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a b s t r a c t

Developmental amnesia (DA) is a memory disorder due to hypoxia/ischaemia-induced damage to the
hippocampus early in life. To test the hypothesis that this disorder is associated with a disproportionate
impairment in recall vis-à-vis recognition, we examined a group of 10 patients with DA on the Doors and
People test, which affords a quantitative comparison between measures of the two memory processes.
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The results supported the hypothesis in that the patients showed a sharp, though not complete, recall-
recognition dissociation, exhibiting impairment on both measures relative to their matched controls, but
with a far greater loss in recall than in recognition. Whether their relatively spared recognition ability is
due to restriction of their medial temporal lobe damage to the hippocampus or whether it is due instead
to their early age at injury is still uncertain.

healthy normal individuals (NC group) took part in the study. Compared to their
controls, the DA group was significantly impaired on numerous tests of episodic
memory but not on measures of semantic memory, such as academic attainment,
vocabulary, or comprehension (Adlam et al., 20051). Details of the patients are pro-
vided in Table 1, including age at injury and aetiology. The normal participants were
ecollection
oors and People test

. Introduction

Patients with developmental amnesia, a syndrome caused by
elatively selective damage to the hippocampus following hypoxic-
schaemic episodes sustained in childhood, are able to acquire
ormal levels of intelligence and general knowledge despite a
evere impairment in remembering the events of daily life (Vargha-
hadem et al., 1997). This dissociation between semantic and
pisodic memory (Tulving, 1972), seems to be accompanied by a
econd dissociation, one between relatively preserved recognition
bility and a marked impairment in recall (Mishkin, Suzuki, Gadian,
Vargha-Khadem, 1997; Vargha-Khadem et al., 1997). This finding,

owever, is open to the objection that recognition tasks are ordi-
arily much less demanding than recall tasks, raising the possibility
hat the apparent dissociation is a spurious one. In an attempt to
vercome this objection, we had selected one such DA patient, Jon,
ho sustained hypoxia-induced hippocampal damage at birth, and

xamined him on the Doors and People test (Baddeley, Vargha-
hadem, & Mishkin, 2001). This test, designed by Baddeley and
olleagues (1994) to allow direct quantitative comparison between
ecognition and recall, equates the scores of normal controls across
he different measures through the incorporation of easy recall

asks combined with difficult recognition tasks, and also through
onversion of the data to scaled scores across the tasks and age
roups. Compared to two controls matched for age, sex, and IQ, Jon
howed severe impairment on the recall tests, scoring between the

∗ Corresponding author. Tel.: +44 20 7905 2746; fax: +44 20 7905 2616.
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1st and 5th percentile, but was unimpaired on the recognition tasks,
falling in the normal range, with scores between the 50th and 75th
percentile.

Having recently identified a sizeable group of patients with
DA (Adlam, Vargha-Khadem, Mishkin, & de Haan, 2005), we had
the opportunity to determine whether a dissociation between
preserved recognition and impaired recall was unique to Jon or
whether it could be replicated in the larger number of cases. To test
this, we compared the DA group with a matched group of normal
controls, and, to rule out any potential confounds due to age differ-
ences within the two groups, we scaled the scores of the individuals
in both groups using age-appropriate norms (Baddeley, Emslie, &
Nimmo-Smith, 2006).

2. Methods

2.1. Participants

Ten patients (including Jon) with developmental amnesia (DA group) and 12
1 All of the participants in the previous study (12 patients and 12 controls) also
participated in the present study, but two of the patients (DA8 and DA9) were later
eliminated from this one because they differed from the other patients in several
critical features, including: Aetiology (unknown as opposed to known aetiology of
the neuropathology); hippocampal pathology (bilateral volume reduction of less
than 30% below control volumes as opposed to more than 30% reduction); and
episodic memory (least impaired among the 12 patients) [A. Adlam, University Col-

http://www.sciencedirect.com/science/journal/00283932
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Table 1
Details of patients in the DA group (see footnote 1).

