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Background—Patients with schizophrenia may be impaired at remembering inter-item and itemcontext relationships (relational memory), even when memory for items is intact. Here, we applied
the novel approach of using eye movements to assess integrity of item and relational memory in
schizophrenia. This method does not rely on introspection and may be more readily translated to
animal models than traditional behavioral methods.
Methods—Sixteen healthy controls and sixteen patients were administered a scene memory task
while eye movements were monitored. During testing, participants indicated whether the scenes were
unchanged, contained a new item (item manipulation), had a change in item location (relational
manipulation), or were new. It was predicted that memory would be disproportionately impaired
when relational changes were made.
Results—Results confirmed that tasks were equally difficult, and showed that patients were
impaired identifying all scene types. These behavioral impairments were associated with more severe
disorganization and negative symptoms. Eye movement results were more specific. Both groups
looked disproportionately at critical regions of repeated versus novel scenes – an effect of scene
repetition. However, in contrast to predictions, patients showed equivalent eye-movement-based
memory impairment whether changes were relational or item-based.
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Conclusions—This is the first experiment to demonstrate that eye movements can be used to
investigate item and relational memory in schizophrenia. The eye movement procedure was well
tolerated and was more specific than behavioral measures with respect to memory impairment.
Results suggest that eye movements may be of use in clinical trials and translational studies
employing animal models.
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Introduction
Episodic memory refers to formation and retrieval of lasting memories for events (1). Although
multiple cognitive deficits are observed in schizophrenia, a meta-analysis found the largest
effects for episodic memory (2,3), suggesting a disproportionately severe deficit in this domain
(4,5). Recent studies demonstrated that episodic memory is strongly related to patients’
function in everyday life (6-8) and that existing medications do little to ameliorate memory
deficits (9-11). Accordingly, it is essential to develop procedures to characterize memory in
individuals with schizophrenia that can be used in development of new cognitive enhancing
agents (12).
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Relational memory may be an important target for treatment development, as there is some
evidence that patients with schizophrenia have relatively spared memory for items and
disproportionately impaired memory for relationships between items and the context in which
they were encountered (13,14). This relational processing deficit was first noticed on verbal
list learning tasks such as the CVLT (15) in which patients’ failure to use semantic relationships
to cluster items during encoding contributed to overall retrieval deficits (16). Problems with
relational memory can also explain the tendency of patients to retrieve items on the basis of
familiarity, often failing to recollect related contextual information (17-19; see 20 for
exception). For instance, patients are less impaired on item recognition, and demonstrate
significant impairments on associative recognition tasks (21-25).
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These findings suggest that relational encoding and retrieval deficits are candidate mechanisms
for episodic memory dysfunction in schizophrenia, and appropriate targets for pharmaceutical
intervention. However, relational memory tasks in humans are not easily translated to animals,
posing a significant barrier to development of new pharmaceutical agents. For instance, tests
involving subjective reports of recollection cannot be used in studies with rodents or nonhuman
primates (although see 26), and even objective tests of relational memory (e.g., associative or
source recognition) place heavy demands on meta-cognitive and decision making processes,
and may not be easily translated to animals. Furthermore, behavioral measures can be
confounded by levels of motivation, task comprehension, and response-mapping difficulties
(27), and experimenters often fail to equate difficulty levels across experimental conditions.
These confounding factors raise the possibility that differential deficits are secondary to the
greater difficulty and discriminating power of the relational tasks (28). Accordingly, it is
important to develop methods to equate task difficulty and assess item and relational memory
in a manner suitable for patients and nonhuman animals.
In the current study, eye movements were used as an indirect measure of memory for scenes.
Effects of memory on eye movement behavior have been documented in several investigations
(29-33), and these methods have been used successfully to study memory in nonhuman
primates (34) and infants as young as nine months who cannot yet verbalize remembered
content (35). Eye movements have also been used to identify spatial working memory (WM)
deficits in schizophrenia patients with tasks originally developed for nonhuman primates (36,
37). Accordingly, eye movements may provide a particularly sensitive measure of episodic
memory, even in cognitively impaired patients and nonhuman animals.
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Using a novel paradigm based on work by Ryan and colleagues (30), we investigated memory
for scenes and memory for constituent scene elements (individual items or item-location
relationships). At test, eye movements were monitored while participants determined whether
scenes were new, old and unchanged, old but contained a novel item (‘item manipulation’), or
old but contained an item that had changed spatial locations (‘relational manipulation’). As in
previous work with healthy participants, we predicted that controls would spend more time
viewing regions of scenes that had been manipulated, relative to corresponding regions of
repeated/unchanged scenes. We hypothesized that patients, like controls, would spend more
time viewing regions of scenes in which an item change occurred, but would fail to look
disproportionately at regions where a relational change had occurred.

