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Autobiographical memory (AM) impairment in schizophrenia affects the richness of detail in
personal memories and is one of the major predictors of patients’ social functioning.
Despite the empirical evidence attributing these difficulties to a defective encoding
process, cognitive remediation interventions targeting AM in schizophrenia often focus
on the remote past, making it difficult to address the consequences of poor encoding. Our
study evaluated the efficacy of an innovative approach using a wearable camera
(NarrativeClip®) in reinforcing the encoding of recent daily life events in patients with
schizophrenia. Seventeen patients with schizophrenia and 15 control participants wore
the camera during four consecutive days. Then, memories of events experienced during
these days were reinforced using different types of retrospective, i.e. interventions
designed to promote a re-encoding of the event. We evaluated two types of
retrospective using the camera pictures: a simple visual retrospective and a visual
retrospective associated with a specific event-cueing (VisR+EC). These two techniques
were compared to a verbal retrospective and to the absence of retrospective. Our results
showed that the VisR+EC allowed patients to retrieve as many details as the control group
at a two-week interval. However, patients’ memories remained impaired when a simple
visual or a verbal retrospective was used. Our study provides encouraging results to foster
the use of a wearable camera in individualized cognitive remediation programs for AM
impairment in schizophrenia.
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INTRODUCTION

A large number of studies have documented the presence of
cognitive impairments in patients with schizophrenia (1-3), and
such impairments have come to be considered a core feature of
this disorder. Although the entire set of cognitive functions
seems to be affected in schizophrenia, these alterations are
heterogeneous (3). Memory impairment is among the most
pronounced cognitive deficits in schizophrenia (4) and goes
beyond memory processes evaluated in laboratory, affecting
complex cognitive functions such as autobiographical memory
(5). Although the pure neurocognitive nature of these deficits is
at some point discussed (6, 7), they have a concrete impact on
patients’ daily functioning, often hindering patients’ access to a
traditional educational or professional trajectory (8).

Autobiographical memory allows individuals to capture
spatio-temporal, emotional, sensory, and cognitive
representations of specific past personal events over long time
intervals, which can extend up to several decades for particularly
significant events (9-11). The retrieval of these episodic details is
generally accompanied by a conscious recollection which confers
the capacity to mentally travel back in time and re-experience a
specific event. Autobiographical memory is a crucial function of
human cognition, as it contributes to the emergence and
construction of a coherent sense of identity (9, 12). It plays an
important role in social relationships (13) and promotes a
relevant anticipation of the future (14).

Several studies investigating autobiographical memory in
schizophrenia have shown that patients have difficulty
accessing unique past experiences in comparison to control
subjects (15-19). Indeed, patients’ autobiographical memories
are described as being “over-general”, more similar to summaries
of repeated life experiences than to unique detailed events (20).
Moreover, conscious recollection at the time of memory retrieval
appears reduced in schizophrenia in comparison to controls (16,
21-23). A meta-analysis by Berna et al. (5) highlighted moderate
to large effect sizes associated with these decreased specificity (g =
-0.97), level of detail (g = -1.40), and conscious recollection (g =
-0.62), all of which are key features of the episodicity level of
autobiographical memory.

The functional mechanisms responsible for patients’ memory
impairment have primarily been studied using standard
laboratory episodic memory tasks. Although memory
impairment was first attributed to a retrieval deficit (24, 25),
empirical evidence has since emphasized the major implication
of a defective encoding process in patients’ memory difficulties
(26). Finally, autobiographical memory deficit in schizophrenia
has been described as one of the major predictors of social
functioning, surpassing the influence of both clinical symptoms
and basic cognitive deficits (27). As such, it is one of the major
therapeutic targets in the cognitive landscape of schizophrenia.

The antipsychotics used in schizophrenia to overcome clinical
symptoms either have no particular effect or a deleterious effect
on patients’ memory disorders (28). Psychological interventions
have therefore begun to be developed in the past few decades,
including cognitive intervention programs (29).

Reminiscence or “life-review” therapies (30) were among the
first therapeutic programs aimed at stimulating autobiographical
memory capabilities. Designed to promote the retrieval of vivid
and detailed autobiographical past events, they usually target
specific life periods, ranging from the past year to early
childhood. Two studies (31, 32) have evaluated the efficacy of
such programs, respectively the Autobiographical Reminiscence
Therapy (REMau) (33) and the Life Review Therapy focusing on
positive events (LRTspev) (34) in patients with schizophrenia.
An improvement in the capacity to retrieve specific
autobiographical memories was highlighted with both
programs, and a greater number of details in patients’ recalled
memories was observed with the LRTspev (32).

Another autobiographical memory intervention consists of
applying a specific event-cueing at the time of memory retrieval
(35). This specific event-cueing follows a series of questions
inspired by the Memory Characteristics Questionnaire (36) and
asks for different categories of episodic details (contextual,
perceptual/sensory, temporal, cognitive, and emotional) not
mentioned by participants during their free recall. Potheegadoo
et al. (37) have shown its efficacy in patients with schizophrenia.
Indeed, the use of specific event-cueing at retrieval allowed
patients to reach a level of detail in memory recall similar to
that of healthy subjects. Unfortunately, this was not true for the
richness of perceptual/sensory, temporal, and contextual details,
which remained reduced in patients despite the assistance of the
event-cueing. The authors proposed that the event-cueing helped
to overcome patients’ retrieval difficulties but did not alleviate the
consequences of poor encoding of the event. It therefore seemed
necessary to develop cognitive interventions to compensate this
defective encoding process in schizophrenia.

Two studies have evaluated the effect of supporting memories
of recent (less than a week old) daily life events on the encoding
process in patients with schizophrenia using the diary method in
a group setting (38, 39). This method asks patients to write down
one or more recent events in a diary on a daily basis, using this
tool as an external memory aid. Subsequently, patients are
invited to share their memories with the other members of the
group. The results of these two studies were conclusive, since
they showed an improvement in memory specificity following
the diary intervention that was maintained for up to three
months (38). However, this method has several disadvantages:
it is very time-consuming and it requires a high level of
motivation, which can be difficult to mobilize in patients with
schizophrenia (40). Furthermore, the material used (diary
content) is limited by the accuracy of the patient’s memory, yet
this is precisely the therapeutic target of the intervention, since
the memories of patients with schizophrenia tend to be overly
general. The number of cues patients provide may thus be
insufficient to reflect their initial experiences. Finally, this diary
method does not allow the experimenter to verify the accuracy of
the content used as remediation material, and so altered or even
false memories can be retrieved and trained during
these interventions.

Considering the limitations of the diary method, several
studies have begun to investigate memory using a wearable
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camera as a cognitive remediation tool for autobiographical
memory disorders. The first device used for such purposes was
the Sensecam® camera, which can be worn around the neck and
is typically programmed to take pictures automatically every 30 s.
This tool does not require any particular intervention from the
participant, which facilitates its use in patients with initiation or
motivation difficulties. As using a wearable camera makes it
possible to create dynamic slideshows with a very large number
of pictures taken from a first-person perspective, the participant
benefits from a cueing method very close to the initial lived
experience (41, 42). Over the past decade, several studies have
investigated the effect of viewing such event-related slideshows
on autobiographical memory performance across multiple
pathological situations (41-47). Results showed that the use of
the Sensecam® camera triggered the recollection of more specific
and detailed memories, even in the case of severe amnesia. In
addition, several studies have compared the use of a wearable
camera to the diary method previously described (41, 43, 45, 46).
Results showed that the improvement in autobiographical
memory retrieval is more pronounced in the Sensecam®
condition. This inter-condition difference seems to expand
over time, as shown by Woodberry et al. (46), who found
memories to be up to three times more detailed in the
Sensecam® condition than in the diary condition at a three-
month follow-up. Interestingly, Loveday and Conway (41) also
highlighted an effect of the type of cueing method on the nature
of the reported details, with an advantage for episodic details for
events trained with the Sensecam® pictures, and an advantage for
general knowledge in the diary condition. In addition, several
studies have suggested that viewing Sensecam® pictures can
trigger a “Proustian moment”, i.e. the intense retrieval of a
specific memory including also non-sensory details (emotions,
thoughts) experienced at the time of the initial experience,
although not perceivable on the pictures (48). These previous
studies have primarily assessed the effect of wearable cameras on
autobiographical memory in neurological populations (e.g. post-
encephalitic amnesia, traumatic brain injury, mild cognitive
impairment, and Alzheimer’s disease).

