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Abstract

Using a procedure of Hay and Jacoby [Hay, J. F., & Jacoby, L. L. (1999). Separating habit and recollection in young and older adults:
Effects of elaborative processing and distinctiveness. Psychology and Aging, 14, 122–134], Korsakoff patients’ capacity to encode and
retrieve elaborative, semantic information was investigated. Habits were created during initial training, whereupon cued-recall memory
performance was examined, with habit opposing as well as facilitating recollection of earlier studied words. A first group of patients was
instructed and tested in the same way as healthy controls and showed poor test performance. Nevertheless, when given more processing
and response time, additional explanation, and explicit encouragement, a second group of patients performed similarly to healthy con-
trols. The results suggest that, when given adequate support, Korsakoff patients are able to encode and make use of semantic, contextual,
and sequential information. Word distinctiveness, however, only influenced performance of controls.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Korsakoff patients are most dramatically characterized
by memory problems, in particular by severe anterograde
and retrograde amnesia. Historically, the syndrome has
served as a prime example of the dissociation between
implicit (indirect, unconscious) and explicit (direct, con-
scious) memory performance (Phaf, Geurts, & Eling,
2000; Schacter, 1987): Korsakoff patients perform poorly
when explicitly asked to report about the past, but show
a normal ‘unconscious’ effect of past experience in their
performance on a variety of implicit memory tasks
(Jacoby, 1991). Already in 1907, Claparède described a
patient, suffering from Korsakoff syndrome and possess-
ing memories which could not be brought to mind con-
sciously (Nicolas, 1996). Since then, many studies have
reported normal priming effects in amnesic (Korsakoff)
patients (e.g., Beauregard et al., 1997; Graf, Shimamura,
& Squire, 1985; Phaf et al., 2000; Schacter, 1987; War-
rington & Weiskrantz, 1974). Accordingly, the patients
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seem to suffer from a retrieval deficit, rather than from
an encoding deficit: Learning does take place, but the
retrieval of information is less successful when effortful,
controlled, or conscious recollection is a prerequisite
(Groeger, 1997). A recent series of studies using a
word-stem completion paradigm (d’Ydewalle & Van
Damme, 2007) has provided further evidence for this
claim.

1.1. Systems versus processes

The spared and impaired functions of amnesic patients
have been linked to different underlying memory systems
with presumed distinct anatomical bases (McBride &
Dosher, 1999; Phaf et al., 2000). This is supported by the
neuropsychological observation showing that damage to
a particular region of the brain may be accompanied by
a specific loss of memory. More specifically, one presumes
that the brain damage of Korsakoff patients selectively
affects the memory system for conscious recollection, but
leaves the system responsible for other forms of memory
relatively intact (Brunfaut & d’Ydewalle, 1996; Cermak,
Verfaellie, & Chase, 1995).
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According to a transfer-appropriate processing
approach (Morris, Bransford, & Franks, 1977; Roediger,
1990), however, explicit and implicit tests require different
retrieval operations and consequently benefit from different
types of processing during the encoding phase (Brunfaut &
d’Ydewalle, 1996; Roediger, 1990; Roediger & Srinivas,
1993). Explicit memory tasks mainly require conceptual
or semantic processing, whereas performance in implicit
tasks is primarily (but not necessarily) based on perceptual
processing. Hence, memory is seen in terms of processes
rather than in terms of separate systems: There is one uni-
tary memory that can be used in different ways, with the
level of task performance positively related to the extent
that cognitive operations at test are similar to those
engaged in during initial learning (Morris et al., 1977;
Roediger, 1990; Roediger & Srinivas, 1993).

1.2. Semantic processing

Early studies using the levels-of-processing (LOP)
framework of Craik and Lockhart (1972) showed that Kor-
sakoff patients did not benefit from semantic encoding
instructions, whereas other amnesic patients and healthy
control subjects did (Cermak & Reale, 1978; Wetzel &
Squire, 1980). In line with these findings and building fur-
ther on the memory processes account, Brunfaut and
d’Ydewalle (1996) provided evidence that Korsakoff
patients are particularly handicapped in conceptual/seman-
tic processing, and that the critical dissociation in these
patients is not between implicit and explicit memory, but
rather between the ability to process perceptual versus con-
ceptual information. Similarly, but more generally, Blaxton
(1992) concluded that the amnesic memory deficit is
revealed only under conceptual processing conditions,
and Verfaellie, Schacter, and Cook (2002) suggested that
amnesic patients have problems with the encoding and
storage of semantic gist information. Early studies demon-
strating impaired implicit memory for newly formed asso-
ciations in Korsakoff patients (e.g., Cermak, Bleich, &
Blackford, 1988) also give support to this account.

In the present paper, however, the conceptual/semantic
deficit account is challenged. Findings from several studies
contradict the view that conceptual processing conditions
yield an (implicit) memory deficit in amnesia (for a review,
see Vaidya, Gabrieli, Demb, Keane, & Wetzel, 1996). Cer-
mak et al. (1995) demonstrated that the distinction between
implicit and explicit tasks captured the performance of
amnesic (Korsakoff) patients better than the distinction
between data-driven and conceptually driven processes,
leading to the conclusion that these patients can indeed
benefit from conceptual processing (see also McDowall,
1981). Moreover, LOP-effects in implicit memory tasks
have been obtained not only in normal controls, but also
in amnesic patients (e.g., Jenkins, Russo, & Parkin, 1998).

In a recent series of experiments (d’Ydewalle & Van
Damme, 2007) using a ‘direct’ stem completion task (i.e.,
with three-letter stems as cues to retrieve earlier studied
words), Korsakoff patients as well as memory-intact con-
trols showed better performance after semantic encoding
than after perceptual encoding, although the difference
was larger for controls. When instructions clearly indicated
that guessing was allowed at test, all significant group dif-
ferences disappeared, and the same LOP-effect was
obtained in both groups. However, when asked afterwards
whether they could ‘remember’ or just ‘knew’ the
items they had completed (modified version of the
‘Remember’/‘Know’ procedure, see Richardson-Klavehn,
Gardiner, & Java, 1994), the patients were unable to report
‘remembering’ the semantically encoded items, whereas
controls could. These results point to the conclusion that
there is indeed semantic processing in Korsakoff patients,
but that the encoded information is mainly retrieved in
an automatic, involuntary manner. Healthy controls, on
the other hand, additionally benefit from conscious,
intentional recollection. This offers an explanation for pre-
vious findings of larger LOP-effects in controls than in
amnesic patients (e.g., Squire, Shimamura, & Graf, 1987),
as was already suggested by Hamann and Squire (1996),
and Jenkins et al. (1998).

