
Contents lists available at ScienceDirect

Neuropsychologia

journal homepage: www.elsevier.com/locate/neuropsychologia

Familiarity and recollection vs representational models of medial temporal
lobe structures: A single-case study

Emilie Lacota,b,⁎, Stéphane Vautierc, Stefan Kőhlerd, Jérémie Parientee, Chris B. Martinf,
Michèle Puele, Jean-Albert Lotterieg, Emmanuel J. Barbeauh

a Université de Picardie Jules Verne, UPJV, Centre de Recherche en Psychologie: Cognition, Psychisme et Organisations, EA 7273 Amiens, France
b Centre d’Activité de Génétique Clinique et d’Oncogénétique – Centre de Référence des Maladies Rares, CHU Amiens-Picardie, France
c Université de Toulouse, UT2J, Laboratoire OCTOGONE-LORDAT, EA 4156 Toulouse, France
d Brain and Mind Institute, Department of Psychology, Western University, London, Ontario, Canada
e Service de Neurologie, CHU Toulouse-Purpan, INSERM - UMR 1214, Toulouse, France
f Memory & Perception Lab, Department of Psychology, University of Toronto, Ontario, Canada
g Département de médecine nucléaire, CHU Toulouse-Rangeuil, INSERM - UMR 1214, Toulouse, France
h Université de Toulouse, UPS, Centre de Recherche Cerveau et Cognition, CNRS - UMR 5549, Toulouse, France

A R T I C L E I N F O

Keywords:
Recall
Recognition
Familiarity
Recollection
Memory
Representational account
MTL
Human

A B S T R A C T

Although it is known that medial temporal lobe (MTL) structures support declarative memory, the fact these
structures have different architectonics and circuitry suggests they may also play different functional roles.
Selective lesions of MTL structures offer an opportunity to understand these roles. We report, in this study, on
JMG, a patient who presents highly unusual lesions that completely affected all MTL structures except for the
right hippocampus and parts of neighbouring medial parahippocampal cortex. We first demonstrate that JMG
shows preserved recall for visual material on 5 experimental tasks. This finding suggests that his right hippo-
campus is functional, even though it appears largely disconnected from most of its MTL afferents. In contrast,
JMG performed very poorly, as compared to control subjects, on 7 tasks of visual recognition memory for single
items. Although he sometimes performed above chance, neither familiarity nor recollection appeared fully
preserved. These results indicate that extrahippocampal structures, damaged bilaterally in JMG, perform critical
operations for item recognition; and that the hippocampus cannot take over that role, including recollection,
when these structures are largely damaged. Finally, in a set of 3 recognition memory tasks with scenes as stimuli,
JMG performed at the level of control participants and obtained normal indices of familiarity and recollection.
Overall, our findings suggest that the right hippocampus and remnants of parahippocampal cortex can support
recognition memory for scenes in the absence of preserved item-recognition memory. The patterns of dis-
sociations, which we report in the present study, provide support for a representational account of the functional
organization of MTL structures.

1. Introduction

Medial temporal lobe (MTL) structures include the hippocampus,
the amygdala as well as neighbouring extrahippocampal structures that
include the entorhinal, perirhinal and parahippocampal cortices, and
the medial temporal pole. Although it is known that these structures
support declarative memory (Cohen and Squire, 1980; Stefanacci et al.,
2000) and that they function largely in an integrated manner, they also
have fascinated scientists due to their diversity of architectonics and
circuitry, suggesting that individual structures may make unique
functional contributions. With this regard, selective lesions of MTL

structures have been highly informative in the long-standing quest to
understand how these different brain structures support memory.
However, most case reports have focused on isolated bilateral lesions of
the hippocampus with preservation of anterior extrahippocampal
structures (Aggleton et al., 2005; Bastin et al., 2004; Holdstock et al.,
2005; Mayes et al., 2002; Turriziani, 2004), a bias due to the large
variety of neurological conditions that can affect the hippocampus.
Such lesions usually induce amnesia and impair recollection, i.e., the
ability to retrieve information with their context of acquisition. Whe-
ther such lesions also impact recognition of previously encountered
items, and if so, under what circumstances, remains a matter of intense
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debate (Manns et al., 2003; Manns and Squire, 1999; Montaldi and
Mayes, 2010; Reed and Squire, 1997; Yonelinas et al., 2010). Accord-
ingly, progress remains to be made in our understanding of the func-
tional organization of MTL structures.

In this study, we report on a highly atypical pattern of lesions in
JMG, a patient who suffered from a meningo-encephilitis. In contrast to
previous patients, extrahippocampal structures were largely destroyed,
along with the left hippocampus. The only preserved MTL structure
appears to be the right hippocampus, with visible remnants of sur-
rounding parahippocampal cortex in place as well. This patient thus
presents a very rare lesion pattern which, to the best of our knowledge,
has never been studied in depth up to now (with the exception of an
approaching case reported in Delbecq-Derouesné et al., 1990). As this
patient has an unusual lesion pattern, we expected that it would help
shed light on the functional organization of the MTL.

The hippocampus and related structures of the extended hippo-
campal system are thought to be critical for recall (defined as the ability
to retrieve information from memory in the absence of pertinent sti-
mulus cues) (Hannula et al., 2013; Tompary et al., 2016). However,
medial temporal structures are usually viewed as being hierarchically
organized, with the pattern of anatomical connections between these
structures placing the hippocampus at the top of this hierarchy
(Mishkin et al., 1997; Suzuki and Amaral, 1994). Following this view,
lesions of extrahippocampal structures that preserve the hippocampus
should impair recall, because the afferences to the hippocampus would
then be damaged. However, the hierarchical view of MTL organization
has recently been questioned (Aggleton, 2013; Vann, 2010). Therefore,
our first aim was to investigate the status of recall in JMG.

Given that the right hippocampus is preserved in JMG, what pre-
diction can be made regarding the status of recognition memory?
Preserved recollection, and hence partially preserved recognition
memory performance, could in principle be predicted based on models
arguing that the hippocampus supports recollection whereas perirhinal
cortex and neighbouring parahippocampal gyrus supports familiarity
(Aggleton and Brown, 1999; Bowles et al., 2007; Brown and Aggleton,
2001). Only two patients presenting with isolated damage to anterior
subhippocampal structures (perirhinal or entorhinal cortex), preserving
the hippocampus, have reported supporting this view (Bowles et al.,
2007; Brandt et al., 2016). How JMG fits with these previous cases,
although his lesions are much larger, could be particularly significant. A
second aim of the current study was, therefore, to shed further light on
this issue by investigating whether recognition memory was preserved
and relied on familiarity, recollection or on both processes. We were
specifically interested in determining whether any above-chance per-
formance in recognition memory tasks would be related to partially
recollection.

