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Abstract Autobiographical memory, central in human cogni-
tion and every day functioning, enables past experienced
events to be remembered. A variety of disorders affecting
autobiographical memory are characterized by the difficulty
of retrieving specific detailed memories of past personal
events. Owing to the impact of autobiographical memory im-
pairment on patients’ daily life, it is necessary to better under-
stand these deficits and develop relevant methods to improve
autobiographical memory. The primary objective of the pres-
ent systematic PRISMA review was to give an overview of
the first empirical evidence of the potential of wearable cam-
eras in autobiographical memory investigation in remediating
autobiographical memory impairments. The peer-reviewed
literature published since 2004 on the usefulness of wearable
cameras in research protocols was explored in 3 databases
(PUBMED, PsycINFO, and Google Scholar). Twenty-eight
published studies that used a protocol involving wearable
camera, either to explore wearable camera functioning and
impact on daily life, or to investigate autobiographical mem-
ory processing or remediate autobiographical memory impair-
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ment, were included. This review analyzed the potential of
wearable cameras for 1) investigating autobiographical mem-
ory processes in healthy volunteers without memory impair-
ment and in clinical populations, and 2) remediating autobio-
graphical memory in patients with various kinds of memory
disorder. Mechanisms to account for the efficacy of wearable
cameras are also discussed. The review concludes by
discussing certain limitations inherent to using cameras, and
new research perspectives. Finally, ethical issues raised by this
new technology are considered.

Keywords Wearable cameras - Autobiographical memory -
SenseCam® - Cognitive remediation

The aim of the present study was to provide an overview of the
new therapeutic and research possibilities offered by wearable
cameras. The article begins by a review of the literature on the
topic in relation to autobiographical memory research.
Although it has progressed considerably in the past three de-
cades, autobiographical memory research still has inherent
limitations, in both investigation and remediation.

After a brief description of existing methods of autobio-
graphical memory remediation and their limitations, questions
of how wearable cameras work and what possibilities they
offer in the autobiographical memory field are addressed, fo-
cusing on how wearable cameras are used to investigate auto-
biographical memory functioning in healthy volunteers and
autobiographical memory dysfunction in clinical populations.
Some successful results for the use of wearable cameras in
autobiographical memory deficit remediation are then de-
scribed and considered. Finally, methodological limitations,
data management, ethical issues and perspectives regarding
the use of wearable cameras are discussed.
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Introduction

Thinking about the past and remembering events in one’s life is a
crucial aspect of human cognition known as autobiographical
memory (Suddendorf et al. 2009; Suddendorf and Corballis
2007). This particular memory system encompasses the set of
personal information one has on oneself and the various memo-
ries of past personal events that one has experienced throughout
life (Conway 2005). Conceptually, autobiographical memory
comprises several types of information, from the most general
to the most specific (Conway and Pleydell-Pearce 2000; Conway
2005). The first set of information represents abstract autobio-
graphical knowledge, the retention intervals of which may be
days, weeks or decades (for instance, the university period, last
summer holidays, names of friends). The second corresponds to
highly specific information represented by unique perceptual-
sensory episodes experienced by the individual. The retention
interval for these episodes is rather seconds, minutes or hours,
unless they are striking, highly emotional or of significant impor-
tance (Conway 2009; Tulving 2002). Such episodic information
comprises the phenomenological details (perceptual-sensory,
contextual, emotional details, thoughts, feelings) that constitute
the autobiographical memory and provide the individual with the
subjective experience of remembering past personal events.
Hence, specific autobiographical memories are mental constructs
of single personal events, composed of both general and episodic
information, which lasted less than 24 h and was located in space
and time (for instance, my car accident in 2002).

Furthermore, according to Conway’s Self-Memory System
model (Conway 2005), the construction and conscious recol-
lection of autobiographical memory is under the control of the
“self”, a set of complex, dynamic executive processes. The self,
through executive processes, is deeply involved in encoding
and storing information at the occurrence of an event, and in
retrieval processes during recall. It also influences the way in
which autobiographical memories are recalled, for instance, the
subjective experience of the remembering subject. These exec-
utive processes, fundamental to autobiographical memory
functioning, include, at the encoding level, visual-spatial abili-
ties, attention, and the self-initiation and development of strat-
egies to bind the great variety of information and details present
at an event’s occurrence (Boyer et al. 2007; Schacter 2001), so
that a unified mental representation of the event can be stored in
long-term memory. Likewise, when a personal memory is
recalled, executive processes are involved in the strategic re-
trieval of the several details, and the organization and mental
processing of other types of information that are extracted to
construct a coherent mental representation of the memory.

