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Abstract

A degraded, black-and-white image of an object, which appears meaningless on first
presentation, is easily identified after a single exposure to the original, intact image. This striking
example of perceptual learning reflects a rapid (one-trial) change in performance, but the kind of
learning that is involved is not known. We asked whether this learning depends on conscious
(hippocampus-dependent) memory for the images that have been presented or on an unconscious
(hippocampus-independent) change in the perception of images, independently of the ability to
remember them. We tested five memory-impaired patients with hippocampal lesions or larger
medial temporal lobe (MTL) lesions. In comparison to volunteers, the patients were fully intact
at perceptual learning, and their improvement persisted without decrement from 1 d to more than
5 mo. Yet, the patients were impaired at remembering the test format and, even after 1 d, were
impaired at remembering the images themselves. To compare perceptual learning and
remembering directly, at 7 d after seeing degraded images and their solutions, patients and
volunteers took a naming test or a recognition memory test with these images. The patients
improved as much as the volunteers at identifying the degraded images but were severely
impaired at remembering them. Notably, the patient with the most severe memory impairment
and the largest MTL lesions performed worse than the other patients on the memory tests but
was the best at perceptual learning. The findings show that one-trial, long-lasting perceptual
learning relies on hippocampus-independent (nondeclarative) memory, independent of any

requirement to consciously remember.



Significance

Studies of memory have established a distinction between ordinary recollection of the past
(declarative memory), which depends on medial temporal lobe (MTL) structures and other
(nondeclarative) forms of memory that are expressed through performance and depend on other
brain systems. One phenomenon that has eluded classification is one-trial perceptual learning,
whereby a degraded image of an object, which is difficult to identify, becomes recognizable after
a single exposure to the original image. This effect was fully intact in memory-impaired patients
with hippocampal or larger MTL lesions and persisted undiminished for more than 5 months,
despite impaired memory for the test format and the images themselves. Perceptual learning is

MTL-independent (nondeclarative) and occurs without a requirement to consciously remember.



A striking visual effect can be demonstrated by using a gray-scale image of an object that
has been degraded to a low-resolution, black-and-white image (1, 2). Such an image is difficult
to identify (Fig. 1) but can be readily recognized after a single exposure to the original, intact
image (Fig. 2) (3-6). Neuroimaging studies have found regions of neocortex, including high-
level visual areas and medial parietal cortex, which exhibited a different pattern of activity when
a degraded image was successfully identified (after seeing the intact image) than when the same
degraded image was first presented and not identified (4, 5, 7). This phenomenon reflects a rapid
change in performance based on experience, in this case one-trial learning, but the kind of
learning that is involved is unclear.

One possibility is that successful identification of degraded images reflects conscious
memory of having recently seen degraded images followed by their intact counterparts. When
individuals see degraded images after seeing their “solutions”, they may remember what is
represented in the images, at least for a time. In one study, performance declined sharply from 15
min to 1 d after the solutions were presented and then declined more gradually to a lower level
after 21 d (3). Alternatively, the phenomenon might reflect a more automatic change in
perception not under conscious control (8). Once the intact image is presented, the object in the
degraded image may be perceived directly, independently of whether it is remembered as having
been presented. By this account, successful identification of degraded images is reminiscent of
the phenomenon of priming, whereby perceptual identification of words and objects is facilitated
by single encounters with the same or related stimuli (9-11). Some forms of priming persist for
quite a long time (weeks or months) (12-14).

These two possibilities describe the distinction between declarative and nondeclarative

memory (15, 16). Declarative memory affords the capacity for recollection of facts and events



and depends on the integrity of the hippocampus and related medial temporal lobe structures (17,
18). Nondeclarative memory refers to a collection of unconscious memory abilities including
skills, habits, and priming, which are expressed through performance rather than recollection and
are supported by other brain systems (19-21). Does one-trial learning of degraded images reflect
declarative or nondeclarative memory? How long does it last? In an early report that implies the
operation of nondeclarative memory, two patients with traumatic amnesia improved the time
needed to identify hidden images from one day to the next, but could not recognize which
images they had seen (22). Yet, another amnesic patient reportedly failed such a task (23). The
matter has not been studied in patients with medial temporal lobe damage.