Importantly, however, whereas the foregoing studies do
cover the encoding of single-item information, they do not
address the question of whether inter-item associations and
other contextual information are encoded during the study
phase. Moreover, based on brain imaging research, a defi-
cit in the encoding of such relational information might be
expected in Korsakoff patients. The brain areas reported to
be damaged in the syndrome include both frontal and dien-
cephalic regions (e.g., Reed et al., 2003; Shimamura, Jern-
igan, & Squire, 1988), and the medial temporal/
hippocampal region (Sullivan & Marsh, 2003; see also
Oscar-Berman & Evert, 1997; Parkin & Leng, 1993), or
at least some extended hippocampal system involving the
hippocampal-anterior thalamic axis (Caulo et al., 2005).
The latter area is not only involved in (conscious) recollec-
tion (e.g., Schacter, Alpert, Savage, Rauch, & Albert,
1996), but also in encoding (e.g., Kopelman, Stevens, Foli,
& Grasby, 1998; Stern et al., 1996) and in (successfully)
binding elements into an integrated memory trace (e.g.,
Jackson & Schacter, 2004; Kroll, Knight, Metcalfe, Wolf,
& Tulving, 1996).

Indeed, several theories have proposed that the forma-
tion of new associations between previously distinct ele-
ments constitutes the basic deficit in amnesia (e.g.,
Cohen, Poldrack, & Eichenbaum, 1997; Johnson & Chal-
fonte, 1994; see also Verfaellie, Martin, Page, Parks, &
Keane, 2006). Even further, the context memory deficit
hypothesis (CMDH; see Mayes, Meudell, & Pickering,
1985, for a review) states that ‘‘amnesics suffer from a pri-
mary deficit in the processing and/or storage of contextual
information, and that this primary impairment is responsi-
ble for a secondary impairment in the ability to recall and
recognize other kinds of complex information” (Mayes,
Downes, Shoqeirat, Hall, & Sagar, 1993, p. 745). Whereas
demonstrations of impaired memory in Korsakoff patients
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for both spatial and temporal order information (e.g., Post-
ma, Van Asselen, Keuper, Wester, & Kessels, 2006) have
provided support for this hypothesis, the finding that spa-
tial location memory is not disproportionately impaired
(Chalfonte, Verfaellie, Johnson, & Reiss, 1996) speaks
against it. Moreover, Mayes et al. (1993) have provided evi-
dence that encoding and short-term memory for semantic
and extrinsic context information are intact in amnesic
(Korsakoff) patients, and Giovanello, Keane, and Verfael-
lie (2006) more recently showed that associative recogni-
tion in amnesic (Korsakoff) patients can be enhanced, to
the extent that study-induced familiarity contributes to per-
formance. The latter findings support the earlier stated
conclusion that semantic information is processed nor-
mally, but can only be brought to mind involuntarily or
automatically at test. Nonetheless, Verfaellie et al. (2006)
also demonstrated that amnesic patients’ associative
memory performance is impaired in certain types of
implicit tests.

1.3. The paradigm: Context versus habit

Using a recent variant of the process-dissociation proce-
dure (Jacoby, 1991; Jacoby, 1998), the present experiment
was designed to look further into the elaborative encoding
and (explicit) retrieval of both item-specific and relational/
contextual information in Korsakoff patients and healthy
controls. The paradigm used was based on the occurrence
of ‘memory slips’: Memory slips are produced when con-
trolled recollection fails, due to automatic responding or
habit. In order to investigate such slips of memory in young
and older adults, Hay and Jacoby (1999), and Jacoby, Deb-
ner, and Hay (2001) adapted the process-dissociation pro-
cedure, originally developed by Jacoby (1991), Jacoby
(1998). As in the original procedure, an interference para-
digm and a facilitation paradigm were combined, in order
to obtain pure estimates of the underlying (automatic and
controlled) memory processes. However, whereas in the
original procedure study items were presented only once,
the new procedure involved multiple presentations of stim-
uli during a ‘training’ phase. This was done in order to
establish habits of specific strengths. Also, facilitation
and interference conditions were no longer based on a
manipulation of test instructions (e.g., ‘‘give studied word
as response” vs. ‘‘do not give studied word as response”),
but rather on congruency with prior learning: Test trials
were either congruent or incongruent with the habits
formed during the training phase.

As the present experiment was mainly based on Hay and
Jacoby (1999), their methodology is described here in
more detail. Pairs of associatively related words were made
‘typical’ or ‘atypical’ in an initial training phase: A stimulus
word was paired with one association in 75% of its occur-
rences (the ‘typical’ response), while in the other 25%, it
was paired with another association (the ‘atypical’
response). Additionally, participants were randomly
assigned to one of two conditions: In the nondistinctive con-
dition, both responses reflected the same meaning of the
stimulus word (e.g., MONEY and FINANCE as associa-
tions to BANK), whereas in the distinctive condition, typi-
cal and atypical responses reflected different meanings of
the stimulus word (e.g., MONEY and RIVER as associa-
tions to BANK). In a subsequent study/test phase, short
lists of word pairs (i.e., stimulus and response words) were
to be studied for a cued-recall test that immediately fol-
lowed each list. On congruent trials, participants studied
word pairs that were made typical during the initial train-
ing phase; on incongruent trials, participants studied word
pairs that were made atypical during the initial training
phase. Whereas the former situation allowed participants
to rely on the earlier formed habit, as well as on explicit
recollection, to produce a correct response at test (i.e., a
facilitation condition), the latter turned habit into a source
of error (i.e., an interference condition). Based on the dif-
ference in performance on both kinds of trials, process-dis-
sociation estimates were derived.

