees on Friday nights for dinner and a movie.
Weekends in the summer and autumn are spent at the family
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Taken together, anecdotal evidence suggests that K.C. is
in many ways like any other healthy individual. His store
of semantic facts about himself and the world, procedural
skills that were acquired in the first 30 years of his life, and
his effortless functioning in his everyday environment are
comparable to most of his age mates. What makes him dif-
ferent, even from many amnesic cases, is his inability to rec-
ollect any specific event in which he himself participated or
any happening that he himself witnessed. This overall pro-
file has not changed much over the years, an observation
consistent with the stability of results from extensive neuro-
logical and neuropsychological testing and with the pattern
and extent of K.C.’s brain damage as revealed on MRI scans,
to which we turn next. It also stands the test of more ob-
jective experimental measures that we will describe in later
sections.

3. Neurological status

Based on three detailed neurological examinations per-
formed approximately once per decade, it may be concluded
that K.C.’s neurological status has remained largely stable
since his 1981 accident. Similar to findings from his Decem-
ber 1986 exam (detailed inTulving, Schacter, McLachlan, &
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ottage, as they were before his injury, and in the winter
pring at home visiting with family and friends. When no

ng specific is planned, K.C. will sit down to play the org
ut he most enjoys playing card games on the computer
icularly Bridge and Solitaire) with the television on in t
ackground (his favourite shows include “Mash” reruns
The Price is Right”). He then eats dinner with his fam
atches television, and retires on his own at 11:00 p.m.
The seamless ease with which K.C. goes about dail

ivities might fool an uninformed observer into overlook
is complete loss of episodic memory function. As allu

o earlier, amnesia can also be defined by the kinds of m
ry that are commonly spared. Retention of the many s
nd semantic facts learned in pre-accident years enable

o locate without difficulty cereal and eating utensils in
itchen, to know that the eight-ball is the last to sink i
ame of pool, and to explain the difference between a s
nd spare in bowling, and between the front crawl and b
troke. He can describe the layout of his house and sum
ottage, and the shortest route between them, withou
ecollection of a single event that occurred at either of t
laces. He expects a new ‘trick’ after four cards are plac

he centre of the Bridge table and anticipates Bob Barke
he “Price is Right” asking contestants to “spin the whe
hough he cannot foresee what he himself will do when
ard game or television show is over. Like many individu
uffering from amnesia, he is also able to learn new in
ation or skills normally, such as sorting books accordin

he Dewey decimal system in his library job, even thoug
s unable to recall explicitly the circumstances of this ant
rade learning, indicating preserved implicit memory.
.

oscovitch, 1988), significant neurological signs describ
n October 1994 and March 2003 exams include bila
nosmia, affecting both identification and discriminatio
mells, and a right homonymous hemianopia, involving
pper field with lower quadrant and macular sparing.
dditional presence of bilateral optic disk pallor relate
laucoma that developed soon after K.C.’s 1981 acciden
as been under treatment ever since. Corrected visual
s assessed most recently is 20/40 on the right and les
0/400 on the left; with his left eye K.C. can identify la

etters at 3 ft and see finger movement at 6 ft. This progre
isual loss in the left eye is due in large part to his glauco
ut corrected vision in the right eye remains within nor

imits. Eye movements are full in the horizontal and vert
lanes, and there is no nystagmus. There is normal facial
etry and strength. The remaining cranial nerves are inta
efore. Somatosensory function is normal, though there
e a slight decrease in temperature perception on the
ide. On motor examination, again as assessed most re
trength, bulk, tone, and reflexes are within normal lim
xcept for decreased dexterity in the right hand and a
xtensor plantar response. Cerebellar function is norma
ait continues to be wide based and somewhat antalg
result of musculoskeletal problems (mostly osteoarth

rom Ehler–Danlos syndrome.
On mental status screening tests administered in Oc

994, K.C. received a score of 27/30 on the Mini Mental
us Examination. Retesting of mental status on the Dem
ating Scale in March 2003 revealed a score of 125/
hich is above the cutoff for dementia, with most po

ost on the memory subscale. A more elaborate asses
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of this and other mental capacities is discussed in the next
section.

4. Neuropsychological profile

K.C. underwent a detailed neuropsychological examina-
tion across multiple sessions in 1996 and was re-examined
in March 2003 on an abridged version of the test battery
to ensure that earlier scores still reflect his current level of
cognitive functioning. Comparison of the current test results
with those from previous assessments conducted in the late
1980s (reported inTulving et al., 1988; Tulving, Hayman, &
Macdonald, 1991) indicates that K.C.’s cognitive status gen-
erally has remained stable over the years. We will comment
on the few areas of function that do appear to have changed
since the onset of his amnesia.

4.1. General intellectual and non-mnemonic cognitive
function

As illustrated inTable 2, results from cognitive testing
show that K.C.’s intellectual and cognitive function outside
the domain of episodic memory are largely, although not com-
pletely, preserved. His verbal IQ on the revised version of
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Table 2
Neuropsychological profile of patient KC

1996 2003

Mental status
DRS (/144)a 125

Attention (/37) 37
Initiation/perseveration (/37) 34
Construction (/6) 6
Conceptualization (/39) 34
Memory (/25) 14

General intellectual function
WAIS-R (standard score)

FSIQ 88 99b

VIQ 96 99
PIQ 79 99

AM-NART (standard score) 102

Language
Western Aphasia Battery (/100) 98.2 (unimpaired)
WAIS-R vocabulary (scaled score) 9 9b

Boston naming (/60) 57 (unimpaired)
Semantic fluencyc (scaled score) 10

Anterograde memory
WMS-R

General memory (standard score) 61
Verbal memory (standard score) 67
Visual memory (standard score) 69
Logical memory I (percentile) 5 < 5
Logical memory II (percentile) <1 < 1
Visual reproduction I (percentile) 13
Visual reproduction II (percentile) <1

WRMT (/50)
Words 26
Faces 25

CVLT
Acquisition (T-score) 12
Short delay free (Z-score) −5
Long delay free (Z-score) −5
Recognition Discrimination (Z-score) −5

ROCF (/36)
Immediate recall 4
Delayed recall 0

Retrograde memory
AMI autobiographical (/9)

Childhood 2
Early adult life 3
Recent life 1

AMI personal semantics (/21)
Childhood 16
Early adult life 13.5
Recent life 8

Visuospatial function
Judgement of line orientation (/30) 23d (unimpaired)
Benton Visual Discrimination

Test (percentile)
>95

ROCF copy (/36) 36
WAIS-R Block Design 6 9b

Hooper visual organization (T-score) 79d

Benton Face Recognition Test
(percentile)

1st 2–16

Executive function
Letter fluencye (scaled score) 6
WAIS-R Digit Span (scaled score) 12
WASI similarities (scaled score) 11
he Wechsler Adult Intelligence Scale (WAIS-R;Wechsler
981), as administered in 1996, was in the normal range
is performance IQ was in the lower normal range, whic
lightly below expected based on a verbal estimate of
orbid intelligence derived from the National Adult Re

ng Test (Ryan & Paolo, 1992). Nonetheless, on the Wechs
bbreviated Scale of Intelligence (Wechsler, 1999) adminis-

ered in 2003, which produces IQ scores that are highly
elated with those from the full WAIS-R battery, he obtai
ull-Scale, Performance, and Verbal IQ scores of 99.

ndicates an improvement in the non-verbal Performanc
ain back to earlier levels, perhaps due to better manage
f his glaucoma in more recent years.

K.C.’s language functions are also generally well p
erved. His spontaneous speech is sparse but well articu
e shows no word-finding difficulties, paraphasic errors
yntactic errors in daily conversation. In line with these in
al observations, he shows no signs of aphasia on the
rn Aphasia Battery (Kertesz, 1982) and has no difficulty in
aming line drawings of objects on the Boston Naming
BNT; Kaplan, Goodglass, & Weintraub, 1983). Word gen
ration to a category cue is in the average range, whi
onsistent with average performance on a vocabulary te
emantic memory (WASI Vocabulary subtest). Howeve
xhibits a markedly reduced fluency for spontaneous v
utput, including poor performance on the FAS phone
uency task (Spreen & Strauss, 1998). With respect to visu
spatial function, K.C. performs well on tasks that req
asic visual feature analysis such as matching lines o
ame orientation on the Judgment of Line Orientation
r matching simple forms on the Visual Form Discrimi
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Table 2 (Continued)

1996 2003

WASI matrix reasoning (scaled score) 11
WCST

Categories (/6) 6 (unimpaired)
Perseveration response (Z-score) −0.9

Trail Making Test
Part A Raw score = 138 s
Part B Raw score = 291 s

Concept Generation Test groupings 4 (unimpaired)

Note: DRS, Dementia Rating Scale; WAIS-R, Wechsler Adult Intelligence
Scale-revised; AM-NART, American National Adult Reading Test; WMS-
R, Wechsler Memory Scale-revised; CVLT, California Verbal Learning Test;
ROCF, Rey Osterrieth complex figure; AMI, autobiographical memory in-
terview; WCST, Wisconsin Card Sorting Test.

a Normal cutoff = 123.
b Score on the Wechsler Abbreviated Scale of Intelligence (WASI).
c Score is based on the number of animal names produced in 1 min.
d Age-corrected score.
e Score is based on the total number of words produced for the letters F,

A, and S when given 1 min for each.

tion Test (Benton, Hamsher, Varney, & Spreen, 1983). He
is also unimpaired in visuospatial reproduction of the Rey
Osterrieth Complex Figure (ROCF;Osterrieth, 1944), recon-
struction of designs with blocks (WASI Block Design sub-
test), and in identifying objects on the basis of line drawings
on the BNT (see above). Visual impairments are, however,
apparent in colour perception on the City University Color
Vision Test (classification: borderline tritan;Fletcher, 1980)
and on the Farnsworth–Munsell 100-Hue Test (Farnsworth,
1957). Impairments were also present on a more complex
face-matching task that requires the synthesis of multiple vi-
sual features (Facial Recognition Test; Benton et al.), but
performance on this task improved to borderline-low aver-
age since the 1996 assessment.

With respect to tests of executive function, K.C. exhibits
no deficits on the Wisconsin Card Sorting Test (WCST;
Heaton et al., 1993). The number of categories obtained for
128 items as well as the number of perseverations to preced-
ing categories is within the normal range. K.C. also has no
difficulty performing the Concept Generation Test (Levine,
Stuss, & Milberg, 1995). The number of correct groupings
K.C. generated for the items of the test is comparable to
the number achieved by healthy control subjects of similar
age. Moreover, he does not perseverate on any of the self-
generated responses. K.C.’s completion times for the two
p
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( 43).

Finally, working memory performance, as assessed in 2003,
is within normal limits on both forward and backward digit
span tests of the WAIS-R.

4.2. Anterograde memory function

K.C.’s performance on the Wechsler Memory Scale-
Revised (WMS-R;Wechsler, 1987), California Verbal Learn-
ing Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987),
Warrington Recognition Memory Test for words and faces
(WRMT; Warrington, 1984), and recall of the ROCF con-
firmed his severe anterograde memory impairment. This is
true whether the material is verbal (CVLT; WRMT for words;
WMS-R logical memory) or non-verbal (WRMT for faces;
WMS-R visual reproduction; ROCF immediate and delayed
conditions) and whether the test format is free recall (CVLT;
WMS-R logical memory; WMS-R visual reproduction), cued
recall (CVLT), yes–no recognition (CVLT), or forced-choice
recognition (WRMT). Of note, although K.C. is able, at times,
to recall a limited amount of information immediately af-
ter learning (logical memory I; visual reproduction I; CVLT
List A trials 1–5), he is unable to retain any information over
delays as short as 20 or 30 min on the same tasks (CVLT
long-delay recall; logical memory II; visual reproduction II).
Moreover, he performs at chance on the WRMT for faces and
w erial;
i ore of
4 d a
s n of
t

ing
o ition
m of
p ob-
t lities
f mith
a lly
p
1 rob-
i s in
a s the
E tions,
w ed by
S m),
w rmal
c

4

im-
p em-
o 9,
1 996
( -
g man-
t rom
arts of the Trail Making Test (Army Individual Test and
attery, 1944), another test of executive function, clearly fa
utside of the normal range of performance, but this cou
art be attributed to his decreased right limb dexterity an

eoarthritic changes in his hands. It has been suggeste
he ratio between the completion times for Trails A an
rovides a measure of executive functioning that is inde
ent of motor speed. The ratio for K.C. (0.47) is compar

o the ratio of means reported byStuss, Stethem, and Poir
1987)for healthy control subjects of equivalent age (0.
t

ords, even immediately after exposure to the target mat
n the most recent examination, he obtained a scaled sc

(<5 percentile) for the immediate recall condition an
caled score of 1 (<1 percentile) for the delayed conditio
he WMS-III logical memory subtest.