To determine whether declarative (hippocampus-dependent) or nondeclarative
(hippocampus-independent) memory supports the one-trial learning of degraded images, we
tested five patients with bilateral hippocampal lesions or larger medial temporal lobe lesions who
have severely impaired declarative memory. The patients were fully intact at perceptual learning,
and performance persisted undiminished from 1 d to more than 5 mo. At the same time, the
patients were severely impaired at remembering both the structure of the test and the images

themselves.

Results
Naming

Fig. 3 shows performance averaged across three iterations of the naming test using
different materials. At study, i.e., the first exposure to degraded images, patients did as well as
controls at identifying the 40 degraded images (22.8 + 4.2% correct vs. 27.1 £+ 3.3% correct;

{[14]=0.75, p = 0.47). They were also as confident in their responses (rating on a 1-5 scale: 2.9



+ 0.4 for patients vs. 2.6 = 0.3 for controls; 7[14] = 0.70, p = 0.50). Both groups easily identified
with high confidence the intact images that followed immediately after the degraded images
(patients: 96.8 + 0.9 % correct, confidence = 4.93 £ 0.02; controls: 97.6 £+ 0.8% correct,
confidence = 4.95 £ 0.02).

Fig. 3 also shows that presenting the matching, intact image (m) at study directly after a
degraded image facilitated the ability to later identify the degraded image. Thus, in both groups,
and at each of three delays (1 d, 7 d, and 5.4 mo), participants were far better at naming degraded
images that had earlier been paired with matching, intact images (m) than they were at naming
degraded images that had earlier been paired with nonmatching, intact images (nm). For controls
at each delay (Fig. 3A), ts[10] > 4.4, p < 0.001; for patients at each delay (Fig. 3B), s[4] > 5.9, p
<0.004.

This beneficial effect on image identification was as strong and as long-lasting in the
patients as in controls. Three-factor ANOV As carried out at each of the three delays for the data
from Fig. 3A and 3B (CON/MTL, Study/Test, and Match/Nonmatch) yielded no effect of Group
at any delay (Fs[1,14] < 1.1, p > 0.31) and no interaction of Group with any other factor
(Fs[1,14] <2.8, p>0.11). As Fig. 3 shows, there were large effects of Study/Test and
Match/Nonmatch at each delay (Fs[1,14] > 19.4, p <0.001). Importantly, the interaction of
Study/Test x Match/Nonmatch at each delay (Fs[1,14] > 55.9, p <0.001) documents the key
finding that the naming of degraded images robustly improved when degraded images had been
followed at study by matching, intact images but not when they had been followed by
nonmatching, intact images. Finally, the patients were not only as successful at naming degraded

images as controls at each of the three delays, they also were as confident as controls in their



responses to the degraded images (patients: 3.0 +0.4,3.1+0.4,3.0+ 0.4 at 1 d, 7 d, and 5.4 mo,
respectively; controls: 2.9 +£ 0.3, 3.1 £ 0.3, and 3.0 £ 0.2).

It is of interest that the ability to identify the degraded images that had been followed at
study by nonmatching, intact images improved a little across test sessions (Fig. 3), presumably
because the same degraded images were presented a total of four times: at study and at each of
three delays (analysis of linear trend across the four tests; controls, F]1,10] = 7.9, p = 0.02;
patients, F]1,4] = 14.4, p = 0.02). This finding reflects a gradual, albeit modest, improvement in
the ability to perceive degraded images simply as a result of repeated exposure to them. Note that
this nonspecific effect was distinct from the robust, long-lasting facilitation of naming that was
specific to, and dependent on, single exposures at study to matching, intact images that revealed
what was depicted in the degraded images.