The manipulation of the semantic relatedness of the
response words was predicted to affect recollection at test.
The different meanings of the associations in the distinctive
condition were expected to make them more distinct and
unique, which was predicted to improve later test perfor-
mance, namely on incongruent trials (where habit and
recollection were opposed to each other). Items in the
nondistinctive condition, on the other hand, were expected
to give rise to lower test performance, because of their
similarity. Hay and Jacoby’s (1999, Experiment 1) results
showed that ‘memory slips’ (incorrectly producing a
‘typical’ response on incongruent test trials) were indeed
less likely in the distinctive than in the nondistinctive
condition for young adults (M = 19 years old), but not
for older adults (M = 71 years old). As the group of
healthy controls in the present experiment had an average
age (M = 53) that fell approximately in between those
two age groups, it was unclear whether or not they could
be expected to show a similar effect of word distinctiveness.
Moreover, when it came to formulating expectations for
the Korsakoff patients, some additional aspects of the
syndrome needed to be taken into consideration first.

An important feature of Korsakoff patients’ amnesia,
already reported by Korsakoff himself, is their ineffectual
control of recollection. Korsakoff’s patients needed to be
prompted for details that a healthy individual would have
provided spontaneously, and had to have their attention
continually directed during recall (Banks, 1996). Recently,
based on studies regarding false recognition, Dodson and
Schacter (2001) concluded that frontal damage can result
in a bias to rely on overall familiarity as a basis for a
response, unless patients are directly instructed to make
judgements contingent on retrieving more specific informa-
tion. It is generally known that next to other neuropatho-
logical disturbances, Korsakoff patients indeed suffer
from frontal lobe atrophy (Kril, Halliday, Svoboda, &
Cartwright, 1997; Moselhy, Georgiou, & Kahn, 2001; Reed
et al., 2003). Furthermore, a similar phenomenon seems to



Table 1
Demographic information on Korsakoff patients and healthy controls

Age
(Years)

Age
range

Education
(Years)

Male/
Female

Controls (n = 8) 52 45–59 11.6 6/2
Korsakoff 1

(n = 8)
53 49–59 11.4 7/1

Korsakoff 2
(n = 8)

53 48–56 10.1 7/1
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apply to the encoding process. A recent study of Phaf et al.
(2000) indicated that elaboration learning is impaired (but
not completely eliminated) in Korsakoff patients, particu-
larly when spontaneous initiation of the process is required
(see also Parkin & Leng, 1993). The patients do however
seem to benefit from instructions to engage in elaborative
processing as much as possible. Cermak, Butters, and Ger-
rein concluded already in 1973 that Korsakoff patients are

capable of encoding information on semantic dimensions
and of using this to facilitate retention, but that they do
not spontaneously employ such a sophisticated encoding
strategy. They only seem to do so if explicitly instructed
or requested.

Accordingly, Korsakoff patients tend to use more super-
ficial memory strategies, both at encoding and at retrieval,
and have to be explicitly prompted to make use of detailed
(semantic) information. Furthermore, according to Phaf
et al. (2000), attentional and motivational processes
(leading to more elaboration) may be disturbed in the
Korsakoff syndrome. Consequently, in the present experi-
ment, Korsakoff patients were expected not to show a
difference in performance across distinctiveness conditions,
because they would not be able to elaborate upon the
relationship between stimulus and response words at study,
and would not be able to take advantage of the unique
meanings in the distinctive condition at test. Moreover,
they were expected to be disadvantaged on both congruent
and incongruent test trials, due to the combination of inad-
equate spontaneous elaboration at study and (explicit)
retrieval problems at test.

A second group of Korsakoff patients, however, was
given additional guidance, in order to investigate whether
they would be able to encode and retrieve the contextual
and semantic information under highly supportive circum-
stances. Following Hay and Jacoby (1999, Experiment 3),
the patients were given more processing time, as well as
unlimited retrieval time. Furthermore, the semantic rela-
tionships between stimulus and response words were
explained to them in detail, and they were encouraged to
elaborate the associative information as much as possible.
In this group, performance was expected to be more similar
to controls’, possibly also creating a memory advantage of
the distinctive over the nondistinctive condition. Generally,
however, memory was still predicted to be impaired,
because of the important role of explicit recollection at test.

Summarizing, in the present study, the procedure of Hay
and Jacoby (1999) was applied to two groups of Korsakoff
patients and one group of memory-intact controls. The first
aim was to provide evidence for the hypothesis that Kor-
sakoff patients are able to process relational semantic infor-
mation and to benefit from such processing, provided that
they are adequately supported. Secondly, process-dissocia-
tion estimates were expected to show that the memory dif-
ference between healthy controls and Korsakoff patients is
restricted to recollection. Estimates of habit were not
expected to differ across distinctiveness condition or group.
Rather, they were expected to ‘‘reflect training from the
first phase of the experiment by approximating the proba-
bility with which typical items were presented (75%)” (Hay
& Jacoby, 1999, p. 125).

2. Method

2.1. Participants

Sixteen Korsakoff patients and eight healthy controls
participated in the experiment. Table 1 provides the
average age, age range, average number of years of
education, and the number of male and female participants
in each group.

All Korsakoff patients were residents of the same psychi-
atric institution in Belgium. Fifteen of them were selected
from the participant group of Experiment 4 of d’Ydewalle
and Van Damme (2007), in which the study phase of a stem
completion task required generating associations. Because
of the importance of associations in the present study
and the long duration of the procedure, only patients that
were able to easily come up with associations and to con-
centrate for a sufficiently long period were selected. Eight
of them were randomly assigned to Group 1. The seven
remaining patients plus one patient who had just arrived
at the institution formed Group 2. Although complete neu-
ropsychological test scores were not available for all of the
patients, they were screened on the basis of previous clini-
cal testing. All patients received a diagnosis of alcoholic
Korsakoff syndrome, but demonstrated no decreased intel-
ligence and no decreased visual-spatial functioning. They
met the criteria for the DSM-IV Alcohol-Induced
Persisting Amnesic Disorder (American Psychiatric
Association, 1994) and the criteria for the Korsakoff
syndrome as described by Kopelman (2002). They all had
histories of chronic alcoholism, were unable to recall
day-to-day and current events (anterograde amnesia), were
disoriented in time and place, and had retrograde amnesia.
On the Auditory Verbal Learning Test, scores were in the
severe memory deficit range.