Given that K.C. is impaired in the perceptual match
f faces, his severe deficits on the forced-choice recogn
emory test for faces (WRMT) likely reflect a mixture
erceptual-discrimination and memory impairments. To

ain a purer measure of K.C.’s anterograde memory abi
or non-verbal information, he has also been tested on S
nd Milner’s memory task for the spatial location of visua
resented common objects (Smith & Milner, 1981; Smith,
988). This task taps non-verbal memory processes by p

ng memory for the location of 16 easily identifiable object
n array. K.C.’s mean displacement score, which reflect
uclidian distance between target and remembered loca
as 23.0 cm. This score is comparable to the one report
mith (1988)for the densely amnesic patient H.M. (26.5 c
hose performance is severely impaired relative to no
ontrol subjects (mean = 7.4 cm).

.3. Retrograde memory function

To document the extent of K.C.’s retrograde memory
airments, he was administered the Autobiographical M
ry Inventory (AMI; Kopelman, Wilson, & Baddeley, 198
990) and the Galton–Crovitz word–cue technique in 1
Crovitz & Schiffman, 1974). The AMI samples autobio
raphical incidents (unique episodes) and personal se

ic information (facts pertaining to the person’s past) f
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childhood to recent years. In K.C.’s case, the scores for ‘re-
cent years’ reflect a measure of anterograde memory func-
tioning. According to available norms, K.C.’s scores on the
autobiographical subsections fall within the ‘definitely ab-
normal’ range and are lower than the average for the two
groups of amnesic patients presented in the manual. During
testing, K.C. could not produce a single episode from his
past that was distinct in time and place. Performance on the
personal semantics subsections was comparable to that re-
ported by Kopelman et al. for other amnesic patients, with
the childhood period classified as ‘acceptable’ according to
AMI norms. K.C. showed a similar pattern of deficit on the
Galton–Crovitz task for autobiographical information, which
was administered in the version developed byMoscovitch
and Melo (1997). His performance improved only minimally
when he was provided with additional prompts aimed at fa-
cilitating recall. When no prompts were presented, K.C. did
not produce any confabulations. In response to prompts, he
provided two details that were classified as confabulations.
In comparison, the confabulating amnesic patients tested by
Moscovitch and Melo produced on average 16 confabula-
tions when no prompts were given and 38 confabulations in
response to prompts.

5

90,
t
a nd

in 2002. Visual inspection of the resulting images across the
different examinations reveals no apparent changes. In the
following, we will first provide a general, primarily qualita-
tive description of K.C.’s MRI results. We then will present
the quantitative results obtained from a volumetric analysis
of medial temporal lobe and related limbic structures, which
was based on the 1996 examination obtained with a MRI
protocol that was optimized for this purpose (Callen, Black,
Gao, Caldwell, & Szalai, 2001; see alsoKöhler et al., 1998).
Images shown inFigs. 1–3are from the most recent MRI in
2002.

5.1. Brain regions other than limbic structures

Overall, T1-weighted images show evidence of mild dif-
fuse cortical atrophy. This atrophy reflects thinning of the
cortical rims and underlying white matter in all lobes and co-
incides with bilateral ventricular enlargement. Throughout
the brain, the left hemisphere is affected to a greater extent
than the right hemisphere. Focal signal abnormalities are also
observed predominantly in the left hemisphere. They include
a posterior lesion in occipital–temporal cortex and an anterior
lesion in frontal–parietal cortex and underlying white matter.

The left-sided posterior hypointensity on the MR im-
ages reflects a lesion that appears to be occipital–temporal
i tery
c ssure
c ent.
A f the
b rus,

F ior to s Dark signal
i

. Magnetic resonance imaging of brain pathology

Structural MRI of K.C.’s brain was first performed in 19
he results of which are detailed in the paper byTulving et
l. (1991). K.C. underwent MRI scanning again in 1996 a

ig. 1. T1-weighted axial images of K.C.’s brain arranged from infer

ndicates damaged tissue. The right hemisphere is shown on the left side of
nfarction probably resulting from posterior cerebral ar
ompression secondary to the increased intracranial pre
aused by the head trauma in K.C.’s motorcycle accid
contiguous volume of encephalomalacia (softening o

rain tissue) is seen in the lingual gyrus, fusiform gy

uperior. Images are 0.86 mm thick and are spaced 9.46 mm apart.

the images.
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Fig. 2. T1-weighted coronal images of K.C.’s brain arranged from anterior to posterior. Images are spaced 12.04 mm apart. Dark signal indicates damaged
tissue. The right hemisphere is shown on the left side of the images.

cuneus, precuneus, and parts of superior, middle, and infe-
rior occipital gyri (lesion volume = 21,094 mm3). Rostrally,
medial aspects of the lesion extend into retrosplenial cortex.
Whereas the cuneus and lingual gyrus, including calcarine
cortex, are quite necrotic, the superior, middle, and infe-
rior occipital gyri show substantial sparing. Large portions
of the fusiform gyrus are also spared. Approximate visual
matching of the MR images with the template of Brodmann’s
areas (BA) provided byTalairach and Tournoux (1988)sug-

gests that the posterior lesion affects BA 17–19, 31, 30,
and 23.

The left anterior hypointensity (lesion volume = 27,909
mm3) may reflect sequelae of the subdural hematoma that
was diagnosed and removed in hospital immediately follow-
ing K.C.’s head trauma. Encephalomalacia is observable pri-
marily in the white matter superior to the lateral ventricles,
undercutting adjacent gray matter. Caudally, it begins approx-
imately at the level of the posterior commissure, undercutting

F t to left sue.
p

ig. 3. T1-weighted sagittal images of K.C.’s brain arranged from righ
roceed from right to left.
. Images are spaced 8.6 mm apart. Dark signal indicates damaged tisImages
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the left post-central gyrus. From there, it extends into the
white matter that underlies the superior pre-central gyrus,
affecting large portions of the pyramidal tract. Further ros-
trally, the lesion undercuts superior pre-motor cortex and
large aspects of the middle and superior frontal gyri (dorso-
lateral prefrontal cortex), extending to a level approximately
1.5 cm anterior to the genu of the corpus callosum. Anterior
gray matter signal abnormalities appear to be limited to pre-
motor cortex, suggestive of cystic alterations. Ventrolateral
pre-frontal cortex and underlying white matter are spared in
their complete extent. Approximate visual matching of the
MR images with theTalairach and Tournoux atlas (1988)
suggests that the anterior lesion affects white matter underly-
ing BA 1–4, 6, 8, and 9. White matter underlying BA 44–46
and 10 seems to be spared.

Signal hypointensity in the right hemisphere can be seen
in the right precuneus and in the white matter underlying the
medial frontal sulcus and the head of the caudate nucleus,
both reflecting sequelae from surgical shunting.

5.2. Medial temporal lobes: qualitative examination

Visual inspection of the T1-weighted MR images reveals
pronounced bilateral signal abnormalities in the hippocam-
pal formation and notable atrophy in neighbouring parahip-
p fected
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nonetheless. Signal abnormalities suggestive of necrosis can
be observed in entorhinal cortex, and there is evidence of
pronounced atrophy in perirhinal and parahippocampal cor-
tices (seeAmaral & Insausti, 1990for a definition of these
structures in humans). The collateral sulcus, which is lined
in anterior portions by perirhinal cortex and more posteriorly
by the parahippocampal cortex, is visible along its entire ros-
trocaudal extent in both hemispheres, indicating that tissue
loss in these cortices is only partial.

5.3. Medial temporal lobes and related limbic
structures: volumetric analyses

The extent of tissue loss in medial-temporal and related
limbic areas was quantified using a volumetric protocol de-
veloped in our laboratory in conjunction with a study on
Alzheimer’s disease (Callen et al., 2001). To do this, com-
parisons were made with the MR images of five age-matched
participants who had served as healthy controls in the Callen
et al. study (three males, two females; mean age = 52.8 years,
S.D. = 8.1). The structures measured included the hippocam-
pus, amygdala, adjacent cortices in the parahippocampal
gyrus (i.e., a combined estimate of entorhinal, perirhinal,
and parahippocampal cortex), mammillary bodies, the sep-
tal area, basal forebrain, hypothalamus, anterior and posterior
t ulate
c

et-
r pres-
e bove.
T bes
a nate
v n as-
s d an

F tal (bot lo
s

ocampal gyrus. These structures appear severely af
long the entire rostrocaudal extent (i.e., longitudinal a
f the hippocampus (seeFig. 4). Lateral temporal cortex a
ears to have been spared from focal damage.

More fine-grained analysis of the MR images sugg
hat the hippocampal formation is in large parts necrot
oth hemispheres, and any remnants of non-necrotic t
ppear severely atrophic. Tissue loss in neighbouring
ial temporal cortices seems to be less severe but subs

ig. 4. T1-weighted images in axial (top), coronal (middle), and sagit
ignal areas).
l

halamus, caudate nucleus, different portions of the cing
ortex, and orbitofrontal cortex.

A factor that complicates the interpretation of volum
ic reductions in the structures assessed in K.C. is the
nce of generalized cortical atrophy that was described a
o determine which structures in the medial temporal lo
nd other parts of the limbic system show a disproportio
olume loss that extends beyond the expected reductio
ociated with generalized cortical atrophy, we compute

tom) views indicating the extent of damage in K.C.’s medial temporalbe (dark
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Table 3
Comparison of volumes for medial temporal lobe and related limbic structures in K.C. and control participants

Brain structure Controls volume (mm3) (S.D.) K.C. volume (mm3) (Z-score)

Left Right Left Right

Hippocampus 3974.01 (413.13) 4020.28 (356.94) 749.12 (−7.8) 533.55 (−9.8)
Parahippocampal gyrus 1871.68 (73.05) 2009.95 (241.86) 476.40 (−19.1) 857.48 (−4.8)
Amygdala 1564.09 (309.97) 1326.81 (396.13) 512.46 (−3.4) 452.29 (−2.2)
Mammillary bodies 49.19 (9.33) 50.67 (10.01) 15.03 (−3.7) 25.55 (−2.5)
Septal area 351.63 (76.18) 339.14 (69.73) 68.67 (−3.7) 59.65 (−4.0)
Basal forebrain 199.19 (94.60) 206.38 (88.96) 69.22 (−1.4) 81.25 (−1.4)
Hypothalamus 295.81 (82.54) 304.22 (107.26) 116.85 (−2.2) 172.46 (−1.2)
Anterior thalamus 991.56 (118.29) 1072.87 (144.93) 252.68 (−6.2) 617.78 (−3.1)
Posterior thalamus 4864.96 (327.17) 4794.41 (302.44) 2619.51 (−6.9) 2876.23 (−6.3)
Caudate nucleus 1901.14 (70.40) 1830.32 (96.65) 1424.07 (−6.8) 1191.41 (−6.6)
Anterior cingulate cortex 4827.40 (1831.43) 4288.69 (1550.68) 4415.09 (−0.2) 4061.62 (−0.1)
Middle cingulate cortex 2509.00 (593.56) 2455.43 (421.35) 2324.19 (−0.3) 1925.48 (−1.3)
Posterior cingulate cortex 3834.90 (793.29) 3524.72 (568.19) 2617.50 (−1.5) 2389.30 (−2.0)
Orbitofrontal cortex 14133.63 (3793.92) 14658.61 (3608.29) 9143.69 (−1.3) 9371.85 (−1.5)

Note: Z-scores shown in bold typeface reflect disproportionate volume loss in K.C. (see text for details). Volumes were corrected for variations in head size.

additional estimate of K.C.’s global atrophy based on ven-
tricular enlargement. This measure was obtained after seg-
menting the T2-weighted and proton-density MR images into
the various tissue components. K.C.’s estimate for ventricu-
lar CSF was then compared with that of the controls after
correcting for differences in head size, and special care was
taken to exclude any lesion areas filled with CSF from this
estimate. Using this approach, we found K.C.’s ventricles to
be enlarged by 3.38 standard deviations as compared to the
mean value in the controls. Accordingly, we chose to con-
sider differences in volume greater thanZ= 3.38 to reflect a
disproportionate tissue loss.

