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The concept of consolidation was introduced over a
century ago by Müller and Pilzecker (1900; see also Burn-
ham, 1903). While Müller and Pilzecker (1900) originally
conceivedof consolidationoccurring over short periods of
less than 10 min (cf. Lechner, Squire,& Byrne, 1999), their
contemporaryresearchers appreciatedthat a conceptof long-
term consolidationcould account for multiyear retrograde
amnesia (RA) observed in individuals who had experi-
enced head trauma (Burnham, 1903; Lechner et al., 1999;
McDougall, 1901). This insight remains an important fea-
ture in the study of consolidation,and it will form the cen-
tral organizing core of the present review.

There exist two different versions of the consolidation
process (Wickelgren, 1974, 1977). In one, there is an ab-
solute increase in the strength of the memory over time. In
the other, consolidation consists of a decrease in trace
fragility, where overall retrievability declines across time
but the memory trace becomes more resistant to decay and
retrograde amnesia (but not associative interference).
Wickelgren (1974, 1977) suggested that the fragility de-
crease position is better supported by empirical findings,
and that it accounts for the typical decreasing rate of de-
cline (power function) observed in most long-term forget-
ting functions. Under both positions, it is assumed that
“consolidation is an unconscious process that is assumed
to be largely beyondvoluntarycontrol” (Wickelgren, 1977,
p. 239).

A major problem with integrating the concept of con-
solidationinto mainstream cognitivepsychologyis the dif-
ficulty of a direct empirical test in humans. Whereas ani-
mal research has repeatedlyevaluatedconsolidationtheory
throughpostlearningexperimentalmanipulationsdesigned
to either enhance (drugs) or block (electroshock) the con-
solidation process (McGaugh, 2000; Riccio & Richard-
son, 1984), most support for consolidation in humans is
derived from the RA that usually accompaniesbrain trauma
resulting from injury, vascular accident (infarct), infec-
tion, substance abuse (Korsakoff’s), or degenerativeneuro-
logical disease processes (e.g., Alzheimer’s, Parkinson’s,
Huntington’s). Although the phenomenon of RA has been
reviewed repeatedly (Hodges, 1995; Kapur, 1993, 1999;
Kopelman,1989;Levin, Peters, & Hulkonen,1983;Marko-
witsch & Pritzel, 1985; Sporns & Tononi, 1994), it con-
tinues to pose a complex and intriguingmnemonic puzzle
for researchers in a number of fields.

Examinationof memory difficulties for informationac-
quired prior to the trauma has traditionally taken a back
seat to research on the difficulties in encoding new infor-
mation experienced following the trauma, or anterograde
amnesia (AA). The previous belief was that RA was ves-
tigial to AA, in that the same encodingand/or retrieval dis-
turbance that produced AA also caused RA as a side effect
(Goldberg & Bilder, 1986). However, residual RA often
persists even in cases in which temporary AA has cleared
up, and some patients show RA accompanied by minimal
or no AA ( focal RA; Kapur, 1993). Thus, there is in-
creasing suggestion that forms of RA may be the result of
memory functions that are either partially or fully inde-
pendent of AA, and examining RA may provide unique
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and independent insights into the operation of memory
processes.

My purpose in the present article is not to review all
facets of research involving RA. An excellent summary
of the theoretical and empirical issues surrounding RA in
humans has recently been provided by Kapur (1999).
Furthermore, I will not attempt to make specific linkages
between damage to particular brain structures and the ex-
tent, magnitude, and slope of the RA function. Most the-
orists concur that the extent of damage to the medial tem-
poral lobes and to the hippocampus probably determines
the severity of RA (see Nadel & Moscovitch,1997;Squire
& Alvarez, 1995). The more narrow objective of the pres-
ent review is to examine the empirical evidence for the ex-
istence of a temporal gradient in RA among human am-
nesics, as well as its implication for the possible existence
of long-term (multidecade) and continuous processes in
memory formation.

There is an extensive experimental literature on consol-
idation in animals, involving the postacquisitionadminis-
tration of stimulant drugs to enhance consolidation or
electroshock to interfere with consolidation (McGaugh,
2000). Although this research has provided numerous
demonstrationsof consolidationacross a variety of species
and tasks, there is considerablevariability in the estimated
length of the consolidationprocess (McGaugh, 2000;Pol-
ster, Nadel, & Schacter, 1991; Squire, 1992). The inabil-
ity to clearly define the time course of consolidationin an-
imals in research conducted during the 1970s became an
impediment to refining the concept of consolidation(Mc-
Gaugh & Gold, 1976; Polster et al., 1991), and Chorover
(1976) elegantly demonstrated that “seemingly trivial”
variations in the details of experimental procedures could
have a sizeable influence on the magnitude of RA. How-
ever, in a recent review of animal studies conducted dur-
ing the 1990s, Squire, Clark, and Knowlton (2001) found
evidence of graded RA in most investigations (11 of 13
studies), and those included a variety of different species,
tasks, and lesion techniques. Furthermore, the graded RA
was found to extend across one or more months in a ma-
jority of these outcomes. Although I will not specifically
address this animal literature in the present review, the
findings complement the human research detailed here.

Over the past few decades, there has been a substantial
increase in research evaluatingamnesic patients’memory
for events that have occurred up to 50 years prior to the
onset of the amnesic state. Support for the existence of
consolidation is derived from graded RA found in these
data, with more recent memories impaired to a greater ex-
tent than more remote memories (Squire, 1989; Squire &
Cohen, 1982; Squire, Cohen, & Nadel, 1984). Under con-
solidation theory, recently formed memory traces are
more fragile than older memories, because they have had
only a limited time to consolidate, making them less ac-
cessible or more difficult to retrieve after the occurrence
of amnesia. In contrast, a monolithic or flat RA function,
with memory diminished uniformly across all pretrauma
time periods, does not support consolidationand suggests,

instead, a simple retrieval dysfunction (see De Renzi &
Lucchelli, 1993; Kapur, 1993; Squire, 1987).

The controversy concerning the existence of graded RA
in humans(Butters & Cermak, 1986;Cermak, 1984;Kapur,
1999) is highlightedin Table 1, which provides a listingof
studies supporting graded RA as opposed to flat RA.
These conclusions are expressed as either informal com-
ments on patients’ behavior,or formal conclusionsderived
from statistical analyses of data derived from standardized
memory tests. Table 1 is intended to highlightareas of agree-
ment and disagreement, not to provide a thorough and de-
finitive summary. These studies suggest agreement con-
cerning the presence of graded RA in Korsakoff’s disease
and ungradedRA in Huntington’s disease.Regardingmostof
the other amnesic groups, the opinionsare more equivocal.

Measurement of RA
Over 60 tests have been developed to measure memory

performance over long time periods (a list appears in the
Appendix). Most of these tests measure memory for peo-
ple and events prominent in the news during a restricted
time period. Although it is possible that such subjects
could have learned about these people/events later in their
lives, as in a historical inquiry (Squire & Slater, 1975),
most researchers assume that the information has been en-
coded primarily during the temporal period in which the
person or event first became newsworthy.

The concept of a graded memory performance is simple,
but several issues surround its measurement. The primary
problem is that it is difficult or impossible to know whether
or how well any particular informationexperiencedprior to
the onset of amnesia has been encoded by an individual.
Since there is no control over the degree of original learning
prior to the amnesia, any deficiencyin memory performance
may be a result of the patient’s poor (or nonexistent)encod-
ing of the particular information, rather than a retrieval
problem. A second, related problem is that of equating the
difficulty of the information from each time period (Bad-
deley, Harris, Sunderland, Watts, & Wilson, 1987; Butters
& Cermak, 1986; High, Levin, & Gary, 1990;Mayes et al.,
1994;Squire & Cohen,1982). If there are decade-to-decade
differences in item difficulty, then performance differences
across decades may be due to item nonequivalence rather
than memory changes. Finally, little effort has been ex-
pendedon generatingnorms for each test, updatingthe ma-
terial with passing time, or assessing the comparability of
different tests.

These difficulties of measurement present serious is-
sues of interpretation for anyone attempting to evaluate
individualoutcomes derived from amnesic patients.How-
ever, examinationof patients’ performance relative to that
of control individuals reduces the potential impact of
these problems considerably. Variations in material diffi-
culty across decades then become less relevant, since such
differences have presumably affected both control and pa-
tient performance in similar ways. In the present paper, I
will evaluate changes in amnesics’ performance across
time periods with both absolute and relative measures of
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memory. In some individual outcomes, these two mea-
sures actually lead to different conclusions. For example,
Tanaka, Miyazawa, Hashimoto, Nakano, and Obayashi
(1999) used six different memory tests with one amnesic

patient and concluded, primarily on the basis of absolute
levels of performance, that there was no graded RA. Av-
eraged across tests, memory performance was (from re-
cent to remote decades) 50%, 68%, 69%, and 66%. Ex-

Table 1
Studies Claiming the Presence of Graded RA versus Flat RA

Korsakoff’s
Graded RA: Albert, Butters, & Brandt (1981b); Albert, Butters, & Levin (1979); Butters (1984); Cohen
& Squire (1981); Kopelman (1989); Marslen-Wilson & Teuber (1975); Meudell, Northern, Snowden, &
Neary (1980); Montaldi & Parkin (1989); Seltzer & Benson (1974); Shimamura & Squire (1986); Squire
& Cohen (1979, 1982); Squire, Haist, & Shimamura (1989); Verfaellie, Reiss, & Roth (1995).
Flat RA: Sanders & Warrington (1971); Verfaellie et al. (1995).

Parkinson’s
Graded RA: Sagar, Cohen, Sullivan, Corkin, & Growdon (1988).
Flat RA: Beatty, Goodkin, Monson, Beatty, & Hartsgaard (1988); Freedman, Rivoira, Butters, Sax, &
Feldman (1984); Huber, Shuttleworth, & Paulson (1986); Venneri et al. (1997).

Alzheimer’s
Graded RA: Beatty, Salmon, Butters, Heindel, & Granholm (1988); Beatty & Solomon (1991); Kopelman
(1989); Sagar et al. (1988).
Flat RA: Dall’Ora, Della Sala, & Spinnler (1989); Daniel, Crovitz, & Weiner (1987); R. Wilson, Kasz-
niak, & Fox (1981).

Huntington’s
Graded RA:
Flat RA: Albert, Butters, & Brandt (1981a); Beatty (1989); Beatty, Salmon, et al. (1988); Sagar et al.
(1988); R. Wilson et al. (1981).

Multiple Sclerosis
Graded RA:
Flat RA: R. Beatty, Goodkin, et al. (1988); Paul, Blanco, Hames, & Beatty (1997).

Closed head injury
Graded RA: Albert et al. (1981b); Levin et al. (1985); Tulving, Schacter, McLachlan, & Moscovitch
(1988).
Flat RA: Kapur, Ellison, Smith, McLellan, & Burrows (1992); Levin et al. (1985); Maravita, Spadoni,
Mazzucchi, & Parma (1995); Papagno (1998).