The healthy and volunteering controls were chosen from
family and friends, to correspond as closely as possible to
the age, gender, educational and (former) vocational levels
of the Korsakoff patients. They showed no signs of any
memory problems.
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2.2. Materials and equipment

A pool of 16 homophone homographs (i.e., words with
same orthography and same pronunciation, but multiple
meanings) was selected from the stimulus materials of a
Dutch association study with homographs (Persoons,
1959). In this study, a list consisting of all homographs
from the explanatory pocket dictionary of the Dutch lan-
guage by Koenen and Endepols (1951) was edited and
adjusted. Only straightforward, commonly used words
with two clearly different meanings were selected, which
led to a new list of 161 homographs. For the current experi-
ment, 16 words were chosen from that list. Each word had
to be frequent (M = 126 occurrences per million, range 9–
569 in the CELEX lexical database of Baayen, Piepen-
brock, & Gulikers, 1995; Burnage, 1990), not old-fash-
ioned, and easy to come up with several associations to
it. Based on a short pilot study, two pairs of strongly
related associations were then selected for each homo-
graph. Each of the pairs reflected a different interpretation
of the stimulus word (e.g., BANK with the association pairs
MONEY/FINANCE and RIVER/SAND).

Stimuli were presented to the Korsakoff patients on a
Dell Pentium II laptop. Among the healthy controls, vari-
ous brands of computers were used, depending on the loca-
tion at the time of testing. A Superlab Pro program
controlled the presentation of all items. Words were shown
in the middle of the screen, using a standard letter type with
uppercase black letters on a white background.

2.3. Design and procedure

Participants were tested individually. Prior to the
experiment, they were informed about the general nature
of the procedure, however without mentioning that
memory would be important at test. An information form
and a consent form were to be read and signed before
starting the procedure. At the end of the experiment, full
explanation was provided. The study was approved by
the local ethics committee. Healthy controls and Korsakoff
patients from Group 1 were treated in the same way.
Korsakoff patients from Group 2, however, were guided
and supported strongly at both retrieval and encoding.

2.3.1. Korsakoff Group 1 and healthy controls

During the training phase, stimulus words (i.e., homo-
graphs) were presented one by one, and participants were
instructed to guess an association for each of the words.
They were informed that the correct response would be
strongly related to the word on the screen and that they
had 2 s to come up with an answer. The response that
was chosen to be correct was then presented for 1 s, fol-
lowed by a blank interval of 500 ms. Each stimulus word
had in fact two possible responses, but only one of them
was presented as correct on a particular trial. This way,
responses were made ‘typical’ or ‘atypical’ by showing
one of them in 75% of the trials and the other one in
25% of the trials. In addition, the distinctiveness of the
typical and atypical associations was manipulated
between-subjects. In the nondistinctive condition, both
responses reflected the same meaning of the stimulus word,
whereas in the distinctive condition, the two responses
reflected two different meanings of the stimulus word.

Both groups of participants were randomly divided over
the two conditions, and were instructed to pay attention to
the response words that were presented to them. They were
informed ‘‘that more than one response would appear with
each stimulus word throughout the experiment and that
some responses would appear more often than others”

(Hay & Jacoby, 1999, p. 125). The purpose of the guessing
task (i.e., guessing the correct association) was to engage
their attention and to keep them focused throughout the
whole training phase. The procedure was illustrated by
means of two examples not used elsewhere in the experi-
ment. Next, participants performed three successive blocks
of training, with a short break following each block.
Responses were written down by the experimenter, but
were of no further interest.

Each of the three training blocks consisted of eight pre-
sentations of the 16 stimulus words: six times with one
association (75%) and two times with the other (25%).
The order of the words in each block was random, with
the restriction that the same item could not be presented
more than three times in a row. A Superlab Pro program
randomized the words in each block again for each
participant. The entire training phase contained 384
presentations and lasted for approximately 30 min. All
associations were used once in each condition (distinc-
tive/nondistinctive). When an association was the typical
response in one condition, it was used as atypical response
in the other condition, and vice-versa.

The second phase of the experiment included the presen-
tation and testing of 16 lists of specific word pairs, divided
into two blocks of eight lists each. Study lists contained
eight of the word pairs seen earlier during training: six
stimulus words with their typical response and two with
their atypical response (preserving the 75–25% ratio from
the training phase). Each pair was shown on the screen
for 1.5 s. Participants were instructed ‘‘to read the word
pairs silently and to remember them for a memory test that
would follow” (Hay & Jacoby, 1999, p. 125). Immediately
after each study list, a cued-recall test was given, in which a
stimulus word (i.e., a homograph) was presented as a test
cue and participants were instructed to report the associa-
tion with which it had been paired in the preceding list. On
congruent trials, the typical response was the correct one,
whereas on incongruent trials the atypical response needed
to be recalled. Participants were told that guessing was
allowed if they could not remember the correct association.
Each test contained the eight stimulus words from the
immediately preceding study list (i.e., six congruent and
two incongruent trials) and two additional homographs,
which were not ‘studied’ but had been presented during
the initial training phase (i.e., ‘guessing’ trials). Participants
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were cautioned that some words could appear in the test
that had not been presented in the preceding study list.
For these items, they were told to respond with the first
word that came to mind. Each word was presented for
3.5 s. Again, the experimenter wrote down all responses.

The presentation order of the items in the study and test
lists was randomly determined, subject to the constraint
that no item was repeated within a list. The order remained
fixed across participants. Within each block of eight lists,
all stimulus words were used as a guessing item once. Each
typical response appeared three times in each block and
each atypical response once.

Between each study and test list, participants performed
a short distracter task. Immediately after each study list, a
random number between 30 and 100 appeared on the
screen for 1 s, followed by a blank interval for 6.5 s. During
this 7.5-s interval, participants had to count backwards as
quickly as possible, starting from the given number. They
were told to do so until test instructions were given. This
was meant to prevent participants from repeating studied
items in short-term memory. Immediately after each test,
a new study list was presented, until all 16 lists had been
studied and tested. In between blocks, participants rested
for a few minutes. The entire study/test phase lasted for
approximately 25 min. A schematic of the procedure (with
a congruent trial in study/test list 1 and an incongruent
trial in study/test list 5) is depicted in the appendix.