Considering that deficient encoding processes may contribute
to autobiographical memory impairment in patients with
schizophrenia, we were interested in evaluating the relevance
of material obtained with a wearable camera in fostering patients’
memories of recent daily life events. In order to collect the most
ecological daily life events possible, we did not intervene at the
time of the initial encoding of the events. For this reason, the
interventions described in this study cannot be considered as
direct interventions on encoding processes, but have rather been
used to 1) reinforce the consolidation of the initially encoded
experience by structuring its content and 2) promote a new and
richer encoding of the lived event.

More precisely, the central aim of this proof-of-concept study
was to test the efficacy of the NarrativeClip® camera (a more
recent version of the Sensecam® camera) in improving the
richness (i.e. number of details) and episodicity level with
which patients with schizophrenia recall recent personal

experiences. We compared the effect of two interventions using
the NarrativeClip® camera: 1) a simple visual retrospective
involving only the viewing of a slideshow of pictures collected
during the day and 2) a visual retrospective associating this
viewing with the specific event-cueing used by Potheegadoo et al.
(37). These two methods were then compared to a verbal
retrospective without viewing the pictures of the day and to
the absence of retrospective. In light of the literature, we expected
that the visual retrospectives using the NarrativeClip® pictures
would promote a greater improvement in the number of details
recalled in comparison to the verbal retrospective and, even more
s0, to the absence of retrospective. Moreover, we predicted that
patients with schizophrenia would benefit more from the visual
retrospective with event-cueing than from the simple visual
retrospective, considering the dual modality (visual and verbal)
of this condition and the active involvement required of
the participant.

MATERIALS AND METHODS

Participants
Thirty-two participants took part in the study. These included a
group of 17 outpatients (six women) diagnosed with
schizophrenia according to the DSM-5 criteria (49), who were
recruited from the Strasbourg University Hospital Psychiatric
Department, and a comparison group of 15 control participants
(seven women). Patients and controls did not differ in either age
or level of schooling. All the patients had been clinically
stabilized under antipsychotic treatment for at least two
months. We did not include patients treated with
benzodiazepines due to their adverse effects on memory (50).
None of the study’s participants had a history of neurological or
major somatic illness, a current alcohol or substance abuse
problem, or a current severe depressive episode, as defined by
a score higher than 6 on the Calgary Depression Scale for
Schizophrenia (CDSS) (51) for patients and by a score higher
than 9 on the Beck Depression Inventory (BDI) (52) for controls.
Furthermore, control participants had no history of psychiatric
disorder. In addition, we measured pre-morbid IQ in each group
using a validated French version of the National Adult Reading
Test (f-NART) (53). Current IQ was measured using a validated
abbreviated version of the Wechsler Adult Intelligence Scale -
third edition (WAIS-III) (54), which included three subtests:
vocabulary, matrix reasoning, and arithmetic (55). Participants
with a current IQ score below 70 were excluded from the study.
This study was approved by the Committee for the Protection
of Persons of Paris X (reference 2013-A00402-43), and all
participants gave their written informed consent in accordance
with the Declaration of Helsinki.

Materials and Procedure
Table 1 presents the clinical and cognitive measures
administered to participants.
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TABLE 1 | Means (M) and standard deviations (SD) of sociodemographic, clinical, and cognitive measures for patients with schizophrenia and controls.

Control participants Patients with schizophrenia Statistics
n=15 n=17
M (SD) M (SD) Pr(P>C)

Sociodemographic characteristics
Gender (number of women, %) 7 (46.7) 6 (35.3) 0.262
Age (years) 40.6 (10.58) 40.24 (10.29) 0.739
Level of schooling (years) 13.67 (2.02) 12.29 (2.62) 0.063
Clinical variables
PANSS® Total Scale - 57.63 (19.3)

Positive Scale - 12.94 (5.63)

Negative Scale - 18 (9.44)
Depression BDIP 3.07 (2.31) -

CDSS° - 2.38 (1.61)
Duration of illness (years) - 13.29 (8.78)
Chlorpromazine equivalents (mg) - 322.25 (191.61)
General intelligence

Total IQ® scores
-NART® (premorbid 1Q%) 106.87 (7.04) 106.73 (8.75) 0.938
Short version of WAIS-IIl (current 1Q%) 96.48 (11.87) 90.05 (11.27) 0.793
Cognitive assessments
Standard scores

WMS-IIIf Family Scenes | 9.67 (2.72) 6.65 (4.06) 0.013

Family Scenes Il 9.87 (2.59) 6.71 (3.79) 0.007

Family Scenes 10.00 (2.88) 8.88 (3.64) 0.192

(percentage of retention)

Spatial Memory 9.57 (1.99) 8.75 (3.15) 0.221

Z-scores

TMTY B - A (time) -0.48 (0.97) -0.70 (1.34) 0.305

B - A (number of errors) -0.64 (1.80) -0.85 (2.36) 0.397
Fluency Phonological -0.41 (0.52) -0.16 (0.69) 0.849

Semantic -0.27 (0.76) -0.89 (0.90) 0.031

Results are presented as the probability that patients’ scores to be higher than the controls’ scores is above 0: Pr(P > C). A large Pr(P > C) value (e.g., > .95, >.975, or >.99) must be
interpreted as indicating higher values for patients compared with controls. A small value of Pr(P > C) (e.g., <.05, <.025, or <.01) reflects lower values for patients compared with controls.
It is worth noting that the probability Pr(P > C) can be interpreted as 1 — Pr(P < C). Probability values near 1, and near 0, both indicate a meaningful effect of the group.

apositive And Negative Syndrome Scale for Schizophrenia. ®Beck Depression Inventory. °Calgary Depression Scale for Schizophrenia. “Intelligence Quotient. °French National Adult

Reading Test. "Wechsler Memory Scale — third edition. 9Trail Making Test.

Clinical Assessments

To assess the severity of clinical symptoms of schizophrenia, we
used the Positive and Negative Syndrome Scale (PANSS) (56)
in patients.

Cognitive Assessments

To investigate long-term memory performance, we used the
Family Scenes subtest of the Wechsler Memory Scale-III (WMS-
III) (57). We selected this standardized task because its material
is more similar to what our study evaluated (recall of
autobiographical events) than the lists of words usually
employed in conventional verbal memory tests. In addition,
knowing that long-term memory encoding and retrieval
processes depend on executive processes, we measured
working memory performance using the WMS-IIT’s Spatial
Memory subtest. Participants’ mental flexibility was also
measured using a verbal fluency task (58), which assessed both
the phonological and semantic aspects of fluency, and the non-
verbal Trail Making Test (TMT) (59).

Experimental Protocol
During the first visit, we asked each participant to wear the
camera (NarrativeClip®) during a short trip with the

experimenter. The purpose of this was firstly to familiarize the
participant with the tool and estimate any possible associated
discomfort or anxiety, and secondly to train the participant to
position the device correctly on his/her clothing.

Subsequently, if the person agreed to participate in the study,
he/she was invited to carry the camera for four consecutive days,
for a minimum of seven hours a day. The events experienced
during each day were collected and allocated to a different type of
retrospective (i.e. intervention). Then, two weeks later, a memory
test was conducted to evaluate the robustness of these events’
memories and thus the respective effect of each type
of retrospective.

Events Collection and Interventions
At the end of each day, we collected the day’s pictures and each
time the memories of the day were subjected to a different type of
intervention (the order of which being randomly assigned; for a
schematic of the events collection and interventions, see
Figure 1).

Here is one of the possible combinations of interventions:

Day 1: Absence of retrospective — control condition (AbsR). The
participant is invited to carry out the vocabulary and matrix
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Events collection and interventions

Wearing the camera for 7 hours
during 4 consecutive days

Day 2 |

oz ||

Day 4 |

random assignment of interventions

‘ 6 event titles |

6 event titles

6 event titles |

Verbal
retrospective

Absence
of retrospective

Simple visual Visual retrospective

Cognitive tests

Narrative
about the
current day

retrospective + Event-cueing
Slideshow Slideshow

random selection

2 event titles
per condition

Cued-recall task

6 event titles

6 cued-
recalls

Memory test
two weeks later
A

random order

6 subjective
questionnaires

4 pictured events
per condition

Recognition task

| [

16 slideshows

random order

16 subjective
questionnaires

FIGURE 1 | Schematic of the experimental protocol’s design, including the events collection phase and the memory test.

reasoning subtests of the WAIS-III (54), without making any
reference to the course of his/her day.

Day 2: Verbal retrospective (VerR).  The experimenter asks the
participant to give a title to six of the most significant events
experienced during the day. The participant is invited to orally
recount the events experienced during the day in chronological
order, making sure that his/her story includes the six pre-selected
events. As described above, the production of a written content
requires a high level of motivation. In order to avoid disadvan-
taging the group of patients, and since this narrative will not be

used as a cue in the memory test, we therefore opted for an oral
task.