Methods
Participants
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Thirty-seven participants were studied, and the final sample included 16 medicated patients
with schizophrenia and 16 healthy controls. Four patients and one healthy participant were
excluded because peripheral factors (e.g., eye glasses) prevented calibration of eye position.
Participants were matched at the group level for age, gender, handedness and parental education
(Table 1). The study was approved by the IRB at the University of California Davis. Details
on medication, exclusion criteria, and diagnostic and clinical assessments are in the
Supplement.
Stimuli & Design
Sixty-four rendered scenes, sized to 800×600 pixels, were developed using Punch! Home
Design Software. Three versions of each scene were created – the original, a version containing
an item manipulation, and a version containing a relational manipulation – producing a total
of 192 stimuli. One item in each original scene was designated a “critical item” and in
manipulated scenes it was either: (1) replaced with a different exemplar (i.e., item
manipulation), or (2) moved to a different, albeit equally plausible, spatial location (i.e.,
relational manipulation). Each critical item was presented in the context of just one scene, and
critical items moved equally often from left (in the original scene) to right (in the manipulated
scene) as right to left when the change was relational.
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Two “orienting questions” were created, one for the item condition and another for the
relational condition. Questions were crafted to encourage processing of either the critical item
embedded in the scene (i.e. item condition), or the spatial relationship between that item and
some other scene element (i.e. relational condition). These questions ensured that attention was
directed to critical aspects of the scene that might be manipulated during the test phase (see
Figure 1).
Procedure
After informed consent, instructions were provided, and each participant successfully
completed a practice session. Eye position was calibrated at the beginning of each experimental
block using a 3×3 spatial array, and the onset of each trial was experimenter-initiated contingent
upon fixation of a centrally presented crosshair. Study and test procedures are illustrated in
Figure 1.
Study Block 1—Participants were shown 48 scenes, each for eight seconds. They were
instructed to study each scene carefully, paying close attention to items embedded in the scene
and their spatial locations.
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Study Block 2—The same 48 scenes were presented in a different random order. Each scene
was preceded by a question orienting viewer’s attention to the item that might subsequently
be replaced with a different item or moved to a different location during test block. The
orienting question was presented in the center of the screen for four seconds, and the scene
was presented immediately thereafter for five seconds. Participants were instructed to read the
question and respond “yes”, “no”, or “don’t know”, via button press, as quickly as possible.
Test Block—Sixty-four scenes (16 novel, 16 repeated, 16 with an item manipulation, and 16
with a relational manipulation) were presented in random order and remained on screen for six
seconds. After each scene disappeared, participants pressed a button indicating whether the
scene was 1) old and unchanged, 2) old, with a new item, 3) old, but one of the items had
changed position, or 4) new. Participants were then prompted to rate confidence on a scale
from one (“just guessing”) to three (“absolutely certain”). The confidence scale remained in
view until the response, and all responses were self-paced.
Eye Tracking Acquisition and Analysis
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Eye position was monitored at a rate of 120 Hz using an Applied Science Laboratories model
504 remote eye tracker. For scenes assigned to the item condition, the proportion of total
viewing time allocated to a single region of interest (ROI) surrounding the critical item provided
a dependent measure of memory. For scenes assigned to the relational condition there were
two ROIs (an empty region and a filled region), and viewing time directed to these regions was
examined two ways. First, the proportion of total combined viewing time directed to the empty
and filled regions was calculated. This combined viewing time was used in direct comparisons
of the item condition and the relational condition. Second, the filled and empty regions were
examined separately. Additional detail about data collection and quantification are provided
in the Supplement.