2.3.2. Korsakoff Group 2

For Korsakoff patients in Group 2, the following
changes were made. Prior to the training phase, the
patients were told that two semantically related responses
would appear with each stimulus word, and that one of
those responses would appear more often than the other.
In addition, the relationship between stimulus words and
associations was explicitly clarified. Participants in the dis-
tinctive condition were told that each stimulus word would
be linked to two responses that would reflect two different
interpretations of the word, whereas participants in the
nondistinctive condition were informed that both responses
would reflect the same meaning of the stimulus word.

During the study/test phase, participants were especially
encouraged to think about the semantic relationship
between stimulus and response words. Focusing on the dif-
ferent meanings of the responses in the distinctive condi-
tion was expected to make the two responses more
unique, leading to better retrieval at the time of test. In
contrast, recollection of responses from the nondistinctive
condition was expected to be reduced, due to their similar-
ity in meaning. The presentation rate of study items was
slowed down: Word pairs were now shown for 3.5 s. At
test, participants were given unlimited time to respond.

2.4. Process-dissociation estimates

Following Hay and Jacoby (1999), and Jacoby et al.
(2001), process-dissociation estimates were inferred from
the results. For this, the difference between congruent
and incongruent test trials was of crucial importance. On
congruent trials, the response in the study list was the one
that had been presented most often during the training
phase (i.e., the typical response). Hence, at test, automatic
and controlled retrieval processes led to the same result:
Participants could give the correct answer either by recol-
lecting (R) the item from the preceding study list, or, when
recollection failed, by relying on the habit (H) that had
been formed during the training phase. So, the probability
of correctly producing a typical response was: P(typi-
cal|congruent) = R + H(1 � R). On incongruent trials,
automatic and controlled retrieval processes were opposed
to each other, as the response word in the study list was the
one that had been least presented during the training phase
(i.e., the atypical response). Now participants would give a
typical response only when they failed to recollect the
correct atypical item from the preceding study list, relying
instead on the habit from the training phase. The probability
of incorrectly producing a typical response could then be
considered as P(typical|incongruent) = H(1 � R). Based
on this and the previous equation, recollection was
estimated as the difference between the proportion of
typical responses on congruent minus incongruent trials:
R = P(typical|congruent) � P(typical|incongruent). Next,
an estimate of automatic memory was inferred: H =
P(typical|incongruent)/(1 � R).

3. Results

3.1. Cued recall

The data of primary interest were the responses on the
cued-recall tests for each of the participant groups. The
proportions of typical and atypical items given as a
response on congruent, incongruent, and guessing trials
are depicted in Figs 1a and 1b (averaged over distinctive-
ness conditions). Graphical inspection of the results reveals
a large resemblance between the two types of responses,
but in the opposite direction. Table 2 presents the propor-
tions of typical responses for all groups in both conditions.
In two three-way analyses of variance, Group (healthy con-
trols vs. Korsakoff Group 1 vs. Korsakoff Group 2) and
Distinctiveness Condition (distinctive vs. nondistinctive)
were the between-subjects variables, whereas Test Trial
Type (congruent vs. guessing vs. incongruent) was a
within-subjects variable.

The analysis on the proportion of typical responses
revealed a significant main effect of Test Trial Type
[F(2,36) = 33.28, MSE = 0.009, p < .0001, gp

2 = .65],
qualified by a significant interaction between Group and
Test Trial Type, F(4,36) = 6.56, MSE = 0.009, p = .0005,
gp

2 = .42 (see Fig. 1a). Korsakoff Group 1 did not show
any significant differences between the proportions of typical
responses on congruent, guessing, or incongruent trials
(M = .46, .43, and .40). For healthy controls, a posteriori
Tukey tests showed that the proportion of typical



Fig. 1a. Proportions of typical responses in the study/test phase, as a
function of Test Trial Type, in healthy controls and Korsakoff Groups 1
and 2.

Fig. 1b. Proportions of atypical responses in the study/test phase, as a
function of Test Trial Type, in healthy controls and Korsakoff Groups 1
and 2.
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responses on incongruent trials (i.e., where the atypical
response was the correct one) was significantly lower
(M = .38) than the proportions on both congruent and
guessing trials (both p < .0001; M = .77 and .66, respec-
tively). Korsakoff Group 2 also gave significantly less
typical responses on incongruent than on congruent test
trials (Tukey, p = .002; M = .37 vs. .58), and showed sug-
gestive evidence for a difference between incongruent and
guessing trials (Tukey, p = .06; M = .37 vs. .52). When
investigating the differences between participant groups,
the results only revealed a significant difference between
healthy controls and Korsakoff Group 1 on congruent tri-
als: Controls gave more typical (and thus correct)
responses than Korsakoff patients did (Tukey, p = .04;
M = .77 vs. .46). The difference between the two patient
groups (M = .46 vs. .58), and more importantly, the
difference between healthy controls and Korsakoff Group
2 (M = .77 vs. .58) were both non-significant (Tukey,
p = .92 and .51, respectively).

The three-way interaction between Distinctiveness Con-
dition, Group, and Test Trial Type (see Table 2) did not
turn out to be significant (F < 1). However, for healthy
controls, a significant effect of distinctiveness was obtained
on incongruent test trials: They produced less typical
responses (i.e., less memory slips) in the distinctive condi-
tion than in the nondistinctive condition (M = .29 vs. .47;
F(1,6) = 17.44, MSE = .004, p = .006). For both Korsakoff
groups, no differences between conditions were found.
The picture for the proportion of atypical responses was
similar to that for the typical responses. Two main effects
were significant: Group [F(2, 18) = 5.30, MSE = 0.014,
p = .02, gp

2 = .37] and Test Trial Type [F(2, 36) = 49.10,
MSE = 0.007, p < .0001, gp

2 = .73]. Both main effects were
qualified by a significant Group � Test Trial Type interac-
tion, F(4, 36) = 9.59, MSE = 0.007, p < .0001, gp

