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It has been proposed that reversal learning is impaired following damage to the orbitofrontal and ven-
tromedial frontal cortex (OFC/VMEFC) and to the medial temporal lobe (MTL), including the hippocampal
formation. However, the exact characteristics of the MTL-associated reversal learning deficit are not
known. To investigate this issue, we assessed 30 newly diagnosed patients with amnestic mild cogni-
tive impairment (aMCI) and 30 matched healthy controls. All patients fulfilled the aMCI criteria of the
Mayo Clinic Alzheimer’s Disease Research Center and underwent head magnetic resonance imaging that

K ds: . . . .
RZ{Z‘;‘;;lsleammg confirmed MTL atrophy. Reversal learning was assessed using a novel reinforcement learning task. Par-
Context ticipants first acquired and then reversed stimulus-outcome associations based on negative and positive

feedback (losing and gaining points). Stimuli consisted of a cue (geometric shapes) and a spatial context
(background color or pattern). Neuropsychological assessment included tasks related to the MTL (paired
associates learning), dorsolateral prefrontal cortex (DLPFC) (extradimensional shift, One-touch Stock-
ings of Cambridge), and OFC/VMFC (Holiday Apartment Task). Results revealed that, relative to controls,
patients with aMCI exhibited a marked reversal learning deficit, which was highly selective for the rever-
sal of context. The acquisition of stimulus—outcome associations and cue reversal learning were spared.
Performance on the context reversal learning task significantly correlated with the right hippocampal
volume. In addition, patients with aMCI had deficits on tests related to DLPFC but not to OFC/VMFC.
However, DLPFC dysfunctions were not associated with context reversal learning. These results sug-
gest that MTL deficits in aMCI selectively affect context reversal learning when OFC/VMEFC functions are
spared. This deficit is not influenced by the valence of the outcome (positive or negative feedback) and
by executive dysfunctions.
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1. Introduction

Adapting to environmental changes is one of the most funda-
mental challenges for every organism. Conditions that once were
rewarding may become disadvantageous and non-adaptive and
vice versa. Cognitive flexibility, including attentional set-shifting
and reversal learning, is a crucial element of adaptation (Frank &
Claus, 2006; Robbins & Arnsten, 2009). Clinical studies and animal
models have shown that frontal lobe lesions cause marked cogni-
tive rigidity (Chudasama & Robbins, 2006). Specifically, lesion to
the dorsolateral prefrontal cortex (DLPFC) and its rodent analogues
results in deficits on tasks requiring the shifting of attentional sets,
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whereas damage to the orbitofrontal and ventromedial frontal cor-
tex (OFC/VMEFC) is associated with reversal learning impairment
(Birrell & Brown, 2000; Dias, Robbins, & Roberts, 1996). Additional
brain regions implicated in reversal learning are the cortico-striatal
system and the medial temporal lobe (MTL), including the hip-
pocampal formation (e.g., Cools, Clark, Owen, & Robbins, 2002;
Marston, Everitt, & Robbins, 1993; Myers, Deluca, Hopkins, & Gluck,
2006; Shohamy, Myers, Hopkins, Sage, & Gluck, 2009; Swainson
et al., 2000). However, the potential difference between the roles
of these brain regions is not fully understood.

During discrimination learning, individuals form an atten-
tional set of stimulus dimensions relevant for responding (e.g.,
discrimination of stimuli according to their shape). In attentional
set-shifting tasks, individuals must change the attentional set to
efficiently respond to newly relevant stimulus dimensions (e.g.,
shifting from shape to color). In reversal learning, participants first
acquire a stimulus discrimination rule, and then learn to reverse
this choice without a change in the relevant stimulus dimension
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(Chudasama & Robbins, 2006). Although this model explains a
wide range of behavioral phenomena, current discrimination
learning paradigms do not take into consideration that stimulus
dimensions regularly occur in a specific context (Vakil, Raz, & Levy,
2007). For example a central stimulus dimension (e.g., a shape) can
be presented against a peripheral context (e.g., a color or a texture
background). In this case, the central dimension, or cue, refers to
the “what” information, whereas the peripheral background refers
to the “where” information (Eichenbaum, Yonelinas, & Ranganath,
2007).