Case Sex Age at injury (year:month) Age at test (year:month) Aetiology

DA1 M Perinatal 19:11 Birth asphyxia
DA2 F Perinatal 18:00 Birth asphyxia
DA3 M Perinatal 16:00 Birth asphyxia
DA4 M Perinatal 14:01 Birth asphyxia
DA5 F Perinatal 10:06 Birth asphyxia
DA6 F 2 days 14:07 Hypoxia-ischaemia
DA7 M 11 weeks 15:09 Hypoxia-ischaemia
DA10 F 9:01 26:03 Hypoxia-ischaemia
DA11 F 12:05 19:07 Hypoxia-ischaemia
DA12 M 15:05 17:11 Hypoglycaemia

DA, developmental amnesia; M, male; F, female.

Table 2
Means (and ranges) for age at test and IQ (standard scores).

Age at test on D & P (Year:month) Full scale IQ Verbal IQ Performance IQ

C 97.5 (

D 90.0 (
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of them: Shapes (F(1,20) = 27.40, p = .000), People (F(1,20) = 26.30,
p = .000), and Doors (F(1,20) = 5.48, p = .030), with the patient group
scoring significantly below the control group in each case. Group
differences on the Names test (verbal recognition) failed to reach
significance (F(1,20) = .52, p = .479).
ontrol 16:11 (11:03–27:04)

A 17:03 (10:06–26:03)

A, developmental amnesia; D & P, Doors and People test.

roup-matched to the patients for sex, age, and verbal IQ (Table 2). Bilateral reduc-
ion of hippocampal volumes in the DA group relative to hippocampal volumes in
he controls ranged from 33.2 to 48.6% (left, 34.2–56.6; right, 32.3–54.1; Adlam et
l., 2005, see footnote 1).

.2. Behavioural procedures

The Doors and People test was administered to all participants according to the
nstructions in the published manual (Baddeley et al., 1994), and therefore the test
rocedure will be described here only briefly. The test consists of four subtests:
erbal recall, visual recall, verbal recognition, and visual recognition, thereby pro-
iding comparisons between the two memory processes across both modalities. The
ubtests are described in the order in which they were administered.2

.2.1. Verbal recall (People test)
Four colour pictures were presented on separate cards for 3 s each. Each card

epicted a photograph of a person together with a printed name and occupation.
fter viewing the fourth picture, participants were immediately asked to recall each
ame cued by the occupation (e.g. “What is the name of the doctor?”). This procedure
presentation of four pictures and cued recall) was repeated until all four names
ere correctly recalled or for a maximum of three presentations. Errors were not

orrected.

.2.2. Visual recognition (Doors test)
This subtest consisted of two study-test blocks. In the study phase of the first

lock, participants viewed photographs of 12 doors, each presented for 3 s on sep-
rate sheets accompanied by an appropriate but ultimately unhelpful label, for
xample, “this is a church door”. Immediately thereafter, participants viewed 12
rrays of four doors, each array on a separate sheet, and tried to identify the door
rom the study list. By ensuring that the items within each array all have the same
abel (e.g. church doors), the role of verbal labelling is minimised. This same test
as repeated with a second block consisting of 12 photographs of doors presented

n exactly the same way as the first study-test block, but with foils that are more
imilar to the doors on the study list than is the case on the first block.

.2.3. Visual recall (Shapes test)
Participants copied each of four simple line drawings, resembling crosses. They

hen tried to draw the four shapes from memory. This procedure (presentation of

our simple designs and recall from memory) was repeated until all four shapes
ere correctly recalled or for a maximum of three presentations. Errors were not

orrected. For the second and third trials, participants viewed the shapes but did not
opy them.

ege London Unpublished Ph.D. Thesis, 2003]. Although inclusion of the scores of
atients DA8 and DA9 did not significantly alter the statistical results, their scores
ere nevertheless excluded from the analyses reported here for the reasons stated.
2 In addition to the procedures described below, delayed (cued) verbal recall was

ested after completion of the visual recognition test, and, similarly, delayed (cued)
isual recall was tested after completion of the verbal recognition test. Because
orms for the delayed recall scores are not available for children, those scores are
ot considered here.
80–114) 95.3 (82–113) 101.4 (75–128)

75–114) 92.7 (82–108) 89.0 (70–121)

2.2.4. Verbal recognition (Names test)
This subtest consisted of two study-test blocks. In the study phase of the first

block, 12 female names (both a first name and a surname) were presented on
separate cards for 3 s each, and the experimenter read them aloud. Immediately
thereafter, participants saw 12 lists of four names, each list presented on a separate
card, and tried in each case to select the name from the study list. All four names
in each list had the same first name and the same initial letter of the surname. The
same test was repeated in a second block, this time consisting of male names, but
with the foils and the names on each test list differing from the study list in only one
syllable of the surname.