Through these mechanisms, autobiographical memory tells
the story of a person’s life and enables them to consciously re-
experience their past, forging a strong sense of identity and
continuity through time (Conway 2005). Autobiographical
memory also serves a social function, enabling past events to
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be shared with friends and relatives (Bluck 2003; Pillemer
2003). These functions allow the individual to adapt efficiently
and be actively involved in different domains of daily life:
personal relationships, and occupational, social or leisure activ-
ities. Autobiographical memory deficits have been extensively
observed and studied in the last decades in a variety of popu-
lations: the healthy elderly (Martinelli et al. 2013; Piolino et al.
2010), patients suffering from neurodegenerative diseases such
as Alzheimer’s disease (Irish et al. 2011; Piolino et al. 2003),
multiple sclerosis (Ernst et al. 2014, 2015), brain lesions
(Berryhill et al. 2007; Piolino et al. 2007), or psychiatric disor-
ders such as depression (Dalgleish and Werner-Seidler 2014;
Williams et al. 2007), post-traumatic stress disorder
(Sutherland and Bryant 2008), schizophrenia (Berna et al.
2016; Danion et al. 2005; Elvevag et al. 2003; Potheegadoo
et al. 2013, 2014, 2012) or autism spectrum disorder (Crane
and Goddard 2008). Depending on their primary cause, these
autobiographical memory impairments can take different forms
and show different levels of severity. In some cases, such as
brain injury, autobiographical memory impairment can be so
severe as to amount to amnesia, either anterograde (inability to
encode new information about personal life) or retrograde (in-
ability to access past personal information). Retrograde amne-
sia shows a gradient, whereby patients forget remote past
events but still remember recent ones. Apart from complete
amnesia, various patterns of autobiographical memory impair-
ment are associated with neurological and psychiatric
pathologies, with substantial impact on daily life. Thus,
Kenealy et al. (2000) showed that autobiographical memory
impairment affected subjective quality of life in multiple scle-
rosis patients. Additionally, Mehl et al. (2010) showed that
autobiographical memory impairment was the strongest predic-
tor of social dysfunction in schizophrenia, even more than
schizophrenic symptoms as such. It therefore seems important
to develop methods and tools in remediation programs to pro-
vide patients with strategies to lessen autobiographical memory
deficits and their impact on daily life.

What Methods to Remediate Autobiographical
Memory?

Various methods to improve autobiographical memory have
been developed in recent decades (for a review, see Dalgleish
and Werner-Seidler 2014). They focus on different aspects of
autobiographical memory, and aim at improving retrieval of
more detailed and vivid memories of past personal events.
Most focus on memory of remote past events to enhance au-
tobiographical recall by means of cues (for instance, memory
detail enrichment methods). The methods have been shown
effective, using music with Alzheimer’s disease patients
(Palisson et al. 2015) or smells with healthy volunteers (Chu
and Downes 2002; Herz 2004). Life review therapy (Latorre
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et al. 2014; Serrano et al. 2004; Serrano Selva et al. 2012) is
another effective method to help patients to retrieve specific
positive memories of remote past events. There is some prelim-
inary evidence of a decrease in narrative disempowerment
themes after treatment (McDougall et al. 1997), and prelimi-
nary qualitative evidence in patients with psychosis (Lesser and
Friedmann 1981). Life review therapy has also been shown to
be very efficient in elderly patients suffering from depression
(Serrano et al. 2004; Serrano Selva et al. 2012). Some of these
methods, such as memory specificity training (Raes et al.
2009), are implemented in group settings, and others, such as
autobiographical reminiscence therapy (Piolino 2006) or men-
tal visual imagery-based facilitation (Ernst et al. 2013, 2015), in
a one-to-one setting with the therapist.

The diary method is probably one of the oldest strategies
known to improve autobiographical memory. Contrary to
methods based on learning new memory strategies (autobio-
graphical reminiscence therapy, memory details enrichment,
mental visual imagery-based facilitation, memory specificity
training, etc.), the diary method is an external memory aid.
Acting as a form of “prosthesis” for everyday memory func-
tioning (Kapur et al. 2004), it aims at supporting and improving
autobiographical memory skills. For example, autobiographi-
cal memory training based on the diary method demonstrated
substantial effect with patients suffering from schizophrenia
(Blairy et al. 2008; Ricarte et al. 2012). However, the method
has also some limitations. It is time-consuming, particularly for
some patients who find it bothersome to write into their diary
every day and tend to get discouraged with keeping up their
daily entries (Emma Berry et al. 2007; Brindley et al. 2011). A
further point reported in these studies is that the details of the
events entered in the diary are limited, suggesting that the num-
ber of memory cues enabling retrieval of vivid past memories
may not always be sufficient using the diary method, due to the
weakness of the written description of the memory, which is
too remote from the original experience.

In view of these limitations, wearable cameras (such as
SenseCam®), which record visual information experienced
by the individual on-line, are an interesting alternative to the
written diary. As the camera works automatically, it is effortless
to use, even for severely cognitively impaired patients.
Moreover, the recorded information is not in the form of words
or a written description, but rather a continuous flow of pic-
tures taken from the first-person point of view, circumventing
the risk of a lack of information reported in a diary.

Wearable Cameras

SenseCam®

The history of wearable cameras began in 2003 with the
launch of SenseCam®. Initially created to be a “human black

box recorder” (Wood et al. 2004), the first SenseCam® pro-
totype recorded information continually, like devices in air-
planes or cars. During a visit to Microsoft Research,
Cambridge (UK), a SenseCam® prototype was shown to
Narinder Kapur, a clinical neuropsychologist, who was work-
ing at Addenbrooke’s Hospital in Cambridge. He understood
the potential of SenseCam® for working on severe memory
impairment (Hodges et al. 2011). Subsequently, Microsoft
Research and Addenbrooke’s Hospital started to work togeth-
er to develop the first device devoted to memory research.