In discrimination and reversal learning, both cue and context
may be relevant (Wickens, 1987). Cue and context may serve as
conditioned stimuli predicting the probability of reinforcement
(Good & Honey, 1991). Context can also serve as an occasion setter,
indicating whether a specific cue will be reinforced or not (Penick
& Solomon, 1991). Therefore, a cue can be reinforced in a distinc-
tive context but not in another one (Bouton, 1993). While the MTL
is not necessary to mediate each type of contextual conditional
learning, it is critical for contextual occasion setting (Bouton, 1993;
Eichenbaumetal.,2007; Gluck & Myers, 2001; Myers & Gluck, 1994;
Mayes, Macdonald, Donlan, Pears, & Meudell, 1992).

The current study was designed to investigate the relationship
between PFC and MTL functioning and cue and context reversal
learning. We developed a novel task comparing reversal learning
for cue and context. Fig. 1 depicts stimuli with two dimensions, a
central shape (cue) embedded in a color/pattern context. The first
phase of the task includes a discrimination learning procedure in
which cards consisting of a cue and a context predict a specific out-
come (reward or punishment, i.e. winning or losing points). In the
subsequent reversal phase, there are two possibilities: shared cue -
the cue is unchanged but appears in a new context; shared context
- anew cue is presented in the original context. The new cards are
associated with the opposite outcome relative to the discrimination
learning phase. Therefore, if the original card predicts reward, then
the new card will predict punishment and vice versa. Participants
must reverse the original discrimination rule in order to adapt to
the new condition (Fig. 1 and Table 1).

Table 1
Phases of the cue and context reversal task.

Phase 1: Phase 2:
acquisition retention and reversal
A(l) D+ A(l) D>+
E(1)-
AG)=>-
B(2)2+ B(2)+
F2) -
B (6) -
C3)>- C3)>-
FG)=>+
C(=>»+
D®@4) - D@)-
G@) >+
D (8) > +

A-G, eight cue shapes; 1-8, eight contexts (colors and pat-
terns). Green refers to positive outcome (+), red refers to
negative outcome (-).
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Fig. 1. Illustration of the cue and context reversal task. In cue change, new cards
share the same context with the original card, but they have a new cue. In context
change, new cards share the same cue with the original card, but the cue is presented
in a new context. The task has two versions, one with black cues and color context
(A) and the other with color cues and pattern context (B). Letters “A-G” refer to
the eight cue shapes, and numbers “1-8" refer to the eight contexts (colors and
patterns). Green is assigned to positive outcome (+), red to negative outcome (-)
(see also Table 1). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)

In order to investigate the role of MTL and PFC in cue and context
reversal learning, we assessed a group of patient with newly diag-
nosed amnestic mild cognitive impairment (aMCI) and matched
healthy controls. In contrast to patients with dementia, individ-
uals with aMCI show relatively spared general cognitive abilities
and daily functioning. However, they exhibit declarative memory
impairments, which can be explained by MTL dysfunctions (Collie
& Maruff, 2000; Gauthier et al., 2006; Petersen et al., 1999; Shi,
Liu, Zhou, Yu, & Jiang, 2009; Whitwell et al., 2007). The majority
of individuals with aMCI also exhibit executive dysfunctions, indi-
cating the pathology of the PFC (Kramer et al., 2006; Price et al.,
2010; Schmitter-Edgecombe & Sanders, 2009). Beyond the fact that
aMCI serves as a model condition for the impairment of multiple
cognitive systems, which is, however, not entirely generalized in
the early stage of the disorder, the context and cue reversal learn-
ing paradigm may provide an opportunity to develop new clinical
testing tools.

We wused neuropsychological tests sensitive to DLPFC,
OFC/VMFC, and MTL functions in order to investigate the contri-
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Table 2
Demographic characteristics of the aMCI and control groups.

aMCI (n=30) Control (n=30)

Age (years) 60.2 (6.2) 61.0(6.8)
Male/female 18/12 18/12

Education (years) 15.0(3.0) 14.8 (3.1)
Socioeconomic status (Hollingshead) 39.5(8.5) 38.6 (9.3)

aMCI, amnestic mild cognitive impairment.

bution of these brain areas to cue and context reversal learning.
Based on the pivotal role of the MTL in both context encoding and
reversal, we hypothesized that the impairment of this brain region
will be markedly associated with context reversal learning.