2 = .52
(see Fig. 1b). Again, the response pattern of Korsakoff
Group 1 did not show any significant differences between
congruent, guessing, or incongruent trials (M = .13, .17,
and .20). Both healthy controls and Korsakoff Group 2,
however, gave significantly more atypical responses on
incongruent test trials than on the other trials. A posteriori
Tukey tests revealed that healthy controls produced a sig-
nificantly higher proportion of atypical responses on incon-
gruent trials than on both guessing and congruent trials
(both p < .0001; M = .52 vs. .19 and .12). Korsakoff Group
2 showed similar differences (Tukey, respectively p = .002
and p = .0007; M = .37 vs. .18 and .17). Comparing
groups, a significant difference between healthy controls
and Korsakoff Group 1 was found on incongruent test tri-
als: Controls gave significantly more atypical (and thus cor-
rect) responses than patients did (Tukey, p < .0001;
M = .52 vs. .20). Likewise, a significant difference between
the two patient groups was found: Korsakoff Group 2 gave
significantly more atypical responses than Korsakoff
Group 1 did (Tukey, p = .04; M = .37 vs. .20). The differ-
ence between healthy controls and Korsakoff Group 2
did not reach significance (Tukey, p = .07). Distinctiveness
did not affect the atypical responses; the F-values of its
main and interaction effects were all smaller than 1.

3.2. Process-dissociation estimates

Next to the proportions of typical responses, Table 2
also depicts the estimates of recollection (R) and habit
(H) based on these proportions. A significant difference
between healthy controls and Korsakoff patients was
expected with respect to the estimates of R, but not for
the estimates of H.

A pre-planned comparison confirmed the expected dif-
ference in recollection between healthy controls on the
one hand and both groups of Korsakoff patients on the
other hand [t(18) = 3.83, p = .001]. In line with this finding,
a 2 (Distinctiveness Condition) � 3 (Group) ANOVA on
the estimates of R showed a significant main effect of
Group, F(2,18) = 9.40, MSE = 0.024, p = .002, gp

2 = .51.
More specifically, a posteriori Tukey tests revealed a signifi-
cant difference between healthy controls and Korsakoff
Group 1 (M = .39 vs. .06; p = .001), whereas the difference
between healthy controls and Korsakoff Group 2 just fell
short of significance (M = .39 vs. .22; p = .08). Comparing
the estimates of R for both Korsakoff groups revealed no
statistical difference (Tukey, p = .13). Also, distinctiveness
did not affect the recollection estimates; the F-values of
its main and interaction effects were all around or smaller
than 1.



Table 2
Proportions of typical responses in the study/test phase and average estimates of recollection and habit, as a function of Test Trial Type, Group, and
Distinctiveness Condition (with standard errors of the mean in parentheses)

Group/Condition Test Trial Type Estimates

Congruent Guessing Incongruent Recollection Habit

Control
Nondistinctive .79 (.03) .70 (.03) .47 (.04) .32 (.06) .69 (.02)
Distinctive .76 (.07) .61 (.09) .29 (.02) .47 (.09) .58 (.07)

Korsakoff 1
Nondistinctive .46 (.07) .45 (.06) .43 (.07) .03 (.04) .44 (.07)
Distinctive .46 (.09) .41 (.06) .38 (.09) .09 (.04) .41 (.10)

Korsakoff 2
Nondistinctive .65 (.08) .56 (.08) .39 (.05) .26 (.10) .54 (.05)
Distinctive .52 (.19) .48 (.18) .34 (.12) .17 (.11) .47 (.17)
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Considering the estimates of habit, a 2 (Distinctiveness
Condition) � 3 (Group) ANOVA did not show any
significant main or interaction effects. A pre-planned con-
trast comparing healthy controls with the combined group
of Korsakoff patients, however, revealed a marginally signif-
icant difference in the estimates of habit [t(18) = 2.08,
p = .05]. A posteriori Tukey tests clarified that this was
due to a marginally significant difference between controls
and Korsakoff Group 1 (M = .63 vs. .43; p = .10), whereas
there was no significant difference between controls and
Korsakoff Group 2 (M = .63 vs. .50; p = .37), nor between
the two patient groups (M = .50 vs. .43; p = .69).

Performance on guessing trials provided converging evi-
dence for the estimates of H (i.e., automatic memory pro-
cesses). Shown in Table 2 are the proportions of typical
responses on items that were not shown in the preceding
study list, but were seen during the initial training phase.
As expected, the estimates of H were numerically very close
to these guessing scores. Moreover, for healthy controls,
both estimates of H and guessing scores approximated
the probability with which typical items were presented
during the training phase (.75).

4. Discussion

4.1. Semantic processing

The main purpose of the present study was to take a clo-
ser look at the ability of Korsakoff patients to process rela-
tional, semantic information in an elaborative way.
Previous studies provided evidence for levels-of-processing
effects in implicit memory tasks in amnesic patients similar
to healthy controls (e.g., d’Ydewalle & Van Damme, 2007;
Jenkins et al., 1998), implying that amnesic patients indeed
benefit from conceptual processing. This previous evidence
however only covered the encoding of single-item informa-
tion, whereas it left unanswered whether inter-item associ-
ations and other contextual information are encoded
during the study phase. In the present design, good test
performance required associative and contextual, as well
as item-specific, information to be processed.
In line with what was expected, Korsakoff Group 1
showed impaired performance on both types of trials in the
study/test phase: They gave significantly less typical
responses on congruent trials and significantly less atypical
responses on incongruent trials than healthy controls did.
Moreover, the patients’ response pattern did not differ over
congruent, guessing, or incongruent trials. Performance of
Korsakoff Group 2, on the other hand, increased to a level
comparable to healthy controls’: There was no longer a sig-
nificant difference with controls in the proportion of correct
responding to both types of trials. Moreover, Group 2 per-
formed significantly better than Group 1 on incongruent tri-
als, and showed a significant difference in their response
pattern to congruent versus incongruent trials (as did con-
trols), implying that they realized that different types of trials
required different types of responses. There were no group
differences in the amount of memory slips made.

First, performance of Group 1 is in accordance with the
conclusion of d’Ydewalle and Van Damme (2007) that—
under normal, non-supportive circumstances—Korsakoff
patients’ semantic processing can only be manifested non-
intentionally at test, and may therefore be less evident from
their results than from the results of healthy controls (that
is, in an explicit memory test). Indeed, although patients in
Group 1 did not show any significant differences between
their responses on congruent, incongruent, or guessing tri-
als, their response pattern was similar to that of controls:
They produced more typical responses on congruent than
on incongruent trials, and more atypical responses on
incongruent than on congruent trials (see Figs. 1a and 1b).