Encephalitis
Graded RA: Carlesimo, Sabbadini, Loasses, & Caltagirone (1998); Kapur & Brooks (1999); Maravita
et al. (1995); O’Connor, Butters, Miliotis, Eslinger, & Cermak (1992).
Flat RA: Cermak & O’Connor (1983); Parkin, Montaldi, Leng, & Hunkin (1990); Tanaka, Miyazawa,
Hashimoto, Nakano, & Obayashi (1999).

Mixed group
Graded RA: Daum, Flor, Brodbeck, & Birbaumer (1996); Kopelman, Wilson, & Baddeley (1989); Levin,
Grossman, & Kelly (1977); MacKinnon & Squire (1989); Mayes, Daum, Markowitsch, & Sauter (1997);
Rempel-Clower, Zola, Squire, & Amaral (1996); Squire et al. (1989).
Flat RA: Mayes et al. (1994); Sanders & Warrington (1971, 1975); Verfaellie et al. (1995).

Tumor
Graded RA: Gainotti, Almonti, Di Betta, & Silveri (1998).

Lesion/Infarct/Anoxia
Graded RA: Barr, Goldberg, Wasserstein, & Novelly (1990); Beatty, Salmon, Bernstein, & Butters
(1987); Beeckmans, Vancoillie, & Michiels (1998); Della Sala, Laiacona, Spinnler, & Trivelli (1993);
D’Esposito, Alexander, Fischer, McGlinchey-Berroth, & O’Connor (1996); Gade & Mortensen (1990);
Isaac et al. (1998); Milner (1959); Schnider, Regard, & Landis (1994); Squire et al. (1989); Winocur,
Oxbury, Roberts, Agnetti, & Davis (1984).
Flat RA: G. G. Brown, Kieran, & Patel (1989); Costello, Fletcher, Dolan, Frith, & Shallice (1998); Della
Sala, Spinnler, & Venneri (1997); Ghika-Schmid et al. (1997); Kartsounis, Rudge, & Stevens (1995);
Katz, Alexander, & Mandell (1987); Levin, Grossman, & Kelly (1977); Levin et al. (1985); Mackenzie &
Hodges (1997); Morris, Bowers, Chatterjee, & Heilman (1992); Schnider et al. (1994); Stuss, Guberman,
Nelson, & Larochelle (1988).

Uncertain etiology
Graded RA: Kapur, Young, Bateman, & Kennedy (1989); Kritchevsky & Squire (1993); Markowitsch,
von Cramon, & Schuri (1993); Salmon, Lasker, Butters, & Beatty (1988).
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pressed as a percentage of control performance, however,
a clear gradient emerges: 56%, 76%, 75%, and 104%.

Another issue considered in the aggregate analysis is
the degree of retrieval support provided in the memory
test. A recall test may be more sensitive to detectingmem-
ory deficits than a recognitiontest (Kapur, 1999). Further-
more, some research indicates that RA may represent the
loss of contextual associations to encoded information
(Parkin, Montaldi,Leng, & Hunkin,1990;Tulving,Schac-
ter, McLachlan, & Moscovitch,1988; Verfaellie, Reiss, &
Roth, 1995; Williams & Smith, 1954; Williams & Zang-
will, 1952). Thus, graded RA may be present only with
recall and may disappearwhen the degree of retrieval sup-
port is increased on a recognition test. As an illustration,
Levin et al. (1985) found graded RA on autobiographical
information in a recall test (Study 2), and ungraded RA on
cultural information in a recognition test (Study 1). Simi-
larly, Sagar, Cohen, Sullivan,Corkin, and Growdon (1988)
found a temporal gradient for both Alzheimer’s and
Parkinson’s patients on a recall test, but not on a recogni-
tion test. In the present paper, I will therefore analyze re-
call and recognition tests separately.

The presence of graded RA also appears to be related
to the etiology of the amnesia, as is reflected in the dis-
parity between Korsakoff’s (graded RA) and Huntington’s
(flat RA) investigations summarized in Table 1. It has re-
peatedly been suggested that the temporal gradient found
with Korsakoff’s patients could be due to a progressive
erosion in encoding efficiency accompanying the gradu-
ally escalating consumption of alcohol prior to the onset
of Korsakoff ’s amnesia (Meudell, 1992; Montaldi &
Parkin, 1989; Shimamura & Squire, 1986). As Mackenzie
and Hodges (1997) point out, “it is widely recognized that
patients with Korsakoff’s syndrome are not an optimal
group for examining the precise nature of retrograde am-
nesia. The onset of the memory impairment is difficult to
date in these patients and they suffer from multipleneuro-
logical and cognitive impairmentsas a result of long-term,
chronic alcohol abuse” (pp. 733–734).Many investigations
of Korsakoff’s patients use alcoholiccontrols to adjust for
this potential problem, and expressing Korsakoff’s per-
formance relative to alcoholic controls helps factor out
this problem. A similar argument can be made with neu-
rologicallydegenerativediseases such as Huntington’s and
Parkinson’s. As the disease slowly progresses, it may cause
a gradual and systematic reduction in encoding efficiency
which could result in graded RA. Therefore, the following
data analyses will be done first as an aggregate, and then
by subclasses of amnesia.

Criteria for Inclusion in Database
The database consists of 247 outcomes presented in 61

different published articles, evaluating a total of 694 pa-
tients. All studies included in this summary had a control
group (or control individual) against which patients’ per-
formance could be compared. In the cases in which a range
of control performance is presented (Costello, Fletcher,
Dolan, Frith, & Shallice, 1998), the midpoint of the range
is used as a reference. Another criterion for inclusion is

that the study had to have evaluated memory performance
in at least two different time periods. These multiple time
periodsare defined two different ways. Decade studieseval-
uate memory for people and events from discrete, 10-year
periods of time, whereas life-stage studies examine mem-
ory for personal experiences that have occurred in the
early (childhood), middle (adolescence/early adulthood),
and recent periods of life.

Excluded from this databaseare studies in which the am-
nesia is psychogenic(e.g., Binder, 1994;Gudjonsson& Tay-
lor, 1985;Kessler et al., 1997;Schacter & Kihlstrom, 1989;
Treatway, McCloskey, Gordon,& Cohen, 1992)or involves
multiple personality disorder (Treatway et al., 1992) or
fugue state (Keller & Shaywitz, 1986). The requirement of
at least two decades necessitated the exclusion of studies
with young patients (Carlesimo, Sabbadini, Loasses, &
Caltagirone, 1998). Although there is a substantial body
of research on RA effects associatedwith electro-convulsive
therapy (or ECT), these studies were also excluded be-
cause the time periods evaluated in ECT research tend to
be in the range of days to years, rather than decades.

The summary information for this meta-analysis is pre-
sented separately for decade (Table 2) and life-stage
(Table 3) outcomes. The decade studies included 197 out-
comes derived from 643 patients reported in 55 published
articles. When time periods shorter than a decade were
used (e.g., 5-year or 2-year intervals), these data were av-
eraged by 10-year intervals (Gade & Mortensen, 1990;
Hunkin et al., 1995; Seltzer & Benson, 1974). Where
smaller time periods did not cumulate to at least two full
decades, these outcomes were not included (Barr, Gold-
berg, Wasserstein,& Novelly, 1990;Cohen & Squire, 1981;
Levin, Grossman, & Kelly, 1977; Levin et al., 1985). The
life-stage studies included 50 outcomes derived from 173
patients and reported in 13 published articles (7 articles
included both decade and life-stage tests). In nearly all
cases, each life-stage period encompassed a time period
greater than 10 years. In both the decade and life-stage
studies, the data are often presented as frequency poly-
gons or histograms. In these instances, performance lev-
els were estimated from the figure. Across both decade
and life-stage studies (Tables 2 and 3), the number of pa-
tients represented in each outcome ranges from 1 to 56
(median of 5 patients), with about a third (35%) derived
from single cases.

The information on the outcomes presented in Tables 2
and 3 includes the type of amnesic group, as well as three
subcategoriesof amnesia: Korsakoff’s, neurodegenerative
(Alzheimer’s, Huntington’s, Parkinson’s, dementia,multi-
ple sclerosis), and acute trauma (anoxia, closed head in-
jury, encephalitis, infarct, infection, lesion, radiation, and
transient global amnesia). The second and third categories
are meant to differentiate between amnesias with insidi-
ous versus sudden onset. Although there is heterogeneity
within each of the second and third groups of amnesics,
any further differentiation would reduce the number of
studies in the subgrouping to a problematic level.

The type of test was identified as either recall or recog-
nition in decade studies (Table 2). Life-stage studies
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Table 2
Summary Information for Decade Study Outcomes on RA

Decades Back

Absolute Percent Relative Percent

Study Cat Subcat N Age Test Mat 1 2 3 4 5 6 1 2 3 4 5 6

Albert, Butters, & Brandt (1981a)
Hunt Neur 13 47 rcl p 33 25 21 33 33 53 42 37 47 47
Hunt Neur 13 47 rcl e 26 36 26 38 24 43 51 42 52 35
Hunt Neur 13 47 rcg e 58 65 62 47 59 53 77 76 77 68 77 73
Hunt Neur 9 44 rcl p 59 46 46 57 56 95 78 81 81 80
Hunt Neur 9 44 rcl e 42 47 47 48 44 70 67 76 66 64
Hunt Neur 9 44 rcg e 64 73 74 55 61 62 85 86 91 80 79 85

Albert, Butters, & Brandt (1981b)
Hunt Neur 13 47 rcl p 43 39 36 48 49 57 52 48 57 59
Hunt Neur 13 47 rcl e 35 48 39 49 37 47 59 51 60 46
Hunt Neur 13 47 rcg e 58 65 62 47 59 77 76 77 68 77
Kors Kors 8 53 rcl p 18 35 42 62 63 24 47 57 74 76
Kors Kors 8 53 rcl e 20 21 48 54 52 27 26 62 66 64
Kors Kors 8 53 rcg e 47 57 62 52 59 63 67 77 75 77

Albert, Butters, & Levin (1979)
Kors Kors 11 60 rcl p 18 30 41 60 62 23 37 54 67 70
Kors Kors 11 60 rcl e 16 24 43 51 53 21 29 52 61 63
Kors Kors 11 60 rcg e 47 56 57 51 63 59 64 66 70 82

Babinsky, Spiske, Markowitsch, & Engel (1997)
Inft Trau 1 36 rcl p 60 34 60 94 71 94
Inft Trau 1 36 rcg e 100 40 31 103 47 49

Barr, Goldberg, Wasserstein, & Novelly (1990)
Inft Trau 6 38 rcl p 36 35 47 39 39 44 49 43
Inft Trau 6 38 rcl p 100 83 85 73 81 89 105 109
Inft Trau 6 38 rcl e 15 36 37 42 20 41 45 51
Inft Trau 6 38 rcl e 52 73 71 77 69 84 87 93