2. Materials and methods
2.1. Participants

Thirty individuals with aMCI and thirty matched healthy controls participated
in the study (see Table 2 for a detailed description of the sample). The diagnosis of
aMCI was established according to the Mayo Clinic Alzheimer’s Disease Research
Center criteria (Petersen et al., 1999). Exclusion criteria included neurological or
psychiatric disorders, substance misuse, history of head trauma, vascular lesions on
brain scans, and medications affecting central nervous system functions. Socioeco-
nomic status was assessed using the Hollingshead Four Factor index (Hollingshead,
1975). Assessment was performed immediately after the establishment of clinical
diagnosis in order to gain information from the earliest stage of aMCI and to avoid
generalized cognitive impairment. The study was done in accordance with the Dec-
laration of Helsinki. After a complete description of the study, a written informed
consent was obtained from each participant.

2.2. Neuropsychiatric Inventory

The Neuropsychiatric Inventory is a semi-structured interview assessing the
following behavioral anomalies: delusions, hallucinations, depression, anxiety,
irritability/lability, aggression/agitation, euphoria, apathy, disinhibition, aberrant
motor behavior, sleep disturbance, eating/appetite change, and stereotypical behav-
ior (Cummings et al., 1994; Nyatsanza et al., 2003). Each behavioral domain is rated
for severity (1-3) and frequency (1-4) (maximum score of 12 for each domain,
maximum total score of 156).

2.3. Brain imaging

We adopted the protocol of Myers et al. (2002, 2003) in order to verify MTL atro-
phy in patients with aMCI. In brief, each participant underwent a head magnetic
resonance (MR) imaging (Siemens Trio 3T canner including a 3-D spoiled gradi-
ent recalled acquisition [SPGR] sequence). From the coronal SPGR scan, 3 mm axial
reformats were produced parallel to the long axis of the hippocampus. In addition,
coronal 1.3 mm reformats were produced perpendicular to the long axis of the hip-
pocampus. Images were rated by two expert neuroradiologists blind to the diagnosis
and to the aim of the study. We included aMCI patients only when both assessors
revealed unequivocal bilateral MTL atrophy. Controls exhibited no atrophy.

The observer-based definition of MTL atrophy was verified by the quantitative
volumetric measurement of the left and right hippocampi. We used the vali-
dated standard FreeSurfer image analysis pipeline (Martinos Center for Biomedical
Imaging, Boston, MA, USA; http://surfer.nmr.mgh.harvard.edu/). Image processing
included the removal of non-brain tissue with a hybrid watershed/surface defor-
mation procedure, automated Talairach transformation, and segmentation of the
subcortical white and grey matter (for methodological details, see Fischl et al. (2004)
and Segonne et al. (2004)).

2.4. Cue and context reversal learning

The task runs on a MacBook computer, programmed in SuperCard language.
Participants play a card game in which they first see a pack of cards turned backward.
For each card, they are asked to decide whether to flip it or to skip it. Participants
need to flip the cards to reveal the pattern on it. Half of the cards predict reward
(gaining points) and half predict punishment (losing points). The aim is to gain as
many points as possible by flipping the reward cards and skipping the punishment
cards.

The task has two phases. In the acquisition phase, four different cards are pre-
sented, ten times each (total of 40 trials). Each card contains a shape representing
the cue and a background representing the context (Fig. 1). Two of the cards are
associated with positive outcome (for example, card A1 with cue A and context 1,
Fig. 1A and Table 1). If participants flip these cards, they gain 25 points. If they skip it,
they neither gain nor lose points. The other two cards are associated with negative

outcome (for example, card C3 with cue C and context 3, Fig. 1B). If participants flip
these cards, they lose 25 points, but if they skip it, they neither gain nor lose points.

The reversal phase is a direct continuation of the acquisition phase. On retention
trials, the original cards are presented (e.g., cards A1 and C3, Fig. 1A/B) with the same
outcome. On reversal trials, cards with a new context or a new cue are presented:
(1) cards with a new cue but with the same context (e.g., card E1, Fig. 1A) or (2) cards
with the same cue but with a new context (e.g., card A5, Fig. 1A). The outcome of
these new cards is the opposite to that of the original cards. Therefore, if the original
card A1 has a positive outcome in the acquisition phase, card E1 (new cue-shared
context) and card A5 (shared cue-new context) will have a negative outcome in
the reversal phase. Similarly, if the original card C3 has a negative outcome in the
acquisition phase, cards F3 and C7 will have a positive outcome in the reversal
phase (Fig. 1B and Table 1). Original and new cards are presented 10 times (total of
40 retention trials and 80 reversal trials).