Results
Behavioral Performance
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Orienting Question Accuracy—Controls made correct responses to orienting questions
more often than patients, though both groups responded correctly on the majority of trials
[93.23% correct, SD=4.72 and 84.51% correct, SD=6.27, respectively; F(1,30)=19.76, p<.
001]. Critically, there were no effects of scene type [F(2,60)=1.35, p>.05] or any group by
scene type interaction [F(2,60)=.66, p>.05)]. Thus, although patients were less accurate in
responding to orienting questions, lack of scene type effects indicates that any subsequent
differences in patients’ performance or eye movements across conditions cannot be attributed
to orienting question accuracy.
Scene Identification Accuracy—Performance was evaluated by subtracting false alarm
rates from hit rates. A repeated measures ANOVA indicated that patients performed worse
than controls [F(1,30)=16.41, p<.001], but that performance differences between conditions
were similar across groups (main effect of condition: [F(3,90)=25.03, p<.001]; non-significant
group x condition interaction: [F(3,90)=.184, p>.05]. Post-hoc comparisons showed that all
participants were better at identifying novel scenes than repeated scenes [controls: t(15)=6.50,
Bonferroni corrected p<.001; patients: t(15)=3.09, Bonferroni corrected p<.05], novel scenes
than scenes containing an item change [controls: t(15)=6.36, Bonferroni corrected p<.001;
patients: t(15)=5.70, p<.001], and novel scenes than scenes containing a relational change
[controls: t(15)= 4.08, Bonferroni corrected p<.01; patients: t(15)=3.42, p<.05]. There were
no differences in performance across the remaining three scene types for either group [controls:
t’s(15)≤1.73, p>.05; patients: t’s(15) ≤2.31, p>.05]. Statistics were also performed using a
signal detection index (d’), and results were replicated [main effect of group: F(1,30)=18.34,
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p<.001; main effect of condition: F(3,90)=45.79, p<.001; non-significant group x condition
interaction: F(3,90)=1.86, p>.05]. Hit rates, false alarm rates, and d’ scores are provided in
Table 2.
Confidence Ratings—Confidence ratings were calculated separately for correct and
incorrect responses. Both groups were more confident when scenes were correctly identified
[controls: t(15)=8.06, p<.001; schizophrenia Patients: t(15)=8.06, p<.001]. Confidence ratings
for correct responses were also examined for effects of scene type, group, or group by scene
type interaction. This revealed a main effect of scene type [F(3,90)=11.90, p<.001], with no
group [F(3,90)=.91, p>.05] or group by scene type interaction [F(3,90)=.40, p>.05].
Participants were less confident when making correct responses for matching scenes than novel
scenes [t(31)=3.68, p<.005], scenes containing an item change [t(31)=6.21, p<.001], or scenes
containing a relational change [t(31)=4.35, p<.001; all Bonferroni corrected]. Because there
were so few confident incorrect trials, this analysis could not be performed for incorrect
responses.
Eye-Movement-Based Memory Assessment
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Inclusion of repeated and novel scenes allowed us to calculate two eye-movement-based
measures of memory: 1) Memory for Repetition was operationalized as differences in viewing
time directed to critical regions of repeated versus novel scenes. Because attention had been
drawn to critical regions of repeated scenes by orienting questions, these regions were expected
to elicit more viewing than the same regions of novel scenes. This index provided a general
measure of memory to confirm that participants were attending to critical scene regions and
did not have any fundamental eye movement deficits. 2) Memory for Detail was operationalized
as differences in viewing time directed to critical regions of manipulated versus repeated/
unchanged scenes. Because repeated and manipulated scenes were subject to the same
encoding conditions (i.e. both associated with an orienting question), and differed only in
previous viewing history (i.e. whether or not the scene was manipulated at test), any significant
differences could be attributed to memory for the originally studied item or item-location
relationship. This index provided a specific measure of memory for scene detail (i.e. either
memory for the previously studied item or item-location relationship). These measures are
illustrated in Figure 2 for the relational memory condition.