An alternate account of the functional organization of MTL struc-
tures that has been proposed in recent years, emphasizes the type of
representation that different structures support (Cowell et al., 2010;
Ranganath, 2010; Shimamura, 2010). In particular, it has been argued
that the perirhinal cortex may be part of a larger system involved in
object processing, i.e., the visual ventral stream. The hippocampus, by
contrast, has been proposed to play a comparable role in scene pro-
cessing, perhaps based on additional connectivity with the dorsal visual
stream (Murray et al., 2007). Following such representational account
of MTL organization, one might more specifically predict that our pa-
tient would be impaired on recognition memory tasks for single-items
such as objects or abstract patterns, but would perform better on re-
cognition memory tasks for scenes (for a recent review, see Lee et al.,
2012). This idea is further supported by the fact that the medial part of
the right parahippocampal cortex appeared preserved in JMG, and that
this area is also known to play a critical role in scene processing
(Epstein and Ward, 2010; Habib and Sirigu, 1987; Maguire et al., 1998;
O’Craven and Kanwisher, 2000). Accordingly, an additional aim of the
present study was to investigate JMG's recognition abilities for scenes in
more detail, and to obtain corresponding measures of familiarity and

recollection.
Here, we report an extensive investigation of JMG's memory abil-

ities that includes 15 experiments, which we grouped into three sec-
tions. All were based on visual material, as a previous study highlighted
systematically impaired performances for verbal material in JMG
(Barbeau et al., 2011), and given the role of the right hemisphere in
visual processing. In the first section, we conducted 5 experiments to
investigate visual recall. In the second section, we focused on famil-
iarity and recollection for single items (7 experiments), while in the
third section we focused on familiarity and recollection for scenes (3
experiments). Hence, our goal was to evaluate whether and how JMG's
pattern of performance, across these different sections, would fit with
current conceptions of the role of the MTL in memory.

2. Patient and methods

2.1. Case description

JMG was born in 1954. He is right-handed (Edinburgh handedness
evaluation: 90%). He attended regular school until the age of 16 at
which time he switched to professional training as a hairdresser. He
then obtained his first-level diploma (CAP). He contracted meningo-
encephalitis in July 1974 at the age of 20 during his military service. He
was treated in a military hospital in the Pacific and not much in-
formation is available from this period. He had hyperthermia and
convulsions, was confused and remained comatose during five weeks.
Weight loss was severe. His condition was serious and, for several
weeks, the medical staff feared for his life. He was treated with un-
specified antibiotics. He was sent back to a military hospital in Paris in
September and back home in November 1974. He was then described as
having severe memory difficulties. He did not undergo any kind of re-
habilitation program.

Following this period, JMG was able to resume a normal life by
himself. He managed to resume professional training as a hairdresser,
and qualified successfully for his second-level diploma (BEP) after his
second attempt in 1976. He then worked for nine years in three dif-
ferent barbershops, providing a perfectly satisfactory service. He
opened his own barbershop in 1985, which he managed alone, in-
cluding staff. He lived alone, caring for himself until 1993. He was
socially active. He liked dancing and this is how he met his wife whom
he married in 1993. JMG is well aware of his difficulties (i.e., no ano-
sognosia) and probably very good at concealing them. His behaviour
appears normal for most people, including customers. His main com-
plaint is related to person knowledge, a deficit that he managed to
overcome during his professional life; he used to resort to various
strategies to identify usual customers, although he was not able to re-
cognize them in a standard way.

An intriguing feature of JMG, considering the extent and location of
his lesions, is that a few years after his disease he spontaneously became
very fond of leisure that were related to spatial cognition. For example,
he started biking frequently. He estimates, using his bike monitoring
system, that he bikes about 12–16000 km each year. He always bikes
alone, using different roads back and forth. JMG also started learning
French geography, and he has since then acquired a lot of knowledge
about French cities, departments and regions. Overall, it seems that
spatial memory was largely preserved.

2.2. Lesion documentation

In 2007, MRI imaging was carried out after a medical examination
diagnosed that JMG suffered from a psychological fatigue. MRI re-
vealed normal frontal, parietal and occipital lobes but very extensive
and severe lesions of the temporal lobes bilaterally extending to the
insula (Fig. 1). The total lesion volume was estimated to be 109 cc. The
most notable finding was that all MTL structures (temporal pole,
amygdala, perirhinal, entorhinal and parahippocampal cortices,
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hippocampus) were either completely destroyed or extensively da-
maged, except for the right hippocampus, which appeared to be the
only preserved structure (Fig. 1 and Fig. 2). Manual segmentation in-
dicated that its overall volume was 85%, significantly below the mean
of a group of 16 control subjects matched in age (p = 0.02). Loss of
tissue probably affected its anterior part as the distance between the
rostral pole and the hippocampal head was greater than for any control
participant (p = 0.01). As one would expect, the length of the hippo-
campus was also shorter (34.1 vs. 41.7 mm, p = 0.003). The only other
structure that appeared partially preserved was the right para-
hippocampal cortex. While the structure was severely damaged lat-
erally, the medial part appeared to be relatively intact (Fig. 2). Patches
of residual tissue could also be observed where the right amygdala
should have been and along the right subiculum.

Despite this loss of volume, the right hippocampus appeared unu-
sually thick compared to control subjects, a phenomenon clearly visible
on JMG's MRI (Fig. 2). We linearly regressed the volume of the hip-
pocampus against its length in the group of control subjects. We thus
obtained a model of volume prediction. Using this model, volume
variability in the control group was small (± 7%). However, JMG's
right hippocampus volume showed a 57% increase compared to what
was predicted by its length (z-score = 7.8, p<0.001). JMG's overall
intracerebral volume (including the lesion volume estimations) was
slightly lower than control subjects (z-score = −0.75) and thus did not
appear to explain the increased hippocampal thickness.

Fig. 1. axial T1-weighted MRI slices aligned to the
bi-commissural plane. The small arrows indicate the
different lesions. H indicates the remaining right
hippocampus. L: left, R: right.

Fig. 2. MRI of JMG and of a representative control
participant. The MRI of both subjects was normal-
ized using the SPM template to show the slices at the
same level. A) Sagittal slices. B) Coronal slices. The
reduced length of JMG's hippocampus can be ob-
served on the sagittal slice (large arrow). The thick-
ness of his hippocampus compared to the control
subject can be observed on both sagittal and coronal
slices (large arrows). Note the extrahippocampal le-
sion on the right (double arrow) indicating that the
lateral parahippocampal cortex is damaged.
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2.3. General assessment

JMG's verbal IQ was at 84, his performance IQ at 100, and his total
IQ at 90 (mean = 100, SD= 15, WAIS-III, Wechsler, 2000). His general
delayed memory index was 71 (−1.9 SD below control subjects)
without any difference between verbal and visual memory (delayed MQ
= 72 each, −1.9 SD) (mean = 100, SD = 15, WMS-III, Wechsler,
2001).

JMG's memory for verbal material was tested using free and cued
recall, as well as recognition tasks, but was found to be systematically
impaired, in accordance with his large left MTL lesions (Barbeau et al.,
2011).