2.3. Scoring

Each participant’s raw score on each test was corrected for age by conversion
to a z-score relative to the mean score and standard deviation (SD) of the normal,
age-appropriate, reference group. (For participants aged 10–16, means and SDs were
provided by C. Jarrold, S. Wood, F. Vargha-Khadem & A. Baddeley [personal commu-
nication]; for participants above age 16, means and SDs were obtained from Baddeley
et al., 2006, Fig. 1.) Scores were then converted to T-scores (mean, 50; SD, 10) to elim-
inate negative z-scores. A T-score of zero is reported for z ≤ −5.0, which occurred for
3 DA participants on the Shapes test.

3. Results

Mean raw scores for each of the four memory tests are shown
in Table 3, and mean age-corrected scores are illustrated in Fig. 1.
A multivariate analysis of variance (ANOVA) on the age-corrected
scores showed that the effect of Group was significant for three
Table 3
Raw score means and standard deviations (SD) for each of the two groups (Control,
n = 12; DA, n = 10) on each of the four tests.

Task Group Mean SD

Visual recall
Control 45.42 10.12
DA 11.70 19.44

Visual recognition
Control 46.92 7.94
DA 38.40 9.13

Verbal recall
Control 47.67 11.04
DA 20.00 14.42

Verbal recognition
Control 45.83 9.28
DA 43.20 7.51
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Fig. 1. Group means and standard errors of the mean (SEMs) on each of the four
memory tests. DA, developmental amnesia; NC, normal control.
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ig. 2. Group means and SEMs on the two tests of recognition and on the two tests
f recall. Abbreviations as in Fig. 1.

To examine the data for group differences in memory process
nd modality, we performed a repeated-measure, mixed-model
NOVA, with a between-subjects factor of Group (DA, NC) and
ithin-subjects factors of Process (recall, recognition) and Modal-

ty (verbal, visual). Group mean recall scores were derived from the
hapes and People subtests, and recognition scores, from the Doors
nd Names subtests; similarly, group mean verbal scores were
erived from the People and Names subtests, and visual scores, from
he Shapes and Doors subtests. Besides a significant main effect of
roup (F(1,20) = 25.78, p = .000), the analysis yielded a significant

nteraction between Group and Process (F(1,20) = 28.79, p = .000),
ndicating a greater group difference in recall than in recognition
see Fig. 2). In contrast, the interaction of Group and Modality (see
ig. 3) and of Group, Process, and Modality were not significant
F(1,20) = 3.13, p = .092 and F(1,20) = .000, p = .993, respectively).

To examine whether the Group by Process interaction was
resent not only across modalities but within each one separately,
e performed separate ANOVAs for each, and found that both

nalyses yielded significant effects (verbal, i.e. People vs. Names):
(1,20) = 22.84, p = .000; visual, i.e. Shapes vs. Doors: F(1,20) = 14.97,
= .001).

. Discussion

The results confirm that patients with DA show dissociation

etween recognition and recall on a test that provides a direct
uantitative comparison between these two memory processes.
he dissociation is not complete, in that the patients showed a mild
ut significant visual recognition impairment on the Doors test; but
his deficit was not nearly as large as their deficit on each of the two
Fig. 3. Group means and SEMs on the two verbal tests and on the two visual tests.
Abbreviations as in Fig. 1.

recall measures. That the dissociation is valid – not an artifact due
to differential sensitivity of the tests for normal subjects – is indi-
cated by the equivalent scores obtained by the control group on all
four tests (see Fig. 1).