NIH-PA Author Manuscript

Results of a repeated measures ANOVA investigating effects of group (patient, control),
condition (item, relational) and memory index (repetition, detail) showed main effects of group
[F(1,30)=13.86, p<.001)] and condition [F(1,30)=16.58, p<.001], as well as a group by memory
index interaction [F(1,30)=10.37, p<.003]. No other main effects or interactions were
significant [F’s≤3.72, all p’s>.05]. Therefore, between-groups repeated measures ANOVAs
were performed separately for the repetition and detail indices described above (see Figure 3).
Memory for Repetition—ANOVA revealed equivalent increases in the proportion of
viewing time directed to critical regions of repeated (vs. novel) scenes in patients and controls
[non-significant group and group x condition effects: F(1,30)≤.30, p>.05], with no differences
across conditions [F(1,30)=.97, p>.05]. Separate evaluation of the critical regions of scenes
assigned to the relational memory condition confirmed that there were no group differences
for either empty or filled regions [t(30)=.66, p>.05 and t(30)=.17, p>.05, respectively].
To confirm that there were significant repetition effects on eye movement behavior in both
groups, we evaluated whether difference scores (proportion of viewing time directed to ROIs
of repeated minus novel scenes) were greater than zero. As predicted, healthy controls looked
disproportionately at the critical regions of repeated (vs. novel) scenes in both item and
relational conditions [t(15)=3.14, p<.005 and t(15)=4.46, p<.001, respectively]. For the
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relational memory condition this disproportionate viewing effect was selectively evident for
the filled [t(15)=3.52, p<.005], but not the empty region [t(15)=.91, p>.05]. This result makes
intuitive scene because the item in the filled region of repeated scenes had been the target of
the orienting question, whereas the empty region had always been empty, providing no reason
to direct viewing to that part of the scene.
This same pattern was seen in patients. Disproportionate viewing of the critical regions of
repeated (vs. novel) scenes was evident for both the item and relational conditions [t(15)=5.39,
p<.001 and t(15)=2.48, p<.01, respectively], and separate evaluation of the critical regions of
relational scenes showed disproportionate viewing of the filled [t(15)=2.22, p<.05], but not the
empty region [t(15)=.07, p>.05]. Combined ANOVA and t-test results suggest that, like
controls, patients had retained information about previous exposure to repeated scenes, and
that this information was sufficient to guide eye movements to potentially informative scene
regions. Results are illustrated in Figure 3a.
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Memory for Detail—ANOVA revealed that controls spent more time viewing the critical
regions of manipulated (vs. repeated) scenes than patients [main effect of group: F(1,30)
=15.05, p<.001]. Contrary to predictions, this difference was of similar magnitude for the item
and the relational memory manipulations [non-significant group x condition interaction: F
(1,30)=.01, p>.05]. Separate evaluation of the empty and filled regions of relational scenes
confirmed the main effect of group [t(30)=2.10, p<.05 and t(30)=2.42, p<.05, respectively].
The ANOVA also revealed that differences in viewing time directed to critical regions of
manipulated scenes were larger for scenes containing an item change than for scene containing
a relational change [main effect of condition: F(1,30)=4.52, p<.05].
Difference scores (proportion of viewing time directed to ROIs of manipulated minus repeated
scenes) were examined to confirm effects of memory on eye movement behavior for both
groups and both conditions. These analyses are important because they indicate whether or not
there was any evidence for memory in patients’ eye movement behavior, despite their overall
deficit. Planned comparisons confirmed eye-movement-based memory effects in healthy
participants, with disproportionate viewing directed to the critical regions of scenes that had
been manipulated [item change: t(15)=5.65, p<.001; relational change: t(15)=5.29, p<.001].
There was no difference in the magnitude of these viewing time effects across conditions [t
(15)=1.26, p>.05]. Separate evaluation of the empty and filled regions provided converging
evidence for relational memory effects on eye movement behavior [t(15)=3.64, p<.001 and t
(15)=3.40, p<.005, respectively]. This result is notable because increased viewing of the (now)
empty region could only be attributed to participants’ memory for the scene when that region
was previously filled.

NIH-PA Author Manuscript

Schizophrenia patients also looked disproportionately at the manipulated regions of scenes that
contained an item change [t(15)=2.77, p<.01] showing some residual retention of specific item
information based on previous exposure to those scenes. They did not, however, look
disproportionately at manipulated regions of scenes that contained relational changes [t(15)=.
99, p>.05]. Separate evaluation of the empty and filled regions confirmed the absence of
relational memory effects in patients’ eye movements [t(15)=1.22, p>.05 and t(15)=.42, p>.
05, respectively]. These combined results suggest that although patients were impaired in both
memory conditions, there is evidence that they retained some memory for item information.
The same was not true for the relational memory condition, which showed no evidence of eyemovement-based memory effects. Results are illustrated in Figure 3b.
Correlational Analysis
Pearson correlations were calculated investigating relationships between behavioral and eye
movement measures in both groups, and with positive, negative and disorganization symptoms
Biol Psychiatry. Author manuscript; available in PMC 2011 October 1.
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(38) in patients. In controls, higher d’ performance in the item condition was associated with
increased viewing of item changes in the scenes (r=.54, p<.05). This relationship was not
significant in patients (r=.26, p>.05), but there were no differences between groups (Fisher’s
Z=.86, p>.05). Correlations between performance and clinical symptoms revealed no
relationships with positive symptoms. However, less severe negative symptoms were
associated with better d’ performance on repeated scenes (r=−.59, p<.05), scenes containing
an item change (r=−.54, p<.05), and scenes containing a relational change (r=−.53, p<.05).
Less severe disorganization was also related to better d’ performance on repeated (r=−.59, p<.
05) and relational change scenes (r=−.70, p<.005).