Beatty, Bailly, & Fisher (1989)
Kors Kors 1 39 rcl e 32 40 53 67 40 45 60 92

Beatty, Goodkin, Monson, Beatty, & Hartsgaard (1988)
Hunt Neur 12 50 rcl pe 47 46 41 57 44 82 77 72 84 73
Alzh Neur 12 70 rcl pe 5 6 5 16 18 8 10 16 24 27

Beatty, Salmon, Bernstein, & Butters (1987)
Anox Trau 1 54 rcl p 36 57 43 84 85 55 89 72 111 112
Anox Trau 1 54 rcl pe 17 37 51 78 90 25 52 78 108 118

Beatty, Salmon, Butters, Heindel, & Granholm (1988)
MS Neur 28 49 rcl pe 38 46 44 45 35 64 78 76 76 73
MS Neur 28 49 rcg e 82 85 82 78 72 90 94 93 91 91
MS Neur 10 49 rcl pe 15 14 17 27 19 25 24 29 46 40
MS Neur 10 49 rcg e 57 68 64 63 58 63 76 72 73 73

Brandt & Benedict (1993)
Mix 7 71 rcg e 33 38 56 65 48 81

Butters (1984)
Kors Kors 2 rcl p 19 36 42 62 62 24 47 56 74 74
Kors Kors 1 rcl p 18 27 29 33 37 23 35 39 39 44

Butters & Albert (1982)
Hunt Neur 13 50 rcl p 46 42 42 53 48 61 58 58 63 58
Hunt Neur 13 50 rcl e 33 45 44 47 37 45 56 58 57 46
Kors Kors 8 rcl p 18 34 42 62 63 24 47 58 74 76
Kors Kors 8 rcl e 26 26 62 66 64

Butters & Cermak (1986)
Kors Kors 1 65 rcl e 1 0 26 42 50 67 1 0 26 42 50 67

Cermak & O’Connor (1983)
Infc Trau 1 50 rcl e 13 28 34 46 42 16 34 44 55 51
Infc Trau 1 50 rcl p 12 32 37 46 48 16 43 49 55 59
Infc Trau 1 50 rcg e 49 50 57 33 38 62 61 72 46 49
Kors Kors 2 rcl e 20 22 47 53 51 25 27 60 64 62
Kors Kors 2 rcl p 19 35 46 62 62 25 47 61 75 76
Kors Kors 2 rcg e 50 61 62 55 66 63 74 78 76 85

Cohen & Squire (1981)
Lesn Trau 1 40 rcg e 86 63 83 74 95 78 106 100
Lesn Trau 1 40 rcl e 18 46 67 53 35 82 105 120
Lesn Trau 1 40 rcl p 45 43 67 79 80 71 73 129 149 170
Kors Kors 9 54 rcg e 37 50 54 51 41 62 69 69
Kors Kors 9 54 rcl e 4 10 27 14 8 18 42 32
Kors Kors 9 54 rcl p 8 18 21 32 34 13 36 42 47 51
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Costello, Fletcher, Dolan, Frith, & Shallice (1998)
Inft Trau 1 45 rcg p 12 10 57 13 11 61

D’Esposito, Alexander, Fischer, McGlinchey-Berroth, & O’Connor (1996)
Inft Trau 5 52 rcl p 48 62 72 68 61 76 87 82

Freedman, Rivoira, Butters, Sax, & Feldman (1984)
Park Neur 8 65 rcl p 57 49 66 61 84 71 84 75
Park Neur 14 64 rcl p 64 70 71 74 94 101 90 91

Gade & Mortensen (1990)
Inft Trau 20 50 rcl pe 40 50 48 58 64 76 71 74
Inft Trau 20 50 rcg pe 73 80 76 77 85 88 88 83
Alzh Neur 19 55 rcl pe 32 40 35 50 51 60 52 64
Alzh Neur 19 55 rcg pe 63 72 70 77 73 79 81 83
Infc Trau 19 44 rcl pe 34 48 48 63 53 72 71 81
Infc Trau 19 44 rcg pe 68 80 76 90 79 87 87 97

Huber, Shuttleworth, & Paulson (1986)
Park Neur 11 63 rcl p 76 76 72 79 61 74 100 96 109 104 92 112
Park Neur 11 63 rcl e 66 67 76 76 69 62 96 91 100 115 99 94
Park Neur 11 63 rcg e 72 76 66 60 70 65 103 95 100 98 93 116
Park Neur 20 70 rcl p 46 59 45 56 44 56 61 75 68 74 67 85
Park Neur 20 70 rcl e 40 50 60 45 46 41 58 68 79 68 66 62
Park Neur 20 70 rcg e 55 54 41 46 55 66 79 68 62 75 73 118

Hunkin et al. (1995)
CHI Trau 1 19 rcl e 56 50 75 71 71 104
CHI Trau 1 19 rcl p 50 16 67 64 27 95

Jackson & Bentall (1991)
Inft Trau 1 49 rcl p 100 77 45 20 102 77 57 41
Kors Kors 1 57 rcl p 93 83 60 40 95 98 76 81

Kapur & Brooks (1999)
Ence Trau 1 46 rcg p 34 63 70 39 75 96
Ence Trau 1 36 rcg p 39 58 65 78
Ence Trau 1 36 rcg e 50 80 53 80

Kapur, Heath, Meudell, & Kennedy (1986)
TGA Trau 1 70 rcl e 25 25 60 40 55 20 39 45 158 87 162 333
TGA Trau 1 70 rcg e 65 63 85 75 60 20 78 79 127 114 98 87
TGA Trau 1 70 rcl p 6 11 8 8 5 9 19 21 16 17
TGA Trau 1 70 rcg p 35 72 31 67 35 38 82 40 76 73
Kors Kors 5 59 rcl e 13 21 26 21 18 3 20 38 68 46 53 50
Kors Kors 5 59 rcg e 50 60 63 61 50 36 60 75 94 92 82 157
Kors Kors 5 59 rcl p 13 18 14 26 13 20 31 37 53 45
Kors Kors 5 59 rcg p 58 56 51 73 45 63 64 65 83 94

Kapur et al. (1996)
CHI Trau 1 46 rcl e 13 10 26 22 36 46
CHI Trau 1 46 rcg e 54 54 69 57 68 76

Kapur, Young, Bateman, & Kennedy (1989)
TGA Trau 1 74 rcl e 17 10 0 21 11 20 31 25 0 63 51 38
TGA Trau 1 74 rcg e 0 10 30 20 34 60 0 13 36 26 46 88
TGA Trau 1 74 rcg p 30 43 70 43 58 95

Kopelman (1989)
Alzh Neur 16 68 rcl e 8 10 16 22 27 12 18 28 42 48
Alzh Neur 16 68 rcg e 36 38 42 47 46 45 48 51 69 66
Kors Kors 16 54 rcl e 15 20 39 39 33 23 36 67 75 59
Kors Kors 16 54 rcg e 57 70 79 79 82

Kopelman, Stanhope, & Kingsley (1999)
Kors Kors 13 54 rcl e 39 37 52 49 58 76
Kors Kors 13 54 rcg e 66 61 80 73 67 93
Kors Kors 13 54 rcl p 48 50 46 67 70 77
Mix Trau 14 45 rcl e 25 27 32 32 42 47
Mix Trau 14 45 rcg e 60 56 57 67 62 66
Mix Trau 14 45 rcl p 13 13 10 18 18 17
Mix Trau 15 46 rcl e 47 37 55 59 58 81
Mix Trau 15 46 rcg e 81 61 74 90 67 86
Mix Trau 15 46 rcl p 60 24 49 83 34 82

MacKinnon & Squire (1989)
Mix 5 rcl pe 29 43 70 75 107

Table 2 (Continued)

Decades Back

Absolute Percent Relative Percent

Study Cat Subcat N Age Test Mat 1 2 3 4 5 6 1 2 3 4 5 6
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Markowitsch, Calabrese, et al. (1993)
CHI Trau 1 45 rcg p 30 45 50 65 32 45 53 68
CHI Trau 1 45 rcg p 5 15 20 20 60 80

Markowitsch, von Cramon, & Schuri (1993)
Lesn Trau 1 67 rcl p 5 0 5 10 25 8 0 10 22 56

Markowitsch, Weber-Luxemburger, Ewald, Kessler, & Heiss (1997)
Anox Trau 1 36 rcl p 0 13 33 0 26 66

Marslen-Wilson & Teuber (1975)
Lesn Trau 1 46 rcl p 8 19 68 71 50 11 28 71 122 128
Kors Kors 12 55 rcl p 22 32 54 48 45 45 71 78 83 94

Mayes, Daum, Markowitsch, & Sauter (1997)
Infc Trau 10 54 rcg e 63 63 67 75
Infc Trau 10 54 rcl p 4 5 16 13 23 42
Infc Trau 10 54 rcl p 23 28 48 36 54 67
Infc Trau 10 54 rcg p 55 78 74 85
Infc Trau 10 54 rcl p 47 71 67 76

Mayes, Meudell, Mann, & Pickering (1988)
Kors Kors 1 55 rcl p 11 0 6 10 0 17 0 16 20 0
Kors Kors 1 55 rcg p 67 70 47 70 26 73 80 60 80 54
Kors Kors 1 55 rcl e 0 15 30 30 20 0 27 79 65 59
Kors Kors 1 55 rcg e 38 50 55 35 45 46 63 82 53 74
Kors Kors 1 64 rcl p 11 0 6 25 20 17 0 17 51 69
Kors Kors 1 64 rcg p 50 50 41 80 59 54 57 53 91 123
Kors Kors 1 64 rcl e 5 15 5 15 25 8 27 13 33 74
Kors Kors 1 64 rcg e 40 48 70 55 45 48 60 104 83 74

Meudell, Northern, Snowden, & Neary (1980)
Kors Kors 5 59 rcl p 12 12 14 26 13 19 20 37 53 43
Kors Kors 5 59 rcg p 58 56 51 72 46 64 64 65 82 94

Montaldi & Parkin (1989)
Kors Kors 12 60 rcl p 43 35 43 45 50 53 46 56 61 75

Parkin & Hunkin (1991)
Rad Trau 1 34 rcl e 14 6 38 14 8 43
Rad Trau 1 34 rcl p 17 33 50 33 33 19 44 59 51 67

Parkin, Montaldi, Leng, & Hunkin (1990)
Kors Kors 20 63 rcl p 30 27 42 43 50 38 36 54 58 79

Parkin, Rees, Hunkin, & Rose (1994)
Inft Trau 1 48 rcg p 69 79 83
Kors Kors 10 rcg p 0 27 39