To exclude the potential biasing effect of visual features of stimuli, two stimulus
sets are used. In the first set, black cues are presented against a color background,
whereas in the second set, red cues are presented against a black and white patterned
background (Fig. 1A/B). Participants are randomly assigned to either stimulus sets.
The dependent measure is the percentage of correct decisions (flipping cards with
positive outcome and skipping cards with negative outcome).

In summary, the task was designed to answer three questions: (1) Valance effect
— what is the effect of positive vs. negative outcome on acquisition and reversal?
Specifically, is it easier to acquire or reverse stimuli that are associated with negative
or positive outcome? (2) Cue/context effect - how does reversal type (cue vs. context)
affect performance? Specifically, are there differences in learning new contingencies
for stimuli that share the same cue or same context? (3) Is there any interaction
between valence and reversal type?

2.5. Neuropsychological assessment

All participants received the Rey Auditory Verbal Learning Test, Boston Naming
Test, and semantic fluency test (Lezak, 1995). Deficits on these tests correlate with
the subtle pathology of the temporal, parietal, and frontal lobe in aMCI (Nagy et al.,
2007; Rose et al., 2006).

In addition to these tests, specific tasks sensitive to DLPFC, OFC/VMFC, and MTL
functions were administered. DLPFC tasks included the extradimensional shift phase
of the Cambridge Neuropsychological Test Automated Battery (CANTAB) (Owen,
Roberts, Polkey, Sahakian, & Robbins, 1991) and the One-touch Stockings of Cam-
bridge (Owen et al., 1995).

In the CANTAB set-shifting task, participants perform a series of visual discrimina-
tions of stimuli consisting of shapes and lines. In the extra-dimensional shift phase,
new stimuli are introduced, and participants have to respond to the previously irrel-
evant dimension (shapes rather than lines). The dependent measure is the number
of trials needed to meet criterion (6 consecutive correct responses) (Owen et al.,
1991).

In the One-touch Stockings of Cambridge task (Owen et al., 1995), participants plan
a series of sequential moves with different levels of complexity. During the test, two
sets of three stockings are presented on a touch-screen, each set containing three
colored balls. The task is to rearrange the balls in the bottom display so that the
position of balls matches that in the top of the screen. Participants are requested
to calculate the minimum number of moves to obtain the solution. The dependent
measures are the mean proportion of correct solutions and the mean number of
attempts for correct solution (Owen et al., 1995).

In addition to reversal learning, OFC/VMFC function was evaluated with the
Holiday Apartment Task (Fellows, 2006; Meier, Charleston, & Tippett, 2010). The task
is to imagine a holiday for which participants should chose the best apartment.
The apartments have different attributes (e.g., costs, noise level, neighborhood, and
size), which are presented on the touch-screen in a table. Attributes are covered by
white rectangles, which, once touched, disappear and the information for apartment
attribute becomes visible. There are two trials: four apartments with six attributes
and six apartments with seven attributes. The dependent measure is the search
index, ranging from +1 to —1: (movements across — movements down)/(movements
across + movements down). If the search index is +1, it means that all movements
were across the table, searching by attribute. If the search index is —1, it means that
all movements were down, searching by apartment alternatives.

The CANTAB Paired Associates Learning test was used to assess MTL functions
(Blackwell et al., 2004; Sahakian et al., 1988; Talpos, Winters, Dias, Saksida, & Bussey,
2009). During the short version of the test, 3 or 6 visual patterns are displayed
in boxes placed in 6 different locations on a computer screen. The pattern is then
presented in the centre of the display and the participant is asked to touch the box
in which the pattern was previously seen. The task includes 10 presentations and
recall phases if all patterns have not been placed correctly. The dependent measure
is the number of errors in the 6-pattern phase, which is a sensitive measure of MTL
pathology (Blackwell et al., 2004; Sahakian et al., 1988; Talpos et al., 2009).

2.6. Data analysis

The STATISTICA (version 9) software (StatSoft Inc., Tulsa, USA) was used
for data analysis. All data were checked for normality of distribution using
Kolmogorov-Smirnov tests. Repeated measures analyses of variance (ANOVAs)
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were used to compare cue and context reversal performance in controls and patients
with aMCI. Scheffé’s tests were used for post hoc comparisons. Neuropsychological
test results and hippocampal volume were analyzed with two-tailed t tests, together
with the calculation of Cohen'’s effect size (d). Pearson product-moment correlation
coefficients were calculated to determine the relationship between cue and context
reversal learning, neuropsychological test results, and hippocampal volume. The
level of statistical significance was set at o <.05.