Discussion
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The current investigation examined memory for scenes and memory for constituent scene
elements in schizophrenia using a novel eye movement paradigm. Results for healthy
volunteers were consistent with previous findings (30), in showing increased viewing of critical
regions of scenes where there was either a new item or a change in item location. Furthermore,
eye movement and performance effects were of equivalent magnitude for the item and
relational memory conditions in healthy participants, supporting the utility of this paradigm to
investigate hypothesized differential deficits in relational versus item memory in
schizophrenia. Contrary to predictions, patients showed reduced eye-movement-based
memory effects for both item and relational memory manipulations. However, reduced
memory for scene detail did not appear secondary to a generalized deficit in eye movement
behavior, as patients successfully increased viewing of critical regions of repeated versus novel
scenes. This specificity in the eye movement data contrasts with direct behavioral measures,
which showed a generalized deficit in patient performance across all of the scene types. These
results suggest that eye movement paradigms provide a sensitive measure of memory in healthy
controls and schizophrenia patients, and therefore, have the potential to reveal patterns of
spared and impaired performance that may not be evident in behavioral responses.
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We predicted that eye-movement-based memory effects would be selectively disrupted by
schizophrenia when spatial relationships among items were changed. Instead, results showed
that these effects were disrupted to a similar extent whether changes were relational or itembased. One potential explanation for this discrepancy is that previously reported differential
deficits in relational memory (14,21) were secondary to greater difficulty and discriminating
power (28) of relational memory tasks, and that by matching difficulty across memory
conditions the current paradigm eliminated these previously artifactual results. For example,
in a meta-analysis examining these two memory processes (21) all the associative memory
studies utilized tasks requiring recollection of either source, temporal order or original item
pairings, whereas item memory studies employed simple old/new recognition tests that could
be performed based on a sense of familiarity. Another potential explanation for the lack of a
group by condition interaction is that the current item task was not process pure. Because of
the complex nature of the visual scenes it is possible that individuals employed relational
strategies in the item memory condition, and that patients were less likely to use these strategies
given their previously noted difficulties with strategy generation (16,17). For example, controls
may have remembered that the vacuum cleaner seen during the study phase in Figure 1 was
the same color as the sky in the painting on the wall – and used this relational information to
improve memory for the previously studied item. We believe that this second possibility is the
more likely explanation as results suggest some preservation of item memory in the patient
sample. As noted in our planned comparisons, and as illustrated in Figure 3b, patients spent
more time viewing the critical regions of manipulated versus repeated scenes in the item
memory condition, but failed to do so for relational memory. Furthermore, the lack of a group
by condition interaction does not appear to be a consequence of small sample size as power
for the interaction term was estimated at 21%. This means that approximately 64 participants
Biol Psychiatry. Author manuscript; available in PMC 2011 October 1.
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would have been required per group to reach significance. Work is underway to revise the task
with the aim of reducing the likelihood that relational encoding strategies will be invoked
during the item condition while maintaining equivalent task difficulty to further investigate
this important differential deficit question.
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It is worth considering potential limitations of the present study. The sample consisted of
clinically stable patients with relatively mild symptoms (see Table 1). It is unclear whether
results would generalize to a more acutely ill sample. Additionally, patients were medicated
(primarily second-generation anti-psychotics), although it is unlikely that the expression of
eye-movement-based memory effects(or lack thereof) was related to medication effects
because reflexive saccades are intact in both medicated and unmedicated patients (39). Several
reports have shown that patients with schizophrenia have impaired smooth pursuit eye
movements (40), and show increased error rates on anti-saccade tasks (41-43) raising potential
concerns that results might have reflected a more fundamental eye movement deficit. However,
there is consistent evidence that medicated and un-medicated patients show normal saccade
latency, gain, and final eye position in reflexive saccade tasks (39), and smooth pursuit deficits
were not associated with eye movement effects in earlier working memory studies (37). This
suggests that aforementioned smooth pursuit and anti-saccade deficits are related to higherlevel cognitive demands and do not reflect a fundamental deficit in oculomotor control.
Moreover, if schizophrenia patients suffer from a more fundamental eye movement deficit,
one would expect to see a complete absence of memory effects in eye movements. This was
not the case, as intact effects of scene repetition were evident in patients’ eye movement
behavior.
In summary, present results show that eye movement monitoring is a sensitive measure of
memory in patients with schizophrenia. Worse behavioral performance on this task was related
to increased negative symptoms and disorganization, suggesting that treatments to improve
episodic memory may have a positive clinical impact and that changes in eye movement
behavior may be used to index treatment effects. Future studies could build on present results
by obtaining measures of functional outcome, by combining eye tracking and functional
imaging in humans, and by adapting indirect eye-movement-based memory paradigms for use
with animal models to evaluate the integrity of memory processes. This translational approach
holds great promise for identifying neural mechanisms of spared and impaired memory in
schizophrenia.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Experimental Methods. (A-B) Illustration of first (A) and second (B) study blocks. During the
second block, each picture was preceded by an orienting question crafted to encourage
processing of item-specific or relational information. (C) Illustration of test block. After each
scene, participants were required to identify the picture type and rate their confidence. Eye
movements were monitored throughout.
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Figure 2.