The results of the volumetric analyses for all structures ex-
amined are displayed inTable 3. All estimates were corrected
for inter-individual differences in head size using the proce-
dure described byCallen et al. (2001). Taking global atrophy
into account, the most prominent volume reductions were ob-
served bilaterally in K.C.’s hippocampus and parahippocam-
pal gyrus. Disproportionate tissue loss was also found to ex-
tend into other limbic structures that are neuroanatomically
connected to the hippocampus and that have been suggested
to play a role in memory, including the septal area bilaterally,
mammillary bodies and amygdala on the left, caudate nuclei,
and anterior and posterior portions of the thalamus. The ob-
servation that not all structures examined showed a volume
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file. Damage to occipitotemporal structures, largely in the left
hemisphere, from cuneus and through lingual and parahip-
pocampal gyri, is consistent with difficulties in perception
of colour and face matching under degraded conditions. Im-
portantly, other aspects of his perception and recognition are
preserved, including tasks requiring basic visual feature anal-
ysis such as line orientation and form discrimination, as well
as more complex processes such as reading and recognition of
objects and familiar faces. It is possible that damage to poste-
rior neocortical areas contributed to K.C.’s autobiographical
episodic memory loss by affecting his visual imagery (Rubin
& Greenberg, 1998), a hypothesis that we tested and report
later in the paper.

Damage to regions of frontal cortex is limited to dorsolat-
eral and pre-motor areas. As a result, performance on tests
of phonemic, but not semantic, fluency is impaired. No other
deficits were observed on tests of executive function, includ-
ing WCST, the ratio of Trails B to A, working memory, and
tests of abstract reasoning. Nonetheless, because frontal func-
tions contribute to strategic retrieval on tests of recent and
remote memory, we tested the possibility that frontal deficits
may be related to loss of autobiographical memory and report
the results below.

The extent of damage to K.C.’s medial temporal lobes,
particularly to his hippocampus and parahippocampus, and
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oss greater than the critical score ofZ= 3.38 provides direc
upport for our interpretation that the described volume
uctions in the medial temporal lobes and in a few rel

imbic structures are indeed disproportionate and cann
ccounted for by generalized brain atrophy.

.4. Summary of neuroanatomical damage and its
elation to performance on standard neuropsychologica
ests

The pattern of damaged and spared tissue in K.C.
elp account for some of his neuropsychological test
ssociated diencephalic and basal forebrain structures
ine with his profound impairment on all explicit tests of n
earning and memory. There is some uncertainty as to wh
his pattern of neurological damage also accounts for h
ere remote autobiographical memory loss while sparin
emote spatial memory. These issues are discussed at
n later sections. Additional damage to K.C.’s amygdala
ccount for his blunted affect and personality changes,

ributing, in turn, to his remote autobiographical mem
oss, but it remains for future research to investigate t
ossibilities more fully. Sparing of lateral temporal cor
nd occipital structures accounts for his preserved sem
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memory and performance on implicit tests of learning, which
we review next.

6. Experimental investigations

6.1. Studies of new learning

The detailed analysis of K.C.’s lesion and related deficit
profiles presented in the last section accentuates the fact that,
unlike H.M., K.C.’s story is more complicated on several
counts: aspects of both anterograde and retrograde memory
were affected by his closed head injury, consistent with the
multiple loci of damage amply demonstrated by his MRI
scans. The diffuse nature of K.C.’s brain pathology becomes
especially problematic when one wishes to attribute any par-
ticular deficit to a single lesion site. However, as will be-
come increasingly apparent in the following sections, it is
his deficits against a background of preserved function that
makes him remarkable to study. K.C. first participated in
memory experiments during the early-to-mid-1980s at the
Unit for Memory Disorders at the University of Toronto. Most
of the early studies can be divided into two broad categories:
priming and new semantic learning. K.C. also participated in
a study of memory for object location and identity that de-
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establishment of novel representations that are newly created
during a specific study episode (Rozin, 1976). K.C. partic-
ipated in several studies that addressed this issue.Graf and
Schacter (1985)tested the hypothesis that priming depends
on the activation of pre-existing representations by present-
ing amnesic patients and normal subjects with unrelated word
pairs to study (e.g., window–reason, jail–strange). On a sub-
sequent word-stem completion test, subjects were instructed
to write down the first word that came to mind in response to
a three-letter word beginning, paired either with the identi-
cal word from the study list (e.g., window–rea—; same con-
text condition) or another list word (e.g., jail–rea—; different
context condition). Amnesic patients and controls showed
greater priming in the same, than in the different context
condition, thereby indicating that novel associations between
the unrelated words, formed during the study trial, influence
the magnitude of priming (see alsoMoscovitch, Winocur, &
McLachlan, 1986, in which K.C. participated).

Subsequent analyses of these data indicated that prim-
ing of new associations was observed mainly in patients
with relatively mild memory disorders.Schacter and Graf
(1986) followed up on this observation by using a variant
of their original paradigm to compare the performance of
four “severely amnesic” patients (including K.C.) with that
of four “mildly amnesic” patients, where severity of amnesia
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cribed a phenomenon called mnemonic precedence,
elates to acquisition of episodic information. These ex
ments, along with others on retrograde memory desc
ater on, pioneered a number of conceptual traditions
hich our Toronto group became known and that (for

er or for worse) continue to influence the field at large to
ay.

.1.1. Priming
Priming refers to an improvement or change in the ide

cation or production of an item as a consequence of a
ncounter with the item (e.g.,Tulving & Schacter, 1990).
riming is a form of non-conscious or implicit memory

he sense that it can occur in the absence of explicit or
cious recollection of a prior encounter with a primed i
Schacter, 1987; Schacter & Curran, 2000). In the early-to
id-1980s, when K.C. began to participate in experimen

he Unit for Memory Disorders, priming was a new and
opic in memory research. Building on the seminal find
f Warrington and Weiskrantz (1974)and of Rozin and Dia
ond (Diamond & Rozin, 1984; Rozin, 1976) that reveale

urprising preservation of memory in amnesic patients w
hey were cued with word beginnings for recently stud
ords, new data showed that priming could occur at no

evels in amnesic patients (e.g.,Graf, Squire, & Mandler
984) and that priming could be dissociated from exp
ecollection in healthy young adults (e.g., Graf et al.;Jacoby

Dallas, 1981; Tulving, Schacter, & Stark, 1982).
During the mid-1980s, a fundamental theoretical ques

oncerned whether priming is based on the activation of
xisting items or associations, or whether priming reflect
as based on the difference between Wechsler IQ and
cores. To increase the reliability of data from individual
ients, each patient participated in four separate study
essions; each study-test session used different word
ildly amnesic patients showed more priming in the sa

han in the different context condition, whereas severely
esic patients did not. K.C. showed no hint of associa
riming. Across four lists, he actually completed fewer st
ith previously studied words in the same context cond

0.38) than in the different context condition (0.46). No
owever, that K.C. did exhibit a powerful overall primi
ffect compared with the baseline completion rate for n
rimed items (approximately 0.10).

K.C. also participated in a study bySchacter (1985)that
xamined priming of old and new associations using a d
nt approach. Schacter compared priming of familiar idi
e.g.,sour grapes, small potatoes) with novel phrases th
ere generated by repairing components of familiar idi

e.g.,sourpotatoes,small grapes). Priming was assessed w
free association task in which the first word from the
as presented and subjects wrote down the first word
ame to mind. Amnesic patients showed priming follow
tudy of familiar idioms (0.27) as did control subjects (0.
ut did not show any priming after studying the re-pa

tems. However, even control subjects failed to show prim
f the re-paired items (0.02).

The idea that association-specific, relational learnin
imply not possible, even at an implicit level, and that o
tem-specific, non-relational priming can be observed in
esia held prominence for many years after the initial s

es with K.C. (e.g.,Cohen, Poldrack, & Eichenbaum, 199).
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Although other groups had been successful at demonstrat-
ing intact implicit associative learning in amnesic patients
(Gabrieli, Keane, Zarella, & Poldrack, 1997; Moscovitch et
al., 1986), the possibility that these effects were due to a mo-
tor skill-learning mechanism was not ruled out. The validity
of the relational-deficit theory was finally overturned in a
very recent investigation of single-trial learning in a group of
amnesic patients that again included K.C. (Goshen-Gottstein,
Moscovitch, & Melo, 2000). Word pairs from sentences gen-
erated by participants at study (intact pairs) were presented
along with re-arranged pairs of studied words and pairs of
unstudied words intermixed with non-words for a lexical de-
cision to be made at test as to whether both items in each
pair are legal English words. K.C., along with the other pa-
tients, was able to recover implicitly these new associations
for as long as 30 min after they were formed, indicated by
faster decisions to intact pairs (1434 ms) compared to re-
arranged pairs (1528 ms) or pairs of new words (1641 ms).
Importantly, he failed to recollect the same items on explicit
testing. Moreover, the use of sentence generation for studying
the word pairs within a one-trial learning episode prevented
a stimulus–response or skill-learning explanation of the re-
sults that would have been viable had an identical response to
stimuli at study and at test been made. The results of studies
of associative priming, therefore, indicate that binding of un-
r pally
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been provided by the experimenter were presented again af-
ter delays ranging from 1 min to 1 week, and subjects again
attempted to generate a solution word.

The critical data came from the two patients in this study
who were classified as “severely amnesic:” K.C. and a pa-
tient with amnesia attributable to a ruptured aneurysm of the
anterior communicating artery. They showed robust priming
following a single study exposure at all delays (approximately
50% correct solutions to previously unsolved sentence puz-
zles), the magnitude of priming did not change between the
1 min and 1 week delays, and the number of study repetitions
(varied from one to five) had no systematic effect on the mag-
nitude of priming. This learning and its retention over time,
shown by both K.C. and the aneurysm patient, contrasted
starkly with the finding of the two patients’ explicit memory
for once-presented sentences at any delay: they responded
“new” on an old/new recognition test to all once-presented
sentences, and both showed negligible levels of recognition
even after five study repetitions. These observations showed
clearly that priming could persist for up to 1 week, in the
absence of possibility of ‘explicit contamination.’ Thus, be-
cause K.C. exhibits no hint of any explicit, conscious, or
episodic recollection of having encountered the materials,
these findings indicate that long-lasting priming can occur
entirely on the basis of processes associated with implicit
m
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elated materials, which some consider to be hippocam
ependent, can occur in the absence of this structure. F
esearch is needed to determine the nature and limits o
xtra-hippocampal binding process, in particular, wheth

s domain-specific or whether it can bind material ac
omains as is possible in hippocampally mediated learn

Yet another priming study from earlier years examine
ssue that assumed theoretical importance during the 1
he longevity of priming effects. An early study with c
ege students showed that the priming effects on a
ragment completion task—enhanced facility of identify
ords in which some letters were deleted, for example,