Fig. 4 shows directly the amount of facilitation of naming in each group at each delay. At
each delay, the percent correct identification score for the 20 degraded images that had been
followed by nonmatching, intact images was subtracted from the percent correct identification
score for the 20 degraded images that had been followed by matching, intact images. The
patients exhibited overall as strong a facilitation as controls, and the facilitation in each group
persisted for at least 5.4 mo. These findings were documented by an ANOVA (Group and
Delay), which yielded no effect of Group (F[1,14] = 0.0, p = 0.90), no effect of Delay (F[2,28] =
2.5, p =0.10), and no interaction of Group x Delay (F[2,28] = 2.6, p = 0.09). The finding that the
Delay effect and the Group x Delay interaction nevertheless approached significance likely
reflects the fact that the facilitation exhibited by controls weakened across time (documented by
an analysis of linear trend, F[1,10] = 8.9, p = 0.01). By contrast, the facilitation exhibited by the

patients was sustained without decrement for as long as 5.4 mo (£1,4] = 0.0, p =0.91). The



controls, but not the patients, may have drawn in part on declarative, conscious memory in order
to name degraded images at the shorter delays. That is, shortly after study, controls not only
perceived degraded images successfully but also explicitly remembered some of the solutions.
This advantage became less available to controls as the delay increased but was not available to

patients at any delay.

Remembering

Test 1. Despite the fact that patients improved at identifying degraded images for as long
as 5.4 mo after a single exposure to the corresponding, intact images, the patients had difficulty
remembering intact images after only 1 d (Fig. 5 left). Controls scored 98.0 + 1.1% correct 1 d
after studying 20 intact images, but patients scored only 79.5 + 4.2% correct (¢{14] = 5.86, p <
0.001) (d’=3.7+0.1 and 2.1 £ 0.2, respectively). The controls were also more confident of their
responses than patients (4.8 £ 0.1 vs. 4.2 £ 0.2; #[14] = 2.82, p = 0.01).

Test 2. The patients had difficulty remembering facts about the Naming test, which they
had last encountered 6 d earlier (Fig. 5 right). Whereas the controls scored 81.8 + 3.9% correct
on multiple-choice questions about the Naming test format (chance = 33.3%), the patients scored

only 55.0 £ 9.4% correct (¢/{14] = 3.18, p = 0.007).

Remembering in Contrast to Naming

To contrast remembering and naming, participants viewed 40 new degraded images and
took a recognition memory test after 7 d at a point when their testing history was identical to
what it was for the Naming test (Fig. 3). That is, prior to the 7 d memory test, participants first

tried to name 40 degraded images, 20 of which were followed by the intact, matching image, and



they then took a naming test at 1 d. Not surprisingly, scores on these tests largely recapitulated
the scores in Fig. 3. At study, controls correctly named 34.5 + 4.2% of the 20 degraded images
that were followed by intact, matching images and correctly named 28.6 + 4.1% of the other 20
degraded images. For patients, the corresponding scores were 29.0 + 7.0% and 25.0 + 3.9%
correct (compare to Fig. 3). At 1 d, the controls correctly named 59.1 + 5.0% of the 20 images
that had been matched at study and 31.8 &+ 5.0% of the other 20 degraded images (patients, 47.0
+ 10.1% and 24.0 £ 6.6% correct; compare to Fig. 3). The amount of facilitation at 1 d was
robust and similar in the two groups (controls, 27.3 £+ 5.2%; patients, 23.0 = 4.9%; compare to
Fig. 4). Lastly, the patients and controls expressed similar confidence in their responses
throughout this stage of testing (patients at study, 2.9 £ 0.4; at 1 d, 3.0 & 0.4; controls at study,
2.6+0.3;at1d,3.0+0.2).

The finding of interest was obtained at 7 d after study when, instead of taking another
Naming test, participants now took a Yes/No recognition memory test for the 40 degraded
images intermixed with 40 new degraded images (chance = 50% correct). Fig. 6 compares
naming at 7 d (reproduced from Fig. 4) with remembering at 7 d. Whereas naming scores were
virtually identical in the two groups, recognition memory scores were markedly different.
Controls remembered the degraded images quite well (d” = 2.3 £ 0.2; 86.0 + 1.6% correct), but
the patients were severely impaired (d’ = 0.7 £0.3; 61.3 + 5.3% correct) (ts[14] > 5.42, p <
0.001). Lastly, the controls and the patients were similarly confident in their responses (3.7 + 0.2

and 3.6 = 0.3, respectively).