Eye movement data from three different control participants superimposed on scenes presented
during test blocks assigned to the relational memory condition. The top row illustrates the study
scenes with two different locations of the critical item. The bottom row illustrates eye
movements during the test phase when participants either viewed the scene for the first time
(Novel), viewed the exact same scene as during the study phase (Repeated), or viewed a new
version of the scene in which the critical item was in a different location (Manipulated). Circles
represent fixations; with the size of each circle proportional to the amount of viewing time
directed to that part of the scene. Red lines represent transitions from one fixation to the next.
Yellow boxes illustrate the locations of empty and filled regions of interest for illustrative
purposes, and were not part of the test stimuli. Test phase fixations illustrate the increase in
viewing time directed to the filled region of repeated versus novel scenes – an effect of memory
for scene repetition, and the increase in viewing directed to filled and empty regions of
manipulated versus repeated scenes – an effect of memory for scene detail.
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Figure 3.
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Eye-movement-based memory effects in patients and control participants. (a) Memory for
Repetition is intact in schizophrenia. Bar graphs illustrate differences in the proportion of total
viewing time directed to critical regions of repeated minus novel scenes for both experimental
conditions. Both groups of participants looked disproportionately at critical regions of repeated
(vs. novel) scenes, with no significant between-group difference in patterns of viewing. This
effect of memory for scene repetition was likely due to the fact that attention had been drawn
to critical regions of repeated scenes by orienting questions used during the study phase. For
the relational condition, results were calculated collapsed across filled and empty regions (top
figure), and were calculated separately for these ROIs (bottom figure). The empty region of
repeated scenes did not attract disproportionate viewing by either group, a result that is
attributable to the fact that for repeated scenes this region had always been empty. (b) Memory
for Detail is impaired in schizophrenia. Bar graphs illustrate differences in the proportion of
total viewing time directed to critical regions of manipulated minus repeated scenes for both
experimental conditions. Schizophrenia patients were impaired on eye-movement-based
memory measures for both experimental conditions. Impairments were evident for the
relational memory condition whether viewing of the critical regions was collapsed (top figure),
or was evaluated separately for the empty and filled regions (bottom figure). Although patients
were impaired in both memory conditions, these graphs also illustrate that patients successfully
increased viewing of the critical region of manipulated (vs. repeated) scenes assigned to the
item memory condition. This did not occur for the relational memory condition, indicating
some preservation of eye-movement-memory effects in schizophrenia patients for item but not
for relational memory representations.
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Mean hit rates, false alarm rates, and d’ scores on the 4-alternative forced-choice test for participants in the control
group and for schizophrenia patients. Standard deviations are presented in the parentheses
Repeated
Scenes

Item Change

Relational
Change

Novel Scenes

Hit Rate

.816 (.157)

.727 (.184)

.746 (.217)

.941 (.098)

FA Rate

.103 (.067)

.083 (.073)

.052 (.050)

.018 (.025)

2.39

2.24

2.53

3.67

Hit Rate

.621 (.209)

.488 (.254)

.582 (.231)

.758 (.180)

FA Rate

.150 (.064)

.132 (.094)

.132 (.089)

.103 (.092)

1.48

1.19

1.49

2.24

Control Group:

d’
Schizophrenia
Patients:

d’
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