SS- - for ASSASSIN—could persist for a week (Tulving et
l., 1982). However, research with both amnesic patients
ealthy subjects using another kind of priming task—s
ompletion—suggested that priming is a far more trans
henomenon, disappearing completely after only a 2-h i
al between study and test (Graf et al., 1984; Rozin, 1976).
hese findings raised the possibility that long-lasting prim
ffects are attributable to explicit recollection of previou
ncountered words, the so-called ‘explicit contamination
othesis.McAndrews, Glisky, and Schacter (1987)included
.C. in a study to test this idea. Amnesics and controls w
iven sentence puzzles that are difficult to comprehend i
bsence of a critical solution word. For example, the

ence “The haystack was important because the cloth rip
eems to make little sense—until the key word “parachut
resented (Auble, Franks, & Soraci, 1979). Participants wer
resented with a series of such sentences and were pro
ith solution words when they could not generate solut
f their own. The sentences for which solution words
emory.
Köhler et al. (1997)capitalized on K.C.’s resistance

xplicit influences in an additional experiment on perc
ual priming. Perceptual implicit memory involves the
irect cueing of a previously studied stimulus by one

s structurally similar. By definition then, transfer from o
erceptual modality to another should disrupt this effect

hat words studied in the visual modality should produce
riming when the test cue is auditory than when it is also
ual. However, significant priming in healthy individuals
een observed in cross-modal conditions (Craik, Moscov

tch, & McDowd, 1994). One possibility is that cross-mod
mplicit memory reflects semantic or lexical priming rat
han perceptual priming (Bassili, Smith, & MacLeod, 1989).
nother possibility, however, is that this priming is ascri

o contamination from explicit memory processes that
ally rely on the hippocampus (Jacoby, Yonelinas, & Je
ings, 1996). If so, amnesic patients with damage to
tructure should benefit from prior exposure to a stim
nly if it was presented within the same modality at test
as at study.
To test whether perceptual priming effects are ‘pure’

herefore modality-specific,Köhler et al. (1997)asked K.C
o make semantic living–non-living judgments either in
ame (visual) or different (auditory) modality as visual fr
ent completion on which he was later tested. K.C. sho
ormal within-modal priming (0.58), but deficits in cro
odal priming (0.32) and in explicit memory of the sa

ragments (0.28), indicating that explicit contamination m
ndeed contribute to cross-modal priming in the healthy b
but seeVerfaellie, Keane, & Cook, 2001).
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6.1.2. Complex learning: implications for rehabilitation
Studies of priming clearly indicated that K.C. retains some

types of recently studied information over relatively long time
periods. However, the form of learning demonstrated in prim-
ing experiments is relatively simple, and leaves open the ques-
tion of whether a severely amnesic patient such as K.C. could
acquire more complex forms of knowledge. Further, this is-
sue also has potentially important practical implications: if
amnesic patients can acquire information and retain it over
time, such learning might help them in their day-to-day lives.
A parallel line of study at the Unit for Memory Disorders
in earlier years explored this possibility with K.C. and other
patients.

The first of several studies on complex learning exam-
ined whether K.C. and other amnesics could acquire new
vocabulary related to the operation of a desktop computer,
and examined a novel method to enhance knowledge acqui-
sition (Glisky, Schacter, & Tulving, 1986a). K.C. and three
other patients with memory disorders were repeatedly shown
definitions of computer-related words, such asthe blinking
symbol on the screen that marks typing locationor a list of
choices presented by a program. Two methods of learning
were compared. The first was a standard anticipation condi-
tion in which patients saw the definition and were given 10 s
to generate the correct word; if they failed to do so, the word
appeared on the computer screen. The second method, called
“the method of vanishing cues,” resembles a technique de-
vised byTerrace (1963)and was adopted because of the find-
ing that K.C. and many other amnesics show priming when
presented with word beginnings. The definition was exposed
for 10 s, and if the patient failed to produce the word, the first
letter appeared. If the patient still failed to produce the target
word after 10 more seconds had elapsed, an additional letter
was provided, and so on until the word was produced cor-
rectly. The computer recorded the number of letters needed
to generate the word, providing one less letter on the sub-
sequent trial. This procedure continued across eight trials,
with the cue gradually “vanishing” as one less letter than re-
quired on the prior trial for successful production of the word
was presented on each successive trial. Patients returned to
the laboratory every 2–3 days for a total of eight sessions. A
delayed test was given 6 weeks after the final learning-test
trial.

K.C. and the other amnesic patients showed higher levels
of learning in the vanishing cues condition than in the stan-
dard anticipation condition, perhaps reflecting the contribu-
tion of preserved priming processes to performance in the
vanishing cues condition (control subjects showed no such
advantage, possibly because they did not rely as much on
priming). Across a 6-week delay, K.C. showed no forgetting
in the vanishing cues condition and only a small (7%) loss
in the anticipation condition. This robust retention occurred
despite the fact that, as expected, he had no recollection that
he had ever learned any words and definitions on a computer
(nor did K.C. ever show any such recollection from session-
to-session during the initial learning phase).

Building on these observations,Glisky, Schacter, and Tul-
ving (1986b)examined whether K.C. and other patients could
acquire and retain even more complex forms of knowledge
involved in the actual operation and programming of a micro-
computer. Using the vanishing cues procedure, K.C. and three
additional patients were taught to execute commands such as
save, print, load, run, list, andlock, and to use them to write
simple programs. Patients were trained during three lessons
of increasing complexity. The third lesson, for instance, re-
quired patients to master 73 separate keyboard operations.
Despite the formidable nature of the learning necessary to
master these operations, K.C., like other amnesics, gradu-
ally learned to perform the tasks without any letter hints (as
usual, he expressed no recollection of having worked on a
computer before). In a follow-up study,Glisky and Schacter
(1988)reported that K.C. and other amnesics showed excel-
lent retention of the computer-related knowledge after delays
of 7–9 months following initial training. K.C. required only
a few more hints to perform the computer operations after
the long delay than at the conclusion of the initial training.
As with work on long-lasting priming, such findings in K.C.
highlight that long-lasting complex learning can be manifest
as “pure” implicit memory.

Glisky et al. (1986b)noted one way in which the learning
attained by K.C. and other patients differed dramatically from
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ad learned, K.C. was unable to provide any answers;
he wording of commands was slightly altered, K.C. could
onger execute them. Such open-ended questions and ch
n wording posed no difficulties for control subjects. Glis
t al. suggested that the knowledge acquired by K.C.
ther amnesics consists of “simple” stimulus–response
ections, whereas healthy controls develop more richl

erconnected knowledge structures.
These experiments on complex learning made the im

ant point that dense anterograde amnesia does not p
eople from acquiring new symbolically represented kn
dge, the kind of knowledge that extends beyond proce
emory and perceptual priming. Scattered reports of
cquisition were available in the literature at that time (
ovner, Mattis, & Goldmeier, 1983; Mattis & Kovner, 1984;
ood, Ebert, & Kinsbourne, 1982), but they had not ha
uch influence on theoretical thinking about amnesia.

urther experiments that we describe next provided addit
elevant evidence. The first (Tulving et al., 1991) explored the
ongevity of, and the relation between, primed word-fragm
ompletion and learning of semantic information, and the
nd (Hayman, Macdonald, & Tulving, 1993) was designe

o study the effects of several independent variables on
emantic learning.

Semantic learning in these experiments referred to
earning of new meaningful relations among otherwise

iliar words. Thus, in one experiment (Tulving et al.,
991), K.C. saw “stripped down” three-word sentences, s
s TRAIN FRIGHTENED KANGAROO and MEDICINE
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CURED HICCUP, and later was asked to complete each sen-
tence by producing its last word when its first two words
were presented as cues. In the other experiment, K.C. was
shown a collection of humorous definitions of words, such as
A DIGITAL TERMINATOR—FINGERNAIL, and BALD,
OR GOLDEN, BUT ALWAYS YOUNG—EAGLET, and
was later tested for his knowledge of the target word when
its newly learned definition was given. The central question
posed in these studies was whether the kind of semantic learn-
ing that these tasks entail is possible in the absence of episodic
memory, and if so, what are some of its characteristics. We
discuss these two studies next.

6.1.3. The “case experiment” on semantic learning and
perceptual priming

Earlier studies with K.C. (Tulving, 1985; Tulving et al.,
1988) suggested a rather sharp dissociation between his
largely absent or dysfunctional episodic memory and his rel-
atively preserved semantic memory. This idea was based on
the observation that K.C. seemed incapable of remembering
any personally experienced events from the years preceding
his accident while having obviously retained a great deal of
semantic knowledge. This pattern is consistent with the sug-
gestion of a dissociation between different memory systems
(e.g.,Moscovitch, 1982; Schacter & Tulving, 1994; Tulving,
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conducted 12 months after the 22nd session to test long-term
retention. In these sessions, K.C. was exposed to and tested
on skeletal three-word sentences that were meaningful but
that he had never seen or heard before (e.g.,VACATIONER
ATTRACTEDMOSQUITO;MEDICINECUREDHICCUP).
At the time of study, each sentence was accompanied by a
coloured picture that could be seen as (remotely) related to
the meaning of the sentence, but that could not have been used
to generate any part of the sentence in the absence of expo-
sure. For example, the sentenceVACATIONERATTRACTED
MOSQUITOwas shown next to a picture of a lone fisherman
in a boat on a lake; the sentenceMEDICINE CURED HIC-
CUPwas shown next to a picture of a man in a hospital setting
with his forehead covered with electrodes.

During the first 6 of the 22 sessions, K.C. was shown and
tested on a list of 64 such sentence–picture pairs. In the study
phase of each session, sentence–picture complexes (“pairs”)
were presented in a sequence, one pair at a time, and K.C. was
asked to make a binary judgment about how well the picture
fit the sentence—“fits” or “does not fit.” In each of these six
sessions, the study phase was followed by a test phase with
different cues. Different kinds of test cues were used, varied
between sessions. In each of these first six sessions, the study
phase was followed by a test phase with different cues. In the
first session, four different sets of cues were used, each tar-
g two-
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972, 1983; Tulving & Schacter, 1990). But other interpreta
ions of the pattern are also possible, including some tha
ore parsimonious than the episodic/semantic distinc
nd that, at the time, fit better into the then current view
mnesia. Namely, the apparent dissociation between a
bility to remember personally experienced events, on th
and, and the general knowledge derived from these ev
n the other hand, may reflect nothing more than the

hat people think about and use general semantic know
ore, and hence, the contents of semantic memory are

ehearsed and better practiced than is the information
ingle or infrequent episodic happenings. In other wo
hat appears to be a dissociation between two system
ave come about as a result of a simple confound bet

he two kinds of information and the amount of learning
ractice (e.g.,Baddeley, Vargha-Khadem, & Mishkin, 200).

In the “case experiment,” this alternative interpreta
f the episodic–semantic dissociation was put to the
Tulving et al., 1991). The idea was this: suppose K.C
rought repeatedly to the laboratory for an extended p
f time and taught small pieces of new factual knowle
ach of which appears only for a few seconds, and w
e cannot rehearse outside of the experiment. If he acq

he briefly presented factual material, but does not reme
he much more extended, repeated visits to the laborato
as expected), the “differential practice” hypothesis wo
e weakened, or even rejected. We were also interested
elation between learning of factual knowledge and per
ual priming, and we designed the experiment accordin

The experiment comprised a series of 22 learning an
essions held once or twice a week, plus a final test se
eting one quarter of the learned material: (1) picture + (
ord sentence frame) + fragment of the target word, (2)

ure plus fragment, (3) sentence frame + fragment, an
ragment alone. In Sessions 5 and 6, K.C. was tested
ragments alone for all the words.

In the following 16 sessions, K.C. was no longer sho
he original study materials, and was tested for what he
earned and retained in the course of the experiment. D
nt kinds of test cues were used, varied between ses
he cues within a particular session were always of the

ype. Some cues were designed to assess semantic le
he first two words of a studied sentence were presente
.C. was asked to come up with a word that would comp

he sentence. In other tests, graphemic fragments of th
et word, the third word of a sentence, were presented
.C. was asked to complete the fragment to make a w
hus, he would see -O-Q- -TO and would attempt to
uce “MOSQUITO,” or see R- -U-EM and attempt to prod
REQUIEM” (each fragment had only one possible com
ion). In a third type of test, the presence or absence o
ictures that had been shown with the sentences at stud
lso systematically manipulated at test. Each test sessio

ncluded 32 sentence–picture pairs that K.C. had never
hese served to provide a non-studied baseline for bot
antic learning and word-fragment priming. K.C. was te
gain for the retention of both fragment completion and

ence knowledge 12 months later. In the meantime, he h
xperience with or access to any of the materials.

The experiment produced three major results. First,
howed a high degree of priming in fragment completio
igher than what was produced by control subjects—
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remained largely unchanged after 12 months. In the very first
session, his fragment completion performance was 0.13 for
non-primed words and 0.56 for primed words, for a net differ-
ence of 0.43. Twelve months later, the corresponding figures
were 0.28 and 0.69, for a net difference of 0.41. This finding
confirmed earlier findings with K.C. and was also very much
in line with the generally accepted fact that amnesia usually
leaves perceptual priming intact.