Day 3: Simple visual retrospective (VisR). ~ Similarly to the verbal
condition, the participant is asked to give a title to six of the most
significant events experienced during the day. Subsequently, a
slideshow comprising the pictures collected during his/her day is
presented to the participant, without any verbal intervention
from the experimenter. The participant is invited to silently pay
attention to the pictures of his/her day. The pictures scroll at a
rate of one picture per second.
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Day 4: Visual retrospective associated with event-cueing (VisR
+EC).  The participant is asked to give a title to six of the most
significant events experienced during the day. Subsequently, a
slideshow comprising the pictures collected during the day is
presented to him/her. The participant is asked to stop the
slideshow at the time of each of the six pre-selected events. With
the picture of the event displayed before him/her, the participant
is then questioned in depth about the event, following the pro-
cedure of Levine et al. (35). The questions follow a predefined
order and aim to encourage the participant to recall visual and
non-visual details of the scene (see the detailed procedure in
Supplementary Material S1).

The participants of both groups were able to select six events
experienced during their day, without any major difficulty for the
three conditions with retrospective (VerR, VisR, and VisR+EC).
The 6*3 event titles collected in these conditions were then used
for the memory test two weeks later. Two out of the six event
titles were randomly selected in each condition to be used as cues
in the cued-recall task. The remaining event titles were used to
create the slideshows of the recognition task (for a schematic of
the event selection, see Figure 1).

At the end of these four days of collecting events, a
questionnaire was presented to each participant, which
evaluated his/her subjective impressions of the NarrativeClip®
tool. This questionnaire consisted of two central questions,
measuring 1) the level of constraint associated with the camera
and 2) the usability of the camera, using Likert scales ranging
from 1 (constraining/difficult to use) to 7 (pleasant/easy to use).

Memory Test

The memory test was conducted two weeks after the last day of
wearing the camera and included two different tasks (for a
schematic of the memory test, see Figure 1):

Cued-Recall Task. The aim of the cued-recall task was to
measure the level of detail remembered by the participants two
weeks after the initial events.

For this task, 2*3 events titles were randomly selected from
the 6*3 events identified by the participant during the verbal,
simple visual, and visual retrospectives associated with event-
cueing (two events per condition). Since the condition with no
retrospective was not subjected to event selection by the

participant, it was not included in this task. The experimenter
gave the written title of each of these events as a cue to the
participant, who was directly invited to recall aloud all the
information he/she remembered concerning the event. All
these autobiographical memories were recorded and
then transcribed.

All the verbatim transcripts were analyzed according to the
scoring method of Levine et al. (35). This objective method
translates qualitative content into quantitative content, adding
and classifying the various details present in the narratives.
Indeed, each piece of information provided by the participant
was counted and classified in a specific category, starting with a
distinction between internal and external details, that is, details
related or unrelated to the selected event (see descriptions and
examples presented in Table 2).

All narratives were analyzed by the first author (RD), and a
trained second rater (fourth author, AO) analyzed a random
selection of 60% of the transcripts. At the time of the analysis of
the memories, the raters were naive to the group to which the
participants belonged and the experimental condition. An intra-
class correlation coefficient was calculated to assess the
consistency of the two contributors’ ratings. This analysis
showed excellent inter-rater reliability, with Cronbach’s alpha
of 0.97 and 0.91 for internal and external detail
ratings, respectively.

After each event recall, the participant was asked to complete
a subjective questionnaire to evaluate various characteristics
related to his/her memory on a seven-point Likert-type scale,
among which were its episodicity level, its associated valence and
emotional intensity, and its importance for the participant (see
the detailed questionnaire in Supplementary Material S2).

Recognition Task. In the recognition phase, the purpose was to
investigate in which extent participants subjectively estimated
the robustness of their memories when we gave them the visual
content of each experience.

Sixteen events were randomly selected from the verbal, simple
visual, and visual retrospective associated with event-cueing
conditions, as well as from the control condition (four events
per condition). For the conditions with retrospective, the 4*3
selected events were those that had not been discussed during the

TABLE 2 | Examples of details for each of the categories described in the scoring method of the Autobiographical Interview (Levine et al., 2002).

Event Recollection

Internal details
directly related to the selected specific event

External details
not related to the selected specific event

Event Place Time details Perceptual details Emotion/ Other event details Semantic details Repetitions Other details
details details Thought
details

Actions, From a From a period of Related to the five Mental state at  Belonging to another General knowledge Second Comments or
people and countrytoa  life to a precise  senses or perceptions of the time of the  specific event about the world occurrence  metacognitive
weather part of a schedule a position/duration event and oneself of a detalil reflections

room
| went to It was in a It was around The cash dispenser | thought of the ~ The last time | came  This shopping — | do not
withdraw mall. 10:30 a.m. screen was blue. balance of my  to this mall, | bought — center contains remember that
money. account. a sweater. fifty or so stores. well...
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cued recall. For the control condition (without retrospective), the
experimenter himself selected four events from the picture bank
of the day.

These 16 events were mixed with eight “lure events” created
by the experimenter using the wearable camera and therefore not
personally experienced by the participant. These events allowed
us to verify that each participant was able to recognize whether
he/she had experienced an event personally or not, both in the
control group and the group of patients with schizophrenia.

Each of these events was presented in random order to the
participant in a short slideshow including approximately 20
pictures. If the participant felt that he/she had not lived the
event presented, he/she was not given a questionnaire, and we
proceeded to the following event. If the participant recognized
the event as personally experienced, he/she was invited to
complete the same subjective questionnaire as in the cued-
recall task, evaluating several characteristics related to his/
her memory.

Statistical Analyses

Bayesian methods were used to analyze the study’s data (60).
Between-group comparisons of sociodemographic (age, level of
education), IQ and cognitive measures were performed using
univariate linear regressions. The number of details recalled in
the cued-recall task was analyzed using a mixed Poisson
regression model with group (patients vs. controls) and type of
retrospective (verbal vs. simple visual vs. visual associated with
event-cueing) as predictors. Because the ratings of the subjective
memory characteristics presented in both the cued recall and the
recognition tasks were bounded variables and not normally
distributed, mixed Beta regression models were calculated
using the same predictors (group and type of retrospective) to
analyze these data.

In all analyses, we computed the mean difference of each
parameter tested and its 95% credible interval (indicated as
CI95%). We then calculated the probability that the score of
each measure was higher in the patient group than in the control
group [indicated as Pr(P > C)]. Correlation coefficients are
provided with their means and 95% posterior credible intervals
and the probability that this coefficient is larger than 0 [indicated
as Pr(r > 0)]. Probabilities higher than 95% or lower than 5%
were considered meaningful.

We used informative priors to perform each of these
regressions; priors were estimated according to previous studies
that 1) demonstrated autobiographical memory impairments in
schizophrenia (5, 15, 16, 21, 61) and 2) have recently successfully
used a wearable camera for autobiographical memory remediation
in amnesic, brain-damaged, or mildly cognitively impaired
patients (41, 43-46). Subsequently, to evaluate the robustness of
our findings concerning the transcript ratings, non-informative
priors and pessimistic priors (where the values of the informative
priors were entered in the regression analyses, but in the opposite
direction to what was expected) were used (see details in
Supplementary Material S3).

A burn-in of 5,000 iterations followed by 100,000 iterations
was used for each of the three chains, yielding a final 300,000-
iteration sample for retrieving the characteristics of the posterior

distribution. Convergence of the MCMC sample chains was
checked graphically and was observed in each case. All
computations were done in the R computing environment with
the required additional packages (in particular r2jags).

RESULTS

Clinical and Cognitive Measures

Concerning sociodemographic characteristics, our two groups
did not differ in terms of age, gender, or level of education (see
Table 1). Similarly, the two groups did not differ in their
premorbid and current IQ levels. With regard to cognitive
measures, the patient group presented poorer performances
than the control participants in information storage (both
short- and long-term) and executive functioning, in the
context of semantic fluency. Correlation analyses showed no
relevant association between cognitive or clinical evaluations and
measures of autobiographical memory detail in either group.

Experimental Protocol

No participants expressed dissatisfaction regarding the
NarrativeClip® camera during the study. Indeed, they
estimated it to be relatively simple (M = 6.28, SD = 1.28) and
pleasant (M = 5.08, SD = 1.51) (range: 1-7) to use. Scores did not
differ between the groups (all Prs(patients > controls) between
0.14 and 0.23).

Measures of Autobiographical Memory Detail

In total, 141 autobiographical event transcripts were included in
the analysis, of which 63 were from the patient group (22 for the
verbal retrospective condition, 21 for the simple visual
retrospective condition, and 20 for the visual retrospective with
event-cueing condition) and 78 from the control group (26 for
each type of retrospective).