Various prototype versions of SenseCam® were developed
before the final version was marketed by Microsoft in 2009.
This small wearable camera, about 5 cm by 6 cm, is usually
worn around the neck with a lanyard. Pictures are automati-
cally taken every 30 s and the device does not require user
intervention. Moreover, various sensors trigger image capture
according to light, temperature and movement, generating a
photographic record of the most relevant moments depending
on environmental changes. The device has a long battery life,
up to 8 h, and contains a standard Secure Digital card of up to
2 GB (gigabytes).

Other Devices

Since 2014, SenseCam® has no longer been the sole device
available, as new wearable cameras have been developed. For
instance, the Narrative Clip® is a new device from Narrative
Company. It is simply hung on the clothes, and is smaller than
the SenseCam® (3.6 cm by 3.6 cm) with longer battery life
(2 days’ autonomy), bigger memory capacity (up to 8 GB),
and is used in the same way as SenseCam®. Other devices are
also available (GoPro®, MeCam®, PnJCam®) with options
for photographs or movies, extending the possibilities.

Method
Protocol and Registration

The protocol for this review was not registered. The system-
atic review was executed according to the PRISMA guidelines
(Moher et al. 2015, 2009).

Eligibility Criteria

Studies were included in the present review if (a) wearable
cameras were used in the research protocol and (b) wearable
cameras were used either in memory investigation or remedi-
ation protocols or were the central question of the article.
Studies reporting ethical issues regarding wearable cameras
use were also taken into consideration and summarized in
the review.
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Studies involving wearable cameras but unrelated to auto-
biographical memory, therapeutic intervention or ethical is-
sues were excluded.

Information Sources

Studies concerning wearable cameras published between
January 1st, 2004 and December 31st, 2015 were searched
for by two investigators (MCA and FB) in the PsycINFO,
PUBMED and Google Scholar data-bases. The starting date
was chosen because the first international conference on
SenseCam® took place in 2004.

The data-base search used the following search terms,
which had to be part of the title or keywords: [SenseCam
OR wearable camera] AND [autobiographical memor*]
AND [remediat* OR training OR intervention]. Studies in
any language were considered, although all studies included
in this systematic review were published in English.
Additionally, the reference lists of all identified studies were
searched for further studies, enabling us to include one more
study in this review

Study Selection

The data-base search retrieved 171 articles, and another was
found by checking the reference lists. After removing dupli-
cates, 127 studies were screened for title or abstract fulfilling
the inclusion criteria. Sixty-four studies were then screened on
a full-text basis, and 35 were excluded as not matching the
study topics of interest. Finally, 28 studies were included in
the review; three assessed the impact of the various camera pa-
rameters on autobiographical memory recall; five investigated
autobiographical memory functioning; eight were case reports
(including one study with a small group of patients) assessing
wearable cameras for the remediation of autobiographical

memory disorder; two were group studies of other therapeutic
benefits ensuing from wearable cameras use; five focused on
data management challenges; and five dealt with ethical issues
raised by wearable cameras use (see Fig. 1 for a flow-chart of
the selection process). These studies are presented and sum-
marized in Table 1.

Results

Impact of Camera Parameters on Memory in Young
and Memory-Unimpaired Volunteers

As SenseCam® offers many different possibilities with which
to work, several studies compared the impact of different con-
figurations on memory support in healthy volunteers to deter-
mine optimal parameters for memory enhancement. The par-
ticularity of SenseCam® is that the individual is aware of
wearing a device, which already modifies cognitive processes
(Sellen et al. 2007). Moreover, the device enables pictures to
be taken either automatically or intentionally, raising the ques-
tion of a possible difference between active versus passive
event recording when participants review the pictures.
Pictures taken automatically can be either time-triggered every
30 s or sensor-triggered in reaction to environmental change.
Finally, images can be reviewed at the end of the day or later,
reinforcing event encoding and also to test memory of the
events.

Automatic versus Intentional Capture Triggering

Sellen et al. (2007) asked participants to wear the device for
2 days. Three variables were tested: whether participants wore
the device, whether pictures were taken automatically or in-
tentionally, and the time interval for the memory test. The

Fig. 1 The flow chart of the
selection of the articles

171 of records identified
through database searching

1 of additional records identifieq
through other sources

127 of records after duplicates removed

63 of records
excluded

127 of records screened

64 of full-text articles assessed for eligibility

35 of records
excluded

28 of studies included in qualitative synthesis

@ Springer



Neuropsychol Rev

results showed, firstly, that the simple fact of wearing the
device enriched the recall of events. This effect may be ex-
plained by motivation and attention enhancement related to
wearing the camera, but may also be due to novelty and might
thus be attenuated with longer or more regular wearing of the
camera in a treatment context. Secondly, pictures taken auto-
matically were found to be better cues for recall than those
taken intentionally. This finding is counter-intuitive, one
might have assumed that pictures taken intentionally would
require more attention, thus enhancing the encoding of mem-
ory for the particular time. One explanation for this surprising
result may be that the act of taking a picture interferes with
memory construction, as the subject concentrates more on the
action rather than on the experience, preventing efficient
encoding. Another explanation could be that pictures taken
passively trigger stronger surprise effects on reviewing the
pictures, leading to a more intense sense of recollection.