Second, K.C. learned to produce the target word to the
two-word cue for a number of the studied sentences, though
not for all. Starting with essentially zero-level performance,
he reached the level of 0.50 for visually presented cues and
0.55 for auditorily presented cues at the end of the experi-
ment. Twelve months later, he could still respond correctly
to 0.39 of the visually presented cues. These levels of per-
formance, of course, were not spectacular when compared
with the performance of healthy controls, but they were note-
worthy in light of the then widely accepted assumption that
dense anterograde amnesic patients are incapable of any new
“declarative-memory” acquisition. Sensory modality of these
cues (visual or auditory) did not matter, ruling out the possi-
bility that what we think of as semantic learning was nothing
more than perceptual priming manifesting itself at the level
of words of a sentence. Perceptual priming, in contrast, is al-
ways less effective across than within modalities (e.g.,Köhler
e
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nine separate “replications” of this assessment turned out to
be−0.03, or essentially zero, indicating stochastic indepen-
dence between semantic learning and perceptual priming (the
data are shown in the first 10 rows in Table 8 inTulving et
al., 1991).

The theoretical importance of this finding lies in the fact
that it provides for an exact parallel to stochastic indepen-
dence between fragment-completion priming and (episodic)
recognition, and it does so in a setting in which episodic
memory could not affect either measure. Thus, in terms of
these measures, priming is independent of episodic memory,
and, independently of this fact, priming is also independent
of semantic memory. In this respect then, episodic and se-
mantic memory behave identically. The immediate practical
importance of the finding of stochastic independence lies in
the fact that it rules out a simple but uninteresting expla-
nation of K.C.’s learning. This is the idea that he managed
to learn those words that were especially significant to him,
or especially ‘easy’ for some other reason, idiosyncratic or
otherwise. In light of the obtained results, K.C.’s better-than-
normal fragment-completion priming cannot be accounted
for in terms of any residual episodic memory capability any
more than it can be accounted for in terms of a residual se-
mantic memory capability.
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The third major result had to do with the relation betw

rimed fragment completion and semantic learning a
ealed by a contingency analysis conducted at the level
ividual subject items (Kahana, 2000). This kind of analysi
ad, in an earlier experiment with university students, yie

stochastic independence’ between episodic recognitio
ords and primed fragment completion of the same w

Tulving et al., 1982). ‘Stochastic independence’ means
he product of the simple probabilities of two events is id
ical with their joint probability. That is, knowing the val
f one variable does not allow one to predict the value o
ther variable at better than chance accuracy. The stoc

ndependence in Tulving et al. experiment meant that wh
r not a subject recognized a given item provided no us

nformation about whether or not the subject could comp
he fragment of that item and, conversely, whether or n
ubject could complete a word fragment provided no us
nformation as to whether the subject could recognize
tem as a member of the studied list. The finding was in
sting, because such a stochastic independence betwe

wo measures of memory had never before been repor
he literature on learning and memory (a similar finding
eported byJacoby & Witherspoon, also in 1982).

In Tulving et al. (1991)experiment, the relation betwe
hese two measures of memory was measured for nine
rate sets of data in terms of Yule’sQ, which can vary from
1.0 (perfect negative association between the two t

hrough 0 (no association, that is, stochastic independ
o +1.0 (perfect positive association; for a recent app
ion, seeRizzuto & Kahana, 2000). The meanQ yielded by
y

.1.4. The nature and limits of new semantic learning in
mnesia

A companion study to the “case experiment” was c
ucted at about the same time but reported 2 years
Hayman et al., 1993). In the course of eight study sessio
istributed over 4 weeks, we taught K.C. novel, amusing

nitions of 96 target words (e.g.,a talkative featherbrain—
ARAKEETor a servant in name only—BRIDESMAID).
.C.’s task was to produce the target word when cued

he definition. For different subsets of materials, we
ed systematically (i) the degree of pre-experimental a
iative interference between the cue phrase and the
ord (presence or absence of a pre-existing response

definition”), (ii) presentation frequency per session (o
r twice), and (iii) the type of training (“study-and-test”
study only”). The last variable was manipulated in or
o produce different levels of intra-experimental associa
nterference.

The results of the experiment were most orderly. T
howed that K.C. can (i) learn new semantic knowledge
ii) retain it over a period as long as 30 months indistingu
bly from control subjects. In this respect, they fully corr
rated the results ofTulving et al. (1991)“case experiment
ore important, they add the fact that all three indepen

ariables manipulated in the study were highly influentia
etermining the efficacy of K.C.’s learning.Table 4shows

he results quantitatively. The main conclusion derived f
hese results was that evidence of new semantic learn
mnesia depends critically on the conditions under whic

earning occurs. Therefore, generalizations of the kind
re sometimes found in the literature (e.g., “amnesic pat
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Table 4
Proportion of correct target words produced by K.C. in response to amusing definitions as a function of retention interval, associative interference(intra-
experimental and pre-experimental), and presentation frequency

Intra-experimental interference Mean

Study + test Study only

2xa 1xa 2x 1x

Highb Lowb Highb Lowb High Low High Low

Immediate (mean of days 3 and 7) 0.46 0.71 0.12 0.38 0.75 0.92 0.67 0.75 0.59
14-month delay 0.17 0.33 0.17 0.33 0.17 0.42 0.33 0.50 0.30
30-month delay 0.08 0.38 0.00 0.17 0.13 0.29 0.08 0.29 0.18

a Presentation frequency.
b Pre-experimental interference.

cannot learn new factual information”) are invalid. Whether
or not they can learn depends not only on the amnesic indi-
vidual, but also on the conditions under which the learning
occurs. Even in the single case of K.C., the probability of
successful performance on the task, as a result of eight ex-
posures to the material, varied from a low of 0.12 to a high
of 0.92! A critical determinant seems to be the extent of pre-
experimental and on-line associative interference engendered
by the processing of the to-be-learned materials: the less the
interference, the more effective the learning, very much along
the lines that hold for healthy subjects as well.

The frequency of exposure and the quality of the learn-
ing environment thus emerge as experimental variables to
explain at least in part the earlier-reported failures to find ev-
idence of new semantic learning in (at least) some amnesic
patients (e.g.,Gabrieli, Cohen, & Corkin, 1988; Rozin, 1976;
Verfaellie, Reiss, & Roth, 1995; but seeBayley & Squire,
2002). It is quite possible that the conditions of learning in
some of these earlier experiments were non-optimal. How-
ever, individual differences among amnesic patients, such
as etiology and site of lesion, are also clearly involved,
as demonstrated by follow-up work conducted by others
(Hamann & Squire, 1995; Rajaram & Coslett, 2000a, 2000b).

Among the problems left open by the new semantic
learning studies with K.C. was the extent to which post-
m inte-
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mentary nature of his post-morbid non-relational semantic
learning.

Presumably, it is this capacity for semantic acquisition,
in the relative absence of associative interference, that has
allowed K.C. to update his trait self-knowledge, although
this knowledge appears to be without the full experiential
flavour of self-identity. In a formal investigation of self-
descriptiveness judgments,Tulving (1993)asked K.C. to rate
the extent to which a number of trait adjectives describe
K.C.’s own personality. Not only were his ratings consis-
tent across two separate testing sessions (78% agreement),
but they also corresponded to his mother’s perception of his
personality on the same dimensions (73% agreement). This
finding received strong support in a subsequent case study of
a head injury patient, W.J., who experienced transient retro-
grade amnesia for episodic information but whose trait self-
knowledge ratings were the same whether they were made
after or during the patient’s amnesic state (i.e., with or with-
out access to personal episodic memory;Klein, Loftus, &
Kihlstrom, 1996). In contrast, a recent study reported that
individuals with Alzheimer’s disease have an impoverished
sense of identity (Addis & Tippett, 2004), which may relate to
deficient autobiographical memory together with loss of per-
sonal semantic memory (record of personal facts) as a result
of atrophy to hippocampal and temporal neocortical regions.

T
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F

V

orbidly encountered semantic information becomes
rated into pre-existing knowledge structures (Hamann &
quire, 1995). To gain relevant evidence,Westmacott an
oscovitch (2001)tested K.C.’s knowledge of famous pe
le and vocabulary words that achieved popularity in the
-year time periods since his head injury. K.C. identified
licitly and with confidence real famous names (e.g., Mo
ewinsky) and vocabulary terms (e.g., internet) that sup
ented the implicit memory he showed in reading speed
ccuracy, familiarity judgments, and correct guesses of i
eemed as unfamiliar (summarized inTable 5). Evidence o
etter performance in K.C. for names and words mad
ous closer to the time of his injury suggests a bene

epeated exposure. However, K.C.’s relative inability to
ribe meaning to these labels on more elaborate mea
f semantic processing, such as categorizing famous n
ccording to occupation, emphasizes the inflexible,
able 5
ost-morbid semantic acquisition of famous names and vocabulary te

ask K.C. (with guessing) Controls (S.D

amous names
Reading speed (s) 3.435 6.75 (0.5)
Reading accuracy (%) 81.67 100 (0.0)
Recognition (%) 83.3 (88.0) 98.9 (4.7)
Familiarity rating (/7) 4.6 6.7 (1.1)
Categorization (%) 5.0 (55.0) 98.9 (4.9)
First–last name matching (%) 25.0 (75.0) 97.3 (7.3)
Television and movie

actor matching (%)
55.0 (77.0) 98.7 (5.1)

ocabulary terms
Reading speed (s) 6.862 17.35 (0.7)
Reading accuracy (%) 81.67 100 (0.0)
Recognition (%) 82 (91.7) 99.1 (2.6)
Definition: recall (%) 25.0 94.3 (3.9)
Definition: recognition (%) 43.3 (73.3)
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K.C.’s overall profile in post-morbid semantic learning is
remarkably similar to that of the patient R.S., who is close
to K.C. both in chronological age and the age at which he
became densely amnesic (Kitchener, Hodges, & McCarthy,
1998). Despite differences in etiology and brain pathology,
R.S.’s encephalitis resulted in a complete obliteration of auto-
biographical memories that, however, has not prevented the
acquisition of new semantic information relating to public
figures and events and vocabulary.

Both patient profiles (K.C. and R.S.) fit well with what
is perhaps the most compelling evidence to date of dispro-
portionately affected episodic encoding relative to semantic
encoding, namely findings in amnesia of developmental ori-
gin (Vargha-Khadem et al., 1997; Vargha-Khadem, Gadian,
& Mishkin, 2001). In this line of research, hypoxic-ischemic
injury to the hippocampus, whether sustained perinatally or
during childhood, was found to result in a profound mem-
ory impairment for everyday events such as conversations,
placement of belongings, appointments, and spatial routes.
Despite their severe impairment of episodic memory, these
developmentally amnesic individuals have been successful
in their school studies well beyond what could be expected
given their anterograde amnesia, and have managed to build
a sizeable store of facts about the world. These observations
again suggest that semantic learning does not require episodic
m ,
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cation (C). In thecontainer searchtask, a similar sequence of
events unfolded, except that participants searched for small
objects in different drawers of a small container (locations A,
B, or C).

The key finding in both tasks was that K.C. and most other
amnesics could find the object when it was hidden at location
A, but failed to find it at locations B and C. On the B and C
trials, K.C. and other patients instead continued to search at
location A, suggesting that this location took precedence in
memory over the other locations (hence the term “mnemonic
precedence,” which Schacter et al. used to describe this phe-
nomenon and distinguish it from the ĀB error in infants).
Similarly, K.C. and other patients remembered the identity
of the object accurately on the first trial of the room and con-
tainer search tasks, but showed less recall on subsequent tri-
als. Taken together, the findings suggest that K.C. possesses
some limited or rudimentary type of memory for the location
and identity of objects that he recently encountered. How-
ever, such memory is subject to an extreme form of proactive
interference in which encoding, storage, and/or retrieval be-
yond the first trial is highly limited. Studies with non-human
primates indicate that the ĀB error is associated with frontal,
rather than medial-temporal, lesions (Diamond & Goldman-
Rakic, 1989), which might explain K.C.’s performance, but
does not account for that of the other amnesic patients who do
n sed
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emory (Tulving & Markowitsch, 1998; seeSquire & Zola
998; Baddeley et al., 2001, for alternative explanations).