Reed & Squire (1998)
Inft Trau 2 59 rcl e 82 78 101 86
Inft Trau 2 59 rcl e 43 37 34 84 79 79
Inft Trau 2 59 rcl p 39 49 49 80 111 92
Inft Trau 2 59 rcl p 68 96 91 78 104 102
Inft Trau 2 59 rcg e 96 98 101 101
Inft Trau 2 59 rcg e 72 68 62 91 84 86
Inft Trau 2 59 rcg p 76 94 92 87 106 97
Inft Trau 2 59 rcg p 100 100 96 102 102 99
Infc Trau 2 67 rcl e 3 9 15 18 4 11 18 23
Infc Trau 2 67 rcl e 0 0 0 0*
Infc Trau 2 67 rcl p 0 0 0 0*
Infc Trau 2 67 rcl p 19 16 33 43 22 19 38 47
Infc Trau 2 67 rcg e 31 39 44 75 32 40 45 79
Infc Trau 2 67 rcg e 29 21 29 28 43 31 44 36
Infc Trau 2 67 rcg p 52 47 51 50 65 49 62 60
Infc Trau 2 67 rcg p 19 50 43 46 19 50 43 48

Reinvang & Gjerstad (1998)
Inft Trau 1 42 rcg pe 22 53 88 29 93 95

Sagar, Cohen, Sullivan, Corkin, & Growdon (1988)
Alzh Neur 8 rcl e 36 36 25 30 57 52 47 37 52 70
Alzh Neur 27 rcg e 62 65 49 61 72 65 69 63 73 76
Alzh Neur 2 rcg e 48 54 52 56 63 75 69 77
Park Neur 7 rcl e 67 71 68 71 83
Park Neur 23 rcg e 89 83 76 70 83 94 88 97 95 87
Park Neur 20 rcg e 69 65 65 67 91 91 87 92

Salmon, Lasker, Butters, & Beatty (1988)
Inft Trau 1 rcl pe 38 58 43 77 87 46 73 56 94 106

Table 2 (Continued)

Decades Back

Absolute Percent Relative Percent

Study Cat Subcat N Age Test Mat 1 2 3 4 5 6 1 2 3 4 5 6
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Schmidtke & Vollmer (1997)
Infc Trau 24 41 rcl p 43 63 70
Infc Trau 24 41 rcg p 75 85 84

Seltzer & Benson (1974)
Kors Kors 11 56 rcg e 50 51 64 82 57 61 76 95

Shimamura & Squire (1986)
Kors Kors 8 54 rcl p 15 26 32 41 37 68 72 73
Kors Kors 8 54 rcl e 7 15 33 18 19 33 67 41
Kors Kors 8 54 rcg e 46 58 58 59 66 75 83 77

Squire & Cohen (1982)
Lesn Trau 1 rcl p 44 42 66 79 80 70 72 130 149 170
Kors Kors 8 56 rcl p 7 18 21 36 37 11 36 43 53 54
Kors Kors 8 56 rcg p 53 63 64 77 79 57 71 74 82 85

Squire, Haist, & Shimamura (1989)
Kors Kors 7 55 rcl p 12 23 34 39 49 24 46 63 87 88
Kors Kors 7 55 rcg p 61 79 77 80 88 66 86 86 96 102
Kors Kors 7 55 rcl e 9 13 23 41 24 35 61 82
Kors Kors 7 55 rcg e 44 52 59 64 63 65 83 84
Mix 5 53 rcl p 19 36 41 40 58 35 61 79 77 92
Mix 5 53 rcl e 81 90 87 90 95 83 93 90 99 100
Mix 5 53 rcl e 20 26 32 58 38 56 72 100
Mix 5 53 rcg e 68 80 76 78 81 84 87 100

Squire & Slater (1975)
Lesn Trau 1 rcg e 100 73 58 111 87 145
Lesn Trau 1 rcl e 30 3 10 43 33 133
Lesn Trau 1 rcl e 17 27 45 22 44 94
Lesn Trau 1 rcg e 80 77 83 94 94 111

Squire et al. (1990)
Unkn 1 rcg p 67 87 79 79 92 67 88 79 80 92
Unkn 1 rcl p 60 61 56 61 73 75 65 64 65 82
Lesn Trau 1 rcg p 35 30 47 55 52 35 31 47 56 52
Mix 1 rcl p 40 16 19 32 10 47 17 22 34 11

Stuss, Guberman, Nelson, & Larochelle (1988)
Inft Trau 1 rcg e 40 38 40 78 47 66 56 65 95 66

Tanaka, Miyazawa, Hashimoto, Nakano, & Obayashi (1999)
Ence Trau 1 43 rcl e 18 38 31 35 28 58 47 70
Ence Trau 1 43 rcg e 64 81 86 84 66 85 93 104
Ence Trau 1 43 rcl p 20 87 69 49 23 98 77 123
Ence Trau 1 43 rcg p 80 100 100 100 80 100 100 142
Ence Trau 1 43 rcl e 40 20 40 50 57 33 40 83
Ence Trau 1 43 rcg e 80 80 90 80 80 80 90 100

Verfaellie, Reiss, & Roth (1995)
Kors Kors 7 62 rcl e 25 39 43 60 36 52 59 64
Kors Kors 7 62 rcg e 63 67 72 80 70 76 82 83
Mix 7 41 rcl p 52 68 76 79 72 86 92 94
Mix 7 41 rcg p 83 86 89 94 90 94 94 96

Wilson, Kaszniak, & Fox (1981)
Alzh Neur 20 67 rcl p 13 9 7 9 12 31 33 28 24 40
Alzh Neur 20 67 rcl p 27 21 25 29 30 40 40 43 56 50
Alzh Neur 20 67 rcl e 5 7 10 17 8 16 21 28 46 27
Alzh Neur 20 67 rcl e 11 10 21 18 20 28 18 47 33 41

Note—Cat (Category): Alzh, Alzheimer’s; Anox, anoxia; CHI, closed head injury; Ence, encephalitis; Hunt, Huntington’s; Inft, infarct; Infn, infec-
tion; Kors, Korsakoff’s; Lesn, lesion; Mix, mixture of amnesias; Park, Parkinson’s; MS, multiple sclerosis; Rad, radiation; TGA, transient global
amnesia; Unkn, unknown.Subcat (Subcategory): Kors, Korsakoff’s; Neur, neurodegenerative;Trau, traumatic. Test: rcl, recall; rcg, recognition.Mat
(material): p, people; e, events; pe, people and events. *These outcomes were excluded from the analyses (see text).

Table 2 (Continued)

Decades Back

Absolute Percent Relative Percent

Study Cat Subcat N Age Test Mat 1 2 3 4 5 6 1 2 3 4 5 6

(Table 3) always used recall tests. In the investigations
using both free and cued recall (e.g., Kopelman, Stanhope,
& Kingsley, 1999), only free recall results are included,
because all studies used a free recall test and only some
followed up with a cued recall test. Thus, opting for cued
recall would have considerably reduced the number of

outcomes presented. The type of information evaluated is
also indicated. In decade studies (Table 2), this involved
people (p), events (e), or a combination of people and
events (pe). In life-stage studies (Table 3), experiences
were either personal incidents (inc) or cultural semantic
facts (sem). In both tables, patients’ performance on ma-
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Table 3
Summary Information for Life-Stage Study Outcomes on RA

Absolute Percent Relative Percent

Study Cat Subcat N Age Test Recent Middle Early Recent Middle Early

Costello, Fletcher, Dolan, Inft Trau 1 45 inc 0 67 100 0 75 120
Frith, & Shallice (1998) Inft Trau 1 45 sem 21 55 100 23 61 114

Daum, Flor, Brodbeck, Mix 10 53 inc 28 32 37 28 33 44
& Birbaumer (1996) Mix 10 53 sem 54 60 76 54 62 81

Kapur et al. (1994) Alzh Neur 1 49 sem 38 64 60 41 71 68
Inft Trau 1 49 sem 0 0 33 0 0 36*

Kopelman (1989) Alzh Neur 16 68 inc 39 57 59 42 65 70
Alzh Neur 16 68 sem 52 68 69 54 74 80
Kors Kors 16 54 inc 36 79 68 38 91 80
Kors Kors 16 54 sem 40 75 75 42 82 87

Kopelman, Stanhope, Kors Kors 13 54 inc 37 59 61 38 66 69
& Kingsley (1999) Kors Kors 13 54 sem 47 78 80 48 82 83

Mix 14 45 inc 49 56 48 51 63 54
Mix 14 45 sem 63 75 73 65 79 77
Mix 15 46 inc 59 59 58 62 66 65
Mix 15 46 sem 85 90 84 87 94 88

Kopelman, Wilson, Anox Trau 3 inc 33 48 51 40 55 59
& Baddeley (1989) Anox Trau 3 sem 62 80 77 65 88 88

Infn Trau 2 inc 26 63 24 28 73 28
Infn Trau 2 sem 58 76 73 60 83 84
CHI Trau 5 inc 49 41 46 53 47 53
CHI Trau 5 sem 56 64 77 58 70 88
Inft Trau 3 inc 38 64 70 41 74 81
Inft Trau 3 sem 50 75 81 52 82 93
Dem Neur 5 inc 51 71 71 55 82 82
Dem Neur 5 sem 44 80 73 45 88 84
Dem Neur 3 inc 31 31 46 34 36 53
Dem Neur 3 sem 44 46 53 45 50 61
Infn Trau 2 inc 28 36 41 30 41 47
Infn Trau 2 sem 19 40 44 19 43 50

Markowitsch, CHI Trau 1 45 sem 64 57 29 64 62 33
Calabrese, et al. (1993)

Mayes (1995) Mix 10 54 inc 39 42 48 39 45 51
Mix 10 54 sem 55 67 74 55 71 76

Paul, Blanco, Hames, MS Neur 44 46 inc 99 90 89 99 97 92
& Beatty (1997) MS Neur 44 46 sem 92 97 92 99 93 93

Reed & Squire (1998) Inft Trau 1 59 sem 80 86 93 85 94 102
Inft Trau 1 59 sem 98 76 87 103 83 95
Inft Trau 1 59 inc 89 89 100 91 100 106
Inft Trau 1 59 inc 78 100 89 80 113 94
Inft Trau 1 59 inc 101 101 98
Inft Trau 1 59 inc 89 97 106
Infn Trau 1 74 sem 23 48 100 25 52 142
Infn Trau 1 60 sem 5 14 24 5 16 34
Infn Trau 1 74 inc 0 67 100 0 77 132

Siegert & Warrington (1996) CHI Trau 1 2 inc 56 78 89 63 88 100
CHI Trau 1 2 sem 62 67 100 65 74 100

Tanaka, Miyazawa, Hashimoto, Ence Trau 1 43 inc 0 11 33 0 11 50
Nakano, & Obayashi (1999) Ence Trau 1 43 sem 52 57 48 58 57 50

Wheatley & McGrath (1997) Inft Trau 1 37 inc 0 11 11 0 13 13
Inft Trau 1 37 sem 10 10 40 10 11 46

Note—Cat (Category): Alzh, Alzheimer’s; Anox, anoxia; CHI, closed head injury; Dem, dementia; Ence, encephalitis; Infn, infec-
tion; Kors, Korsakoff’s; Mix, mixture of amnesias; MS, multiple sclerosis. Subcat (Subcategory): Kors, Korsakoff’s; Neur, neurode-
generative; Trau, traumatic. Test: inc, personal incidents; sem, semantic information. *This outcome was excluded from the analy-
ses (see text).

terial from each different time period is expressed both as
absolute percent correct (on a 100% basis) and as a rela-
tive percentage of control performance.