2.4. Experiments

JMG participated in a set of 15 experiments, including five tests of
recall of visual material and 10 tests of visual recognition memory.
Recall experiments involved the use of paper and pencil; copies from
memory were rated in terms of visual detail and reaction times were
obtained as well. Visual recognition memory tasks were computerized
and stimuli were presented using E-prime v.1.2 (Schneider et al., 2002).
As there are a large number of different experiments reported in this
study, the methods for each experiment are presented before each result
rather than in the Methods section for the sake of clarity.

2.5. Control subjects and statistical analyses

It would have been very difficult to find control subjects agreeing to
follow all 15 experiments of the current study. Consequently different
groups of control subjects (minimum 10 control subjects per experi-
ment) were used. We acknowledge the possibility that the use of dif-
ferent groups of control subjects might have had an effect on the results.
However, the number of experiments and the fact that results were
congruent should limit this effect. The characteristics of each group, as
well as which experiment they underwent are described in Table 1.
JMG was between 57 and 58 at the time of assessment and had 11 years
of education. All subjects were matched with JMG regarding age and
years of education (all p>0.05 using SINGLIMS_ES, Crawford and
Garthwaite, 2002; Crawford and Howell, 1998).

Recognition memory performance was calculated using d-prime
(corrected according to Snodgrass and Corwin, 1988), a measure of the
ability to discriminate targets and distractors. Different indices were
used to calculate familiarity and recollection (described for each ex-
periment below). To compare JMG's scores with those of control sub-
jects, we used a modified t-test enabling a comparison between an in-
dividual's score and a small control sample (Crawford and Howell,
1998). The test was implemented using the program SINGLIMS_ES
(Crawford and Garthwaite, 2002; Crawford and Howell, 1998). Given
that the existing theory supports the idea that JMG should present

scores lower than control subjects, a unilateral hypothesis was used and
the level of significance was set at p< 0.05. Furthermore, we plotted
for each analysis the individual performance of each control subjects
along with that of JMG. This easily allows readers to assess whether
JMG's performance is within or outside the distribution of control
subjects’ performance.

3. Results

3.1. Visual recall

We used five different tests to assess visual recall, varying the nature
of encoding (incidental versus intentional), type of material, and delay.
The same ten control subjects (Table 1) were tested for experiments
1–4. Results are displayed in Fig. 3 and Fig. 4.

3.1.1. Experiment 1: VPT test
3.1.1.1. Materials and procedures. The VPT (Della Sala et al., 1999) is a
paper test assessing visual memory. Different checkerboards were
presented to the participants in an ascending level of difficulty (grids
progress from a 2 × 2 matrix with two black cells to a 5 × 6 matrix
with 15 black cells). Learning of each grid lasted 10 s. The delay lasted
one minute and was filled with the Corsi block-tapping task. Subjects
were then instructed to recall the correct position of the black cells by
darkening squares in an empty grid. We used version A of this test and
learning was intentional.

3.1.1.2. Results. JMG's level of performance was higher than that of
control subjects (JMG: 9.2 points; mean: 8.2 points, SD: 2.7; t (9) =
0.35, p = 0.37) (Fig. 3A).

3.1.2. Experiment 2: Rey-Osterreich simple figure (Rey, 1959)
3.1.2.1. Materials and procedures. This figure is a very simple drawing
–without complicated details– usually used for children. JMG was
explicitly instructed to learn the figure, without copying it, during two
minutes. Recall took place after 25 min.

3.1.2.2. Results. JMG's score was within the normal limits in terms of
accuracy; it was below control subjects’ average but higher than that of
two of them (JMG: 15.0 points; mean: 18.7 points, SD: 2.98; t (9) =
−1.18, p = 0.13) (Fig. 3A).

3.1.3. Experiment 3: Taylor's figure (Taylor, 1969)
3.1.3.1. Materials and procedures. As compared to the previous task, the
Taylor's figure is composed of more specific and complex details.
Learning was incidental and based on the copy of the figure. For the
recall phase, JMG was instructed to reproduce the figure immediately
from memory. After a delay of 15 min, JMG was asked to draw the
figure again.

3.1.3.2. Results. JMG's scores were within normal limits in terms of
accuracy: his immediate recall score was above one participant and his
delayed recall score was above three of them (JMG: 18.0 points; mean:
25.4 points, SD: 8.28; t (9) = −0.85, p = 0.21). There appeared to be
no loss of detail between immediate and delayed recall as JMG obtained
the exact same score in both phases (Fig. 3A).

3.1.4. Experiment 4: Toulouse's figure
3.1.4.1. Materials and procedures. We developed a new complex
geometric figure for the purpose of this experiment (Fig. 3B). In this
case, we used intentional learning without immediate recall. JMG was
instructed to memorize the figure during three minutes with the aim to
reproduce it with as much detail as possible. After a delay of 20 min, he
was asked to draw the figure from memory.

3.1.4.2. Results and discussion. Despite the increased delay between

Table 1
Overview of control subjects' characteristics for each experiment. JMG was between 57
and 58 at the time of assessment and had 11 years of education. Five control groups were
used. Group B was composed of the participants from group A and 8 other participants.
Group C was composed of 7 participants from group A and 3 other participants.

Group A Group B Group C Group D Group E

N 10 18 10 10 10
Gender (F/M) 6/4 10/8 5/5 5/5 7/3
Age (mean, SD) 57.8 (4.1) 56.9 (4.5) 57.2 (3.6) 54.2 (3.8) 63.5 (7.6)
Educ. Level (mean,

SD)
10.9 (3.0) 11.8 (2.9) 10.5 (2.3) 14.2 (4.7) 12.3 (2.5)

Experiments
Recall 1–4 5
Single item

recognition
9–10 11 6 7–8 12

Scene recognition 13–15
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study and recall, JMG's score was within normal limits in terms of
accuracy, and above four control subjects (JMG: 16.0 points; mean:
17.4 points, SD: 3.86; t (9) = −0.35, p = 0.37) (Fig. 3A).

3.1.5. Experiment 5: R^2 test - assessing recall and recognition for the same
material – recall part

This novel test was developed with the aim to evaluate recall and
recognition using the same encoding phase. Fig. 4 displays the design
and the results of this experiment. We focus on the results of the recall
phase. The results of the recognition phase are presented below.

3.1.5.1. Materials and procedures. Participants were instructed to
memorize 13 black and white abstract pictures presented on a
computer screen one by one during the encoding phase. After a
distraction phase of five minutes, participants were asked to draw
from memory all abstract picture they could remember. Their drawings
were scored by two independent raters on a scale of zero to three. The
correlation between both raters showed high inter-rater concordance (r
= 0.98). Two scores were derived from this procedure: 1) the total
number of figures reproduced that obtained a score of at least 1
(meaning they were recognized by the raters as drawings of one of

the stimuli), 2) a normalized score corresponding to the quality of the
production: total score / (total number of figures reproduced * 3).

3.1.5.2. Control subjects. 18 controls were tested (Table 1).

3.1.5.3. Results. JMG was able to draw two pictures rated at least 1, in
the same range as control subjects (mean = 3.22, SD = 2.13, t (17) =
−0.56, p = 0.29). His normalized score was above four controls’ scores
(JMG: 0.33 points; mean: 0.46 points, SD: 0.20; t (17) = −0.63, p =
0.27) (Fig. 4).