.1.5. Mnemonic precedence
K.C.’s performance in studies of priming and new learn

eveals a stark contrast between his ability to exhibit ro
mplicit and semantic memory and an apparently comp
bsence of explicit, episodic recollection of a recent ex
nce. Does K.C. possess any type of episodic memory a
study that examined K.C.’s memory for the location

dentity of recently hidden objects suggests that he m
Schacter, Moscovitch, Tulving, McLachlan, & Freedm
986). Schacter et al.’s experiment was motivated in pa
n observation of infant behaviour originally described
iaget (1954), and later by many others. When 8–10-mon
ld infants are required to search for objects hidden at
uccessive locations, they typically find it after it has b
idden at the first location (A). But when the object is hid
t a second location (B), many infants of this age continu

ook for it at location A. This phenomenon is known as
B̄ (pronounced “A not B”) error (e.g.,Diamond, 1988).
To examine whether poor memory plays a role in the

f behaviour revealed by the AB error, Schacter et al.
tructed two adult analogs of the infant AB error task. In
oom searchtask, amnesic patients and controls watche
xperimenter hide an object at a nearby location (A) in
esting room. After a 2.5-min delay, participants searche
he object. There were two further trials at location A (dif
nt objects were used on each trial), and then the experim
id a different object at a new location (B). There were
dditional trials at location A followed by a trial at a novel
ot share his frontal pathology. Moreover, the protocol u
ith amnesic patients differed from that used with infa
nd with primates. Although it is unclear whether mnem
recedence in amnesic patients shares mechanisms w
B error in infants (seeDiamond, 1988), it remains an in

riguing and unexplained feature of memory in K.C. an
ther amnesic individuals.

.2. Studies of retrograde memory

Investigations of K.C. conducted in the last decade
laced greater focus on semantic and episodic memo

he retrograde domain, in which the distinction is even m
ronounced. Its application to remote spatial memory has
een of recent interest in our work with K.C. in the con
f evaluating classic theories of hippocampal function.

.2.1. Retrograde amnesia: further evidence that
pisodic and semantic systems are dissociable

The fate of memories in the brain has intrigued cogn
euroscientists for over a century, from at least as ear
ibot’s (1881)and Burnham’s (1903)attempts to accou

or observations in amnesic humans of spared remote m
ries relative to those that were acquired more recently.
henomenon of temporally graded retrograde amnesia
nally linked to MTL function in Scoville and Milner’s hal
ark investigation of patient H.M. (Scoville & Milner, 1957;

ee alsoCorkin, 1984, 2002; Corkin et al., 1997; Milner et
968). Though H.M. was profoundly amnesic for inform

ion acquired in the few years before surgery, his older m
ries seemed to be largely spared, a pattern that has
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been corroborated in a host of other amnesic patients with
hippocampal damage of various etiologies using an assort-
ment of memory measures (e.g.,Bayley, Hopkins, & Squire,
2003; Beatty, Salmon, Berstein, & Butters, 1997; Beatty,
Salmon, Butters, Heindel, Granholm, 1988; Penfield & Math-
ieson, 1974; Penfield & Milner, 1958; Reed & Squire, 1998;
Squire, Slater, & Chace, 1975; Zola-Morgan, Squire, & Ama-
ral, 1986). These findings have been interpreted as evidence
that memories depend on the hippocampus only until the
physiological process of consolidation is complete, whereby
memories are fully integrated with pre-existing neocortical
representations and the hippocampus is no longer needed for
their maintenance and retrieval, whether semantic or episodic
(e.g.,Squire, 1992; Squire & Alvarez, 1995).

Despite the widely held view that retrograde amnesia is
relatively brief and temporally graded, not all evidence is con-
sistent with this pattern (for reviews, seeFujii, Moscovitch,
& Nadel, 2001; Kapur, 1999; Nadel & Moscovitch, 1997,
2001). K.C., too, has remote memory loss that is minimal in
duration, but only for factual information; his memory loss for
personal episodes encompasses his entire past. Across sev-
eral detailed investigations, he has consistently demonstrated
a severe impairment of autobiographical memory that covers
his whole life, whether in response to actual visits to houses
that he had lived in and schools that he had attended (Tulving
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Fig. 5. Percent generation of semantic and episodic details for successive
5-year periods on the family photograph task.

attenuated on implicit testing. For example, when asked to
guess the familiarity of names and words from 5 years pre-
injury, his performance improved substantially as compared
to explicit recognition, though he still performed worse than
for more remote time periods. Likewise, inTulving et al.’s
(1988)earlier experiment, repeated visual exposure of knowl-
edge unique to the job that K.C. held during the 3 years before
his accident allowed for the progressive improvement of such
expert knowledge. This knowledge included the names of
co-workers as well as familiarity with work-related technical
terms and equipment presented in photographs. For exam-
ple, by the final session, K.C. was able to provide an accurate
description of the very same film die that he had handled
frequently before his accident. He was, however, unable to
comment on his own personal experience with the die, de-
spite having viewed a photograph of himself with it. That this
facilitation did not extend to the domain of personal episodic
information further strengthens the claim that these two forms
of memory are fundamentally separate, at least with respect
to their accessibility (Tulving, 1972, 1983).

K.C. is not alone in the severity and extent of his auto-
biographical memory loss. Amnesics like him have been re-
ported in the literature, some even before K.C.’s deficit was
made known. The post-encephalitic patients S.S. (Cermak
& O’Connor, 1983) and Boswell (Damasio, Eslinger, Dama-
s d
a onal
i im-
i esia
d
c (
G l.,
1 &
T e,
& l.,
1 y,
C ,
&

t al., 1988) or to family photographs of past and more rec
vents (Westmacott, Leach, Freedman, & Moscovitch, 20).
here was no sign that the locations or photographs trigg
ny feeling of re-experiencing, so that any narratives th
anaged to produce lacked the subjective re-evoking o
motional and contextual details that define a personal
non-personal episodic experience. Westmacott et al.
articular note of the observation that K.C. was not ab
onvey any sequence of events, nor could he relate a
he photographs to other life experiences. With hesitatio
elied on his intact reasoning skills and personal semant
econstruct what seemed most plausible. Otherwise, h
nable to elaborate beyond his immediate percept of the

ograph, as though encountering for the first time the ev
eing portrayed (seeFig. 5).

Westmacott et al.’s (2001)investigation also revealed th
.C.’s recollections were, in fact, limited for the most p

o identifying people in each photograph, with those enc
ered in his childhood, adolescence, and early adulthood
gnized with much greater ease than those he had met f
rst time in the years after his 1981 accident. Similar to
attern of personal semantic retrieval, a temporal gradie
emote memory for general semantics has also been de
trated; he showed worse performance for famous n
nd vocabulary terms that came into popular use in th
ear time period predating his injury relative to those
ecame popular in earlier years (Westmacott & Moscovitch
002). This held true whether K.C.’s memory was tested w
peeded reading, pronunciation, or three-alternative fo
hoice recognition, among other experimental measure
erestingly, however, this temporal gradient was found t
io, Van Hoesen, & Cornell, 1985), for example, develope
virtually complete loss of retrograde memory for pers

ncidents without similar disruption of personal facts. A s
lar dissociation was reported for D.B., a case of amn
ue to hypoxia (Klein, Loftus, & Kihlstrom, 2002). Other
ases have been described in more recent publicationsBarr,
oldberg, Wasserstein, & Novelly, 1990; Calabrese et a
996; Cipolotti et al., 2001; Della Sala, Laiacona, Spinnler,
rivelli, 1993; Kitchener et al., 1998; Kopelman, Stanhop
Kingsley, 1999; Levine et al., 1998; Markowitsch et a

993; McCarthy & Warrington, 1992; Rousseaux, Godfre
abaret, Bernati, & Pruvo, 1997; Viskontas, McAndrews
Moscovitch, 2000; Wilson, Baddeley, & Kapur, 1995),
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though the asymmetry is not always as striking as that which
characterizes K.C.’s amnesia.

6.2.2. Retrograde spatial memory: representations of
environments learned long ago

In a separate line of research, we investigated whether
well-rehearsed spatial information learned by K.C. in the re-
mote past is impaired like episodic memory or spared like se-
mantic memory. The classic cognitive map theory predicted
that amnesic patients with damage to the hippocampus would
be impaired on tests of allocentric spatial memory, whether
anterograde or retrograde (O’Keefe & Nadel, 1978). In line
with this theory, a wealth of data had indicated that am-
nesic patients are unable to form new spatial representations
(e.g.,Holdstock et al., 2000; Maguire, Frackowiak, & Frith,
1996; Morris, Garrud, Rawlins, & O’Keefe, 1982; O’Keefe
& Dostrovsky, 1971; Olton, Becker, & Handelman, 1979;
Smith & Milner, 1981). However, cursory observations in
several amnesic patients had suggested that spatial memo-
ries acquired long ago might not be affected by hippocampal
damage (Beatty et al., 1987; Milner et al., 1968; Zola-Morgan
et al., 1986). Tulving made a similar anecdotal observation
in K.C., noting that he could easily negotiate his way in a
neighbourhood familiar from youth (TV Ontario, 1988).

Rosenbaum et al. (2000)pursued this question in a more
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street, tests similar to those performed well by the amnesic
patient E.P. in a separate study (Teng & Squire, 1999). Ad-
ditional spatial tests on which K.C. performed normally in-
cluded accurate placement of streets in relation to one another
in a sketch map (Fig. 7), recognition and identification of
neighbourhood landmarks, estimating absolute and relative
distances between landmarks, sequencing randomly ordered
landmarks along a route, and locating gross geographical fea-
tures on outline maps of the world. These findings contrast
with K.C.’s dramatic inability to acquire spatial information
in a new environment. He failed to recall the spatial loca-
tions of common objects on a board following a short delay
(Smith & Milner, 1981), a floor plan of a library in which
he has worked since 1997, and a simple route after receiving
extensive training. Unlike the semantic fragments that K.C.
has accumulated since his accident, this information is more
complex and associative in nature, requiring the hippocam-
pus for integration. The distinction between impaired recent
spatial memory but spared remote spatial memory following
extensive loss of hippocampal tissue is not taken into account
by any spatial theories of hippocampal function. Our findings
encourage a re-examination of these theories to determine
whether other processes, representations, and structures out-
side the hippocampus are implicated depending on the age of
the memory, extensive experience with the environment, or
b
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ystematic way by assessing K.C.’s memory for many di
nt kinds of spatial relationships contained within the ne
ourhood in which he lived since long before his injury
here he continues to live to this day. The measures
dopted from the field of environmental psychology to s
late the many demands on memory posed by environ

al circumstances in the natural world. K.C.’s performa
as compared with that of four controls, two of whom c

inue to live in his neighbourhood as he does, and two
oved away at the time that he sustained his brain d
ge. As expected, K.C. performed normally on more s

ured mental navigation tests of his neighbourhood, su
stimation of direction (Fig. 6) and selecting the most d
ect route between locations while avoiding an obstru

ig. 6. Vector maps produced in the first trial by K.C. (left) and by a
njury. The arrow on each map represents the judged direction and dis
right). The superimposed line indicates the correct direction and dis
y participants.
oth.
However, even remote spatial memory did not appe

e completely intact (Rosenbaum et al., 2000). This was firs
uggested by K.C.’s impoverished sketch map with res
o landmark inclusions and his difficulty in identifying sp
ific features on outline maps of Canada and Ontario. M
xtensive examination of his ability to identify detailed
ects of his neighbourhood revealed that he was unab
istinguish photographs of houses that he had visited

n the past from those of foil houses, whether the foils w
imilar in appearance or not. K.C.’s loss of memory for to
raphical details and environmental features resemble
f contextually rich and detailed memories of autobiogra

cal episodes. By contrast, the bare, schematic represen

(middle) who moved away from the neighbourhood at the time of K.
rom K.C.’s house to a specified landmark. The actual map of K.C.’s nehood
rom K.C.’s house to the landmark for comparison with the vector mapduced
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Fig. 7. Sketch maps of a neighbourhood learned long ago drawn in 1986 and 1999 by K.C. (top row) and by a friend who moved away at the time of K.C.’s
brain injury (bottom row).
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of an environment learned long ago that K.C. did remem-
ber resembles the gist of personal experiences or context-
independent semantic information that is typically spared in
retrograde amnesia. In a striking illustration of this corre-
spondence, viewing of familiar houses elicited in controls a
rush of personal experiences with visiting the houses or with
the families who occupied them, whereas familiar landmarks
did not evoke such extended networks of associative infor-
mation.