For the statistical analyses, each outcome is treated as a
“subject,” regardless of whether one or many patients con-
tributed data. Three outcomeswere excluded from the sta-

tistical analysis because of floor effects, where perfor-
mance in half or more of the time periods tested was at 0%
(Kapur et al., 1994; Reed & Squire, 1998), and these are
marked by an asterisk (*) in the tables. Of the investiga-
tions in which patients were tested on more than one oc-
casion, only the most recent test is used (D’Esposito,
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Alexander, Fischer, McGlinchey-Berroth, & O’Connor,
1996; Tanaka et al., 1999). To illustrate, Cermak and
O’Connor (1983) evaluated their patient (S.S.) in 1980
and again in 1981, but only the data from the 1981 test are
used. In most instances, the memory evaluation was per-
formed within a year or two after the onset of the amnesic
state. The investigationswith longer periods between am-
nesia onset and test usually restricted their memory eval-
uations to events that occurred prior to the amnesic state.

Since long-term consolidationis reflected in graded (as
opposed to flat) RA, the primary statistical question is
whether there is a significant linear trend for patients’per-
formance across time periods. A quadratic trend analysis
was also performed with three or more time periods.
When there were threeor fewer outcomesrepresentedwithin
a particular grouping, no statistical test was performed.

It is worth emphasizing that this collectionof outcomes
includes a wide variety of patient groups, test instruments,
and content areas. Such methodological diversity should
add considerable variance to the statistical analyses, so
any statisticallysignificant linear effect that might emerge
under such circumstances should be considered robust.
This aggregateddata from a large variety of different tests,
articles, and subject groups will hopefully allow trends to
emerge that might not be apparent with any single empir-
ical test.

Decade Analyses
Of the 195 analyzable outcomes in Table 2, eight in-

volvedmeasurement across two decades, 41 covered three
decades, 49 involved four decades, 81 measured f ive
decades, and 15 spanned six decades. One outcome cov-
ered seven decades, and this is incorporated into the six-
decade analyses (with the 7th decade truncated). The
same patient(s) were sometimes evaluated with more than
one type of memory test, and each of these outcomes is
separately listed in Table 2.

Analysis including all outcomes. Three different ap-
proaches were used to analyze the data from the decades
studies. The first, presented in Table 4, considers each out-
come as a unit of analysis. Each published study could
contribute multiple outcomes to the database, depending
on how many different memory tests were performed on
each patient, or patient group, and how many different pa-
tients or patient groups were examined. To illustrate, Al-
bert, Butters, and Brandt (1981b) evaluated two different
groups of amnesic patients, one with Korsakoff’s and one
with Huntington’s disease. Each group was evaluated three
times, using a recall test for people, a recall test for events,
and a recognition test for events. Thus, this study con-
tributed six separate outcomes to this first analysis.

In Table 4, the data are first presented for all studies
testing across two decades, then for all studies evaluating
three decades, and so forth, on out to six decades. Each
outcome is included in all decade analyses where it could
possibly fit. Thus, every outcome in Table 2 is included in
the two-decade analysis. Studies with a three-decade span
are included in both the three-decade and two-decade

analyses; studies testing across four decades are included
in the four-decade and three-decade and two-decade
analyses,and so forth. Withineach different decade-number
analysis, the first data line summarizes all outcomes, fol-
lowed by different subsets of outcomes for type of mem-
ory test (recall and recognition), information (people or
events), and category of disorder (Korsakoff ’s, neuro-
degenerative, and acute). Tests that mixed people and
events (“pe,” from Table 2) are not included in either in-
formation subanalysis, and mixed groups of amnesics (or
where the etiologyof the amnesia is indeterminate)are not
included in any patient subgroup analyses.

Although the analyses in Table 4 are subcategorized by
five different decade ranges (two, three, four, five, and
six), most comments will pertain to the decade ranges two
through five because of the paucity of outcomes at six
decades. In general, the outcomes presented in Table 4 re-
veal a very consistent pattern: a significant linear trend
across decades, reflecting a systematic increase in patients’
memory performance from more recent to more remote
decades. A plot of the overall performance for each decade
range for both absolute and relative performance, pre-
sented in Figure 1, illustrates these trends very clearly. It
is especially striking that a significant overall linear trend
is evident for both absolute and relative performance for
all decade groups, with one exception—absolute perfor-
mance in the six-decade analysis.

Graded RA is strongly evident for both recall and recog-
nition tests. The only exception in decade analyses two
through five is the lack of a linear trend in absolute recog-
nitionperformance at five decades (which is significant in
relative performance). Furthermore, graded RA is consis-
tent across both types of information tested: people and
events. With respect to amnesia type, both Korsakoff’s
and acute patients show clear graded RA. Neurodegener-
ative amnesics exhibit a much shallowergradient,with the
linear trend significant in absolute performance for the
two- and four-decade analyses, and in relative perfor-
mance for the four- and five-decade analyses. Overall, 78
out of 80 comparisons presented in Table 4 yielded higher
performance in the most remote as opposed to the most re-
cent decade.

There are only occasional instances of a significant
quadratic trend in these analyses. The most noteworthy
example is in the overall absolute and relative perfor-
mance for the five-decadeanalyses, which seems to reflect
that the decade-to-decade increases in performance be-
come less pronounced for more distant decades.

Analysis by patient or by patient group. In the sec-
ond round of analysis on the decade studies, in instances
in which multiple tests were performed on a patient or pa-
tient group, these are averaged into a single outcome. To
illustrate, Albert et al. (1981b) contributed six outcomes
to the prior analysis but only two outcomes to the present
analysis—one for the Huntington’s group and one for the
Korsakoff’s group (averaging across three different mem-
ory tests in both cases). When multiple tests on the same
patient or patient group included differing numbers of
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decades, the summary included only the decades encom-
passed by all tests. For example, Markowitsch,Calabrese,
et al. (1993) tested their patient across four decades on one
test and three on another, so the summary data for that pa-
tient encompasses three decades. Most averaged out-
comes combine the results from different test formats (re-
call and recognition) and/or content areas (events and
people), so these separate subanalysesdo not appear in the
summary presented in Table 5. Although the six-decade
outcomes are presented, the number is sufficiently small
to limit its inclusion in the overall interpretation.

This second analysis of the decade studies reveals a pat-
tern similar to that found in the first: a significant overall
linear trend for each decade grouping for both absolute
and relative performance. The mean overall performance
for each decade range is summarized in Figure 2. As in
the prior analysis, the graded RA is consistently signifi-
cant for Korsakoff’s amnesics. Furthermore, acute am-

nesics showed consistent linear trends for all instances ex-
cept the absolute two-decade analysis (where the mean
difference was in the graded direction). The neurodegen-
erative group showed the weakest trend. For absolute per-
formance, a linear trend was significant only for the two-
decade grouping, and for relative performance, linearity
was significant in both the four- and five-decade groups.
Of 20 possible decade pair comparisons (e.g., one vs. two,
one vs. three, two vs. three, etc.) in the two- through five-
decade overall analyses, absolute performance increased
backward in time on 19 occasions for Korsakoff’s, 15.5
times for neurodegenerative (splitting ties), and 19 times
for acute. This was significant ( p , .05) by a sign test for
all three groups. Likewise, a similar count for the relative
performance revealed increases 20 times for Korsakoff’s,
16 for neurodegenerative, and 20 times for acute, and
again these were all significantly higher than chance by a
sign test ( p , .05). Similar to the initial analysis, there are

Table 4
Patients’ Memory Performance for Decades Studies, With Each Outcome Included in All Appropriate Decades Analyses

Absolute Performance Relative Performance

Decades Back Decades Back

Decades N 1 2 3 4 5 6 Linear F Quad F N 1 2 3 4 5 6 Linear F Quad F

Two 182 40 45 16.95*** 190 51 58 34.74***
Recall 112 30 34 8.90** 115 43 50 22.93***
Recog 70 56 61 8.07** 75 64 71 11.72**
People 79 39 44 8.21** 83 50 58 17.27***
Events 89 42 45 3.58 92 53 58 9.41**
Korsak 52 31 36 23.11*** 54 38 49 48.65***
Neurod 39 45 48 6.02* 40 63 64 <1
Trauma 82 42 47 4.11* 85 53 61 11.60***

Three 174 39 43 49 48.75*** <1 182 50 57 68 111.03*** 3.57
Recall 109 30 33 40 46.01*** 2.65 112 42 49 62 76.65*** 3.24
Recog 65 56 60 63 8.26** <1 70 64 70 78 36.06*** <1
People 75 38 43 48 18.62** <1 79 49 57 65 47.74*** <1
Events 85 41 43 50 24.30*** 5.45* 88 52 56 71 51.11*** 15.11***
Korsak 52 31 36 43 42.25*** <1 54 38 49 62 102.56*** 1.75
Neurod 38 45 48 46 <1 5.61* 39 63 64 65 2.00 <1
Trauma 75 41 44 52 21.22*** 2.56 78 51 59 74 51.43*** 2.42

Four 140 38 44 47 52 78.73*** <1 144 49 56 65 72 137.94*** <1
Recall 90 29 34 40 46 62.95*** <1 92 40 49 59 68 96.20*** <1
Recog 50 55 61 61 64 19.44*** 1.39 52 63 69 75 80 57.61*** <1
People 60 38 43 45 53 25.07*** <1 60 47 56 62 72 44.02*** <1
Events 68 38 43 49 51 46.50*** 4.49* 71 49 56 68 72 97.84*** 1.80
Korsak 49 30 36 42 49 60.56*** <1 50 38 48 61 68 160.64*** 1.90
Neurod 38 45 48 46 49 3.96* <1 39 63 64 65 69 11.04** 2.25
Trauma 44 38 46 51 56 26.94*** 1.13 44 46 57 68 79 47.38*** <1

Five 94 34 39 43 49 48 53.10*** 12.05*** 97 45 51 62 69 72 88.63*** 7.79**
Recall 64 25 30 36 44 43 65.38*** 6.61* 66 37 44 57 65 69 73.29*** 4.79*
Recog 30 54 59 58 60 58 1.99 5.54* 31 62 68 74 77 78 24.43*** 2.97
People 44 32 37 40 51 47 33.16*** 4.16* 44 42 50 57 69 74 46.42*** <1
Events 44 38 43 48 48 48 18.21*** 8.47** 46 49 54 68 68 69 37.62*** 11.09**
Korsak 38 28 34 41 49 46 42.39*** 16.95*** 38 35 45 59 67 70 151.57*** 6.26*
Neurod 32 43 46 43 46 45 1.97 <1 33 60 61 63 66 64 7.80** <1
Trauma 19 27 35 43 53 50 23.83*** 5.49* 19 37 48 67 79 87 31.04*** 1.89

Six 15 43 47 52 50 50 47 <1 2.45 16 58 61 78 76 77 103 6.35* <1
Recall 8 36 39 46 47 44 43 <1 2.59 8 51 55 76 75 80 105 2.78 <1
Recog 7 52 57 60 62 56 51 <1 <1 8 64 66 80 77 75 101 6.68* <1
People 2 61 68 59 68 53 65 2 81 86 89 89 80 99
Events 13 40 44 51 47 49 42 <1 2.58 14 54 57 77 74 77 104 6.09* <1
Korsak 3 21 27 38 41 39 35 3 27 38 63 60 62 91
Neurod 8 60 65 62 58 58 60 2.20 <1 8 82 82 86 85 81 93 1.94 <1
Trauma 4 27 27 44 39 40 30 <1 1.11 4 37 41 80 73 89 137 1.88 <1

*p < .05. **p < .01. ***p < .001.
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occasional significant quadratic trends, mainly reflecting
that the incremental memory improvement in amnesics’
performance declines in size across decades.