Discussion



The ability to identify degraded images substantially improved after single, brief
exposures to the original, intact images. The improvement was evident at 1 d and persisted for
more than 5 mo (Fig. 3). Memory-impaired patients with MTL lesions exhibited this effect at full
strength and without decrement across the same time period (Fig. 4). Improved perceptual
performance was unrelated to the ability to remember the images that had been presented. Thus,
despite a robust and long-lasting improvement at identifying previously studied degraded
images, the patients were severely impaired at remembering intact images even after 1 d (Fig. 5
left), and in another session were impaired at remembering the format of the Naming test (Fig. 5
right). Notably, patient G.P., who has the most severe memory impairment and the largest MTL
lesions, performed worse than the other four patients on the memory tests but was the best of the
patients at perceptual learning (Fig. 4).

In a direct comparison of perceptual learning and remembering, at 7 d after learning
patients and controls with identical testing histories took either a naming test with degraded
images or a recognition memory test with degraded images. The patients improved as much as
controls on the Naming test but were severely impaired on the memory test (Fig. 6). Thus,
patients could identify the degraded images, benefiting as much as controls from having
previously seen the “solutions”, but the patients could not recognize the degraded images as
familiar.

The successful performance of patients with MTL lesions suggests that the one-trial and
long-lasting learning demonstrated here relies on nondeclarative (hippocampus-independent)
memory. As a result of their experience, patients improve at perceiving degraded images but
without remembering them. Note that at early intervals after learning controls may draw on

declarative memory, thereby further improving their performance. In an earlier study (3),
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performance was much higher at 15 min after learning than after 1 d and continued to decline a
little from 1 d to 21 d (their Fig. 4). In our study as well, performance of control participants
measurably declined from 1 d to 5.4 mo (Fig. 4). By contrast, the patients exhibited consistent
performance across the same time intervals, falling a little short of the controls at 1 d (albeit, not
significantly), and even exceeding the controls by a little after 5.4 mo. Presumably, at shorter
retention intervals, controls can remember some of the images and benefit by using declarative
memory in the naming task.

Informal demonstrations using a single pair of images, as in Fig. 1 and Fig. 2, often begin
with failure to identify the hidden object, followed some time later by confident and successful
identification, as if the ability to identify degraded images might typically move from 0% correct
initially to 100% correct on a later test. However, performance on tests involving multiple
images does not behave this way. First, participants inevitably identify some degraded images
spontaneously without benefit of seeing the solutions (see scores at Study in Fig. 3; also see ref.
3). Second, while presentation of the original, intact image directly after the degraded image
often results in insight as to what the degraded image represents, sometimes participants do not
see the connection between a degraded image and its original, so that there is no basis for
identifying the degraded image when it is presented later. In our study, naming performance
improved to 45.7% correct, averaged across both groups and three retention intervals (Fig. 3).
The study by Ludmer et al. (3) reported a similar performance score across the interval 1 d to 21
d after learning.

An early hint of good performance by memory-impaired patients on perceptual learning
came from a task in which drawings of common objects were first presented briefly in

fragmented form and then in progressively more recognizable form until the object was
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identified (24, 25). When tested a second time, both patients and controls identified the objects at
an earlier point in the series. Even the noted patient H.M. (26, 27) improved his performance
when tested after an hour, though he did not remember having taken the test before. However,
the controls performed far better than the patients. As noted (25), the short retention interval and
the small number of objects likely allowed a substantial contribution of declarative memory to
task performance. That is, the controls were likely advantaged because they could remember
some of the solutions or have available in memory many of the correct names and thereby be
aided in their guessing. Accordingly, at the time of this work it seemed possible that conscious
remembering might be an important part of perceptual learning, and it was unclear if this should
count as an example of learning that lies outside the province of the MTL, as had been
demonstrated a few years earlier in the case of motor skill learning (28).