Sensor-Based versus Time-Based Automatic Triggering

Finley et al. (2011), testing 12 young adults, showed that
memory performance did not differ between for sensor-
triggered and time-triggered pictures (taken automatically ev-
ery 30 s). This result is also unexpected, as sensor-triggered
pictures correspond to changes in the environment, which
have often been shown to be relevant to short-term personal
goals (Zacks and Swallow 2007). It may have been due to
using inappropriate algorithms to filter and extract sensor-
triggered images that did not actually represent relevant envi-
ronmental change and as a consequence not really capture
relevant event transitions.

Pictures Reviewing

The device also works through reminiscence training, based
on reviewing images. Seamon et al. (2014) investigated this
issue. Participants who reviewed SenseCam® images accom-
panied by an experimenter who monitored the participant’s
recall (providing corrective feedback for missing actions, in-
correct actions or action sequencing errors) had better recall
than those who reviewed SenseCam® images by themselves.
Thus, what they have called “social reminiscence” enables
better structuring of memory.

To sum up, studies in memory-unimpaired participants
(mostly undergraduate students) showed SenseCam® to be
effective for autobiographical memory enhancement
(Seamon et al. 2014; Sellen et al. 2007). However, the inten-
sity of the observed effect was modulated by the task itself. It
seems that what works best is to use pictures taken passively
(automatically) for memory tests after participants have
reviewed the pictures at the end of the same day. The optimal
interval between camera use and memory tests showing stron-
gest effects is between 10 days and 4 months.

The Use of Wearable Cameras to Investigate
Autobiographical Memory Processes

The next step is to understand how memory works in healthy
people, in order to determine what is impaired and what is
conserved in amnesic patients, and to try to remediate impair-
ment with a more specific approach. Wearable cameras are
proving to be remarkable tools for studying the memory of
everyday events. Autobiographical memory research is ham-
pered by factors inherent to the nature of autobiographical
memory, inasmuch as the laboratory tasks used in previous
studies were not actually related to real-life events. Some stud-
ies therefore also used more “ecological” material to investi-
gate the neural substrates of everyday life recognition memory
(Levine et al. 2004), using self-recorded audio cassettes to
trigger memories (Botzung et al. 2010; Cabeza et al. 2004).
Furthermore, wearable cameras provide a degree of control
that memory researchers have never had before, concerning
both the collection of autobiographical images and their sub-
sequent presentation as memory cues, as they enable natural-
istic materials to be collected without the subject’s active
involvement.

Investigation of Autobiographical Memory Processes
in Healthy and Memory-Unimpaired Volunteers

Besides the possibility of improving autobiographical memo-
ry, SenseCam® can also be used to create a recognition mem-
ory test for real-life events. Thus, some studies investigated
autobiographical memory processes close to daily life func-
tioning. The influence of gender differences on autobiograph-
ical recall was highlighted in a study with neuroimagery (St
Jacques et al. 2011a) that demonstrated a gender effect on
functional activity associated with memory vividness, with
males showing greater activity in medial temporal lobe re-
gions associated with visual-spatial processing and females
showing greater activity in prefrontal cortex regions linked
to control processes, such as temporal context. Differences
in brain activation between self-projection into the personal
past and self-projection into the life of another person were
also highlighted in an fMRI (functional Magnetic Resonance
Imaging) paradigm using SenseCam® images (St Jacques
etal. 2011b). Milton et al. (2011a) also investigated the neural
correlates of everyday recognition memory. SenseCam® im-
ages were used in an fMRI paradigm adapted from the
“Remember/Know” procedure (Rajaram 1996). During a
scan session, participants were asked to classify SenseCam®
images as strongly or weakly remembered, familiar or nov-
el (Milton et al. 2011b). After a 5-month interval, partici-
pants were retested using precisely the same cues (Milton
et al. 2011b). Milton’s results were very close to those
highlighted by the meta-analysis of Svoboda and colleagues
(Svoboda et al. 2006), suggesting a close relationship between
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real-life recognition memory and autobiographical memory.
Moreover, Milton’s two studies identified the neurophysiolog-
ical correlates of recognition memory for everyday life events,
showing different brain activation patterns associated with the
retrieval of consciously recollected memories and memories
associated with a feeling of familiarity. Thus, despite common
features, these two processes may have distinct neural activa-
tion patterns for autobiographical memory material. Some of
the main analyses showed mediotemporal lobe disengage-
ment over time combined with stable continued engagement
of extra-mediotemporal lobe regions in both recollection and
familiarity memory. In conclusion, the use of first-person
point-of-view images appears to be a promising approach to
investigate the neural processes that underlie everyday recog-
nition memory, and is also valuable for exploring long-term
everyday life memory.