3.1.5.4. Summary of the visual recall tasks. The points estimate for the
effect size (zcc, see Crawford et al., 2010) for the comparisons of JMG to
controls varied from −1.24 (Experiment 2) to 0.37 (Experiment 1).
Overall, there was no significant difference between JMG and controls
performances across the five recall tasks (JMG: 55.5%; mean: 63.9%,
SD: 13.9; t (9) =−0.58, p = 0.29 – zcc =−0.60), and his performance
was above the level of some control subjects in all experiments.

Fig. 3. Results of JMG and ten age/level matched controls for the
four visual recall tasks. The Toulouse figure is presented in B.
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3.2. Single item recognition

Recall is defined as the ability to retrieve information from memory.
Recollection is defined as the process by which qualitative information
about an event are retrieved, such as in which context it occurred. Since
recall was preserved in JMG and given the proximity between recall
and recollection (Quamme et al., 2004), we were specifically interested
in determining whether any above-chance performance in recognition
memory tasks would be related to partially preserved recollection.
However, recent studies suggested that recollection may be content-
dependent (Cowell et al., 2010; Ross et al., 2017), i.e., dependent on
whether recognition of items or scenes were probed. We therefore ex-
pected that recollection could be impaired for one type of stimulus (i.e.,
objects) and preserved for the other (i.e., scenes).

We addressed this possibility in the following series of experiments
in which we used single-item tasks (i.e., using stimuli such as objects
and abstract pictures), and combined them with methods that allowed
probing familiarity and recollection processes. Note that some of these
tasks, based on the RKG or process-dissociation procedure, rely on as-
sumptions that have been questioned (Curran and Hintzman, 1995;
Wixted et al., 2010) and that dual-process models proposing that fa-
miliarity and recollection are independent processes have similarly
been debated (Pazzaglia et al., 2013; Wixted, 2007). In order to take
these issues into account, we used several different methods to assess
familiarity and recollection as has been suggested (Yonelinas et al.,
2001; Bowles et al., 2007) including recent ones not relying on the RKG
or PDP procedures. Our aim was to collect results using different
methods and assess whether they were coherent.

3.2.1. Experiment 6: RKG with abstract items
We used here a very simple recognition memory task with a classic

Remember/Know/Guess procedure for which each verbatim was noted.
Fig. 5 displays the experimental design, examples of the stimuli, and
results.

3.2.1.1. Materials and procedures. During the encoding phase
participants were instructed to judge 40 colourful abstract figures as
pleasant or unpleasant. These stimuli were colourful cliparts gathered
from the internet and have been used in previous studies by our group
(Barbeau et al., 2008). They were not told that they had to specifically
learn them (incidental encoding). After a five minutes interfering phase,

Fig. 4. Experiment 5 - R^2. Recall and recognition of the same material. A) Example of the stimuli. B) Example of JMG drawings during the recall phase. C) Example of the recognition
phase. D) Distribution of the performance of control subjects and JMG's results.

Fig. 5. Experiment 6 – RKG with abstract patterns. Summary of the recognition and study
phases, example of the stimuli used and performance of participants and JMG.
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the 40 targets intermixed with 40 distractors were presented to the
participants who had to decide whether they were old or new. If the
participants’ decisions were ‘old’, they had to justify and described their
responses with a recollection/know/guess judgment (RKG; Gardiner,
1988). As will be seen below, JMG's performance was so poor so that R
and K estimates were not analysed.

3.2.1.2. Control subjects. Ten control subjects were tested (Table 1).

3.2.1.3. Results. JMG's recognition performance was lower than that of
all participants (d-prime, JMG: 0.43; mean: 1.66, SD: 0.63, t (9) =
−1.86, p<0.05) and close to chance (58%, chance = 50%). As
estimates of familiarity and recollection tend to become unreliable
when performance is close to chance, familiarity and recollection were
not estimated in this experiment.

3.2.2. Experiment 7: Spatial source memory
Since JMG failed the previous task, we next examined whether he

might benefit from provision of spatial context. Fig. 6 displays the ex-
perimental design, examples of the stimuli and results.

3.2.2.1. Materials and procedures. This experiment was adapted from
Wolk et al. (2008). Items were presented four by four (two living items
vs. two non-living items) in four different quadrants on the screen.
Participants were explicitly instructed to learn the non-living items that
were presented, as well as the quadrant in which they appeared. To
facilitate encoding, the items and quadrant number had to be named.
20 different trials were presented, for a total of 40 non-living items. The
recognition phase took place three minutes later, and consisted in
presenting one by one the 40 non-living targets intermixed with 40
distractors. Participants were asked whether the items were old or new.
If an “old” judgment was made, participants had to designate in which
of the four quadrants the item was previously presented. Visual spatial
source memory abilities were estimated as a ratio of correct quadrant
judgments over the number of hits (correct recognition judgment) and
over the total number of items.

3.2.2.2. Control participants. Ten control subjects were tested (Table 1).

3.2.2.3. Results. JMG's recognition and recollection performances were
significantly lower than every control participants (all p<0.01). Thus,
JMG does not appear to benefit from this type of spatial contextual
information.

3.2.3. Experiment 8: Process Dissociation Procedure with repetition
We conducted another experiment in which stimuli were repeated,

aiming to determine whether repetition could help JMG to overcome
his impairments. Fig. 7 displays the experimental design, examples of
the stimuli and results.

3.2.3.1. Materials and procedures. The task was adapted from Wolk
et al. (2008). In this experiment, 64 single items were learnt (all objects
from different categories, 32 presented once, 32 presented four times).
Each item was presented on a different coloured background (green or
red) and participants had to name the background colour, the object,
and tell whether the object was pleasant or not. They were told that
they had to learn the object/background association for a future test
(incidental learning). The recognition session took place after a three
minutes delay. The 64 targets as well as 32 distractors were presented
one by one with a green or red rectangle indicating which was the
target background. Participants were instructed to make old/new
judgments, old judgments corresponding to the correct association
between item and background. 32 targets were presented with their
correct background and 32 with an incorrect background. Recollection
and familiarity estimates were derived from the same process
dissociation procedure logic described in Wolk et al. (2008).

3.2.3.2. Control participants. Ten participants were tested (Table 1).

3.2.3.3. Results. JMG's recognition and familiarity performances for
the items presented once were above two control subjects (t (9) =
−0,83, p = 0.21 and t (9) = −0,77, p = 0.23, respectively). JMG's
recollection score for these items was higher than that of six controls,

Fig. 6. Experiment 7 – Spatial source Memory. Summary of the recognition and study phases, example of the stimuli used and performance of participants and JMG.
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and even above controls’ average (JMG: 0.25; mean: 0.21, SD = 0.23, t
(9) = 0.17, p = 0.44). However, JMG's performance was not improved
with repetition as his performances actually decreased (d-prime: 1.05 for
items presented once; 0.66 for items presented four times). In contrast,
every control subject showed an improvement (mean d-prime: 1.45 vs.
2.04 for repeated items). Likewise, JMG's familiarity and recollection
scores decreased for repeated items and were below those of all control
subjects (t (9) = −1.77, p = 0.06 and t (9) = −1.37, p = 0.10,
respectively). This result suggests that repetition does not provide
benefits to JMG in the same manner as it does for control participants.
No dissociation between familiarity and recollection was observed in
the two conditions as both were either normal (items presented once) or
impaired (repeated items). An interpretation as to why JMG may have
performed at the level of control subjects only after a single
presentation on this task is presented in the Discussion.