Single-inclusion analysis. The third round of decade
analysis considered each outcome under only one decade

subgroup.The outcomes evaluatingtwo decadesappeared
only in the two-decade analyses; the outcomes spanning
three decades appeared only in the three-decade analyses,
and not in the two-decade analyses as well. This analysis
reveals an outcomesimilar to theprevioustwo (see Table 6).

Table 5
Patients’ Memory Performance in Decades Studies, With One Outcome Per Patient or Patient Group

Absolute Performance Relative Performance

Decades Back Decades Back

Decades N 1 2 3 4 5 6 Linear F Quad F N 1 2 3 4 5 6 Linear F Quad F

Two 81 40 43 7.71** 86 50 57 19.38***
Korsak 24 31 36 13.38*** 25 38 48 32.78***
Neurod 20 49 51 5.00* 22 65 66 <1
Trauma 33 39 42 1.71 33 49 56 5.79*

Three 77 39 42 49 23.29*** 3.43 83 50 56 66 53.86*** 3.57
Korsak 24 31 36 45 23.53*** 3.33 25 38 48 61 85.42*** <1
Neurod 19 49 51 49 <1 3.26 21 65 66 66 <1 <1
Trauma 30 37 40 52 11.00** 4.37* 31 50 56 70 22.15*** 2.97

Four 63 40 44 49 54 26.08*** 1.21 68 50 56 64 72 58.98*** <1
Korsak 23 30 36 44 50 24.33*** <1 23 39 48 61 69 95.00*** 1.08
Neurod 19 49 51 49 52 1.69 <1 21 65 66 66 71 10.00** 5.56*
Trauma 17 40 46 52 59 6.81* <1 18 46 55 65 76 14.20** <1

Five 41 34 38 43 51 50 34.42*** 1.91 48 44 50 59 68 71 56.66*** 2.43
Korsak 16 25 31 41 48 46 31.97*** 13.51** 17 34 44 58 66 71 167.18*** 4.21
Neurod 14 46 48 45 48 51 2.51 1.12 16 60 61 62 68 66 7.05* <1
Trauma 9 28 35 45 60 57 26.12*** 1.01 10 32 42 56 73 79 20.94** <1

Six 3 40 42 49 54 55 63 <1 2.45 7 44 49 65 67 67 103 9.91* 1.95

*p < .05. **p < .01. ***p < .001.

Figure 1. Patients’ memory performance expressed in both absolute and relative (as
a percentage of control performance) terms for decades studies, with each outcome
counted in all appropriate decades analyses (overall decade summaries only).



RETROGRADE AMNESIA 415

For absolute performance, there were significant overall
linear trends in all but the six-decade analysis; for relative
performance, there were significant overall linear trends
in all but the two-decade grouping. Excluding the six-
decade group, there were significant linear effects for Kor-

sakoff’s patients in five of six occasions where tests could
be made. In the instances that were nontestable (absolute,
three decade) and nonsignificant (absolute, four decade),
there were still increases in mean performance backward
across decades. The neurodegenerativegroup also showed

Figure 2. Patients’ memory performance expressed in both absolute and relative (as
a percentage of control performance) terms for decades studies, with each outcome
counted in only one decade analysis (overall decade summaries only).

Table 6
Patients’ Memory Performance for Decades Tests, With Each Outcome Included in Only One Decade Analysis

Absolute Performance Relative Performance

Decades Back Decades Back

Decades N 1 2 3 4 5 6 Linear F Quad F N 1 2 3 4 5 6 Linear F Quad F

Two 8 59 72 7.92* 8 75 82 2.61
Trauma 7 62 75 6.74* 7 75 83 2.44

Three 33 47 43 55 4.07* 13.37*** 37 57 61 80 27.29*** 6.37*
Korsak 3 51 49 59 4 47 56 71 15.50* <1
Trauma 30 46 42 55 3.41 11.95** 31 59 61 81 21.37*** 7.00*

Four 47 46 52 56 59 16.96*** 1.91 47 56 65 71 79 38.37*** <1
Korsak 12 37 41 48 51 4.22 <1 12 46 57 69 73 22.34*** 1.77
Neurod 6 56 58 60 64 12.71* <1 6 76 80 77 80 1.07 < 1
Trauma 25 46 54 57 58 6.40* 2.37 25 53 64 68 78 17.91*** < 1

Five 78 32 38 41 49 47 55.76*** 9.44** 81 43 50 59 68 71 82.30*** 4.24*
Korsak 34 28 34 41 49 46 41.71*** 21.32*** 35 36 46 59 67 71 134.55*** 4.48*
Neurod 24 38 39 37 42 41 6.64* <1 25 53 54 55 60 59 9.12** <1
Trauma 15 27 37 43 56 53 21.39*** 3.95 15 36 50 63 80 86 22.34*** 1.67

Six 15 43 47 52 50 50 47 <1 2.45 16 58 61 78 76 77 103 6.35* <1
Korsak 3 21 27 38 41 39 35 3 27 38 63 60 62 91
Neurod 8 60 65 62 58 58 60 2.20 <1 8 82 82 86 85 81 93 1.94 <1
Trauma 4 27 27 44 39 40 30 <1 1.11 4 37 41 80 73 89 137 1.88 <1

*p < .05. **p < .01. ***p < .001.
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significant linear trends in three of four tests (excluding
the six-decadegrouping), and the acute group yielded sig-
nificant linear effects in six of eight tests. In short, there
was again a marked consistency in the linear trends for
memory performance. In fact, of 34 comparisons pre-
sented in Table 6, thirty-three showed higher mean per-
formance in the most distant than in the most recent
decade. A count of the number of increases in paired
decade comparisons across the two- through five-decade
analyses revealed the consistent significant differences
(sign test) for both absolute (Korsakoff’s, 17/19; neuro-
degenerative,13/16; acute, 18/20) and relative (Korsakoff’s,
19/19; neurodegenerative, 12.5/16; acute, 20/20) perfor-
mance.

Life-Stage Patients
The analyses in Table 7 include the patientsevaluatedon

memory of events and information experienced during
three stages of their life: early (childhood), middle
(adolescence/early adulthood), and recent (later adult-
hood). To parallel the decade patients’ analyses, both ab-
solute and relative performance for the 50 outcomes were
analyzed first by two periods back (recent and middle) and
then by three periods back (recent, middle, and early). All
studies evaluated three time periods and thus appeared in
both the two- and three-period analyses. As in the decade
analyses, an overall analysis is presented first, followed by
separate subanalysesby material (incidents and semantic)
and patient category (Korsakoff’s, neurodegenerative,and

Table 7
Patients’ Memory Performance for Life-Stage Tests

Absolute Performance Relative Performance

Test N Recent Middle Early Linear F Quad F N Recent Middle Early Linear F Quad F

Two Stages 47 46 61 34.79*** 49 50 68 44.91***
Incidents 22 39 57 16.73*** 24 46 67 21.27***
Semantic 25 51 64 18.96*** 25 53 69 25.69***
Korsak 4 40 73 56.27*** 4 42 80 52.57**
Neurod 9 55 67 6.15* 9 57 73 8.02*
Trauma 32 44 59 18.11*** 32 49 67 24.23***

Three Stages 47 46 61 66 30.25*** 8.70* 49 50 68 76 35.48*** 7.40**
Incidents 22 39 57 61 12.98** 8.52* 24 46 67 73 15.01*** 8.62**
Semantic 25 51 64 71 16.98*** 1.67 25 53 69 80 20.34** <1
Korsak 4 40 73 71 164.74*** 23.00* 4 42 80 80 143.03** 21.18*
Neurod 9 55 67 68 9.19* 3.20 9 57 73 76 12.90** 3.47
Trauma 32 44 59 66 15.68*** 2.87 32 49 67 78 18.48*** 2.11

*p < .05. **p < .01. ***p < .001.

Figure 3. Patients’ memory performance expressed in both absolute and relative (as
a percentage of control performance) terms, with each patient or patient group
counted only once (overall life-stage summaries only).
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trauma). A summary of the overall performance is pro-
vided in Figure 3.

These analyses again confirm the presence of graded
RA, with significant linear trends for absolute and rela-
tive performance in all 24 analyses. This increase in mem-
ory performance is steeper from the recent to middle pe-
riods, and it moderates somewhat from the middle to the
early periods. This moderation is reflected in the signifi-
cant overall quadratic trend for the three-stage analysis.
The presence of graded RA is clear for all three patient
groups, and for tests of both semantic and incident infor-
mation. In short, the life-stage analyses provide additional
support for the existence of graded RA over long tempo-
ral intervals generally comprising four to seven decades.

Discussion
The analyses presented in this paper provide clear sup-

port for the existence of long-term (multidecade) consol-
idation processes in humans (Wickelgren, 1977). More
specifically, amnesic patients show a consistentbackward
increase in memory performance for information acquired
prior to the onset of their amnestic state. This evidence of
graded RA is apparent in both absolute performance
scores and in performance measured relative to controls.
This trend is evident for more precisely defined (decades)
as well as less precisely defined (life-stage) time periods.
Furthermore, it is reliable across amnesias caused by Kor-
sakoff’s disease, neurodegenerative diseases, and acute
head injury. Although graded RA is considerably flatter
for the neurodegenerative amnesias, it is still apparent in
most comparisons.

Graded RA is consistently found with memory for both
people and events in the decades studies (Table 4). An ex-
amination of the data analyses presented in Table 4 shows
a consistent linear trend for both people and events across
decade groupings two through five. The only exception
(out of 16 tests) is absolute performance on events at two
decades. A series of supplementary analyses of variance
(ANOVAs) was conducted on decade groupings two
through five to determine whether there were any differ-
ences in linearity for people versus events. ANOVAs were
performed on both absolute and relative memory perfor-
mance; the two variables were test type (people, events)
and decade. These consistently revealed no main effects of
material (people vs. events; all Fs , 1) and no interaction
of linearity 3 material (all Fs , 3.78) in any of the analy-
ses. Similarly, four ANOVAS on the life-stage outcomes
compared semantic and incident material in both two-
stage and three-stage groupings, with both absolute and
relative performance measures (see Table 7). This series
of ANOVAs again revealed no main effect of material (se-
mantic vs. incidents; all Fs , 2.53) or interaction of lin-
earity 3 material (all Fs , 1) in any analysis. Thus, within
the limits of measurement error, it appears that magnitude
and slope of graded RA are consistent across different ma-
terial, whether this involves people versus events (decade
studies) or personal incidents versus semantic knowledge
(life-stage studies).