Investigation of the Mechanisms of Autobiographical
Memory Dysfunction

Wearable cameras have been also used in order to shed light
on memory dysfunction in various pathologies and to
understand how pathophysiological processes affect
memory. Muhlert et al. (2010) investigated whether accelerat-
ed long-term forgetting, as described in epileptic patients
using a word list task or procedural memory task, was also
observed in autobiographical memory. Eleven patients with
transient epileptic amnesia matched to 11 controls were asked
to wear SenseCam® while visiting a local museum. Memory
for images of events, word lists and procedural tasks was
assessed at intervals of 1 day, 1 week and 3 weeks. The results
demonstrated that accelerated long-term forgetting in transient
epileptic amnesia patients concerns memory for real-life
events as well as laboratory materials, and is specific to the
declarative memory system, since implicit memory for proce-
dural tasks did not differ during accelerated long-term forget-
ting episodes. Finally, the results showed that accelerated
long-term forgetting is maximal over the first day.

To sum up, wearable cameras can (a) extend previous re-
sults on memory functioning using laboratory stimuli to mem-
ory for real-life events, (b) assess more precisely what happens
during the event, whether that be emotional state, personal
importance of the event, thoughts related to the event, or other
features of the event, and (c¢) provide powerful visual cues for
memory recall tasks.

Remediation Protocols in Patients with Autobiographical
Memory Impairment

The first study using SenseCam® in autobiographical memo-
ry remediation protocols was published in 2007 (Berry et al.
2007). Since this inspiring seminal work, eight studies fo-
cused on SenseCam®*s potential: seven case reports, and
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one group study. Six of the eight protocols compared different
remediation methods: SenseCam® versus diary versus no re-
mediation, using a cross-over design.

Case Reports

The first case report was that of a patient with severe memory
impairment following limbic encephalitis (Berry et al. 2007).
The experimental design assessed the possible superiority of
SenseCam® over the diary method, with three conditions:
SenseCam®, written diary and baseline. The SenseCam®
condition was applied first and lasted 11 months. The patient
and her husband were given a SenseCam® and a laptop com-
puter. She wore the camera, autonomously, during interesting
or non-routine events and worked on SenseCam® images
with her husband. She reviewed images and tested her mem-
ory for a particular event every 3 days for 2 weeks. Long-term
retention was tested at 1, 2 and 3 months for every event
recorded by the SenseCam®. The written diary condition rep-
licated the SenseCam® condition as closely as possible, it
started 2 months after the SenseCam® condition and lasted
2 months. The patient wrote up any interesting or non-routine
events in her diary, then her husband asked her to recall the
written events, every 2 days for 2 weeks, encouraging her to
read over the diary several times. Finally, the baseline condi-
tion started after the diary phase, and lasted 1 month. The
patient was asked to recall any interesting or non-routine
events every 2 days for 2 weeks. In the SenseCam® condition,
the patient was able to recall approximately 80% of recent
personally experienced events. Moreover, retention was main-
tained over the long term: 11 months, and without having
viewed SenseCam® images for 3 months. In contrast, in the
written diary condition, the patient was able to remember on
average only 49% of events, and had no recall of the event
after 1 month without reading the diary. In the baseline con-
dition, the patient was not able to remember an event 8 days
after having experienced it. Thus, this initial study demon-
strated the main benefits of using a wearable automatic camera
to support autobiographical memory in a patient with severe
memory impairment. Importantly, these findings were sup-
ported by the patient’s fMRI data (Berry et al. 2009), which
showed significantly greater activation of frontal and posterior
cortical regions, but not of the hippocampus, when the patient
reviewed SenseCam® images compared with written dairy
extracts. Several case-studies subsequently replicated these
remarkable findings, in patients with autobiographical mem-
ory impairments due to brain injury, herpes simplex encepha-
litis, mild cognitive impairment or metastatic intracranial tu-
mor (Brindley et al. 2011; Browne et al. 2011; Loveday and
Conway 2011; Pauly-Takacs et al. 2011; Svanberg and Evans
2014). These studies also compared the efficacy of
SenseCam® versus other autobiographical memory remedia-
tion methods, and all reported better memory recall with the
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SenseCam® compared to a diary: patients were able to recall
more memories, with more episodic details, and over longer
retention periods. In more detail, Browne et al. (2011) showed
that a patient with mild cognitive impairments was able to
recall twice as many details for SenseCam® reviewed events
(41%) than diary-reviewed events (20%). Brindley et al.
(2011) showed the efficacy of SenseCam® at 3 weeks com-
pared to the automatic though record strategy, with a correct
recall rate around 100% in the first condition against 40% in
the second. Loveday and Conway (2011) showed that the
ability of an amnesic patient to retrieve episodic details (new
information not present in the cue) was much greater in the
SenseCam® condition (419 details) compared to the diary
condition (76 details). Pauly-Takacs et al. (2011) reported
the efficacy of SenseCam® pictures reviewing on memory
formation. Finally, Svanberg and Evans (2014) found a rela-
tionship between improved recall and enhanced feeling of
identity, although not between improved recall and mood.
Besides these results, patients also reported better self-
confidence and lower stress when using SenseCam® com-
pared to a diary (Berry et al. 2007). For those who have lost
the ability to consciously recollect past events, SenseCam®
seems to be the only device able to trigger this particular
experience of conscious recollection (Berry et al. 2007).