Second, and more importantly, Korsakoff Group 2 was
able to process and use the semantic information provided
to approximately the same extent as controls did: The
absence of significant differences suggests that guiding Kor-
sakoff patients’ exploration of study and test materials can
increase their capability of processing and (explicitly)
remembering relational and semantic information up to
the level of healthy individuals. Nevertheless, as can be seen
in Figs. 1a and 1b, there still remained important (but non-
significant) differences between controls and Group 2.
These differences are most obvious in the proportion of
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correct responses (i.e., typical on congruent trials; atypical
on incongruent trials), and can most likely be attributed to
remaining problems with explicit recollection. Although it
should be mentioned here that the non-significance of these
differences might be attributed to a lack of power due to
the relatively small sample sizes (n = 8) used in the present
study, we believe this issue to be of minor importance: The
fact that Group 2 produced significantly more correct
responses on incongruent trials than Group 1, and more-
over obtained differences between congruent and incongru-
ent trials similar to controls, does suggest that the patients
were able to benefit from the supportive circumstances in a
way that enhanced the processing and efficient use of
(semantic) information.

Looking more specifically at the effect of word distinctive-
ness, healthy controls demonstrated the (expected) advan-
tage of the distinctive over the nondistinctive condition on
incongruent trials. That is, they showed less memory slips
when distinctive information was available to them than
when it was not. The difference in proportions was
numerically almost identical to the difference obtained for
the young adults in Hay and Jacoby (1999): In Experiment
1, the probability of incorrectly responding with a typical
item on incongruent trials was (for young adults) .41 in the
nondistinctive and .29 in the distinctive condition. Despite
their older age, control participants in the present study
showed almost exactly the same probabilities: .47 in the
nondistinctive and .29 in the distinctive condition.

For both Korsakoff groups, no significant differences
between distinctiveness conditions were obtained. None-
theless, observational data revealed that, on incongruent
trials in the distinctive condition, Korsakoff patients often
did know the meaning of the homograph in which they had
to provide with an answer. They were just not always able
to remember the precise association, and then gave an
incorrect response with the correct meaning. This aware-
ness, however, did not lead to an inhibition of the propor-
tion of typical responses that was large enough to create a
significant difference between the distinctive and nondis-
tinctive condition. Again, this is an indication of Korsakoff
patients being not (or less) able to retrieve the processed
information intentionally, as a result of which they can
only rely on what comes to mind automatically, in this case
either just the meaning of the correct atypical response, or
the response that was made most typical. Korsakoff himself
already noted that when his patients happened to remem-
ber events, the memories simply popped into mind, without
being a result of any effort on their part (see Banks, 1996).
Based on the increased performance in Korsakoff Group 2,
however, one can hypothesize that the patients can exert
some kind of control over their memories, provided that
they are given extra support at both encoding and retrieval.

4.2. Contextual processing

In order to display good memory performance in the
present study, contextual processing was a crucial factor.
First, participants needed to process and remember the
semantic context, as they were presented with pairs of asso-
ciated words. Secondly, they were required to encode the
temporal context and to use this sequential information
at test.

4.2.1. Associative information and attention
In line with the context memory deficit hypothesis (see

Mayes et al., 1985), Baddeley (1990) argued that all associ-
ations between items that were previously separate are hard
to form for amnesics. More specifically, others have
pointed to the possibility that Korsakoff patients are able
to process conceptual single-item information, but have
difficulties linking an item to its semantic context in long-
term memory (e.g., Vaidya et al., 1996). For instance, the
priming of newly formed associations has received a lot
of attention in literature, with evidence both in favor of
(e.g., Goshen-Gottstein, Moscovitch, & Melo, 2000; Mayes
& Gooding, 1989) and against (e.g., Cermak et al., 1988;
Schacter & Graf, 1986; Shimamura & Squire, 1989) intact
performance of amnesic patients (for a review, see Bowers
& Schacter, 1993). Recently, however, associative priming
has been shown to be closely intertwined with consciously
controlled recollection (Badgaiyan, Schacter, & Alpert,
2003; Reingold & Goshen-Gottstein, 1996). Moreover,
Kinoshita (1999) showed that dividing attention at test
abolished the effect even for normal participants. To
account for this finding, Kinoshita proposed an initial
automatic lexical activation process, followed by either
an automatically driven sampling process or a controlled
search process, depending on the amount of attentional
resources available (see also Rosen & Engle, 1997). In the
case of a word-stem completion paradigm, this implies that
when participants are instructed to complete a stem, there
is an initial automatic activation process resulting in a
number of candidates, which is then followed by a sam-
pling process that is driven automatically when attentional
resources are limited, or that involves a controlled search
process when there are sufficient attentional resources.
So, when attentional resources are compromised, the sam-
pling process is driven automatically, the item with the
highest activation level is sampled for output, and therefore
no effect of context is observed.

In the present study, the combination of speeded presen-
tation and the duration of the experiment made the proce-
dure very demanding of attention and concentration.
Moreover, Korsakoff patients are known to suffer from
frontal lobe atrophy, causing (among other things) deficits
in attentional capacity (Oscar-Berman, 1984). Hence, when
comparing the performance of both Korsakoff groups to
performance of the control group, attentional problems
likely disturbed processing and recalling of the material
in Group 1, while the supportive conditions in Group 2
made it possible to elaborate, process, and recall the mate-
rials with an amount of concentration and attention more
similar to controls’. This could explain why the response
pattern of Group 1 did not show any differences between
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congruent, incongruent, or guessing trials. Frontal lobe
pathology combined with limited response time at test
diminished attentional resources (and thus strategic con-
trol) in such a way that the sampling process was per-
formed automatically, leading to a typical response (with
the highest activation level) on the majority of the test tri-
als, irrespective of the nature of the item. In addition, the
combination of frontal pathology and the speed of study
presentations also led to a disadvantage at encoding, since
the amount of attention available during learning influ-
ences the degree in which semantic information is pro-
cessed (Schmitter-Edgecombe, 1999).