We had proposed earlier (Mishkin et al., 1997) that the relatively
preserved recognition ability in cases with DA is due to sparing of
the rhinal cortices, a proposal based on evidence from animal stud-
ies that recognition ability is critically dependent on this medial
temporal cortical region rather than on the hippocampus. Since
that proposal was advanced, however, a qualification must now be
added, which stems from the current view that recognition itself
depends on two different memory processes, familiarity and rec-
ollection (Jacoby, 1991); and, further, though this is still debated
(e.g. Squire, Wixted, & Clark, 2007; Wais, Wixted, Hopkins, & Squire,
2006), that the familiarity process is mediated by the rhinal cortices,
whereas the recollection process is served by the hippocampus
(Aggleton & Brown, 1999; Bowles et al., 2007; Turriziani, Serra,
Fadda, Caltagirone, & Carlesimo, 2008; Yonelinas, 2002; Yonelinas
et al., 2007. For recent reviews on the topic, see Diana, Yonelinas,
& Ranganath, 2007; Eichenbaum, Yonelinas, & Ranganath, 2007;
Mayes, Montaldi, & Migo, 2007). Studies in the DA patient, Jon,
provides support for this position by showing that he has little or
no recollection-dependent recognition (Gardiner, Brandt, Vargha-
Khadem, Baddeley, & Mishkin, 2006) and, further, that he lacks the
event-related potential that appears to be a selective neural corre-
late of this form of recognition (Düzel, Vargha-Khadem, Heinze, &
Mishkin, 2001). The familiarity process, which may well predomi-
nate in animals, may often be sufficient for recognition in humans as
well, particularly on tests of item (as opposed to associative) recog-
nition, which is the type measured in the Doors and People test. Yet
the notion that the relative preservation of the familiarity process
in DA is due to sparing of the rhinal cortices cannot be advanced
with any confidence.

Indeed, difficulty in identifying the exact locus and extent of
damage may be responsible for the conflicting results that have
been reported in studies comparing recognition and recall in adult-
onset amnesia. In their comprehensive review relating memory
impairment to the underlying neuropathology, Aggleton and Brown
(1999) also concluded that recognition memory might be preserved
when damage is limited to the hippocampus and is likely to be
impaired only when the medial temporal pathology involves the
rhinal cortices. To test for dissociation between recognition and
recall in patients with limited pathology, Aggleton et al. (2000)

examined three patients with damage to the fornix using the Doors
and People test, and found greater impairment in recall than in
recognition. Holdstock et al. (2000) observed an even stronger dis-
sociation on the Doors and People test in a patient with apparently
selective hippocampal damage. Other investigators, however, who
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lso examined patients with selective hippocampal pathology on
his test, have reported a different outcome; thus, both Cipolotti
t al. (2001; 1 patient) and Manns, Hopkins, Reed, Kitchener, and
quire (2003; 6 patients) found equivalent deficits on the two mem-
ry process measures.

How to reconcile these contradictory findings in cases of ‘hip-
ocampal’ amnesia is still unclear. The possibility remains that
ifferences in neuropathology are responsible, since brain areas,
nd in particular the rhinal cortices, can appear intact based on
tructural imaging of grey matter,3 yet show abnormality when
hite matter is examined with diffusion tensor imaging (e.g.

apanicolaou, Hasan, Boake, Eluvathingal, & Kramer, 2007) or show
educed activity when neural tissue is assessed with functional
maging (e.g. Nestor, Fryer, Smielewski, & Hodges, 2003). Perhaps
esolution of the above discrepancies must await the application of
hese more comprehensive structural and functional analyses.

The other factor, of course, that may play a role in whether or
ot recognition memory is preserved after selective damage to the
ippocampus is the age at which the pathology occurs. The greater
eural plasticity in children than in adults could lead to greater

unctional sparing in DA than in adult-onset amnesia (Nelson,
000), even when the locus and extent of damage at these two

ife stages is the same. It should be noted, however, that among
atients with DA, there seems to be little difference in memory
unction between children with perinatal onset of pathology and
hose with onset in later childhood (Vargha-Khadem et al., 2003).

Whatever the explanation for the relative sparing of recogni-
ion memory in DA, it is clear that the fairly large group of cases
ith developmental amnesia described here, who show dissocia-

ion between semantic and episodic memory, also show a sharp
issociation between recognition and recall, with recall exhibiting
markedly greater loss. Why recall was more severely affected than

ecognition is open to many interpretations, but a possibility related
o the two-process theory of memory is that although recall of new
nformation, like recognition of new information, may be served by
oth familiarity and recollection, it is probably disproportionately
ependent on the recollection process, which we and others have
roposed is largely dependent, in turn, on the hippocampus.
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