Group Studies

Woodberry et al. (2015) conducted the first multiple case
study, with six Alzheimer’s disease patients, comparing
SenseCam® versus the dairy method. They used the proce-
dure developed by Berry et al. (2007). Participants were asked
to wear SenseCam® during a significant event they would like
to remember, then recalled and reviewed the SenseCam® im-
ages of this event every 2 days for 2 weeks, the same proce-
dure was applied with the diary. Two long-term retention tests
were conducted at 1- and 3-month follow—up sessions.
SenseCam® outperformed the diary method for 5 of the 6
patients: the greater the number of viewings of the
SenseCam® images during the 2 weeks, the higher the level
of recall, whereas in the diary condition recall was and stayed
lower during the 2 weeks. On average, the amount of infor-
mation recalled in the SenseCam® condition at 3 months’
follow-up was more than triple that recalled in the diary con-
dition. Despite the severity of Alzheimer’s disease and the
associated severe episodic memory impairment, the study
demonstrated that this cognitive impairment could be
remediated by SenseCam®, additionally improving patients’
well-being.

To conclude, it is worth mentioning again that patients
report feeling more confident, less stressed and more able to
cope with their impairment when using SenseCam® com-
pared to keeping and rereading a written diary (Berry et al.
2007). In line with this result, studies using SenseCam®

@ Springer

demonstrated the impact of improved recollection on well-
being and quality of life (Berry et al. 2007; Browne et al.
2011; Loveday and Conway 2011). Moreover, in a social per-
spective, participants reported enriching and enjoyable mo-
ments with close relatives, remembering, sharing and
reconstructing private memories thanks to SenseCam®
images.

How Does It Work?

With increasing reports of the positive impact of wearable
cameras on autobiographical memory, light needs to be shed
on the cognitive mechanisms at work when both healthy con-
trols and particularly patients presenting with autobiographi-
cal memory deficits visualize the images taken by
SenseCam®. As previously mentioned, most patients had
poor autobiographical memory recollection before using
SenseCam®. The improvement in recall suggests that
SenseCam® images trigger several cognitive mechanisms
during memory retrieval. The images, taken from a first-
person point of view, can be considered as critical cues that
activate a series of cognitive and emotional reactions to facil-
itate direct retrieval of an event (Barnard et al. 2011; Loveday
and Conway 2011). Several reports have described “Proustian
moments”, during which both healthy and memory-impaired
users experience intense and vivid recollection of an event and
access sensori-perceptual details, emotions or thoughts that
are not directly entailed by the images presented to the partic-
ipants. This supports the idea that some SenseCam® pictures
are able to trigger conscious recollection of past events, where
the whole experience of the initial event comes “flooding
back” (Hodges et al. 2011). This could be explained by certain
characteristics of SenseCam® pictures (the first-person point
of view, level of visual details, frequency of image capture,
and dynamic visualization), which are very close to the reality
initially experienced. One interpretation of these reports is that
SenseCam® images immediately activate involuntary retriev-
al from autobiographical memory, triggering the pool of
information, and particularly the appropriate and necessary
memory details needed to construct a coherent mental
representation in the form of a vivid memory. Berntsen
(1998) argued that involuntary memories are almost always
triggered by external visual or auditory cues that relate directly
to the central features of the retrieved memory. This line of
argument suggests that WeC pictures, with their first-person
point of view, are very effective cues to trigger involuntary
memory. Contrary to voluntary (or indirect) retrieval, involun-
tary (or direct) retrieval of information such as perceptual or
sensory, contextual, emotional details or thoughts linked to a
particular personal event, requires little cognitive effort or ex-
ecutive control (Bemtsen 2012; Hall et al. 2008). This may
explain how patients, while presenting with executive
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dysfunction, nevertheless benefit from SenseCam® pictures
to retrieve specific and detailed memories.

Nevertheless, it could be argued that SenseCam® images
are simply a first step that facilitates voluntary retrieval of
memories, where the images act as primary external cues
and enhance subsequent controlled access to autobiographical
information. In that case, the strength of SenseCam® images
may simply alleviate patients’ executive dysfunctions, while
also preventing them from initiating and carrying out suitable
retrieval strategies on their own. This hypothesis advocates for
complementary procedures to help memory-impaired patients
to learn appropriate retrieval strategies to access vivid memo-
ries of their past, independently of using a wearable camera.
The role of mental imagery in the retrieval process is well
known (Williams et al. 1999) and some authors suggest that
externally viewed and internally generated images are proc-
essed by the same cognitive system (Teasdale and Barnard
1995). Considering these arguments, pictorial cues could
compensate for mental imagery impairment, using the same
cognitive network. Moreover, Williams et al. (1999) sug-
gested that visual images provide a rich source of information
about events and thus provide an efficient summary of
information that can be used for searching in the memory
system. The very recent study by Ridout et al. (2016) supports
this claim, showing that, in memory-unimpaired participants,
image cues led to more specific memories than word cues.
Thus, wearable camera pictures may trigger a cascade of ac-
tivation, described by Greenberg and Rubin (2003) as a key
process of remembering. Step by step, retrieval activates dif-
ferent cortical regions and finally produces a similar pattern of
firing to that present during the original encoding (Rubin and
Greenberg 1998). Wearable camera pictures could be the first
step in this cascade of activation, which would account for the
efficacy of image reviewing.