The current study demonstrates that when the possible contribution of declarative
memory is limited by using a large number of images and long retention intervals, robust one-
trial perceptual learning relies fully on nondeclarative memory. Participants are not asked to
remember anything and are asked only to report what they see. Perceptual learning occurs
without conscious control (8) and independent of any requirement to consciously remember.
Brain activity elicited by successfully identified degraded images is sharpened in regions of
neocortex, including in the ventral visual stream (29). A similar idea involving sharpening has
been suggested to underlie perceptual priming (30, 31). This pattern of activation is distinct from
the activity associated with the same degraded images when they are not identified (5, 32, 33),
and by 800 msec after image onset is similar to the activity associated with the corresponding,
intact images (34). These cortical changes underlying one-trial perceptual learning occur

independently of the MTL.
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Method
Participants

Five memory-impaired patients participated, who have also been studied previously (35)
(mean age = 66.0 £+ 8.2 y; mean education = 13.1 = 0.8 y). Four have bilateral lesions thought to
be limited to the hippocampus (CA fields, dentate gyrus, and subicular complex), and one (G.P.)
has larger MTL lesions (Table 1). For the five patients, the summed score for delayed recall (30
min) of two short prose passages (Weschler Memory Scale-Revised; WMS-R) averaged 1.2
segments (25 segments per passage). The average score for delayed reconstruction (10 to 15
min) of a complex diagram (Rey-Osterrieth figure; 36) was 5.8 (maximum score = 36). Paired-
associate learning of 10 unrelated noun—noun pairs summed across each of three successive trials
was 3.0 pairs (30 pairs total). Eleven healthy controls (4 females) also participated (mean age =
72.8 £ 2.5 y; mean education = 14.4 = 0.7 y). They scored 28.5 for the prose passages, 19.6 for
the diagram, and 24.6 for paired-associate learning.

Patients D.A. and G.W. became amnesic in 2011 and 2001, respectively, following a
drug overdose and associated respiratory failure. K.E. became amnesic in 2004 after an episode
of ischemia associated with kidney failure and toxic shock syndrome. L.J. (the only female)
became amnesic during a 6-mo period in 1988 with no known precipitating event. Her memory
impairment has been stable since that time. G.P. has severe memory impairment resulting from
viral encephalitis in 1987.

Estimates of MTL damage were based on quantitative analysis of magnetic resonance
(MR) images from the patients and from 19 age-matched, healthy males for K.E., G.W., and

G.P., 11 age-matched, healthy females for patient L.J. (37), and 8 younger healthy males for
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D.A. Patients D.A., K.E., L.J., and G.W. have an average bilateral reduction in hippocampal
volume of 35%, 49%, 46%, and 48%, respectively (all values at least 2.9 SDs from the control
mean). On the basis of two patients (L.M. and W.H.) with similar bilateral volume loss in the
hippocampus for whom detailed postmortem neurohistological information was obtained (38),
the degree of volume loss in the four hippocampal patients may reflect nearly complete loss of
hippocampal neurons. Significant volume loss in the parahippocampal gyrus (temporopolar,
perirhinal, entorhinal, and parahippocampal cortices) was not detected (volumes were reduced by
=5%, 11%, —17%, and 10%, respectively; all values within 2 SDs of the control mean). The
negative values indicate volumes that were larger for a patient than for controls. These values are
based on published guidelines for identifying the boundaries of the parahippocampal gyrus (39,
40). G.P. has an average bilateral reduction in hippocampal volume of 96%. The volume of the
parahippocampal gyrus is reduced by 94%. G.P. also has a reduction of 24% (>3 SDs below
control mean) in the left lateral temporal lobe and a reduction of 6% (<1 SD below control mean)
in the right lateral temporal lobe. Eight coronal MR images from each patient, together with
detailed descriptions of the lesions, can be found elsewhere (41). All procedures were approved
by the Institutional Review Board at the University of California, San Diego and participants

gave written informed consent before participation.