6.3. What parts of K.C.’s brain support spared memory?
A combined lesion–fMRI investigation

For a long time, clinical cases of brain damage provided
the only kind of evidence relevant to “localization of func-
tion.” By this method, the normal function of a brain region
is equated with what is lost following selective damage to
that region. Although the neuropsychological approach was
undoubtedly useful and successful, its shortcomings were
also known from the outset. One of the major criticisms,
advanced byJackson (1931–1932), was that localizing a le-
sion was not really the same as localizing a behavioural or
mental ability. That is, it is not what is destroyed, but the
differences between what is destroyed and tissues remain-
ing after destruction that account for the differences between
p
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episodic memories (Maguire, Vargha-Khadem, & Mishkin,
2001).

To address these issues, K.C.’s brain was scanned with
functional magnetic resonance imaging (fMRI) as he per-
formed neighbourhood tasks similar to the ones adminis-
tered in the behavioural study described above (Rosenbaum,
Winocur, et al., 2004). Previous lesion and neuroimaging
studies in healthy young adults show that each of these tasks
engages to a different degree a host of brain structures spe-
cialized in representing and processing particular aspects of
a spatial layout (Aguirre & D’Esposito, 1999; Rosenbaum,
Ziegler, Winocur, Grady, & Moscovitch, 2004). Recruitment
of parahippocampal gyrus has been associated with recog-
nition of landmarks, posterior parietal regions with egocen-
tric processing of landmarks in relation to the self during
route tasks, retrosplenial cortex with allocentric processing
of landmarks in relation to each other when judging heading
vectors, and a sector of inferior temporal cortex (posterior
parahippocampal–anterior lingual gyrus) with landmark per-
ception.

Overall, the results from this investigation indicated that
these extra-hippocampal structures were engaged in all par-
ticipants, including K.C., in a way that is consistent with
the pre-eminent processing demands of each task, on the
right in K.C. and bilaterally in control participants (dis-
p ft-
h bility
t f ei-
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athological and healthy functions (Oppenheimer, 1956). In-
estigations of K.C.’s memory for an “old” neighbourho
here he continues to live raised the possibility that, at
nder some circumstances, his hippocampus is not ne

or supporting remote spatial memories and that a no
r compensatory network of structures outside of the
ocampus is sufficient. An alternative interpretation, h
ver, is that as long as some portion of the hippocamp
iable it can support memory of old, highly familiar en
onments. What little remains of K.C.’s hippocampus m
e functional and enough to support mental representa
f landmark appearance and location along routes, as
s distance and direction computations if this informa
as well established pre-morbidly. The feasibility of suc

esult is indicated by the recent finding that activation
mall amount of remaining hippocampal tissue in the de
pmental amnesic patient Jon was associated with retrie

ig. 8. Areas of activation associated with the remote spatial memo
articipants in axial views. Images were thresholded atp< 0.01, corrected
layed inFig. 8). Nevertheless, recruitment of additional le
emisphere regions only by the controls raises the possi

hat this activation pattern is optional, or that activation o
her right or left regions can lead to successful performa
y contrast, additional regions in posterior cingulate and

erior parietal cortex were consistently and uniquely activ
.C. when he imagined movement along routes and ju

he direction of vectors between landmarks. Activation
hese regions, together with the left cuneus and addit
ectors of superior and medial frontal cortex, is suggesti
unctional compensation for structural damage elsewhe
.C.’s brain. Like controls, however, no hippocampal acti
as evident in K.C. on tasks that he performs success

hough he has part of his hippocampus still remaining.
atter finding corroborates the lesion evidence that, con
o cognitive map theory, allocentric spatial representatio
amiliar environments are not dependent on the hippocam

s. The functional maps are overlaid on the averaged anatomical scl
ight hemisphere is shown on the left side of the images.
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6.4. Neocortical accounts of K.C.’s impaired remote
memory for personal and spatial details

Given the many ways in which retrograde amnesia can
emerge, it is always a danger to draw inferences about the
extent of a certain region’s involvement, especially when eti-
ology leads to widespread neuropathological consequences
(seeBayley & Squire, 2002). Non-experimental lesions are
seldom limited to the hippocampus and often invade function-
ally heterogenous neocortex, as in the case of K.C. Accord-
ingly, K.C.’s profound deficits in autobiographical memory
and house recognition could be symptomatic of a more gen-
eral impairment in constructing details in visual imagery due
to visual cortex damage (e.g.,Ogden, 1993; Rubin & Green-
berg, 1998) or in strategic retrieval of details due to pre-frontal
cortex damage (e.g.,Della Sala et al., 1993; Levine et al.,
1998), rather than loss of memory relating to hippocampal
lesions.

We (Rosenbaum, McKinnon, Levine, & Moscovitch,
2004) tested and ruled out the first possibility using an exten-
sive battery of visual imagery measures. K.C. showed pre-
served imagery for the shapes of letters and animal body
parts, the relative size of objects, and the colour of objects
(Farah, Hammond, Levine, & Calvanio, 1988), which is par-
ticularly notable given his perceptual deficit in colour vision.
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convincing than K.C.’s ability to judge in his mind’s eye a
single visual property of a previously encoded object is his
ability to apply a series of transformations to those objects
in imagery to create new ones (Behrmann, Moscovitch, &
Winocur, 1994; Finke, Pinker, & Farah, 1989).

Having found that K.C.’s autobiographical memory deficit
did not seem to relate to impaired visual imagery, we pro-
ceeded to test the possibility that it might relate to deficits
in strategic retrieval associated with frontal lobe damage. To
do so, we used a formal autobiographical interview requir-
ing generation of personal events from different life periods
under varying levels of retrieval support (Levine, Svoboda,
Hay, Winocur, & Moscovitch, 2002). Similar to results from
earlier testing of free recall (Tulving et al., 1988; Westmacott
et al., 2001), K.C. was unable to produce a single personal
story from any time in his life, however remote the episode.
Importantly, with supplementary retrieval support in the form
of specific cueing, K.C.’s performance continued to remain
well below control levels (seeFig. 9), which contrasts with
that of patients with frontal lesions who benefit significantly
from cueing (e.g.,Svoboda et al., 2002). Even those events
that K.C. was able to generate with fairly rigorous verbal
prompting were without the richness in episodic detail typi-
cal of the personal incidents recalled by control participants.
Moreover, it is unlikely that any discrepancy in K.C.’s per-
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lso intact was his imagery for the spatial relations of ha
n a clock (Paivio, 1978) and of a supposed route along
erimeter of block letters (Brooks, 1968), which corrobo
ates findings of intact imagery on real-world topograph
asks. These results were complemented by performanc
entence verification task requiring imagery (Eddy & Glass
981). It is highly doubtful that K.C. achieved solutions
ach task through verbal representations, as the visua

ures that were probed (e.g.,What colour is the inside o
cantaloupe?) are not high semantic associates, as w

e the case for other items (e.g.,What colour is the sky?),
hich were excluded from the test. In any case, even

ig. 9. Total number of episodic details given by K.C. and demograph
robing (right).
ormance between uncued and cued performance refl
roblem of strategic retrieval, as he improved only on m
ry for events that are known to be highly over-rehear
or these latter memories, consistent, repeated expos
eaningful material within varied contexts may have allo

or the restructuring of autobiographical information int
ore personal semantic form or verbal script, making it

ulnerable to hippocampal damage (Cermak, 1984; Neisse
981; Weiskranz, 1985). This resembles the phenomenon
rogressive priming that helped to restore some of K.C.’
ote personal semantic memories inTulving et al.’s (1988

nitial investigations (see alsoCermak & O’Connor, 1983;

atched control participants for all life events during recall (left) and after specific
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Lhermitte & Serdaru, 1993). That is, rather than a reduction
in the organization of effortful retrieval processes, this pattern
may reflect a transformation of the long-standing contents of
autobiographical memory into a semantic structure that, it-
self, is more amenable to being retrieved.

We also devised and administered a test analogous to the
autobiographical interview in structure, but which instead
requires the imagining of fictional events that were not ex-
perienced personally. Though providing fewer details than
controls, K.C. did manage to invent a logical sequence of
events in response to most topics. Importantly, his fictional
stories were more detailed than his memories for person-
ally experienced events (Rosenbaum, McKinnon, Levine, &
Moscovitch, 2003). In informal testing, his ability to gener-
ate plausible events related to his own personal future ap-
peared to be as compromised as his ability to describe per-
sonal events from his past, though we have not yet tested
this systematically. This inference is supported by the case
D.B. described byKlein et al. (2002), mentioned earlier, who
was tested systematically. D.B.’s ability to describe past and
future public events and issues was quite good, whereas his
ability to do so with respect to personal events was clearly
impaired.

Overall, studies with K.C. help to discount impaired visual
imagery and deficits in effortful, organizational retrieval as
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difficult-to-understand concept of amnesia (seeFig. 10). They
have done so without any expectation that the study will im-
prove K.C.’s lot, but realizing that it will help the whole world
better understand the complexities of the human mind. Be-
cause of the privileged access that they allowed us, we were
able to put many ideas to the test and generate new ones based
on casual and systematic observation. Though we, ourselves,
have always been excited about what we have discovered
from working with K.C., we never quite realized how much
of an impact this work would have on the scientific commu-
nity at large. We also did not dare to expect that K.C. would
be recognized by many as a psychological marvel, which he
has now turned out to be. Even when these subjective assess-
ments are disregarded, the sheer number of studies published
on K.C. and the citations that they continue to receive attest
to his influence on the field.

More controversial is whether we can learn much about
the neural basis of human memory from a person like K.C.,
whose widely and unevenly distributed brain damage from
a closed-head injury promptedBayley and Squire (2002)to
assert that he is “unlikely to illuminate the function of the
hippocampus or other medial temporal lobe structures.” Cer-
tainly, from a strictly neurological or purist perspective, K.C.
is far from an ideal case to study. Even with a strong psycho-
logical framework to guide research, it has often been diffi-
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xplanations for his impaired remote autobiographical m
ry. Nevertheless, there is evidence that autobiograp
emory relies on a more extensive network of brain reg

ncluding the amygdala and parahippocampal gyrus, w
re structurally compromised in K.C. (Maguire et al., 2001).

t remains for future research to determine the functiona
us of these regions.

. Discussion

We have presented as complete an account as poss
he case of K.C. and showed that work with him has refi
nd broadened our understanding of memory and its m
omponents at a functional level. We have summarize
elevant findings inTable 1. For researchers in Toronto, h
ase served as a touchstone for many of the theories tha
eveloped, from issues of priming to those relating to
emantic learning and the organizational structure of re
emory. K.C. has played a critical role in the evolution
evelopment of concepts and ideas such as episodic me
ultiple memory systems, autonoetic and noetic consc
ess, the “remember/know” paradigm, the SPI model o
elations between episodic and semantic memory, and c
sthesia, an individual’s conscious awareness of subje

ime (Tulving, 1985, 2004).
K.C.’s contribution to our understanding of human me

ry has been especially beneficial because, unlike othe
esic persons who usually stay hidden from the public
.C. and his family have chosen to participate openly in
tudy of his case, thereby helping to demystify this other
f

,

ult to convince colleagues that examining brain–behav
elationships in K.C. is a worthwhile empirical endeav
n spite of this skepticism, K.C. has inspired new way
hinking about memory and the brain, just as he has ins
hinking about the organization of memory at a strictly fu
ional level. In fact, the same patients described by Korsa
ho we credited in Section1with encouraging the case-bas
pproach to probing memory are at least as complicat

messy’ as K.C. Their characteristic psychosis, lack of
ight, apathy, and tendency to confabulate coheres wit
europathological consequences of thiamine depletion,
ffecting multiple brain structures, including the mammill
odies, dorsomedial nucleus of the thalamus, and fronta
uitry (Kopelman, 1995; Reed et al., 2003). Yet, no one would
eny the valuable knowledge imparted by the patients’
ary inability to retain recent experiences as well as tem

al aspects of past events, which may be the very fabr
pisodic recollection (Tulving, 1983, 2002).