In parallel to the effect of wearable cameras on memory
retrieval, and based on evidence showing the importance of
visual imagery in autobiographical memories formation
(Conway 2005; Greenberg et al. 2005), it could also be hy-
pothesized that visualizing wearable camera images
strengthens the re-encoding of details of personal events,
and consequently helps to construct more unified and coherent
mental representations of events (Woodberry et al. 2015).

Other Therapeutic Benefits

We have described the potential of wearable cameras for au-
tobiographical memory remediation. However, wearable cam-
eras, in remediation protocols or other uses, can also provide
wider therapeutic benefits. Silva et al. (2013) showed that,
over and above autobiographical memory improvement,
SenseCam® review, compared to reviewing a diary, enhanced
cognitive functions in a more comprehensive way. In their
study, participants wore the SenseCam® for 3 days and kept

a diary for 3 other days, in random order. Participants returned
to the lab to review pictures taken by the SenseCam® or read
their diary, and then underwent neuropsychological assess-
ment. Results showed that the SenseCam® condition provid-
ed significantly better performances than the diary condition
in verbal learning, working memory, semantic memory and
executive function tasks (Silva etal. 2013). As well as improv-
ing cognitive function, autobiographical memory remediation
by SenseCam® seems to have a positive impact on self-
identity (Svanberg and Evans 2014). A patient with
Korsakoff’s syndrome underwent SenseCam® remediation
for 45 days. Throughout the study period, the self-identity
ratings (for instance, “I feel like myself”) increased, as
did sense of usefulness. Improvement in subjective mem-
ory may allow memories of specific experiences to rein-
force information about identity. For instance, the sense of
“usefulness” was considered important to the patient herself
and may have contributed to a more coherent sense of self
(Conway 2005). Moreover, in healthy volunteers,
SenseCam® may operate as a cognitive stimulant in daily life.
This effect could be explained by the experience of partici-
pants viewing SenseCam® images, who reported enhanced
feelings of alertness and pleasure using the device. Using
technology to assist cognition has already been shown to be
motivating, inducing a stronger feeling of self-efficacy
and improving mood (Gillespie et al. 2012; Scherer
2005). Despite the absence of a SenseCam® review effect
on mood in the patient with Korsakoff’s syndrome (Svanberg
and Evans 2014), Murphy et al. (2011) showed that
SenseCam® review did have a significant influence on the
mood of healthy volunteers, depending on the emotional va-
lence of the images shown. The effect was still observed 24 h
later.

Data Management

New technologies are progressing very fast and various
models of wearable cameras are now available to conduct
such studies. Likewise, movie cameras have been developed
for first-person point-of-view video recording without active
user intervention. This possibility of obtaining recorded audio
data and continuous flow may represent an even stronger tool
to investigate memory processing or remediate memory im-
pairment instead of pictures. Time resolution is greater, but on
the other hand autonomy is shorter, and recording a complete
day is not yet possible. Moreover, this flood of innovation
raises some questions about the management of the vast quan-
tity of recorded data and ensuing ethical issues. Wearable
cameras take pictures automatically, at high frequency, gener-
ating between 2000 and 5000 pictures per day. This poses a
major challenge for image utilization. To facilitate use of the
device as a rehabilitation tool by researchers, caregivers and
patients, new algorithms and software have been developed
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for image processing (Conaire et al. 2009; Lee et al. 2006).
Dobherty et al. (2010) developed a SenseCam® browser which
enables efficient retrieval, based on neuropsychological prin-
ciples, following three steps: event segmentation, event
association and event importance. Firstly, according to Zacks
and Tversky (2001) “segmenting ongoing activity into distinct
events is important for later memory for those activities”, thus
the SenseCam® browser enables image segmentation, creat-
ing 20-30 coherent units per day to represent different daily
events (Doherty and Smeaton 2008). Secondly, as human
memory works by associating related events and locations in
a conceptual network, the SenseCam® browser is able to do
the same and groups similar events together (Doherty et al.
2008). Thirdly, considering that memory is organized by self-
relevant structures and goals (Conway 2005), the determina-
tion of self-issues and event importance is made possible by
combining automated facial recognition (representing social
engagement) with detection of the degree of visual novelty of
each event.