3. Results

3.1. Acquisition and retention of stimulus—outcome associations

There were no significant differences between the two tasks
(color vs. pattern context) (Fs<1, ps>.5), therefore data were col-
lapsed and analyzed together.

We conducted a group (aMCI vs. controls) by outcome type
(positive vs. negative feedback) by task phase (acquisition vs.
retention) mixed model ANOVA on the percentage of correct
responses. In this model, group was the between-subjects factor,
and outcome type and task phase were the within-subjects factors.
The ANOVA revealed no significant main effects of group and out-
come type (Fs<3, ps>.1). The effect of task phase was significant
(F (1,58)=8.10, p=.006), indicating that participants performed
better in the retention phase than in the acquisition phase. The
ANOVA revealed no significant interactions among the factors
(Fs<2,p>.2)(Fig. 2).

3.2. Cue and context reversal

We conducted a group (aMCl vs. controls) by outcome type (pos-
itive vs. negative feedback) by reversal type (cue vs. context) mixed
model ANOVA on the percentage of correct responses. In this model,
group was the between-subjects factor and outcome and reversal
types were the within-subjects factor. The ANOVA revealed sig-
nificant main effects of group (F(1,58)=38.21, p<.0001), outcome
type (F(1,58)=9.12, p=.004), and reversal type (F(1,58)=51.94,
p<.0001). Most importantly, we found a significant two-way inter-
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action between group and reversal type (F(1,18)=27.93, p<.0001).
Interactions between group and outcome type and among group,
outcome type, and reversal type were not significant (Fs <3, ps>.1).

Scheffé’s tests conducted on the group by reversal type inter-
action indicated that aMCI patients were impaired on context
reversal relative to controls (p<.0001; d [Positive-to-Negative
reversal]=1.1; d [Negative-to-Positive reversal]=1.4), whereas
they displayed normal performance on cue reversal (p>.5; d
[Positive-to-Negative reversal] =.24; d [Negative-to-Positive rever-
sal]=.31) (Fig. 3). In the aMCI group, performance was lower for
context reversal relative to cue reversal (p<.0001), whereas con-
trol participants performed similarly on cue and context reversal
(p>.5) (Fig. 3).

3.3. Neuropsychological performance

Table 3 depicts the comparison of aMCI patients and controls on
neuropsychological tasks. Overall, aMCI patients exhibited marked
deficits on declarative memory tests sensitive to MTL function and
on some tasks related to DLPFC functions. Lexical and semantic pro-
cessing was relatively less affected, and OFC/VMFC functions were
spared.

Correlations between cue and context reversal and neuropsy-
chological measures were modest. In controls, less efficient context
reversal was associated with more errors on the paired associates
test (Positive-to-Negative reversal: r=—.64, p<.001; Negative-to-
Positive reversal: r=—.61, p<.001) and with lower performances
on the Rey Auditory Verbal Learning test (Positive-to-Negative
reversal: r=.59, p=.001; Negative-to-Positive reversal: r=.40,
p=.03). In aMCI patients, the correlation between context reversal
and paired associates learning was also significant (Positive-to-
Negative reversal: r=—.61, p<.001; Negative-to-Positive reversal:

=—.63, p<.001). All other correlations between cue and con-
text reversal learning and neuropsychological tests did not reach
the level of statistical significance in either controls or patients
(—.40<rs<.40, ps>.05).

100

Percent Correct
i

75 ) )

Acquisition Retention

Positive Outcome

Acquisition Retention

“H_ Cont (n=30)
“@_ aMCI (n=30)

Negative Outcome

Fig. 2. Mean performance on the stimulus-outcome learning trials of the cue and context reversal learning task in the acquisition and retention phases. Error bars indicate

95% confidence intervals. aMCI, amnestic mild cognitive impairment; Cont, controls.
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Fig. 3. Mean performance on the reversal learning trials of the cue and context reversal learning task. Panel “Positive-to-Negative” shows trials in which a previously positive
outcome was reversed to negative. Panel “Negative-to-Positive” shows trials in which a previously negative outcome was reversed to positive. Error bars indicate 95%
confidence intervals. aMCI, amnestic mild cognitive impairment; Cont, controls; ***p <.0001, Scheffé’s test.