Internal Details

A smaller number of internal details was observed in the patients’
memories compared to those of the controls [OR=0.67, CI95%:
0.43-1.03, Pr(patients > controls) = 0.03], and a larger number of
internal details was found in the VisR+EC condition than in the
VerR condition [OR=1.21, CI95%: 1.03-1.41, Pr(VisR+EC >
VerR) > 0.99]. Other pairwise comparisons between conditions
showed that the number of internal details was higher in VisR
+EC vs. VisR vs. VerR, but the probabilities that these differences
differed from 0 were only between 0.87 and 0.88. Finally, a
meaningful group by type of retrospective interaction was found
[OR=1.56, CI95%: 1.22-2.00, Pr(OR > 1) > 0.99], showing that
the number of internal details was lower in the patient group
than in the control group in the VerR condition, but not in the
VisR+EC condition (see Figure 2).

External Details

A smaller number of external details was found in the patients’
memories compared to those of the controls [OR=0.6, CI95%:
0.18-0.71, Pr(patients > controls) = 0.002]. No meaningful
differences in score were observed across the different types of
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retrospective [all Prs(OR > 1) between 0.20 and 0.38]. The
interaction between group and type of retrospective was also
not meaningful [all Prs(OR > 1) were between 0.82 and 0.89] (see
Figure 3).

Ratings of Subjective Autobiographical Memory
Characteristics

Cued-Recall Task

We computed a composite episodicity score by averaging the
scores for two ratings: the ability to relive the event mentally and
the level of detail (see Figure 4). The results indicated lower
scores in the patient group compared to the control group
[OR=0.36, CI95%: 0.18-0.69, Pr(patients > controls) = 0.001],
but scores did not differ across the various types of retrospective
[all Prs(OR > 1) between 0.41 and 0.82]. Similarly, there was no
meaningful interaction between group and type of retrospective
[all Prs(OR > 1) between 0.62 and 0.69].

Subsequently, each remaining item was analyzed separately
(see Table 3). Patients displayed a reduced ability to relive the
event mentally [OR=0.30, CI95%: 0.16-0.58, Pr(patients >
controls) < 0.001] and lower levels of memory detail [OR=0.46,
CI95%: 0.23-0.91, Pr(patients > controls) = 0.01] and emotional
intensity [OR=0.49, C195%: 0.23-0.99, Pr(patients > controls) =
0.02] compared to controls. The results also showed that the
memory detail scores were higher in the VisR condition than the
VerR condition [OR=1.58, CI195%: 0.92-2.73, Pr(VisR > VerR) =
0.95]. The scores in the other conditions did not differ [all Prs
(OR > 1) between 0.40 and 0.70]. Finally, no relevant interaction
between group and type of retrospective was observed [all Prs
(OR > 1) between 0.09 and 0.87].

Recognition Task
Only one lure event was recognized as having been personally
experienced, and 11 of the 768 events assessed were classified as

non-personal events (eight in the patient group, three in the control
group). This result confirms the ability of all participants to
discriminate personally experienced events from lure events.

Lower episodicity scores were observed in the patient compared
to the control group [OR=0.36, CI95%: 0.2-0.66, Pr(patients >
controls) < 0.001] (see Figure 5). Episodicity scores were higher in
the visual retrospective with event-cueing condition than in the
absence of retrospective condition [OR=1.66, CI95%: 1.14-2.42, Pr
(VisR+EC > AbsR) > 0.99]. The scores in the other conditions did
not differ [all Prs(OR > 1) between 0.51 and 0.94], and no group by
condition interaction was observed [all Prs(OR > 1) between 0.46
and 0.76].

Regarding the remaining single items (see Table 4),
patients displayed lower scores in the ability to relive the
event mentally [OR=0.39, CI95%: 0.21-0.70, Pr(patients >
controls) = 0.001] and in the level of detail [OR=0.35, C195%:
0.20-0.64, Pr(patients > controls) = 0.001] than control
participants. Similarly, ratings of emotional valence were
lower in patients than in controls [OR = 0.51, CI95%: 0.27-
0.95, Pr(patients > controls) = 0.02], showing patients’
tendency to judge event memories more negatively than
controls did. The pairwise comparisons between the
experimental conditions demonstrated higher estimations of
the ability to relive the event mentally [OR=1.66, CI95%:
1.12-2.43, Pr(VisR+EC > AbsR) = 0.99] and of the level of
detail [OR=1.65, CI95%: 1.12-2.45, Pr(VisR+EC > AbsR) =
0.99] in the visual with event-cueing condition compared to
the absence of retrospective condition. Scores in the ability to
mentally relive the event were also higher in the VisR+EC
condition compared to the VerR condition [OR=1.37, CI95%:
0.93-2.07, Pr(VisR+EC > VerR) = 0.95]. No other relevant
differences were observed across the remaining types of
retrospective [all Prs(OR > 1) between 0.08 and 0.93].

25
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cueing condition.

FIGURE 2 | Mean numbers of internal details in participants’ recalls in the cued recall task, analyzed according to the scoring method of the Autobiographical
Interview (35). A larger number of internal details was found in the Visual + Event cueing condition, compared to the Verbal condition. A meaningful group by type of
retrospective interaction was found, with an overall smaller number of internal details in the group of patients compared to controls, except for the Visual + Event-
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FIGURE 3 | Mean numbers of external details in participants’ recalls in the cued recall task, analyzed according to the scoring method of the Autobiographical
Interview (35). A meaningful group effect was observed showing a smaller level of external details in the patient group, compared to the control group. No relevant
differences were observed across the different types of retrospective.
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FIGURE 4 | Mean episodicity level (and standard deviations) evaluated by the participants during the cued recall task. These results highlighted lower scores of
episodicity in the patient group compared to controls, but no relevant differences across the different types of retrospective.

Finally, there was no interaction between group and type of  primarily driven by the data collected and not by our
retrospective [all Prs(OR > 1) between 0.17 and 0.94]. expected results.

Sensitivity Analyses

To test the robustness of the statistical analyses, we performed  DISCUSSION

sensitivity analyses using non-informative and pessimistic priors

concerning the two types of detail (internal and external) in the =~ The aim of the present proof-of-concept study was to explore
objective evaluations. The estimated coefficients remained  whether and how an external memory aid, such as pictures taken by
unchanged, suggesting that the coefficient estimations were  a wearable camera, can enhance the richness of patients with
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TABLE 3 | Means (M) and standard deviations (SD) of memories characteristics subjectively evaluated by participants during the cued recall task.

Control participants

Patients with schizophrenia

n=15 n=17
Verbal Simple visual Visual Verbal Simple visual Visual
+ Event-cueing + Event-cueing

n=30 n=30 n=30 n=34 n=34 n=34

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Level of details 4.93 (1.95) 5.60 (1.33) 5.50 (1.46) 3.79 (1.78) 415 (1.81) 418 (1.77)
Ability to mentally relive 5.50 (1.25) 5.63 (1.27) 5.63 (1.38) 3.70 (2.07) 4.38 (1.79) 412 (1.79)
Emotional valence 1.43 (1.28) 1.43 (1.30) 1.67 (1.15) 0.79 (1.41) 0.79 (1.47) 0.29 (1.71)
Emotional intensity 4.27 (1.41) 4.43 (1.38) 4.53 (1.68) 3.30 (1.19) 3.68 (1.61) 3.53 (1.46)
Importance 4.17 (1.64) 4.57 (1.59) 4.30 (1.84) 3.33 (1.53) 3.76 (1.79) 3.79 (1.75)

Each of these characteristics was assessed by the participants on Likert scales ranging from 1 to 7, except emotional valence which was estimated on a Likert scale ranging from -3 to 3.

Patients

m Controls

Episodicity level
D

5 T':II:[I>t
_| | I

Absence Verbal

Simple visual

Visual + Event-cueing

FIGURE 5 | Mean episodicity level (and standard deviations) evaluated by the participants during the recognition task. Episodicity levels were estimated as lower in
the patient group compared to the control group. No other relevant differences were observed across the conditions.

schizophrenia’s memories of recent personally experienced events.
Our results showed that strengthening these memories with a visual
retrospective method combined with event-cueing allowed patients
to retrieve as many internal details as the control group at a two-
week interval. This improvement was however not found when
patients were asked to subjectively assess the vividness of their
memories. Furthermore, the level of detail of patients’ memories
remained impaired when a simple visual retrospective or a verbal
retrospective was used. To our knowledge, this is the first study to
investigate the efficacy of a wearable camera as a tool for the
remediation of memories of recent personal events in patients
with schizophrenia.