In a similar manner, a comparison was made of the
form of graded RA derived from recall versus recognition
tests in the decade studies (Table 4). Some have suggested
that the presence or absence of graded RA is dependenton
the particular tests used (Kapur, 1999). More specifically,
whereas graded RA is found with recall, flat RA results
from recognition tests (Levin et al., 1985; Sagar et al.,
1988). The analyses of the decade studies, presented in
Table 4, appear to settle this issue by showing consistent
graded RA for both recall and recognition. More specifi-
cally, across the two- through five-decade groupings, re-
call showed a significant linear trend in all eight tests (ab-
solute and relative measures in each of four decade
groupings) and recognition was significant in seven of
eight tests (the only exception was five decades, absolute
performance). A more subtle question is whether the slope
of the graded RA differs between the two types of tests.
Again, eight separateANOVAs compared recall and recog-
nition for both absolute and relative performance, sepa-
rately for each of the two- through five-decade groupings.
Recognition was consistently and significantly higher
than recall (all ps . .001), and there was no interactionof
linearity 3 test in the two- and three-decade analyses (all
Fs , 3.35). However, there was a significant interaction
of linearity 3 test ( ps , .01) at both the four-decade [ab-
solute F(1,138) 5 6.86; relative F(1,142) 5 7.51] and
five-decade [absolute F(1,92) 5 16.41; relative F(1,95) 5
8.08] analyses. The interactions reflect the fact that the
graded RA is steeper for recall than for recognition, al-
though both recognition and recall evidence show consis-
tent linearity.

To summarize, the present analyses provide strong em-
pirical support for the concept of long-term memory con-
solidation.More specifically, information stored in mem-
ory appears to become progressively more resistant to
forgetting across many decades. Although the evidence is
compiled from a large number of different studies using
diverse sets of patient types with a wide variety of differ-
ent assessment instruments, the strength of this meta-
analysis is derived from the consistency of the outcomes.
Particularly important is that both the relative and absolute
measures of performance indicate graded RA, and that
there are only minimal differences between the summary
analyses from each perspective. Interestingly, reevaluat-
ing the animal studies on RA from the 1990s (Squire et al.,
2001) by relative rather than absolute RA provides even
stronger support for graded RA: Squire et al. (2001) found
that 11 of 13 outcomes show an absolute gradient, but all
13 outcomes yield a relative gradient.

The absolute RA gradient might superficially suggest
that consolidation involves an increase in the strength of
the trace (see Wickelgren, 1974, 1977). However, this may
be a function of the manner in which the test materials are
developed. For decade studies, an attempt was made to
equate performance levels across decades in the control
group. To achieve this, information evaluated from three
decadesbackprobablycompriseseasier-to-retrieve (stronger)
items than items evaluating one decade back. Put another
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way, if a test were developed today, items from the 1990s
would probably contain a higher proportion of peripheral
(vs. central) facts than would and item set from the 1970s
to equate the performance level for the two decades at
around 80%. If the same set of items (from the 1990s)
were presented again 20 years from now, it would proba-
bly yield a much lower level of performance. Life-stage
outcomes also show the same absolute RA gradient with-
out item sets equated on strength; the high degree of se-
lectivity of specific items in the life-stage studies makes
it difficult to use these data to support a strength increase
interpretationof consolidation.Although it is not possible
to eliminate the strength-increase position on the basis of
these analyses, it seems more reasonable to assume that
consolidationinvolvesa progressive reductionin “fragility”
over time (see Wickelgren, 1977).

Coverage of long-term consolidation commonly ap-
peared in textbooks on memory and cognition written in
the 1970s and early 1980s (Baddeley, 1976; Crowder,
1976; Ellis, Bennett, Daniel, & Rickert, 1979; Flaherty,
Hamilton, Gandelman, & Spear, 1977;Horton & Turnage,
1976; Houston, 1981; Hulse, Deese, & Egeth, 1975;
Kintsch, 1970; Stern, 1985; Wickelgren, 1977; Zech-
meister & Nyberg, 1982). Some of these books even de-
voted most or all of a chapter to the topic (Baddeley, 1976;
Wickelgren, 1977; Zechmeister & Nyberg, 1982). How-
ever, discussion of consolidation—sometimes called trace
theory—has been essentially absent in textbooks pub-
lished within the past 15 years. One reason why consoli-
dation theory has not become fully rooted in the literature
on human learning and memory is that it operates apart
from conscious awareness. Also problematic is the vague

way in which the theory was originally framed (Stern,
1985). For instance, such basic questions as “how long
does complete consolidationtake?” and “what mechanism
mediates the unconsciousprocess?”were left unaddressed.
Finally, the strong influenceof new technologies(T-scope;
computer interfaces) and stage models of memory (e.g.,
that of Shiffrin & Atkinson, 1969) introduced in the 1970s
directed research attention toward short-term, and away
from long-term, memory storage. There has, however,
been a recent reemergence of the concept of consolidation
in speculations concerning human amnesia (Alvarez &
Squire, 1994;Cohen & Squire, 1981;Dudai, 1996; Kapur
& Brooks, 1999; Knowlton & Fanselow, 1998; Lechner
et al., 1999; McGaugh, 2000; Moscovitch& Nadel, 1998;
Murre, 1996; Nadel & Moscovitch, 1997; Polster et al.,
1991; Squire, 1986, 1989, 1992; Squire & Alvarez, 1995;
Westmacott, Leach, Freedman, & Moscovitch, 2001). In
fact, Schacter’s (1996) recent popular book on memory
devotes considerablediscussion to consolidation,partially
as a result of new developments in the field of neuro-
psychology as well as a renewed interest in studying
amnesia.

As stated earlier, several criticisms have been voiced
concerning research on RA. Aside from the lack of con-
sistency across instruments or refinement of individual
memory tests, differences in memory performance across
time periods might be attributed to differences in the in-
herent difficulty of test items sampled from each period.
Furthermore, there is a lack of control over whether, or how
well, the information has initiallybeen encodedby the pa-
tients. The present analyses address such difficulties by
evaluatingpatients’ performance relative to a comparable

Figure 4. Memory performance for Korsakoff’s and acute patient subgroups ex-
pressed in both absolute and relative (as a percentage of control performance) terms
for all decades studies testing five decades.
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set of memory-intact control individuals.Any differences
across decades in item difficulty shouldbe reducedor elim-
inated by expressing performance in such form. And sur-
prisingly, graded RA functions based on absolute and rel-
ative performance are remarkably similar and differ only
in magnitude.

It has also been suggested that a degenerative neuro-
logical disease might progressively erode the quality of
memory encoding, resulting in reduced recollection for
events more proximal to the onset of the amnesic state.
This argument has typically been applied to Korsakoff’s
disease (Butters & Albert, 1982; Butters & Granholm,
1987; Squire & Cohen, 1982), where there is a combina-
tion of progressive neurological and cognitivedeficits re-
sulting from a protracted habit of heavy drinking (Mac-
kenzie & Hodges, 1997). As noted earlier, many of the
investigations of Korsakoff’s patients use alcoholic con-
trols to accommodate this possibility. However, the same
argument cannot be applied to instances in which the
onset of the injury is sudden, such as closed head injury,
cerebral lesion, or infarct. The comparable temporal gra-
dient found in the acute patient group argues against an
artifactual account of a temporal gradient in RA with Kor-
sakoff ’s disease, unless one takes the unparsimonious
stance that different processes produce similar gradients
in different amnesic groups. The comparability in the tem-
poral gradients for patients with amnesia of acute onset
and patients with amnesia of more gradual onset (Kor-
sakoff’s syndrome) illustrated in Figure 4 (derived from
the five-decade summary in Table 4) makes it difficult to
argue that the Korsakoff’s gradient is due to a progressive
erosion in encoding efficiency prior to the development
of the amnesic state.

Several other interpretative frameworks, aside from
consolidation theory, have been proposed to account for
graded RA. The earliest explanation, suggested by Ribot
(1882) and later known as “Ribot’s Law” (see Marko-
witsch & Pritzel, 1985), was that the susceptibility of a
particular memory to disruption is inversely proportional
to its age. That is, the older a memory is, the more resistant
it is to loss due to head injury. Although some researchers
have used this “law” as a theoretical framework within
which to present their findings (Albert, Butters, & Levin,
1979; Daniel, Crovitz, & Weiner, 1987; Marslen-Wilson
& Teuber, 1975), it is more descriptive than explanatory.
Ribot proposed no mechanism whereby this resistance to
forgetting/disruption occurred. Others have similarly pro-
posed that the older the memory, the more resistant it is to
amnesia (cf. Squire, Haist, & Shimamura, 1989) or the
less susceptible it is to interference (cf. Zechmeister &
Nyberg, 1982).All of these perspectives are in concertwith
consolidation theory in that memories become progres-
sively more resistant to forgetting over time, whether that
resistance comes from deeper encodings, greater fortifi-
cation against retrieval disruption,or better insulationfrom
interference. The advantage of consolidation theory over
these other perspectives, other than historical precedent, is
that it suggests a dynamic mechanism and has been de-

veloped in greater detail by recent proponents (Alvarez &
Squire, 1994;Knowlton & Fanselow, 1998;Lechner et al.,
1999;McGaugh, 2000;Moscovitch& Nadel, 1998;Nadel
& Moscovitch, 1997).

Another explanation for graded RA has been proposed
by Cermak (1987), who suggests that episodic memories
gradually change into semantic memories with sufficient
rehearsal (Gade & Mortensen, 1990; Meudell, 1992;
Stuss & Guzman, 1988; Verfaellie et al., 1995). Thus, oft
recalled older events (the Challenger explosion) become
part of semantic memory through repeated contemplation.
A gradient in RA thus reflects a reduction in the number
of (relatively weaker) episodic memories as they change
into (relatively stronger) semantic memories. The greater
the proportion of semantic memories, the lower the likeli-
hood that disease processes or trauma involving the brain
can disrupt access to the memories.