Table 3
Performance by aMCI and control groups on neuropsychological tests.
Controls (n=30) aMCI (n=30) t df p d

Paired associates learning-6, mean number of errors 4.6(2.9) 13.4(4.6) -8.79 58 <.0001 1.5
Rey AVLT 49.9 (4.2) 42.3(5.6) 6.0 58 <.0001 1.2
Boston Naming Test 52.6(3.8) 49.9 (4.7) 2.34 58 .02 .6
Semantic fluency 19.5(4.1) 17.3 (4.2) 2.10 58 .04 5
Extradimensional shift 17.7 (6.8) 20.9(5.7) -2.13 58 .04 5
OTS Cambridge, mean proportion of prefect solutions 69 (.12) .56 (.12) 3.21 58 .002 1.0
OTS Cambridge, mean number of attempts for perfect solution 1.5(.7) 2.2(1.3) -2.34 58 .02 6
Holiday Apartment Task, 4 x 6 (search index) 44 (.35) .51 (.31) -.86 58 39 2
Holiday Apartment Task, 6 x 7 (search index) 51(.31) .66 (.35) -1.69 58 .10 4

Data are mean (standard deviation) compared with two-tailed t tests. Effect size (Cohen’s d) values are also depicted. aMCI, amnestic mild cognitive impairment; AVLT,

auditory verbal learning test; OTS, One-touch Stockings.

To further investigate the possibility that DLPFC dysfunctions
contributed to impaired context reversal, we conducted a median-
split analysis in which we compared context reversal learning
in participants with higher and lower performances on CANTAB
extradimensional shift and One-touch Stockings of Cambridge
tasks. These analyses revealed that participants with higher and
lower performances on tasks sensitive to DLPFC functions, as
defined by the median-split analysis, performed similarly on con-
textreversal (Fs <1, ps>.1), which indicates that there was no effect
of DLPFC function on context reversal.

3.4. Neuropsychiatric Inventory

Scores ranged from O to 8. There were no aMCI patients
who exhibited a behavioral domain in which clinically significant
changes (score > 3) was found.

3.5. Hippocampal volume and test performance

In accordance with the observer-based definition of MTL
atrophy, results revealed significantly reduced hippocampal
volumes in patients with aMCI relative to controls (left hip-

pocampus, controls: 3418.3 mm? (SD =330.2), aMCI: 2340.7 mm3
(SD=462.8); t(58)=10.38, p<.0001, d=1.6; right hippocam-
pus, controls: 3456.1mm3 (SD=325.9), aMCI=2383.7mm3
(SD=495.3); t(58)=9.91, p<.0001, d=1.6).

In the control group, hippocampal volume did not correlate
with test performances (rs<.1). In the aMCI group, right hip-
pocampal volume correlated with context reversal performance
(Negative-to-Positive: r=.42, p<.05, Positive-to-Negative: r=.37,
p<.05). A similar relationship was found for paired associates
learning (r=—.40, p <.05). Other test results did not correlate with
hippocampal volume (rs<.2).

4. Discussion

The purpose of this study was to investigate cue and context
reversal learning in aMCI and to assess its relationship with PFC
and MTL functions. The most important finding was that cue and
context reversal learning can be dissociated: patients with aMCI
displayed intact cue reversal learning, but they showed signifi-
cantly impaired context reversal learning. This finding raises the
possibility that these types of learning are related to different neu-
ronal mechanisms. Although patients with aMCI also exhibited
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executive deficits on tasks sensitive to DLPFC functions, context
reversal learning was selectively associated with paired associates
learning, which is a well-established neuropsychological marker
of MTL dysfunctions in aMCI (Ahmed, Mitchell, Arnold, Nestor,
& Hodges, 2008; Blackwell et al., 2004; Talpos et al., 2009). This
correlation was also observed in healthy controls. In addition, exec-
utive dysfunctions did not correlate with context reversal learning.
These findings are consistent with results from recognition mem-
ory experiments showing that context effects are related to the MTL
but not to the PFC (Vakil, Raz, & Levy, 2010).