3.2.4. Experiment 9: Spontaneous recollection of animals in scenes
In Experiment 9, our goal was to assess how JMG would perform in

a task allowing assessing recollection with greater ecological validity.
We tried in this novel experiment to assess recollection without having
to give specific instructions about Familiarity or Remember judgments
that can be difficult to understand by patients with memory difficulties
(Baddeley et al., 2001; Barbeau et al., 2005) and without JMG having to
resort to possibly complicated reasoning. Single animals (n = 40) were
presented on different landscapes, participants were explicitly in-
structed to learn the items (Fig. 8). After a distraction phase of five
minutes, only the animals were presented among animal distractors (n
= 40). Participants made old/new judgments and in the case of an old
judgment were asked to justify their responses orally. We expected that
participants would in some occasion spontaneously refer to the land-
scapes in which the animals were presented to justify their response. A
response was judged as an instance of recollection if reference to the
appropriate landscapes were made, such as in “I remember that this
animal was on the beach”. The measure of correct recollection re-
sponses for targets was corrected for false alarms (hits - FA).

3.2.4.1. Control participants. Ten control subjects were tested (Table 1).

3.2.4.2. Results. JMG's recognition performance was lower than that of

all of the controls (d-prime, JMG: 0.89; mean: 1.73, SD: 0.62, t (9) =
−1.29, p = 0.11). Unlike control participants, JMG never
spontaneously referred to the landscapes in the justification of his
recognition responses. His recollection score was equal to zero and
significantly lower than that of all control subjects (JMG: 0.0; mean:
0.28, SD: 0.11; t (9) = −2.43, p<0.05).

3.2.5. Experiment 10: Spontaneous recollection of vehicles in scenes
This experiment was similar to the previous one and used the same

group of control subjects, except that vehicles, rather than animals,
were presented to participants. The purpose of this was to investigate
whether changing the category of the stimuli to a non-living category
would change the results (Fig. 8).

3.2.5.1. Results. JMG's performed lower than every control subjects (d-
prime, JMG: 1.44; mean: 3.08, SD: 0.95, t (9) = −1.65, p = 0.07). It is
noteworthy that JMG performed well above chance (76.3%, chance:
50%), although below control subjects. This could suggest that
contextual information may have helped him. However, his
recollection performance was poor, JMG almost never spontaneously
referring to the landscapes contrary to the control subjects (JMG: 0.05;
mean: 0.26, SD: 0.17; t (9) = −1.18, p = 0.14).

3.2.6. Experiment 11: R^2 test: assessing recall and recognition for the same
material – recognition part

The R^2 test allows assessing recall and recognition for the same
material. Results for the recall phase was presented in Experiment 5,
where we showed that he performed normally. Here, we assessed
whether JMG would recognize these same items. The recognition phase
took place immediately after the recall phase. JMG and the same con-
trol subjects were instructed to recognize the previously learnt pictures.
To avoid a ceiling effect, 26 slides were presented. Each slide was
composed of (i) five pictures and (ii) one response “none” (meaning
that none of the other picture was recognized as a target). A forced-
choice format was used (i.e., subjects were requested to make a choice
among the 6 possibilities). Among the 26 slides, 13 slides contained one
of the targets among the five pictures (subjects were thus expected to
choose the target and avoid choosing “none”), and 13 contained only
pictures of distractors (the response “none” was expected in this case).

Fig. 7. Experiment 8 – Process dissociation procedure experiment with items that appear once (1x) or four (4x) times. Summary of the recognition and study phases, example of the
stimuli used and performance of participants and JMG.
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Fig. 4 displays the design and the results of this experiment.

3.2.6.1. Results. JMG's d-prime was significantly lower than controls’
mean (JMG: 0.74; control subjects’ mean: 2.58, SD: 0.92; t (17) =
−1.95, p<0.05) and below that of all controls subjects. However,
JMG was able to recognize the two pictures that he had recalled during
the recall part.

3.2.7. Experiment 12: The Speed and Accuracy Boosting Procedure
We mainly focused in the previous experiments on the assessment of

recollection. Here we focused specifically on the assessment of famil-
iarity using the SAB (Speed and Accuracy Boosting Procedure), a
paradigm that was recently developed to assess familiarity (Besson
et al., 2012, 2015). Familiarity is supposed to be a fast process (Brown

and Aggleton, 2001). Hence, responses made under strong speed con-
straints should be based mainly on familiarity as has been suggested in
previous studies (Bowles et al., 2007; Sauvage et al., 2010). The SAB
applies such speed constraints in that participants have to make a re-
sponse before a response deadline. A previous experiment in which the
SAB was combined with a detailed Remember/Know procedure in-
dicated that 75% of the responses were based on familiarity (Besson
et al., 2012). Furthermore, responses based on recollection started later
than responses based on familiarity, in accordance with the idea that
familiarity is faster than recollection. Here, the response deadline was
set at 700 ms based on previous results (Besson et al., 2015, 2012).
Practically, participants have to make a go response before this dead-
line when a target is presented or the response is considered as an
omission (Fig. 9). If a distractor is presented, participants have to

Fig. 8. Experiments 9 and 10 – Spontaneous recollection of ani-
mals and vehicles in scenes. Summary of the recognition and
study phases, example of the stimuli used and performance of
participants and JMG. Note that the recollection's answers were
counted only when a justified response was made with a specific
detail of the background.
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withhold their response or the response is considered as a false-alarm.
Because the SAB is highly demanding, positive or negative audio feed-
backs are played after each response to keep motivation high. The full
details about this task have been described in Besson et al. (2015).
Subjects underwent 3 blocks. Each block began with a study phase, in
which stimuli (30 photographs of objects, examples of stimuli in Fig. 9)
were presented one by one. Participants were explicitly instructed to
remember all single-trial stimuli. After an interfering phase of three
minutes, during which participants viewed a cartoon with the sound on,
they had to recognize the stimuli that were presented earlier, inter-
mixed with 30 distractors.

3.2.7.1. Participants. 10 controls were tested (Table 1).

3.2.7.2. Results. JMG's d-prime was lower than all control subjects
(JMG: 0.68, control subjects’ mean: 1.83, SD = 0.56, t (9) = −1.96,
p<0.05). Analysis of the distribution of the reaction times across time
(Fig. 9) indicates that JMG made responses at about the same speed as
control subjects but that he also made more false alarms during the
whole period preceding the response deadline. These results support the
idea that JMG's familiarity assessment is largely impaired when
assessed with single objects.