Measures of Autobiographical Memory
Detail

First of all, reduced richness of internal and external detail was
observed in the patients’ compared to the controls’ memories in
the simple verbal or visual retrospectives conditions. This
observation corroborates existing findings on autobiographical

memory in schizophrenia (15-19), which report difficulties for
patients in accessing episodic details related to a past personal
event. A meta-analysis by Berna et al. (5) has also highlighted a
large effect size of -1.40 associated with this lower level of detail
in patients’ memories. Our results extend existing knowledge by
showing that these deficits also affect the memory of recent
personal events, as studies on autobiographical memory in
schizophrenia have typically investigated remote personal
events that happened months or years before.

What is however surprising and new in the present study is the
lack of difference between the verbal and the simple visual
retrospectives in terms of internal details recalled. Our initial
hypothesis predicted a larger number of details to be recalled for
memories trained with the simple visual method, based on the
literature on wearable cameras used in a cognitive remediation
context. Indeed, the effectiveness of this type of tool in comparison
to verbal interventions in improving retrieval of past personal
experiences has previously been demonstrated (41, 43, 45, 46).
Nevertheless, our study suggests that the simple use of pictures as
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TABLE 4 | Means (M) and standard deviations (SD) of memories characteristics subjectively evaluated by participants during the recognition task.

Control participants

Patients with schizophrenia

n=15 n=17
Absence Verbal Simple visual Visual + Event-cueing Absence Verbal Simple visual Visual + Event-cueing

n=60 n=60 n=60 n=60 n=68 n=68 n=68 n=68

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Level of details 5.00 (2.00) 5.29(1.72) 5.18 (1.49) 5.67 (1.40) 3.27 (1.81) 3.59 (1.76) 3.91 (1.80) 4.10 (1.93)
Ability to mentally relive 5.04 (2.05) 5.16 (1.71) 5.20 (1.49) 5.70 (1.44) 3.58 (1.87) 3.82(1.82) 3.97 (1.80) 4.06 (1.86)
Emotional valence 1.09 (1.40) 1.16 (1.41) 0.88 (1.46) 1.17 (1.32) 0.24 (1.45) 0.34 (1.53) 0.51 (1.48) 0.33 (1.50)
Emotional intensity 4.28 (1.47) 4.15(1.22) 4.20 (1.70) 4.10 (1.68) 3.63(1.52) 3.30 (1.41) 3.66 (1.70) 3.63 (1.54)
Importance 3.67 (1.88) 4.00 (1.63) 3.72 (1.75) 3.73 (1.87) 3.68 (1.89) 3.61(1.73) 3.57 (1.79) 3.67 (1.66)

Each of these characteristics was assessed by the participants on Likert scales ranging from 1 to 7, except emotional valence which was estimated on a Likert scale ranging from -3 to 3.

re-encoding material without specific event-cueing does not
improve the level of detail more than a verbal retrospective at a
two-week interval.

Firstly, this result could be explained by the use of different
methodological parameters in our study compared to previous
studies. In the existing literature, the majority of studies (43-46)
have operationalized memory enhancement using a set of
approximately 15 details pre-established by a third person
(typically the patient’s spouse). Indeed, patients’ recalls were
represented as a percentage relative to these pre-defined details,
which could reach 100% if the participant recalled all the details
initially chosen by the third person. In our study, the evaluation
of the retrospectives’ effect was based directly on the number of
details recalled by the patient, according to the rating method of
Levine et al. (35). Loveday and Conway (41) used a similar rating
method by counting the number of details in the patient’s
memories. However, in their study, the cued recall was carried
out directly following the viewing of the slideshow (which
constituted the cueing), while our participants were only given
the title of the event during the cued-recall task. Indeed, we only
showed the slideshow during the event collection phase, as soon
as possible after the event encoding (two weeks before the cued-
recall task), and only for the events related to these types of
retrospective. A first explanatory hypothesis would be that in the
previous studies, the benefit of the simple viewing of the pictures
without any additional cueing was dependent on the rating
method used (percentage of recall related to a pre-established
list of details in previous studies vs. number of recalled details in
ours) and on the interval between the slideshow viewing and the
participant’s recall (immediate recall vs. two week delay).

A complementary explanation of our results can be provided
by work done in the field of retrieval practice. In fact, one may
consider that our verbal and simple visual retrospectives did not
require the same degree of involvement from the participant.
While in the simple visual retrospective task the participant was
only asked to passively watch the slideshow (and thus to restudy
the material to be learned), the verbal retrospective task required
additional engagement insofar as the participant tested his/her
own memory by organizing the events of his/her day in as
complete a narrative as possible. Roediger et al. (62)
demonstrated that the retention of material is strengthened
when the individual is invited to test his/her learning
compared to when the material is “simply” re-studied. This

testing effect has been established in the healthy population
(63) as well as in several clinical populations (64-69),
including schizophrenia (70). Indeed, patients, similarly to
controls, showed better recall performances when the material
to be remembered (a list of word pairs) was subjected to a test in
comparison to a restudying condition. Although to our
knowledge the literature on the testing effect has not yet been
evaluated in autobiographical memory tasks, it seems
appropriate to question its potential implications for our
results. Indeed, the low cognitive effort involved in the passive
viewing of the slideshow certainly did not make the simple visual
retrospective effective enough to distinguish itself from the verbal
retrospective, which can be viewed as an active memory test of
the events experienced during the day. In addition, previous
literature has shown that a retention interval of more than one
day favours the occurrence of a testing effect (63). These findings
are consistent with our results, since our protocol employed a
long retention interval (two weeks). To bypass this possible bias,
it would have been necessary to include a “passive” verbal
retrospective. However, this is unfortunately impossible to
conceive without the involvement of a third person, who
would be required to narrate to the participant the events he/
she had experienced during the day.

It is worth stressing that memory performance did not differ
across the patient and control groups when the memories were
trained with the visual retrospective coupled to event-cueing,
suggesting that patients may have normalized their memory
performances. This result aligns with that of Potheegadoo et al.
(37) which also showed a normalization of patients’ performance
following a specific cueing procedure. However, one major
distinction from Potheegadoo’s study (37) is that the event-
cueing procedure was used during a “re-encoding” phase and
not at the time of event retrieval. Thus, our result tentatively
suggests that our intervention made it possible to compensate the
deficient encoding of real-world events in patients when those
events were retrieved a few days later. It however remains difficult
to explain the weak effect of the simple visual retrospective, in
view of its efficacy when coupled with the event-cueing. In order
to more finely discriminate the contribution of the verbal and
visual retrospective and better grasp the cueing procedure’s
contribution to memory improvement, further studies would
benefit from adding a similar event-cueing procedure to the
verbal retrospective condition.
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Ratings of Subjective Autobiographical
Memory Characteristics

Lower overall memory episodicity was found in the patient group
compared to the control group for both the cued-recall and
recognition tasks. This result aligns with patients’ difficulty in
accessing rich details related to daily life events and in mentally
reliving these events (5, 23). Regarding inter-condition differences,
episodicity was evaluated as higher for the events trained with the
visual retrospective associated with event-cueing compared to the
control condition (absence of retrospective) in the recognition task.
No other differences were found between the different types of
retrospective, neither in the cued-recall task nor in the recognition
task. We could therefore interpret this higher episodicity rating as the
result of the patients having developed familiarity with the slideshows,
which were presented again in the recognition task. In other words,
the participants may have remembered the corresponding slideshow
that they had seen previously in the events collection phase two weeks
earlier rather than accurately re-experiencing the original event. In
line with this, Loveday and Conway (41) reported that although the
post-cue self-rating of memory vivacity was higher than the initial
rating, no difference was found between the different cueing methods
(diary vs. wearable camera). Loveday and Conway’s study (41) and
the present work, taken together, indicate the difficulty of highlighting
an inter-condition difference in subjective ratings, even if the
participant has just watched the slideshow. This observation raises
the question of the sensitivity to change of subjective measures of
autobiographical memory characteristics.

Limitations

Several limitations of our work should be acknowledged. Keeping in
mind that our study was conceived as a proof-of-concept, it is
premature to conclude the utility of wearable cameras in improving
autobiographical memory of daily life events in patients with
schizophrenia. In fact, a limited number of events was considered
here over a brief period of time, and these events mostly consisted of
trivial daily life events with limited self-relevance. Furthermore, we
did not investigate the presence or absence of a memory complaint in
our patients. One may assume that patients with memory
complaints would benefit to a greater extent from these memory
interventions than patients without such complaints. In addition,
since we did not target patients in demand for cognitive intervention,
we did not investigate to which extent they were likely to use a
camera to improve their memory capacities. These points should be
addressed in future studies.