Using functional magnetic resonance imaging, de Rover et al.
(2011) demonstrated differential hippocampal activation in MCI
and control groups during the paired associates learning task: MCI
patients displayed higher activation than controls at low memory
loads and less at higher loads. Importantly, this functional impair-
ment was confined to the hippocampal region, consistently with
the structural alteration of it (grey matter reduction). Hanseeuw
et al. (2011) showed that associative memory correlates with hip-
pocampal volume in aMCI, which is similar to the results of Atienza
etal.(2011) using a different paradigm. The fact that we found cor-
relation between context reversal and paired associates learning,
together with the evidence of MTL atrophy in our aMCI patients,
suggest that context reversal learning is linked to the MTL. Further-
more, decreased right hippocampal volume was associated with
less efficient context reversal learning.

Impaired context reversal learning in aMCI was independent of
outcome valance, as it was observed both when previously negative
outcomes became positive and when previously positive outcomes
became negative. The valence-independence of context reversal
learning dysfunction and spared cue reversal learning may indi-
cate intact affective processing in our patients. Indeed, they showed
normal performance on the Holiday Apartment Task, which is sen-
sitive for VMFC/OFC function. Fellows (2006) demonstrated that
patients with VMFC damage achieve a negative search index on
this task, indicating an alternative-based rather than an attribute-
based acquisition strategy (organizing search around individual
apartments instead of their attributes). In contrast, healthy partici-
pants and patients with lesion to the DLPFC exhibit attribute-based
search, achieving a positive search index. The aMCI participants in
this study showed a positive search index (Table 3), which is an
evidence for intact VMFC function. Finally, the Neuropsychiatric
Inventory did not reveal any behavioral changes that may indi-
cate dysfunctional OFC/VMFC - amygdala system (Drevets, Price,
& Furey, 2008).

The most important limitation of the present study is the
lack of voxel-based morphometry of the MTL. In addition, brain
atrophy and dysfunctional neuronal activation are not confined
to the MTL in aMCI (Hampstead, Stringer, Stilla, Amaraneni, &
Sathian, 2011; Nickl-Jockschat et al., 2011; Pihlajamadki, Jauhiainen,
& Soininen, 2009; Schroeter, Stein, Maslowski, & Neumann, 2009),
and therefore future studies should apply a whole-brain morphom-
etry approach. However, our MRI protocol allows the detection of a
robust and clinically relevant level of MTL atrophy, and in this way
we were able to reduce the inherent heterogeneity of aMCI.

Beyond clinical implications, our results may also be relevant to
delineate fine structure-function mapping in the MTL. For example,
by the analysis of 210 neuropsychologically characterized individ-
uals, Brickman, Stern, and Small (2010) demonstrated that delayed
retention is associated with the basal metabolism of the entorhi-
nal cortex, whereas recognition performance is associated with
that of the dentate gyrus. Regarding episodic memory, it has been
proposed that distinct items (e.g., objects and persons) are rep-
resented in the perirhinal and lateral entorhinal cortex, whereas
spatial context of the item is processed in the parahippocampal
and medial entorhinal cortex (Eichenbaum et al., 2007). According
to the results of Mueller et al. (2010), the CA1-2 zone is better than

the total hippocampal volume for discrimination between healthy
controls and aMCI patients. As the hippocampus may be responsi-
ble for integration placing items in the right context (Eichenbaum
et al., 2007), our paradigm is suitable for the investigation of item
(cue)-context relationship in the framework of reinforcement and
reversal learning.

Although the results of this study suggest a definitive specificity
for the MTL, it is an oversimplification to imply that performance on
agiven task can be identified with the functioning of a specific brain
region. In most cases, neuropsychological tasks cannot be “process
pure” that they can index the functioning of a single circumscribed
part of the brain. Although the context and cue reversal learning
task was designed to be as “process pure” as possible, the inherent
limitation of tasks regarding neuroanatomical specificity must be
taken into consideration when our results are interpreted.

In conclusion, our results resolve some issues regarding the
mechanism of reversal learning. We showed that reversal learn-
ing dysfunctions, specifically for context and not for cue, can occur
when OFC/VMFC is spared and there is marked declarative memory
impairment, most likely of MTL origin. Therefore, we propose that
damage to the MTL selectively affects the reversal of contingencies
related to the context, but not that related to the item. Using our
task design, future studies will be able to delineate the interaction
among the OFC/VMFC, fronto-striatal system, and MTL, which may
play different roles in reinforcement and reversal learning.
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