Materials

Images in grayscale and degraded images were constructed as previously described (8).
Briefly, images were generated from photographs of single, real-world animate and inanimate
objects selected from the Caltech database, the Pascal VOC database, and online search engines.

Using MATLAB, images were first constructed in grayscale by resizing the original image to 9 x
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9 cm and 500 x 500 pixels, and then applying a box filter (initially set at 10 x 10 pixels) for low-
pass spatial filtering. Black-and-white degraded images were generated by thresholding the
grayscale image to binarize it into black or white pixels. The threshold was set at the median
intensity of each image. Images were then selected that were judged difficult to identify but that
could be identified correctly when they were compared to the matching grayscale image. Next,
groups of 40-60 degraded images were screened in pilot testing to construct sets of 40 where the
mean probability of identification was 20-30% and where identification of each image improved
after the matching, intact image was presented. Three hundred twenty different images were used

in the experimental conditions described below.

Procedure
Naming

The task began with 9 practice trials in which a degraded image was presented on a
computer screen, followed after 1-2 s of blank screen by its matching, intact image. Participants
tried to name each image. The experimenter then presented the degraded image again, directing
attention to the relationship between the 2 images. On a final (10th) practice trial, the degraded
image was followed by a nonmatching, intact image, and the experimenter explained that
sometimes the degraded image and the intact image would not match in this and all other tasks.
The experimenter pressed a key to advance to the next item.

Participants were next told that they would see new images on the screen for 6 s each and
should name each image, guessing if necessary. They were also asked to provide a confidence
rating after each response (1-5 scale; 1 = pure guess, 5 = very confident). Participants then saw

40 degraded images: 20 were followed by the matching, intact image and 20 others, intermixed
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with the first 20, were followed by a nonmatching, intact image (6 s/image with a 1-2 s blank
screen between images). Which 20 images were paired with their matching image and which 20
were paired with a nonmatching image was balanced across participants. The following day,
again after 7 d, and again after 4.2 to 7.5 mo (mean = 5.4 mo), participants took 4 practice trials
and then saw the same 40 degraded images for 6 s each with instructions to name them and
provide a confidence rating. For each testing session (at study and at delays of 1 d, 7 d, and 5.4
mo), 3 different orders of the 40 degraded images were available, and these were assigned
pseudorandomly across participants. No feedback (correct, incorrect) was given for any of the
tests. The full task (study + 3 delays) was given a total of 3 times using 3 different sets of

material across a period of 1.5 y.

Remembering

Test 1. Participants saw 20 novel gray-scale images on a computer screen, each for 6 s
followed by a blank screen for 1-2 s. They were instructed to name the images and to remember
them for a later test. 1 d later, they took a Yes/No recognition memory test for the 20 old images
intermixed with 20 new images (6 s/image with a 1-2 s blank screen between images). After each
response, participants provided a confidence rating from 1 to 5 (1 = pure guess, 5 = very
confident).

Test 2. Participants were presented with eight 3-alternative, multiple-choice questions
about the format of the Naming test, e.g., what color was the computer screen after the item
disappeared (off-white, dark gray, or black). At the time of this test, participants had previously

encountered the Naming test either nine or ten times, most recently 6 d earlier.
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Remembering in Contrast to Naming

To contrast remembering and naming directly, a Remembering test was constructed using
new materials. Up to 7 d after study, the experimental design and procedure were identical to the
Naming test described above. Thus, participants began by trying to name 40 degraded images
and provide confidence ratings (1 to 5) for their responses. Twenty images were followed by the
matching, intact image and 20 others, intermixed with the first 20, were followed by a
nonmatching, intact image. Which 20 images were paired with their matching images and which
were paired with a nonmatching image was balanced across subjects. The following day, again
just as in the test of Naming, participants saw the same 40 degraded images with instructions to
name them and provide confidence ratings. Then, at 7 d after study, instead of taking another
Naming test, participants took a Yes/No recognition memory test for the 40 old images
intermixed with 40 new images. Which 40 images served as the 40 old images and which served
as the 40 new images was balanced across participants. Memory performance at 7 d after study
was compared to naming performance at 7 d after study (Fig. 4). Participants took this

Remembering test after all other testing was completed.