Conclusion and Future Perspectives

This first proof-of-concept study in schizophrenia has substantial
clinical implications, since it provides encouraging results concerning
both the usefulness and acceptability of wearable cameras for
improving autobiographical memory in these patients. The next
step is to investigate whether patients with schizophrenia reporting
autobiographical memory difficulties are likely to use this type of
camera in a therapeutic setting. In line with previous studies
conducted in a variety of clinical conditions (41-47), future studies
should envision personalized cognitive remediation programs
reinforcing autobiographical memories over longer periods of time.

Inspired by previous experimental protocols (43, 46), it would also be
crucial to train selected events repeatedly with a verbal retrospective
based on the diary method (in which the re-encoding material would
be a written summary of the event produced by the patient himself/
herself) and other selected events with a visual retrospective based on
the pictures taken by the wearable camera and comparing these two
approaches to a non-interventional control condition. Furthermore,
to deepen the evaluation of the respective effects of both verbal and
visual retrospectives, it would be wise to associate both with the event-
cueing used in the current study. To ensure the therapeutic value of
these cognitive remediation programs, it will be necessary to carry out
measures of generalization and transfer of the interventions to
untrained cognitive and functional areas. All in all, since
remembering personally experienced events allows us to clarify our
sense of identity (71) and helps us to mentally anticipate future events
(14), one can reasonably expect positive outcomes of these
interventions, such as a reduction in disability and an increased
quality of life in patients. However, these points need to be further
investigated in future.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Committee for the Protection of Persons of Paris X
(reference 2013-A00402-43). The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MA, J-MD, and FB designed the study. RD, MA, and MC
collected the data. RD, AO, and FB conducted the analyses.
NM supervised the method and statistical analyses. RD wrote the
first draft of the manuscript. MA, PV, J-MD, AM, and FB
provided substantial contributions to the manuscript. All
authors read and approved the final version of the manuscript.
RD and MA contributed equally to the study.

FUNDING

This work was supported by INSERM (Institut National de la
Santé et de la Recherche Meédicale), France and by the University
Hospital of Strasbourg under a Grant for Young researcher (API
2012 - HUS N°5539).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.
00397/full#supplementary-material

Frontiers in Psychiatry | www.frontiersin.org

May 2020 | Volume 11 | Article 397


https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00397/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00397/full#supplementary-material
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Dassing et al.

Recent Memories Remediation in Schizophrenia

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Heinrichs RW, Zakzanis KK. Neurocognitive deficit in schizophrenia: A
quantitative review of the evidence. Neuropsychology (1998) 12:426-45.
doi: 10.1037/0894-4105.12.3.426

. Pelletier M, Achim AM, Montoya A, Lal S, Lepage M. Cognitive and clinical

moderators of recognition memory in schizophrenia: a meta-analysis.
Schizophr Res (2005) 74:233-52. doi: 10.1016/j.schres.2004.08.017

. Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive

impairment in schizophrenia: Consistent over decades and around the world.
Schizophr Res (2013) 150:42-50. doi: 10.1016/j.schres.2013.07.009

. Aleman A, Hijman R, de Haan EHF, Kahn RS. Memory Impairment in

Schizophrenia: A Meta-Analysis. Am ] Psychiatry (1999) 156:1358-66.
doi: 10.1176/ajp.156.9.1358

. Berna F, Potheegadoo ], Aouadi I, Ricarte JJ, Alle MC, Coutelle R, et al. A

Meta-Analysis of Autobiographical Memory Studies in Schizophrenia
Spectrum Disorder. Schizophr Bull (2016) 42:56-66. doi: 10.1093/schbul/
sbv099

. Krkovic K, Moritz S, Lincoln TM. Neurocognitive deficits or stress overload:

Why do individuals with schizophrenia show poor performance in
neurocognitive tests? Schizophr Res (2017) 183:151-6. doi: 10.1016/
j.schres.2016.11.002

. Moritz S, Happach I, Spirandelli K, M. Lincoln T, Berna F. The Stereotype

Threat Effect. Z Fiir Neuropsychol (2018) 29:249-58. doi: 10.1024/1016-264X/
2000234

. Lipkovich IA, Deberdt W, Csernansky JG, Sabbe B, Keefe RS, Kollack-

Walker S. Relationships among neurocognition, symptoms and functioning
in patients with schizophrenia: a path-analytic approach for associations at
baseline and following 24 weeks of antipsychotic drug therapy. BMC
Psychiatry (2009) 9:44. doi: 10.1186/1471-244X-9-44

. Conway MA, Pleydell-Pearce CW. The construction of autobiographical

memories in the self-memory system. Psychol Rev (2000) 107:261-88.
doi: 10.1037/0033-295X.107.2.261

Piolino P, Desgranges B, Eustache F. La mémoire autobiographique : Theorie
et pratique [Autobiographical memory: Theory and practice.]. Marseille,
France: Solal (2000).

Conway MA. Episodic memories. Neuropsychologia (2009) 47:2305-13.
doi: 10.1016/j.neuropsychologia.2009.02.003

Prebble SC, Addis DR, Tippett L]. Autobiographical memory and sense of self.
Psychol Bull (2013) 139:815-40. doi: 10.1037/a0030146

Alea N, Bluck S. Why are you telling me that? A conceptual model of the social
function of autobiographical memory. Memory (2003) 11:165-78.
doi: 10.1080/741938207

D’Argembeau A. Autobiographical memory and future thinking. In:
Understanding autobiographical memory: Theories and approaches. New
York, NY, US: Cambridge University Press (2012). p. 311-30. doi: 10.1017/
CB09781139021937.022

Riutort M, Cuervo C, Danion J-M, Peretti CS, Salame P. Reduced levels of
specific autobiographical memories in schizophrenia. Psychiatry Res (2003)
117:35-45. doi: 10.1016/S0165-1781(02)00317-7

Danion J-M, Cuervo C, Piolino P, Huron C, Riutort M, Peretti CS, et al.
Conscious recollection in autobiographical memory: An investigation in
schizophrenia. Conscious Cognit (2005) 14:535-47. doi: 10.1016/
j.concog.2005.01.005

McLeod HJ, Wood N, Brewin CR. Autobiographical memory deficits in
schizophrenia. Cognit Emot (2006) 20:536-47. doi: 10.1080/
02699930500342472

Cuervo-Lombard C, Lemogne C, Gierski F, Bera-Potelle C, Tran E, Portefaix
C, et al. Neural basis of autobiographical memory retrieval in schizophrenia.
Br J Psychiatry (2012) 201:473-80. doi: 10.1192/bjp.bp.111.099820
Potheegadoo J, Cuervo-Lombard C, Berna F, Danion J-M. Distorted
perception of the subjective temporal distance of autobiographical events in
patients with schizophrenia. Conscious Cognit (2012) 21:90-9. doi: 10.1016/
j.concog.2011.09.012

Ricarte JJ, Ros L, Latorre JM, Watkins E. Mapping autobiographical memory
in schizophrenia: Clinical implications. Clin Psychol Rev (2017) 51:96-108.
doi: 10.1016/j.cpr.2016.11.004

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Cuervo-Lombard C, Jovenin N, Hedelin G, Rizzo-Peter L, Conway MA,
Danion J-M. Autobiographical memory of adolescence and early adulthood
events: An investigation in schizophrenia. J Int Neuropsychol Soc (2007)
13:335-43. doi: 10.1017/5135561770707035X

de Oliveira H, Cuervo-Lombard C, Salamé P, Danion J-M. Autonoetic
awareness associated with the projection of the self into the future: An
investigation in schizophrenia. Psychiatry Res (2009) 169:86-7.
doi: 10.1016/j.psychres.2008.07.003

Pernot-Marino E, Schuster C, Hedelin G, Berna F, Zimmermann M-A,
Danion J-M. True and false autobiographical memories in schizophrenia:
Preliminary results of a diary study. Psychiatry Res (2010) 179:1-5.
doi: 10.1016/j.psychres.2009.11.014

Bauman E, Murray DJ. Recognition versus recall in schizophrenia. Can J
Psychol Can Psychol (1968) 22:18-25. doi: 10.1037/h0082741

McClain L. Encoding and retrieval in schizophrenics’ free recall. ] Nerv Ment
Dis (1983) 171:471-9. doi: 10.1097/00005053-198308000-00004

Danion J-M, Huron C, Vidailhet P, Berna F. Functional Mechanisms of
Episodic Memory Impairment in Schizophrenia. Can ] Psychiatry (2007)
52:693-701. doi: 10.1177/070674370705201103