3.2.8. Summary of the visual recognition memory tasks. The effect size
indexes (zcc) varied from −3.86 (Experiment 7) to −1.37 (Experiment
9) for this set of single item recognition experiments. Overall, JMG
performances were below control subjects’ performances (Fig. 12).

3.3. Scene recognition memory

Following our investigation of single-items recognition in the pre-
ceding section, we next assessed whether recognition of scenes could be
preserved. The parahippocampal cortex has indeed been implicated in
scene processing in numerous studies (e.g., Epstein and Kanwisher,
1998). Given the preservation of the medial portion of the para-
hippocampal cortex and right hippocampus in JMG, we investigated
whether his performance could be in the normal range for scenes.

3.3.1. Experiment 13: Indoor Scenes Exclusion Task (Martin et al., 2012)
3.3.1.1. Materials and procedures. We used the task developed by
Martin et al. (2012) in which the procedure is extensively described.
72 indoor scenes (examples in Fig. 10) were incidentally learnt.
Subjects had to evaluate the relative wealth reflected in the scene
content in each image on a three points scale. During the recognition
phase, JMG and controls were instructed to judge if the presented item
was previously encountered. There were 72 lures. Each lure was
repeated once after lags of 4, 18, or 48 intervening items.
Participants were explicitly informed that lures were repeated and
that they still had to be considered “new”. Data analyses rested on the
same method as Martin et al. (2012). We examined recognition
performance with a d-prime, taking into account targets and non-
repeated lures. We also calculated the exclusion error, which was
defined by the proportion of false alarms among the repeated lures
(hence, the lower this ratio is, the better is recollection). This ratio was
considered as a measure of the ability to recollect contextual detail
about whether the item was encountered during the encoding or during
the test session. Fig. 10 displays the experimental design and results.

3.3.1.2. Control participants. 10 participants were tested (Table 1).

3.3.1.3. Results. JMG's recognition performance was above five
participants (d-prime, JMG: 0.85; control subjects’ mean: 0.94, SD:
0.32, t (9) = −0.27, p = 0.40) (Fig. 10). In the same vein, JMG's
exclusion ratio was within normal limits (JMG: 0.28; mean: 0.20, SD:
0.11, t (9) = 0.69, p= 0.25). Thus, JMG presents preserved recognition
memory as well as preserved recollection for scenes.

3.3.2. Experiment 14: outdoor scenes exclusion task (adapted from Martin
et al., 2012)
3.3.2.1. Materials and procedures. Given that JMG appears to have
difficulties processing single objects and that the indoor scenes used
in the previous experiment were filled with such single items, the same
experiment was run using full-screen outdoor scenes without any object
(example of stimuli in Fig. 10). Our hypothesis was that JMG would
perform as well, and possibly better than in the previous experiment.

3.3.2.2. Results. JMG's recognition performance was above seven
participants (d-prime, JMG: 1.31; control subjects’ mean: 1.31, SD:
0.72, t (9) = 0.0, p = 0.50). As in the previous experiment, there was
no significant difference between JMG's and controls’ exclusion ratio
(JMG: 0.17; control subjects’ mean: 0.19, SD: 0.15, t (9) = −0.13, p =
0.45). JMG thus performed at least as well as in the previous
experiment, confirming his preserved recognition memory ability for
scenes.

3.3.3. Experiment 15: RKG Outdoor Scenes
Here, we tested whether JMG would also show preserved familiarity

and recollection using an alternative paradigm. We thus used a classic
Remember / Know paradigm.

3.3.3.1. Materials and procedures. Participants were explicitly
instructed to learn a list of 55 full screen outdoor scenes. After a five
minutes interference phase, the target scenes intermixed with 55
distractors were presented. Participants were asked to make an old/
new judgment and in the case of an old judgment to report whether
they remembered or knew about prior stimulus exposure. A remember
response (R) had to be justified with specific details about the encoding
phase whereas a known response (K) was to be provided for recognition
in the absence of successful recollection of any pertinent contextual
detail. Recollection was estimated with the number of R responses
corrected for false alarms: R = (Rold - Rnew)/(1- Rnew). Familiarity was
estimated with a d-prime measure, employing a correction for
independence of the two processes (Yonelinas and Jacoby, 1995).

Fig. 9. Experiment 12 – SAB. A) Experimental design. B) Reaction time distributions
across time of control subjects (mean and 95% confidence interval) and JMG (thin lines).
Blue: hits, red: false alarms. Although JMG made about the same number of hits as control
subjects across time, he also made more false alarms. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
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3.3.3.2. Control participants. Ten participants were tested (Table 1).

3.3.3.3. Results. JMG's performed at the level of control subjects (d-
prime: JMG: 1.26, control subjects’ mean: 1.42, SD: 0.82, t (9) =
−0.19, p = 0.43) (Fig. 11). Both familiarity and recollection estimates
were in the normal range (familiarity: JMG: 1.16; control subjects’
mean: 0.63, SD: 0.73, p = 0.25; recollection: JMG: 0.32; control
subjects’ mean: 0.40, SD: 0.19, p = 0.35). These results are consistent
with previous results in that they show preserved recognition
performance but also preserved familiarity and recollection for scenes.

3.3.3.4. Summary of scene recognition memory tasks. The effect size
indexes (zcc) varied from −0.28 (Experiment 13) to 0.0 (Experiment
15) for this set of recognition experiments. Overall, there was no
significant difference between JMG and controls’ performance across
the three scene recognition memory tasks and his performance was
above the level of some control subjects in all experiments (Fig. 12).

3.4. Summary of the findings

In order to provide a summary of JMG's and control subjects’ per-
formance across all experiments, we calculated aggregate scores for
every individual participant across the experiments of each of the three
parts of this study (thus ending up with three aggregate scores for each
participant including JMG). We first computed the t-value (using the
formula of the modified t-test, (Crawford and Howell, 1998)) for each
subject compared with all other participants, including JMG, for each
experiment. We then averaged these t-values for individual subjects
across all experiments, considering the three parts of our study sepa-
rately. Note that the number of tasks included in the mean t-values was
not the same because of the design of tasks (d’ estimate for the single
item tasks was based on experiments 6–11; familiarity estimate for
single item tasks was based on experiments 8 and 12; recollection es-
timate for single item tasks was based on experiments 7–10; familiarity
estimate for scene tasks was based on experiment 15). Fig. 12 shows
that JMG's mean t-values in the single-item recognition memory tasks
were lower than those of all individual control subjects, revealing

Fig. 10. Experiments 13 and 14 – Indoor and outdoor exclusion task. Experimental design and JMG results compared controls results.
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impaired d-prime, familiarity and recollection. In contrast, his t-values
for the recall and scenes recognition memory tasks were clearly in the
normal range, including familiarity and recollection.

Finally, we tested dissociations between several types of experi-
ments using the distribution of differences in controls (Crawford and
Garthwaite, 2005; Crawford et al., 2010). A dissociation was observed
between JMG's t-values for recall and single stimuli recognition ex-
periments (t (9) = 3.21, p (two-tailed)< 0.05 – zDcc = 3.85). Likewise,
a second dissociation was highlighted between single stimuli and scene
recognition t-values (t (9) = 2.90, p (two-tailed)< 0.05 – zDcc =
−3.40).