This explanation extends the idea by Phaf et al. (2000)
about possible disturbance of attentional (and motiva-
tional) processes in the Korsakoff syndrome. Furthermore,
it is in agreement with earlier findings of impaired (sponta-
neous) strategic encoding and retrieval among patients
with frontal lobe damage (e.g., Gershberg & Shimamura,
1995). In Hirst and Volpe (1988), both Korsakoff and
(nonamnesic) frontal lobe patients exhibited impoverished
knowledge and use of memory strategies. Moreover, fron-
tal patients did not spontaneously organize study materials
with respect to their meaning, although they did benefit
from explicit instructions to do so. As suggested by the
authors, it is this failure to spontaneously organize and
elaborately process the to-be-studied materials that might
exacerbate Korsakoff patients’ memory impairment com-
pared to other, non-alcoholic amnesic patients.

4.2.2. Sequential information

A second aspect influencing performance in the present
study was the association between an item and its temporal
context. Both Korsakoff (see Banks, 1996) and Lezak
(1995) included time problems in the symptomatology of
the Korsakoff syndrome: The order of events is not well
remembered and patients have difficulties placing memories
in time. Similarly, Vaidya et al. (1996) concluded that amne-
sics are unable to retrieve the temporal context of an item,
and Dalla Barba et al. (1993), Dalla Barba et al. (2000,
2002) reported that temporal consciousness is malfunction-
ing: Amnesic patients are aware of a past, present, and
future, but, in making temporal judgements, they employ
only the most stable representations in long-term memory.
Even one step further, Squire (1982) showed that the tempo-
ral order deficiency of Korsakoff patients goes beyond what
would be predicted from the severity of their memory deficit,
because of additional damage to the frontal lobes.

If it is true that Korsakoff patients have limited capacity to
use temporal context to guide or evaluate their responses,
and moreover tend to use the most stable memories avail-
able, then the present experiment contained quite a chal-
lenge. At test, not only explicit recollection, but also the
distinction between words seen earlier during training and
words seen recently in the preceding study list was of crucial
importance: Adequate performance required giving the
association with which the stimulus word was paired in the
immediately preceding study list. Thus, based on previous
findings of reduced capacity to process/recall sequential
information, bad performance on this task was to be
expected. As a consequence, the results of Korsakoff Group
2 can be considered as surprisingly good.

To summarize, the present experiment shows that—
when given enough time and support—Korsakoff patients
are able to encode and retain (existing) inter-item associa-
tions, as well as sequential information and position in
time.

4.3. Controlled versus automatic retrieval

Applying the procedure of Hay and Jacoby (1999) to
Korsakoff patients and healthy controls, memory was
expected to differ only with respect to recollection. Conse-
quently, when comparing estimates of R (recollection or
intentionally controlled retrieval) and H (habit or auto-
matic retrieval), there should only be a significant group
difference with respect to the former: Estimates of R should
be lower for patients than for controls. Estimates of H,
however, should not differ over groups.

The observation that Korsakoff Group 1 showed less
correct responding on both congruent and incongruent tri-
als but did not differ from controls with respect to the
amount of memory slips they made, already points in the
right direction. It suggests that Korsakoff patients do show
a deficit in recollection, leading to less correct responses,
but that the influence of habit, leading to a certain amount
of memory slips, has remained intact. This pattern was
more or less confirmed by the analysis of the estimates of
R and H: Whereas the estimates of R showed a main effect
of group, the estimates of H did not. More specifically, a
significant difference in recollection was found only
between healthy controls and Korsakoff Group 1. The fact
that the difference with Group 2 was smaller and non-sig-
nificant suggests that the supporting circumstances allowed
Korsakoff patients to improve their ability to control the
retrieval process.

Unexpectedly, there was also suggestive evidence for a
difference in automatic retrieval between controls and Kor-
sakoff Group 1. On the one hand, it is important to take
into consideration that the estimates of H were based on
subtractions and divisions, which could have enhanced
the error variance in the analyses. On the other hand, a ten-
tative explanation could be provided based on the proposi-
tion of Richardson-Klavehn et al. (1994) that ‘automatic’
retrieval does not form a unitary construct. According to
the authors, memory should not only be classified in terms
of controlled (intentional) versus automatic (unintentional)
processes, but also in terms of conscious versus uncon-
scious processes: Even when memories pop into mind auto-
matically, there is still a possibility that one becomes aware
of the fact that the item has been encountered before.
Therefore, two kinds of automatic memory can be
distinguished, based on the state of consciousness during
remembering. Whereas most researchers agree on the spar-
ing of the unconscious automatic memory component in
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Korsakoff patients, there is less agreement regarding the
conscious automatic memory component. As d’Ydewalle
and Van Damme (2007) recently provided evidence for dis-
turbance of the latter, this could possibly explain the lower
estimates of habit in Korsakoff Group 1 compared to
controls.
5. Conclusion

Goal of the present study was to provide evidence for
the hypothesis that—under certain circumstances—Kor-
sakoff patients are able to process elaborative, semantic
information and to benefit from such processing. Using
the procedure of Hay and Jacoby (1999), a first group of
patients was expected to be poor at using contextual infor-
mation to enhance recollection, whereas a second group
was expected to show performance similar to controls.
The results revealed a large improvement in the patients’
performance when given additional time, explanation,
and support. While performance of Group 1 showed only
a minimal contextual and semantic influence, Group 2
was able to process and use the available information to
almost the same extent as controls. The supportive condi-
tions led to a substantial progress: The patients gave more
correct responses on both congruent and incongruent tri-
als, implying that they used the semantic, contextual, and
sequential information provided to them. Moreover, the
difference with controls in estimated recollection was no
longer significant, suggesting that patients in Group 2 were
able to exert some control over their memories.

Due to the criteria used to determine patient participa-
tion in the present study, it is necessary to acknowledge
the possibility that this kind of training is only beneficial
for relatively high functioning patients, or for patients with
only minimal frontal damage. However, given the fact that
earlier studies showed similar manipulations (i.e.,
providing support at both encoding and retrieval) to be
advantageous for more general groups of frontal lobe
patients (Gershberg & Shimamura, 1995; Hirst & Volpe,
1988; Incisa della Rocchetta & Milner, 1993), this seems
rather unlikely. Similarly, the possibility that patients in
Group 2 were generally higher functioning than patients
in Group 1 can be largely dismissed based on the random
assignment of patients to conditions.
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