Mehl S, Rief W, Mink K, Liillmann E, Lincoln TM. Social performance is more
closely associated with theory of mind and autobiographical memory than
with psychopathological symptoms in clinically stable patients with
schizophrenia-spectrum disorders. Psychiatry Res (2010) 178:276-83.
doi: 10.1016/j.psychres.2009.10.004

Miyamoto S, Duncan GE, Goff DC, Lieberman JA. Therapeutics of
schizophrenia. In: Neuropsychopharmacology: the fifth generation of
progress. Philadelphia: Lippincott Williams & Wilkins (2002). p. 775-807.
Wykes T, Spaulding WD. Thinking About the Future Cognitive Remediation
Therapy—What Works and Could We Do Better? Schizophr Bull (2011) 37:
$80-90. doi: 10.1093/schbul/sbr064

Butler RN. The Life Review: An Interpretation of Reminiscence in the Aged.
Psychiatry (1963) 26:65-76. doi: 10.1080/00332747.1963.11023339

Lalova M, Baylé F, Grillon M-L, Houet L, Moreau E, Rouam F, et al
Mechanisms of insight in schizophrenia and impact of cognitive
remediation therapy. Compr Psychiatry (2013) 54:369-80. doi: 10.1016/
j.comppsych.2012.10.005

Ricarte JJ, Hernandez-Viadel JV, Latorre JM, Ros L, Serrano JP. Effects of
Specific Positive Events Training on Autobiographical Memories in People
with Schizophrenia. Cognit Ther Res (2014) 38:407-15. doi: 10.1007/s10608-
014-9610-3

Piolino P. Evaluation et prise en charge des troubles de mémoire
autobiographique en neuropsychologie. [Evaluation and management of
autobiographical memory disorders in neuropsychology.]. In: Des amneésies
organiques aux amnesies psychogénes Neuropsychologie. Marseille: Solal
(2008). p. 339-88.

Serrano JP, Latorre JM, Gatz M, Montanes J. Life Review Therapy Using
Autobiographical Retrieval Practice for Older Adults With Depressive
Symptomatology. Psychol Aging (2004) 19:272-7. doi: 10.1037/0882-
7974.19.2.272

Levine B, Svoboda E, Hay JF, Winocur G, Moscovitch M. Aging and
autobiographical memory: Dissociating episodic from semantic retrieval.
Psychol Aging (2002) 17:677-89. doi: 10.1037/0882-7974.17.4.677

Johnson MK, Foley MA, Suengas AG, Raye CL. Phenomenal characteristics of
memories for perceived and imagined autobiographical events. ] Exp Psychol
Gen (1988) 117:371-6. doi: 10.1037/0096-3445.117.4.371

Potheegadoo J, Cordier A, Berna F, Danion J-M. Effectiveness of a specific
cueing method for improving autobiographical memory recall in patients with
schizophrenia. Schizophr Res (2014) 152:229-34. doi: 10.1016/
j.schres.2013.10.046

Blairy S, Neumann A, Nutthals F, Pierret L, Collet D, Philippot P.
Improvements in Autobiographical Memory in Schizophrenia Patients after
a Cognitive Intervention. Psychopathology (2008) 41:388-96. doi: 10.1159/
000155217

Ricarte JJ, Hernandez-Viadel JV, Latorre JM, Ros L. Effects of event-specific
memory training on autobiographical memory retrieval and depressive
symptoms in schizophrenic patients. | Behav Ther Exp Psychiatry (2012) 43:
$12-20. doi: 10.1016/j.jbtep.2011.06.001

Frontiers in Psychiatry | www.frontiersin.org

May 2020 | Volume 11 | Article 397


https://doi.org/10.1037/0894-4105.12.3.426
https://doi.org/10.1016/j.schres.2004.08.017
https://doi.org/10.1016/j.schres.2013.07.009
https://doi.org/10.1176/ajp.156.9.1358
https://doi.org/10.1093/schbul/sbv099
https://doi.org/10.1093/schbul/sbv099
https://doi.org/10.1016/j.schres.2016.11.002
https://doi.org/10.1016/j.schres.2016.11.002
https://doi.org/10.1024/1016-264X/a000234
https://doi.org/10.1024/1016-264X/a000234
https://doi.org/10.1186/1471-244X-9-44
https://doi.org/10.1037/0033-295X.107.2.261
https://doi.org/10.1016/j.neuropsychologia.2009.02.003
https://doi.org/10.1037/a0030146
https://doi.org/10.1080/741938207
https://doi.org/10.1017/CBO9781139021937.022
https://doi.org/10.1017/CBO9781139021937.022
https://doi.org/10.1016/S0165-1781(02)00317-7
https://doi.org/10.1016/j.concog.2005.01.005
https://doi.org/10.1016/j.concog.2005.01.005
https://doi.org/10.1080/02699930500342472
https://doi.org/10.1080/02699930500342472
https://doi.org/10.1192/bjp.bp.111.099820
https://doi.org/10.1016/j.concog.2011.09.012
https://doi.org/10.1016/j.concog.2011.09.012
https://doi.org/10.1016/j.cpr.2016.11.004
https://doi.org/10.1017/S135561770707035X
https://doi.org/10.1016/j.psychres.2008.07.003
https://doi.org/10.1016/j.psychres.2009.11.014
https://doi.org/10.1037/h0082741
https://doi.org/10.1097/00005053-198308000-00004
https://doi.org/10.1177/070674370705201103
https://doi.org/10.1016/j.psychres.2009.10.004
https://doi.org/10.1093/schbul/sbr064
https://doi.org/10.1080/00332747.1963.11023339
https://doi.org/10.1016/j.comppsych.2012.10.005
https://doi.org/10.1016/j.comppsych.2012.10.005
https://doi.org/10.1007/s10608-014-9610-3
https://doi.org/10.1007/s10608-014-9610-3
https://doi.org/10.1037/0882-7974.19.2.272
https://doi.org/10.1037/0882-7974.19.2.272
https://doi.org/10.1037/0882-7974.17.4.677
https://doi.org/10.1037/0096-3445.117.4.371
https://doi.org/10.1016/j.schres.2013.10.046
https://doi.org/10.1016/j.schres.2013.10.046
https://doi.org/10.1159/000155217
https://doi.org/10.1159/000155217
https://doi.org/10.1016/j.jbtep.2011.06.001
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Dassing et al.

Recent Memories Remediation in Schizophrenia

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Medalia A, Brekke J. In Search of a Theoretical Structure for Understanding
Motivation in Schizophrenia. Schizophr Bull (2010) 36:912-8. doi: 10.1093/
schbul/sbq073

Loveday C, Conway MA. Using SenseCam with an amnesic patient: Accessing
inaccessible everyday memories. Memory (2011) 19:697-704. doi: 10.1080/
09658211.2011.610803

Alle MC, Manning L, Potheegadoo J, Coutelle R, Danion J-M, Berna F.
Wearable Cameras Are Useful Tools to Investigate and Remediate
Autobiographical Memory Impairment: A Systematic PRISMA Review.
Neuropsychol Rev (2017) 27:81-99. doi: 10.1007/s11065-016-9337-x
Berry E, Kapur N, Williams L, Hodges S, Watson P, Smyth G, et al. The
use of a wearable camera, SenseCam, as a pictorial diary to improve
autobiographical memory in a patient with limbic encephalitis: A
preliminary report. Neuropsychol Rehabil (2007) 17:582-601.
doi: 10.1080/09602010601029780

Brindley R, Bateman A, Gracey F. Exploration of use of SenseCam to support
autobiographical memory retrieval within a cognitive-behavioural therapeutic
intervention following acquired brain injury. Memory (2011) 19:745-57.
doi: 10.1080/09658211.2010.493893

Browne G, Berry E, Kapur N, Hodges S, Smyth G, Watson P, et al. SenseCam
improves memory for recent events and quality of life in a patient with
memory retrieval difficulties. Memory (2011) 19:713-22. doi: 10.1080/
09658211.2011.614622

Woodberry E, Browne G, Hodges S, Watson P, Kapur N, Woodberry K. The
use of a wearable camera improves autobiographical memory in patients with
Alzheimer’s disease. Memory (2015) 23:340-9. doi: 10.1080/
09658211.2014.886703

Silva AR, Pinho MS, Macedo L, Moulin CJA. A critical review of the effects of
wearable cameras on memory. Neuropsychol Rehabil (2018) 28:117-41.
doi: 10.1080/09602011.2015.1128450

Hodges S, Berry E, Wood K. SenseCam: A wearable camera that stimulates
and rehabilitates autobiographical memory. Memory (2011) 19:685-96. doi:
10.1080/09658211.2011.605591

Association AP. Diagnostic and Statistical Manual of Mental Disorders (DSM-
5%). Washington, DC. (2013).