4. General discussion

We report in this study on a patient, JMG, with a highly atypical
pattern of lesions. Among all left and right MTL structures only the right
hippocampus is preserved, together with remnants of right medial
parahippocampal cortex. We first demonstrated that JMG is able to
recall a significant amount of visual material. Such a pattern of per-
formance in a patient with very large MTL lesions is in itself interesting
as it supports the idea that amnesia following MTL lesions is not related
to the size but to the site of the lesion.

We next showed that JMG performed very poorly on all visual re-
cognition memory tasks for single-items, such as objects and abstract
pictures. This impairment is likely due to the bilateral damage in
anterior extrahippocampal structures. In addition, neither familiarity
nor recollection was found to be completely preserved for these tasks,
suggesting that both processes depend on operations performed in ex-
trahippocampal structures when recognition memory for single items is
probed.

Last, we showed that JMG's impairments in recognition memory do
not extend to scenes. In three experiments that employed such stimuli,
he performed in the normal range. Moreover, both familiarity

Fig. 11. Experiment 15 – RKG outdoor scenes. The experimental design of the task is described and performance of JMG's and age/level-matched controls’ ones are presented.

Fig. 12. Dispersion of the mean t-values for recall, single-item and scenes memory re-
cognition experiments for each individual subject. Each circle represents the mean
modified t-value of one of the ten control subjects (x2 means that two controls are re-
presented by the same circle). The grey diamond represents JMG's mean modified t-value.
n = number of tasks included in the mean t-values.
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assessment and recollection were preserved for these stimuli. Together
with evidence from other patient studies, this pattern of results clearly
indicates that a unitary view of MTLs structures with reference to de-
clarative memory appears inadequate to account for the functional
specificity of lesion effects in the MTL. Critically, however, the dis-
sociation we observed cannot be easily accounted for by a popular dual-
process view of MTL organization, which considers a role for perirhinal
cortex in familiarity assessment and argues that the hippocampus
supports recollection (Aggleton and Brown, 1999; Yonelinas, 2002).
Instead, the pattern of results we observed in JMG appears to provide
support for proposals of MTL of organization that emphasize the nature
of different stimulus representations in different MTL structures (Bussey
and Saksida, 2007; Cowell et al., 2006; Murray et al., 2007).

4.1. Preserved recall for visual material

JMG is able to recall a significant amount of visual information
(Experiments 1–5). The encoding instruction (incidental or intentional),
the type of material or the time between encoding and delayed recall
did not seem to strongly influence his performances. We also explored,
informally, whether JMG was slower than control subjects in his per-
formance. However, there appeared to be no consistent pattern in the
data; he performed slower on some but in normal range on other tasks.
Overall, these findings are consistent with the observation that JMG is
not amnesic in day-to-day life, and they suggest that his right hippo-
campus is largely functional.

That JMG shows a dissociation between preserved recall and im-
paired recognition is a highly unusual pattern. In the one task where we
used the same stimuli for recognition and recall (Experiments 5 and
11), JMG was impaired on the recognition part of the task, while per-
forming at the level of control subjects on the recall part, reinforcing
the idea of a dissociation. Of course, the finding that recall is preserved
while recognition is impaired within the same task appears highly
counterintuitive at first. However, one needs to remember that the vi-
sual items that are used in recall tasks are geometric shapes made of
black lines (i.e., these stimuli don’t have the perceptive complexity of
the objects) and abstract patterns used in the other tasks. Furthermore,
JMG was able to recognize the two items he was able to recall. To our
knowledge, only one study presented a patient with a similar pattern of
preserved recall and impaired recognition (Delbecq-Derouesné et al.,
1990). The authors reported the case of RW, presenting large areas of
hypodensity of the medial parts of the frontal lobes, larger in the right
hemisphere. Within medial lobe structures, lesions involved the fusi-
form and parahippocampal gyri while the hippocampi were interest-
ingly probably preserved. He presented a similar pattern of results to
JMG - i.e., his scores were in the normal range on recall tests, whereas
he performed below control subjects on recognition memory tests. Like
JMG his performance on the Wechsler Memory Test (first version) was
in the normal range (MQ = 94) and he apparently was not amnesic in
day-to-day life. RW pattern of response was interpreted as reflecting
preserved active and strategic search process but impaired familiarity-
based recognition, which appear compatible with what is observed in
JMG. In this context, JMG remains an outstanding case because of his
extensive lesions of the medial temporal lobes, wider than is seen in
many cases of severe amnesia and what appears to be a good pre-
servation of his recall abilities. Overall, this suggests that a syndrome
related to large MTL lesions but preserved hippocampus can occur in
some patients.

From a neuroanatomical perspective, these results are intriguing
considering that the hippocampus is usually viewed as receiving in-
formation mainly from extrahippocampal structures through the en-
torhinal cortex (Suzuki and Amaral, 1994). JMG's right hippocampus
should be dysfunctional since his entorhinal cortices were largely da-
maged (Buckmaster et al., 2004). At this stage we cannot exclude the
possibility that the remaining patches of cortex in the MTL along the
right hippocampus support the transmission of some information. But

these patches are residual and by usual standards cannot be considered
as fully efficient. However, it was recently reported that bilateral le-
sions of the entorhinal cortex in the rat reduced but did not abolish
place cells firing (Van Cauter et al., 2008) suggesting alternative routes
to the hippocampus. Information could reach JMG's right hippocampus
through the right medial parahippocampal cortex that appeared pre-
served. Direct connections from this structure to the hippocampus have
indeed been reported in non-human primates (Rockland and Van
Hoesen, 1999; Yukie, 2000). The medial parahippocampal cortex re-
ceives strong inputs from the retrosplenial cortex, which was preserved
in JMG bilaterally (Blatt et al., 2003). This region itself receives inputs
from the parietal lobe and is also involved in spatial cognition (Epstein,
2008; Vann et al., 2009). In addition, there are also direct parietal and
frontal cortical inputs to the hippocampus (Goldman-Rakic et al., 1984;
Rockland and Van Hoesen, 1999), as well as direct connections from the
hippocampus to these areas (Barbas and Blatt, 1995; Insausti and
Muñoz, 2001). Taken together, these findings from prior studies suggest
that a network of posterior regions, which include the parahippocampal
cortex, restrosplenial cortex and the parietal lobes may interact with the
right hippocampus to support recall even when entorhinal cortex and
anterior medial structures are damaged. Such result also suggest that
the functional hierarchy often postulated to characterize MTL organi-
zation (Lavenex and Amaral, 2000; Mishkin et al., 1997) may not hold
true for recall. This appears to be consistent with recent views of the
hippocampus as belonging to an “extended hippocampal system” and as
being connected to a set of structures (diencephalon, medial frontal and
medial parietal lobes), presumably preserved in JMG, that regulate
hippocampal activity (Aggleton, 2014). It is also possible that some
forms of plasticity or reorganization took place in JMG, for example in
relation to his right hippocampus, which appears unusually thick
(Fig. 2). However, this clearly remains speculative at present.