In the case of K.C. (and other patients with extensive
opathology), there is a difference in the types of infere
hat one can draw based on observations of impaired an
erved abilities. When K.C. exhibits impaired performa
t is indeed difficult to draw any firm conclusions about s
ific damaged regions that may be responsible for the im
ent. By contrast, when K.C. exhibits preserved memor
particular task or class of tasks, as in a number of st

eviewed earlier, then it is plausible to infer that none of
amaged regions are necessary for performance of tha
r tasks. Thus, preservation of memory in K.C. is likely
e more informative from a neurobiological perspective

mpairment of memory.
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Fig. 10. Photograph of K.C.’s family taken in 1979, 2 years before his accident, on the occasion of his brother’s wedding. K.C. recognizes the individuals in
the photograph but has no recollection of the event that is depicted or why he has curly hair (he surprised his family the evening before with a new perm).

Some of the hypotheses formulated on the basis of K.C.’s
performance are still in their infancy but, at the very least, they
encourage researchers to revise, and in some cases abandon,
old views of memory. Theories of neural involvement in both
spared and impaired abilities can then be tested in other pa-
tients with more focal brain lesions and with neuroimaging,
so that it is only a matter of time before discrepancies are
resolved and specific brain–behaviour relationships verified.
In the meantime, investigations with K.C. continue to bring
us closer to solving the following questions and ultimately
provide a framework for dealing with other neurologically
complex cases.

7.1. What can be accomplished without a hippocampus?

Though we are unable to say with certainty much, if any-
thing, about the normal functioning of damaged parts of
K.C.’s brain when a deficit is found, as noted above, we can
draw conclusions about what those partsdo notcontribute
to when performance is normal. For example, because of
K.C., we know that even without a functional hippocampus,
priming can occur for pre-existing and self-generated novel
word associates, is modality-specific, can last on the order

of 30 min in some cases and up to 1 year in others, and is
possible following a single study exposure. Findings such as
these have been followed up with complementary lesion stud-
ies of other patients and neuroimaging studies that show the
existence of dissociable left pre-frontal and extrastriate occip-
ital memory systems dedicated to conceptual and perceptual
priming, respectively, through a reduction of their activity in
response to a repeated event (for reviews, seeHenson, 2003;
Buckner & Koutstaal, 1998; Schacter & Buckner, 1998).

Studies with K.C. have also demonstrated considerable
procedural or complex learning, again in the absence of
hippocampal support, such as the acquisition of computer-
related knowledge through the “method of vanishing cues.”
This finding alone prompted rehabilitation efforts that are
still in practice today (e.g.,Kapur, Glisky, & Wilson, 2002).
Also notable is evidence of learning of semantic facts relating
to the self (trait self-knowledge, familiarity with family and
friends) and the world (famous people, vocabulary terms)
and a very limited amount of information that may be re-
garded as episodic (i.e., mnemonic precedence). However,
for the most part, such learning depends heavily on repeated
exposure of meaningful study material under conditions in
which associative interference is kept to a minimum, and
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the contents of learning are almost always inflexible, inac-
cessible in novel situations, or impoverished in some way.
The same applies to semantic facts from the 5-year time pe-
riod just prior to injury, whereas personal and general knowl-
edge predating that period can be accessed without difficulty.
Other hippocampal amnesics with more circumscribed le-
sions show savings of similar quality (e.g.,Corkin, 2002;
Kitchener et al., 1998; Shimamura & Squire, 1987; Vargha-
Khadem et al., 1997; Verfaillie, Koseff, & Alexander, 2000;
but seeBayley & Squire, 2002; Gabrieli et al., 1988; Verfael-
lie et al., 1995), whereas studies of individuals with temporal
neocortical pathology indicate that this region is a necessary
component of a semantic memory network (e.g.,De Renzi,
Liotti, & Nichelli, 1987; Graham & Hodges, 1997; Snowden,
Griffiths, & Neary, 1996; Westmacott et al., 2001).

It is now reasonably clear from K.C. and from cases like
him (Teng & Squire, 1999; see alsoBeatty et al., 1987;
Milner et al., 1968; Zola-Morgan et al., 1986) that at least
some types of spatial memory, including representing allo-
centric cognitive maps, can become independent of the hip-
pocampus over time. Subsequent functional neuroimaging
of K.C.’s brain not only confirmed this finding, but also
further demonstrated that the same extra-hippocampal re-
gions implicated in various dissociable aspects of spatial
memory on the basis of earlier case studies (e.g.,Aguirre
& thy
c

7 l
d

ng,
K aph-
i cent
t ficit
i spa-
t and
t ieval
s ured
p io-
g ch an
u sting
i phi-
c rally
g ad af-
f that
t
n ant
t rk in
b ers
m vis-
i cam-
p
w
W ,
2

7.3. Lessons on the fractionation of memory and
amnesia

Two more general lessons may be drawn from K.C.’s areas
of spared and impaired performance. The first is the notion
that there are multiple forms of amnesia, much as there are
multiple forms of memory (see alsoWarrington, 1996). While
this concept may seem obvious to many investigators, there
is a tendency in the literature to focus on the ‘amnesic syn-
drome’ as if it is a unitary entity. In fact, for many years, the
standard view was that there are individual differences across
amnesic patients, but that these differences may be reduced to
unidimensional concepts of severity (i.e., magnitude of mem-
ory deficit) and purity (i.e., whether faculties other than mem-
ory are impaired). However, as research with K.C. has clearly
demonstrated, it is not necessarily the case that episodic and
semantic memory follow the same trajectory of impairment
and preservation. Indeed, K.C.’s amnesia may be classified as
affecting at least two dimensions of memory, the first relat-
ing to the quality or type of to-be-remembered information
as just mentioned and the second to the way in which infor-
mation is processed in memory. Like H.M., K.C. has serious
difficulties in learning and retaining any consciously appre-
hended information encounteredafter the onset of his brain
damage. Any new learning of facts about the world and of
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D’Esposito, 1999) are engaged by K.C. and heal
ontrols.

.2. Are K.C.’s areas of impairment due to hippocampa
amage?

Despite intact priming and partially intact new learni
.C. has no episodic memory whatsoever for autobiogr

cal details, whether experienced long ago or in more re
imes. The severity of K.C.’s autobiographical memory de
s emphasized by the fact that his remote semantic and
ial memory are virtually normal, as is his visual imagery,
hat his deficit remains unaltered even when given retr
upport through specific cueing. Though K.C. has fig
rominently in our own thinking and has guided autob
raphical memory research in general, he may not be su
nusual case after all. Coincidentally, more sensitive te

s beginning to reveal that H.M.’s amnesia for autobiogra
al experiences does not adhere to Ribot’s law of tempo
raded remote memory as was once believed and inste

ects his autobiographical episodic memory for events
ook place as far back as childhood (Corkin, 2002). We do
ot know to what this loss is attributed, and we do not w

o imply that the same neural mechanisms are at wo
oth cases. However, if it were not for K.C., we and oth
ight not have followed up on these incongruities by re

ting other cases, which shaped a novel theory of hippo
al function (seeNadel & Moscovitch, 1997, 2001) that
as later tested in neuroimaging experiments (e.g.,Gilboa,
inocur, Grady, Hevenor, & Moscovitch, 2004; Ryan et al.

001).
imself that has occurred over the years was accompl
nder incidental or highly constrained learning conditio
ith the resulting representations fragmentary and deta

rom existing knowledge. For all practical purposes, th
.C. may be said to haveglobal anterograde amnesiathat
oincides withretrograde episodic amnesia.

K.C. has played an important role in sensitizing the
earch community to the idea that amnesia is not a un
ondition, but his case is not the only one that speak
his issue. Other patients have been described with iso
etrograde amnesia of varying types, including a profile
osite to that exhibited by K.C. of intact episodic memor

he relative expense of semantic memory (e.g.,De Renzi e
l., 1987; Grossi, Trojano, Grasso, & Orsini, 1988; Yasuda
atanabe, & Ono, 1997). Comprehensive assessments of

ograde amnesia byWarrington (1996)and byKapur (1999
purred a recent revival of the topic, which may be tra
o Goldberg and colleagues in the early 1980s (Goldberg
ughes, Mattis, & Antin, 1981). Warrington opens her com
entary with the observation that “retrograde impairm

ike anterograde impairments are not global but fractio
p. 13,523).” Kapur is of similar opinion, arguing forthright
Retrograde amnesia is a functionally heterogeneous r
han a unitary phenomenon. Discontinuities and dissocia
ound in published studies point to the potential fractiona
f retrograde amnesia into component disorders, each

ts own neural profile (p. 800).” If correct, it is unlikely th
e will ever encounter another case exactly like K.C.
A second lesson addresses the way in which we t

bout spatial memory. If the hippocampus is fundam
ally involved in spatial processing, as cognitive map the
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would predict, anterograde and retrograde memory for spa-
tial information should be affected equally. However, evi-
dence from behavioural and neuroimaging experiments with
K.C. suggests that this is not always the case. On the other
hand, in departure from traditional models of consolidation,
not all types of memory are characterized by temporally
graded memory loss—context-dependent topographical and
personal episodic details always seem to rely on the hip-
pocampus no matter how old the memory is. This raises the
issue as to whether there are different types of spatial mem-
ory or whether spatial memory, itself, is a subtype of memory
much as verbal memory is viewed. Perhaps it is more accu-
rate to speak of achievements in memory that relate to space
rather than of ‘spatial memory’ per se, a proposal that was en-
dorsed byO’Keefe and Nadel (1978)and byTolman (1948)
andHebb (1949)before them.

Therefore, it may be further instructive to consider spatial
memory within the more general structure of semantic and
episodic, or context-free and context-dependent representa-
tions. One possibility is that these two forms of memory are
complementary systems that differ in terms of their underly-
ing cognitive mechanics and neural circuitry and that apply
equally to spatial and non-spatial domains. Initially, a spa-
tial layout may be attached to other, non-spatial elements
that define an event as unique, so that recovery of either the
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the fact that, despite his extensive brain damage, his cogni-
tive abilities are generally as well preserved as they are. This
fact reminds us of the importance of keeping in mind the
relations between undamaged parts of the brain and intact
mental functions in all neuropsychological cases. However,
too often, patients with multiple lesions, such as K.C., are dis-
missed, and the pure cases are held up as the gold standard
against which all other patients are measured. Given the rar-
ity (or even existence) of pure cases in the human literature, a
better approach than appealing to them and relegating all oth-
ers to the sidelines or worse, is to treat all interesting material
as gold ore, needing only different amounts of effort to ex-
tract the nugget. As we emphasized earlier, different types of
inferences can be made on the basis of cases in which lesions
are highly restricted and those like K.C. with more extensive
damage. But the evidence reviewed in this paper suggests
that both types of cases can be useful in advancing the cog-
nitive neuroscience enterprise. We hope that the remarkable
contributions made by this single memory-impaired person
to memory theory will encourage future investigators to mine
brain–behaviour relationships more carefully, even in osten-
sibly pure cases. In the meantime, K.C.’s generous offer to
participate in future studies assures us that we might continue
to extract new ideas about memory and refine the lessons that
have already been extracted.
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ayout or of any other element might lead to the reco
f remaining aspects of the episode. However, with mul
nd varied encounters, a spatial layout has the capac
hed itself of other episodic elements and to survive with
ighly interconnected array of neocortical structures. Tho

he relational nature of spatial memory would not be den
t would take on a different form—one that captures o
he core elements of a layout and that may be conjured
emory at once. In this way, the transformation of spatial

esentations into deep-rooted ‘maps’ may be thought of
orgetting process and access to them as relatively autom
his differs from the voluntary and laborious reconstruc
rocess that takes place during episodic memory, which
e likened to what occurs during spatial learning (for a

ated perspective, seeBurgess & Shallice, 1996). Though stil
n its infancy and frankly speculative, it is important to
orth an alternative theoretical perspective within which
haracterize the contributions of various brain structure
emote and recent spatial memory, if only to call attentio
he need for re-evaluation of existing models (for a more
ailed discussion, seeRosenbaum, Winocur, and Moscovit
001).

. Concluding thoughts and future prospects

We will always be fascinated by the rather ‘clean’ diss
tions in memory observed in an otherwise ‘messy’ pat
erhaps even more remarkable than the fractionations o
licit and explicit memory, semantic and episodic mem
nd remote and recent spatial memory that K.C. exhib
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