There are several difficultieswith this episodic–semantic
shift as a viable alternative to consolidation theory. If se-
mantic memories resist disruption, there should be a dif-
ference between the outcome for the semantic informa-
tion and incidents (episodic) information evaluated in the
life-stage patients (in Table 7). More specifically, there
should be flat RA for both semantic and incidents infor-
mation, with semantic performance significantly higher
than incidents. In actuality, there are comparable levels of
graded RA for both types of information, as has been
demonstrated in the previous analyses. Another problem
with the episodic–semantic shift interpretation is that it is
difficult to believe that the amount of reflection on prior
experiences does not diminish with time. Realistically,
there should be a drastic reduction in the slope of the
graded RA function after 10 years, but this is not the case.
Figures 1 and 2 suggest no diminutionin the backward in-
crease in performance across five decades. It is hard to
imagine that events three to four decades ago receive an
amount of rehearsal comparable to that for events experi-
enced one decade ago. In contrast, consolidation theory
assumes a progressive and continual strengthening of the
information, a position more in line with the observed
changes across time periods.

This review has focused on a comparison of flat RA and
graded RA, but other forms of retrograde memory dys-
functionexist as well. Temporal dating confusionoften oc-
curs for pretrauma memories (Goody, 1964), as well as
backward displacement of memories, wherein events are
thought to have occurred much longer ago than they actu-
ally have. There may also be periods with no memories,
sandwiched in between periods of mnemonic lucidity
(“patchy” RA) (Blomert & Sisler, 1974; Corkin, Hurt,
Twitchell, Franklin, & Yin, 1987; Hall, 1963; Kapur,
1993; Markowitsch & Pritzel, 1985; Ogden & Corkin,
1991; Rose & Symonds, 1960; Squire, 1987). During re-
covery after traumatic head injury, there is usually a grad-
ual reduction in the extent of RA (Benson & Geschwind,
1967; Blomert & Sisler, 1974; Russell & Nathan, 1946;
Williams & Zangwill, 1952), with more distal memories
recovering first. Some have suggested that shrinking RA
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is evidence contrary to consolidation theory (Benson &
Geschwind, 1967). However, if access to information
(speed, probability) is directly related to the amount of
consolidation undergone by that information, then it is
reasonable to expect that more remote memories should
be easier to retrieve during a period of temporarily dimin-
ished cerebral (retrieval) function.

The nearly universal view concerning the neural basis
of long-term consolidation is that it consists of two dis-
tinct mechanisms: Information is initiallyprocessed in the
medial temporal lobe (MTL) and related structures (in-
cluding the hippocampus), and the MTL then orchestrates
the distribution of the information to multiple cortical lo-
cations. The older and more popular perspective is that the
MTL has a time-limited participation in the consolidation
process (Alvarez & Squire, 1994; Dudai, 1996; Halgren,
1984;Knowlton & Fanselow, 1998;McGaugh, 2000;Mil-
ner, 1972; Murre, 1996; Schmidtke & Vollmer, 1997;
Squire, 1987; Squire & Alvarez, 1995; Squire, Knowlton,
& Musen, 1993; Teyler & DiScenna, 1986; Treves &
Rolls, 1994; Wickelgren, 1979), althoughresearchers dif-
fer on whether the MTL acts simply as a cortical arousal
agent (Wickelgren, 1979), provides an index (pointers) to
guide the formation and maintenance of interconnections
among information storage sites in the cortex (Teyler &
DiScenna, 1986), or contains a complete copy of the
memory which is gradually duplicated in various cortical
locations (Alvarez & Squire, 1994; Halgren, 1984; Mc-
Clelland,McNaughton,& O’Reilly, 1995;Treves & Rolls,
1994).

An alternative to this interpretationof consolidationhas
recently been introduced by Moscovitch and his col-
leagues (Moscovitch & Nadel, 1998; Nadel & Mosco-
vitch, 1997; Westmacott et al., 2001); it differs from the
previous position in two important respects. First, consol-
idation of information consists of the generation of multi-
ple copies of the same memory, rather than the “strength-
ening” of a single version of the memory. Second, the
MTL complex remains essential to the maintenance and
retrieval of the information, no matter what the age of the
memory. Although the present outcome cannot clearly
differentiate between these various positions,a reasonable
conclusion is that both MTL structures and cortical sites
are essential for continued consolidation because amne-
sia resulting from damage to the MTL structures or corti-
cal degeneration both yield evidence of graded RA. More
specifically, although the MTL may continue to orches-
trate the multiple cortical sites involved in a particular
memory, the continued coordinated interaction among
those particular locations, apart from the MTL involve-
ment, is also essential for the continuationof the consoli-
dation process.

Although the empirical reality of long-term consolida-
tion is becomingmore apparent in both human and animal
research, the details of this process are far from clear
(Dudai, 1996; Squire et al., 2001). For instance, exactly
how does the hippocampusform linkages to disparate cor-
tical areas where memories are stored? And does consol-

idation occur continually, or only during special brain
states such as REM sleep (Karni, Tanne, Rubenstien,
Askenasy, & Sagi, 1994; Winson, 1985)? Finally, what is
the adaptivevalue of a lifelongprocess whereby memories
show a progressive reduction in trace fragility (Knowlton
& Fanselow, 1998;McGaugh, 2000;Moscovitch& Nadel,
1998; Nadel & Moscovitch, 1997; Wickelgren, 1974)?
Dudai (1996) has proposed that consolidation is adaptive
because the slow growth in memory representationsmain-
tains a continually plastic memory store that can readily
accommodate new and emerging conceptualizations of
the world. McGaugh (2000) similarly suggests that con-
solidation has adaptive value for the organism by “en-
abling endogenous processes activated by an experience
to modulate memory strength” (p. 248).

Another possible value in the continualstrengtheningof
memory is to counteract the natural demise in memory ac-
cessibility with age (Knowlton & Fanselow, 1998). Mac-
Kay (1987) has suggested that one reason why older adults
experience more retrieval difficulties, such as the tip-of-
the-tongue experience (see A. S. Brown, 1991, 2000), is
that the linkages between the semantic and lexical repre-
sentational systems weaken with age and disuse. Perhaps
consolidation helps to counteract the natural decline
through autonomous neurological updating and the re-
freshing of these network linkages.

A small bodyof literaturehas examinedlong-term(multi-
decade) maintenance of information in nonamnesic older
adults. For instance, Bahrick and his colleagues (Bahrick,
1983, 1984; Bahrick & Hall, 1991; Bahrick, Hall, Gog-
gin, Bahrick, & Berger, 1994) examined the very long-
term retention of information learned during high school
(Spanish vocabulary words; mathematical concepts; spa-
tial maps) and concludedthat if information is not learned
well, it will be completely forgotten within 3–5 years.
However, if it is adequately encoded, it will enter “perma-
store” and persist essentially undiminished across 50
years (Bahrick, 2000).

There is some debate about this concept of permastore.
Hintzman (1990) suggests that the flat retention function
actually reflects decliningacademic standards rather than
unchangingstrength of the stored memories. To supporthis
claim, he shows that when the flat (permastore) portion of
Bahrick’s (1984) retention function for language learned
in high school and college is adjusted for grade inflation
and decrease in mandatory language requirement, this
yields a progressively declining retention function. Other
demonstrations of permastore, however, do not involve
academic material (high school classmates, Bahrick,
Bahrick, & Wittlinger, 1975; street names learned during
childhood,Schmidt, Peeck, Paas, & van Breukelen, 2000)
and thus avoid Hintzman’s criticism.

If one assumes that the concept of permastore is valid,
there is a discrepancy between the flat function revealed in
these analyses and the performance increase revealed in
the present analysis of RA data. A possible explanation is
that most information evaluated in permastore research is
isolated with respect to type of material and time of ac-
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quisition.For instance, Spanish language (Bahrick, 1984)
or classmates’ names (Bahrick et al., 1975) learned in high
school and street names learned in childhood (Schmidt
et al., 2000) are unlikely to be rehearsed or reencountered
beyond the initial acquisition experience. In contrast, the
type of information tested in most RA studies is more
likely to be continually reencountered (historical events),
updated (famous people), and rehearsed (vocabulary).
Thus it is possible that long-term consolidation is more
likely with material that has a higher probability of re-
peated personal reflection or cultural reexposure.

In summary, the important conclusionderived from the
analyses presented in this article is that the formation of
permanent memories may take much longer than the span
of working, or conscious, memory function. The fact that
graded RA is comparable in both absolute and relative
performance measures suggests that the outcome is not an
artifact of the measurement scale or of differences in item
difficulty across decades. This graded RA is comparable
across different materials (people and events; personal in-
cidents and semantic information) and different memory
test procedures (recall and recognition). Furthermore,
graded RA is consistent across different amnesic groups,
although the slope is distinctly shallower for neurodegen-
erative disorders. The RA gradient appears to persist
across four or five decades without substantial diminu-
tion. The occasional significant quadratic trend generally
reflects a decrease in the magnitude of the decade-to-
decade memory increases at more remote decades.

Thus, there appears to be considerableevidencefor a type
of dynamic and continual memory storage process that is
decades long and that operates apart from conscious
awareness (see Abel et al., 1995). As Deutsch (1962) aptly
proposed, “compared with that from animals, the evidence
from retrograde amnesia in man suggests an entirely dif-
ferent time scale, that of years or a lifetime for the period
of consolidation” (p. 267). Any future speculations con-
cerning the dynamics of human memory storage should
certainly include a serious consideration of such long-
term consolidation processes.
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APPENDIX
Types of Tests Used in the Evaluation of RA Function

Persons
Faces. Albert, Butters, & Levin (1979); Graff-Radford,Eslinger, Damasio, &

Yamada (1984); Markowitsch, Calabrese, et al. (1993); Marslen-Wilson& Teuber
(1975); Parkin, Montaldi, Leng, & Hunkin (1990); Squire & Cohen (1982).

Names. Gabrieli, Cohen, & Corkin (1988); Kapur, Young, Bateman,
& Kennedy (1989); Mayes et al. (1994); Montaldi & Parkin (1989); Squire et al.
(1990); Stevens (1979).

Voices. Meudell, Northern, Snowden, & Neary (1980).

Events
Current events. Albert et al. (1979); Gade & Mortensen (1990); Goldberg

& Barnett (1985); Grossi, Trojano, Grasso, & Orsini (1988);Kopelman (1989);
Mayes et al. (1994); O’Connor, Butters, Miliotis, Eslinger, & Cermak (1992);
Parkin & Hunkin (1991); Seltzer & Benson (1974); Squire & Cohen (1982);
Squire, Haist, & Shimamura (1989); Squire & Slater (1978); Stuss, Guberman,
Nelson, & Larochelle (1988); Stuss & Guzman (1988).

Oscar awards. Brandt & Benedict (1993).
Famous scenes. Kopelman, Wilson, & Baddeley (1989).
Retail prices. B. Wilson (1987).
Television programs. Snow (1992); Squire & Slater (1975).

Semantic Information
Maps. Beatty (1988); De Renzi, Liotti, & Nichelli (1987).
General knowledge. Goldberg & Bilder (1986).
Word meanings. Verfaellie, Reiss, & Roth (1995).
Professional knowledge. Beatty, Salmon, Bernstein, & Butters (1987);

Butters & Cermak (1986).

(Manuscript received May 8, 2000;
revision accepted for publication September 12, 2001.)
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