4.2. Impaired familiarity and recollection for single items

JMG was impaired at visual recognition memory tasks for single
items (Experiments 6–12) as he performed most of the time below all
control subjects. JMG's performance appeared low even on tasks that
showed a ceiling effect in control subjects (Experiment 11). Efforts to
improve performance relative to control subjects using contextual in-
formation or repetition failed. In fact, repetition helped control subjects
but appeared to have a deleterious effect on JMG's performance
(Experiment 8). There was one exception to this overall pattern of
impairment for single items as JMG performed at the level of control
subjects in a task that involved the PDP procedure (Experiment 8
without repetition). The exact reason for this result is unclear, but a
possibility is that the task was particularly boring for control subjects.
The motivation of some may thus have been low.

Because we showed that the right hippocampus is able to support
visual recall, the observed pattern of result also suggests that the hip-
pocampus cannot support recognition for single items in the absence of
input from anterior extrahippocampal structures. The type of opera-
tions performed by anterior extrahippocampal structures have been
proposed to be related to object discrimination and recognition when
processing of complex feature conjunctions is required to distinguish
targets from distractors (Lee and Rudebeck, 2010; O’Neil et al., 2013).
This is in line with proposals suggesting that the perirhinal cortex is at
the top of the hierarchy of the visual ventral stream and processes items
at the exemplar level (Kravitz et al., 2013; Murray and Bussey, 1999).
In other words, following the view that the MTL participate in high-
level perception, as well as in memory discrimination (Barense, 2005;
Bussey et al., 2003; Lee et al., 2005), what may be impaired in JMG is
not memory for single-items per se, but his ability to form suitable re-
presentations of the items (Cowell et al., 2006).

Interestingly, JMG's performance, even if clearly impaired, was
above chance in all experiments, sometimes close to chance (e.g.,
Experiment 6), sometimes much better (e.g., Experiment 10). In this
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context, it seemed reasonable to assess whether his performance could
be explained by partly preserved recollection, as his performance on
recall tasks suggested this may be preserved. However, despite the use
of different paradigms, there never was any indication of preserved
recollection. Even using a spatial context, which could theoretically
have helped following the idea that the right hippocampus may play a
role in spatial context, did not improve recollection (Experiment 7).
Ecological assessment of recollection by virtue of introduction of scene
context, developed with the aim of avoiding having to resort to complex
or abstract reasoning, was of no help either (Experiments 10 and 11).
Furthermore, it appears that familiarity was also impaired for single
items as indicated by his low performance on all tasks requiring a
simple old/new judgment, but also on a task recently designed to assess
familiarity specifically (Experiment 12). Overall, such a pattern of re-
sult suggests that performance was generally too low to evidence pre-
servation of either familiarity or recollection. Moreover, it hints that the
hippocampus cannot support recollection for single items without some
degree of integrity of anterior extrahippocampal structures.

Bowles et al. (2007) reported impaired familiarity but preserved
recollection for verbal single items in a patient (NB), who had under-
gone a surgical resection of the left anterior temporal lobe that included
large parts of the perirhinal and entorhinal cortex that spared the
hippocampus. Despite this lesion, the patient performed within the
normal range on tasks of verbal recognition memory except when fa-
miliarity was probed. The authors suggested that preserved input from
remaining left temporal structures may have been sufficient to support
task performance based on recollection (Bowles et al., 2011). These
results seem at odd with those of the present study. However, the size of
the lesions in NB were much smaller than in JMG. Some anterior sub-
hippocampal inputs to the hippocampus may have been spared in NB
while this was not the case in JMG. Furthermore, NB was tested with
words, which are highly familiar material by themselves, whereas JMG
was tested with visual material composed of new stimuli. The reliance
of these two types of material on either the left or right subhippocampal
structures may be different. This suggests that it might be relevant to
take into account the hemispheric laterality of the lesions in future
studies.

It is interesting that JMG did not benefit from repetition, unlike
healthy subjects. A possibility could be that this improvement requires
interactions between the hippocampus and the cortex, which was no
longer possible in JMG. An alternative is that repetition of the same
item increases interference and thus diminishes the robustness of the
memory trace (for related results Bartko et al., 2010).

4.3. Preserved scene recognition contrasting with impaired single-item
recognition

The only MTL structures that were preserved in JMG were the right
hippocampus and medial right parahippocampal cortex. Both structures
have been found to be critical for spatial memory and for spatial na-
vigation, especially in the right hemisphere (Aguirre and D’Esposito,
1999; Epstein, 2008; Habib and Sirigu, 1987; Iaria et al., 2007; Kravitz
et al., 2011; Maguire et al., 2000). We thus hypothesized that JMG's
performance might be preserved on recognition memory tasks for
scenes. In three experiments, we demonstrated that this is indeed the
case (Experiments 13–15). In each case JMG performed at the level of
the mean of control subjects. These results are also in line with anec-
dotal observations that JMG does not have any difficulty with spatial
cognition in day-to-day life. For example, he is able to drive to the
hospital, more than an hour's drive, without any help in navigation.
Furthermore, one of his favourite leisure activities is to bike long dis-
tances (> 1000 km / month), including in unfamiliar environments.

JMG's pattern of performance for scenes thus differs markedly from
his performance for single-items and represents yet another functional
dissociation. This pattern of result was predicted given his pattern of
lesions, and given differences in connectivity between different MTL

structures with the ventral and the dorsal visual pathway. Interestingly,
both familiarity and recollection appeared preserved when processing
of scenes was required. This appears to suggest that familiarity assess-
ment may also depend on other structures than the perirhinal cortex as
some authors have found for scenes in fMRI experiments (Lee et al.,
2008). As such our findings provide strong support for proposals that
emphasize the nature of stimuli (objects versus scenes) and corre-
sponding demands for representation, rather than types of processes
(familiarity vs recollection), in characterizing the functional role of
different MTL structures (Cowell et al., 2010; Graham et al., 2006;
Kravitz et al., 2011).

Given that recall is preserved in JMG, it may be tempting to con-
clude from this that the hippocampus is preferentially involved in recall
(Aggleton and Shaw, 1996). However, representational accounts do not
postulate that the hippocampus has a specific role in recall (Cowell
et al., 2010). In fact, a recent fMRI study tested this idea and found that
recall of scenes required engagement of the hippocampus. In contrast,
recall of objects (and scenes) required engagement of the perirhinal
cortex. Critically, an effective connectivity analysis showed that in-
formation did not flow out of the hippocampus during recall of objects
(Ross et al., 2017).

5. Conclusion

The findings presented in JMG reveal several dissociations that are
of theoretical importance. As such, JMG helps advance our under-
standing of the unique functional roles played by different structures in
the MTL. Beyond their theoretical importance, the present findings also
have implications for surgical treatment of neurological conditions that
affect the MTL, as they point to structures that may continue to support
key aspects of declarative memory functioning in the presence of large
lesions.
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