Data Availability

Data are available at the Open Science Foundation repository at https://osf.io/4dmj5/.
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Figure captions

Fig 1. A sample degraded image. Most people cannot identify what is depicted. See Fig. 2.

Fig 2. An intact version of the image in Fig 1. When the intact version is presented just once
directly after presentation of the degraded version, the ability to later identify the degraded image

is greatly improved, even after many months.

Fig 3. Naming. At study, participants tried to name what was depicted in each of 40 degraded,
black-and-white images. Each image was followed by either the intact, matching (m) version of
the same image or an intact image that did not match (nm). 1 d, 7 d, and again 5.4 mo later,
participants saw the same 40 degraded images and tried to name what was depicted in each
image. Percent correct naming scores are means from 3 iterations of this procedure using
different materials. White circles show the scores for G.P., the patient with the most severe
memory impairment and the largest MTL lesions. A. CON = 11 controls. B. MTL = 5 patients

with medial temporal lobe lesions. Error bars show s.e.m.

Fig 4. Naming. To illustrate how much the naming of degraded images benefited from earlier
presentation of their intact, matching images, the percent correct naming score for the 20
degraded images that had earlier been followed by a nonmatching, intact image was subtracted
from the percent correct naming score for the 20 degraded images that had earlier been followed

by the matching, intact image. Scores at each delay are based on the data in Fig. 3. G.P.’s scores
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were 18.3%, 23.3%, and 25.0% at 1 d, 7 d, and 5.4 mo respectively, the best of all the patients.

CON = 11 controls; MTL = 5 patients with medial temporal lobe lesions. Error bars show s.e.m.

Fig 5. Remembering. Test 1. Participants saw 20 intact images and 1 d later took a Yes/No
recognition memory test for the 20 old images intermixed with 20 new images. Bars show
percent correct scores for 11 controls (CON) and 5 patients with medial temporal lobe lesions
(MTL). d’=3.7 and 2.1 for CON and MTL groups, respectively. Test 2. Percent correct for 8
multiple-choice questions about the format of the Naming test, which had last been encountered
6 d earlier. Chance = 33.3%. G.P. scored 65.0% correct on Test 1 and 37.5% correct on Test 2,

the poorest of all the patients. Error bars show s.e.m.

Fig 6. Remembering in Contrast to Naming. The percent correct naming scores are reproduced
from the 7 d test in Fig 4, which shows the amount of facilitation in naming, i.e., how much the
naming of degraded images benefited from earlier presentation of their intact, matching images.
G.P.’s score was 23.3%, the best of all the patients. For remembering (d’), the procedure at study
and after 1 d was the same as for the Naming test (see Fig. 3). However, at 7 d after study,
instead of taking another Naming test, participants took a Yes/No recognition memory test for
the 40 old degraded images and 40 new degraded images. G.P. obtained a d’ score of 0.3 (55.0%
correct), the poorest of all the patients. CON = 11 controls; MTL = 5 patients with medial

temporal lobe lesions. Error bars show s.e.m.
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Table 1. Characteristics of memory-impaired patients

. Age  Education WAIS-III WMS-R

Patient - -

(years) (years) 1Q Attention Verbal Visual General Delay
D.A. 37 12 95 104 90 91 90 56
K.E. 78 13.5 108 114 64 84 72 55
L.J. 82 12 101 105 83 60 69 <50
G.W. 60 12 108 105 67 86 70 <50
G.P. 73 16 98 102 79 62 66 50

WAIS-III is the Wechsler Adult Intelligence Scale-III and the WMS-R is the Wechsler Memory
Scale-Revised. The WMS-R does not provide numerical scores for individuals who score < 50. The
1Q score for D.A. is from the WAIS-IV.
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