Crowe SF, Stranks EK. The Residual Medium and Long-term Cognitive Effects
of Benzodiazepine Use: An Updated Meta-analysis. Arch Clin Neuropsychol
(2018) 33:901-11. doi: 10.1093/arclin/acx120

Addington D, Addington J, Maticka-tyndale E. Assessing Depression in
Schizophrenia: The Calgary Depression Scale. Br | Psychiatry (1993)
163:39-44. doi: 10.1192/50007125000292581

Beck AT, Steer RA, Brown GK. Beck depression inventory-II Vol. 78. San
Antonio: Psychological Corporation (1996) p. 490-8.

Mackinnon A, Mulligan R. Estimation de I'intelligence prémorbide chez
les francophones. [The estimation of premorbid intelligence levels in
French speakers.]. L’Encephale (2005) 31:31-43. doi: 10.1016/S0013-7006
(05)82370-X

Wechsler D. WAIS-III, Wechsler adult intelligence scale: Administration and
scoring manual. San Antonio, TX: Psychological Corporation (1997).
Greégoire J, Wierzbicki C. Comparaison de quatre formes abrégees de I'échelle
d’intelligence de Wechsler pour adultes - troisiéme édition (WAIS-III)
[Comparison of four short forms of the Wechsler Adult Intelligence Scale —
third edition (WAIS-III)]. Eur Rev Appl Psychol (2009) 59:17-24.
doi: 10.1016/j.erap.2007.08.003

Kay SR, Fiszbein A, Opler LA. The Positive and Negative Syndrome Scale
(PANSS) for Schizophrenia. Schizophr Bull (1987) 13:261-76. doi: 10.1093/
schbul/13.2.261

Wechsler D. WMS-III: Wechsler memory scale administration and scoring
manual. San Antonio, TX: Psychological Corporation (1997).

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Cardebat D, Doyon B, Puel M, Goulet P, Joanette Y. Evocation lexicale
formelle et semantique chez des sujets normaux. Performances et dynamiques
de production en fonction du sexe, de I'age et du niveau d’etude. [Formal and
semantic lexical evocation in normal subjects. Performance and dynamics of
production as a function of sex, age and educational level.]. (1990) 90:207-17.
Reitan RM. The relation of the Trail Making Test to organic brain damage.
J Consult Psychol (1955) 19:393-4. doi: 10.1037/h0044509

Vandekerckhove J, Rouder JN, Kruschke JK. Editorial: Bayesian methods for
advancing psychological science. Psychon Bull Rev (2018) 25:1-4.
doi: 10.3758/s13423-018-1443-8

Feinstein A, Goldberg TE, Nowlin B, Weinberger DR. Types and
characteristics of remote memory impairment in schizophrenia. Schizophr
Res (1998) 30:155-63. doi: 10.1016/S0920-9964(97)00129-1

Roediger HL, Karpicke JD. Test-Enhanced Learning: Taking Memory Tests
Improves Long-Term Retention. Psychol Sci (2006) 17:249-55. doi: 10.1111/
j.1467-9280.2006.01693.x

Rowland CA. The effect of testing versus restudy on retention: A meta-
analytic review of the testing effect. Psychol Bull (2014) 140:1432-63.
doi: 10.1037/20037559

Avci G, Woods SP, Verduzco M, Sheppard DP, Sumowski JF, Chiaravalloti
ND, et al. (HNRP). Effect of Retrieval Practice on Short-Term and Long-Term
Retention in HIV+ Individuals. J Int Neuropsychol Soc (2017) 23:214-22.
doi: 10.1017/S1355617716001089

Coyne JH, Borg JM, DeLuca J, Glass L, Sumowski JF. Retrieval Practice as an
Effective Memory Strategy in Children and Adolescents With Traumatic
Brain Injury. Arch Phys Med Rehabil (2015) 96:742-5. doi: 10.1016/
j.apmr.2014.09.022

Sumowski JF, Chiaravalloti N, DeLuca J. Retrieval practice improves memory
in multiple sclerosis: Clinical application of the testing effect. Neuropsychology
(2010) 24:267-72. doi: 10.1037/a0017533

Sumowski JF, Wood HG, Chiaravalloti N, Wylie GR, Lengenfelder J, Deluca J.
Retrieval practice: A simple strategy for improving memory after traumatic
brain injury. J Int Neuropsychol Soc (2010) 16:1147-50. doi: 10.1017/
S1355617710001128

Sumowski JF, Leavitt VM, Cohen A, Paxton J, Chiaravalloti ND, DeLuca J.
Retrieval practice is a robust memory aid for memory-impaired patients with
MS. Mult Scler J (2013) 19:1943-6. doi: 10.1177/1352458513485980
Sumowski JF, Coyne J, Cohen A, DeLuca J. Retrieval Practice Improves
Memory in Survivors of Severe Traumatic Brain Injury. Arch Phys Med
Rehabil (2014) 95:397-400. doi: 10.1016/j.apmr.2013.10.021

Jantzi C, Mengin AC, Serfaty D, Bacon E, Elowe ], Severac F, et al. Retrieval
practice improves memory in patients with schizophrenia: new perspectives
for cognitive remediation. BMC Psychiatry (2019) 355. doi: 10.1186/5s12888-
019-2341-y

Piolino P, Desgranges B, Eustache F. Episodic autobiographical memories over the
course of time: Cognitive, neuropsychological and neuroimaging findings.
Neuropsychologia (2009) 47:2314-29. doi: 10.1016/j.neuropsychologia.2009.01.020

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Dassing, Allé, Cerbai, Obrecht, Meyer, Vidailhet, Danion, Mengin
and Berna. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

May 2020 | Volume 11 | Article 397


https://doi.org/10.1093/schbul/sbq073
https://doi.org/10.1093/schbul/sbq073
https://doi.org/10.1080/09658211.2011.610803
https://doi.org/10.1080/09658211.2011.610803
https://doi.org/10.1007/s11065-016-9337-x
https://doi.org/10.1080/09602010601029780
https://doi.org/10.1080/09658211.2010.493893
https://doi.org/10.1080/09658211.2011.614622
https://doi.org/10.1080/09658211.2011.614622
https://doi.org/10.1080/09658211.2014.886703
https://doi.org/10.1080/09658211.2014.886703
https://doi.org/10.1080/09602011.2015.1128450
https://doi.org/10.1080/09658211.2011.605591
https://doi.org/10.1093/arclin/acx120
https://doi.org/10.1192/S0007125000292581
https://doi.org/10.1016/S0013-7006(05)82370-X
https://doi.org/10.1016/S0013-7006(05)82370-X
https://doi.org/10.1016/j.erap.2007.08.003
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1037/h0044509
https://doi.org/10.3758/s13423-018-1443-8
https://doi.org/10.1016/S0920-9964(97)00129-1
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1037/a0037559
https://doi.org/10.1017/S1355617716001089
https://doi.org/10.1016/j.apmr.2014.09.022
https://doi.org/10.1016/j.apmr.2014.09.022
https://doi.org/10.1037/a0017533
https://doi.org/10.1017/S1355617710001128
https://doi.org/10.1017/S1355617710001128
https://doi.org/10.1177/1352458513485980
https://doi.org/10.1016/j.apmr.2013.10.021
https://doi.org/10.1186/s12888-019-2341-y
https://doi.org/10.1186/s12888-019-2341-y
https://doi.org/10.1016/j.neuropsychologia.2009.01.020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Cognitive Intervention Targeting Autobiographical Memory Impairment in Patients With Schizophrenia Using a Wearable Camera: A Proof-of-Concept Study
	Introduction
	Materials and Methods
	Participants
	Materials and Procedure
	Clinical Assessments
	Cognitive Assessments
	Experimental Protocol
	Events Collection and Interventions
	Day 1: Absence of retrospective – control condition (AbsR)
	Day 2: Verbal retrospective (VerR)
	Day 3: Simple visual retrospective (VisR)
	Day 4: Visual retrospective associated with event-cueing (VisR+EC)

	Memory Test
	Cued-Recall Task
	Recognition Task



	Statistical Analyses

	Results
	Clinical and Cognitive Measures
	Experimental Protocol
	Measures of Autobiographical Memory Detail
	Internal Details
	External Details

	Ratings of Subjective Autobiographical Memory Characteristics
	Cued-Recall Task
	Recognition Task


	Sensitivity Analyses

	Discussion
	Measures of Autobiographical Memory Detail
	Ratings of Subjective Autobiographical Memory Characteristics
	Limitations
	Conclusion and Future Perspectives

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