Critical View of Previous Studies and Limitations
of Wearable Cameras

The studies presented in this review showed certain methodo-
logical limitations. They provided evidence of the efficacy of
wearable cameras, but mainly based on single case reports,
insufficient to support extended use as a therapeutic device in
routine clinical settings. At this stage, clinical trials are needed
that test the efficacy of such devices in larger samples, com-
paring experimental and control groups. Moreover, in the sin-
gle case reports, a close relative of the patient (or sometimes
the actual therapist) participated in the protocol and took part in
the testing (Berry et al. 2007; Browne et al. 2011; Loveday and
Conway 2011). This strategy was justified by the difficulty for
patients to comply with the protocol, but it is also an obvious
source of bias that was not discussed as such in the reports.
More precisely, relatives might be more convinced of the effi-
cacy of wearable cameras and therefore influence patients’
attitudes toward the diary and wearable cameras. Further clin-
ical trials should take these limitations into account.

In general, studies showed impressive efficacy of wearable
cameras for remediating autobiographical memory deficits,
especially in comparison with the diary method. However, it
cannot be ruled out that the results correspond to the effort of
diary writing compared to passive viewing of wearable cam-
era pictures, in particular for neurological or psychiatric pop-
ulations characterized by apathy and cognitive impairment.
Further studies could try to bypass this limitation by compar-
ing passive viewing of wearable camera pictures to passive
listening to short verbal records (previously recorded by the
participants at the end of their day). Yet, it is important to
highlight that the ease of use of wearable cameras is also
one of its strong points. Cameras are able to offer an
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alternative to previously used cognitive supports, which re-
quired too much cognitive ability and motivation, and in that
sense were not suitable for all patients.

Otherwise, it can be argued that wearable cameras provide
much more information on past events than a diary written by
the patient. This could explain why retrieval is enhanced by
wearable camera reviewing compared to diary reading.
Interestingly, however, Loveday and Conway (2011) showed
that the amount of detail not present in the cues but retrieved
by the amnesic patient was much greater in the wearable cam-
era reviewing condition, confirming that wearable cameras are
able to trigger recall of much more information than that
contained in the pictures.

Regarding these limitations, the relevance of using such
device instead of old personal pictures in autobiographical
memory remediation protocols may not be obvious. In fact,
the advantage of using a wearable camera over past photo-
graphs (including pictures in a 3rd person point of view) has
not been assessed, but various authors have described a very
powerful effect of wearable camera picture reviewing, which
provides a strong feeling of remembering the event (Barnard
etal. 2011; Hodges et al. 2011). They consider that the flow of
wearable camera pictures provides a dynamic chronological
sequence of event (close to a movie) and the first person point
of view enhances the feeling of belonging for the viewer.
Because of these two very important properties, wearable
camera pictures offer a unique means of triggering specific
memory of past events along with other phenomenological
modalities, in a very different way from framed, often con-
trived, momentary snapshots in a photograph album (Barnard
et al. 2011). Interestingly, a recent study provided some evi-
dence for the effectiveness of the first-person versus third-
person point of view in a behavioral task (Watanabe and
Higuchi 2016). Behavioral performance improved when par-
ticipants mimicked action from first-person compared to third-
person point-of-view movies. These behavioral differences
were associated with stronger activation following the first-
person point-of-view presentation in brain regions considered
to be part of the neural substrate of imitation (Watanabe et al.
2013). Finally, a study in memory-unimpaired participants
showed that pictures taken passively by the wearable cameras
were more powerful cues for triggering memories of the
events than pictures taken actively by the participant (using
the same device). Taken together, these arguments encourage
the use of wearable cameras pictures rather than old third-
person point-of-view personal pictures to help amnesic pa-
tients to improve their memory functioning. Having said this,
movies of very important events recorded from the first-
person point of view might be even more effective than wear-
able cameras pictures in reviving and re-encoding personal
events. This is worth considering in remediation protocols,
although data manageability and ethical questions might be
more difficult.
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However, as with the diary method, it is important to stress
that wearable cameras are only useful in case of anterograde
amnesia, and only when the amnesia is not too severe. In other
words, patients need still to be able to create long-term epi-
sodic memories, memories with at least minimal information,
to benefit from wearable cameras remediation. Wearable cam-
eras can remediate autobiographical memory for recent per-
sonal events, which is needed to help patients with certain
pathologies such as Alzheimer’s disease, which initially
affects recent memories and new memory formation.
Patients with depression may not benefit as much from
this type of remediation, as their autobiographical memo-
ry is not “damaged”, but simply less accessible. Moreover
issues relating to the content, meaning and lessons asso-
ciated with past events are sometimes meet patients’ de-
mands more directly, being the target of particular forms
of psychotherapy focusing on autobiographical memory
(Singer et al. 2012). For patients with schizophrenia,
who suffer from difficulty in recollecting not only remote
but also recent life events, wearable cameras may be use-
ful for cognitive remediation of autobiographical memory.
Whatever the clinical condition, it should be stressed that
wearable cameras can assist only anterograde and not ret-
rograde autobiographical memory impairment. That is to
say, memory for events that are particularly important and
relevant for the self cannot be reached in some clinical
populations. For patients who need a support for remote
personal memory, wearable camera protocols should be
paired with more standard remediation methods using,
for instance in that case, old third-person point-of-view
personal pictures.

More generally, regarding the device itself, wearable cam-
eras may present some disadvantages for certain people. In
particular, patients who are supposed to use these kinds of
device already suffer from social stigma (see for instance,
for Alzheimer’s disease, Jolley and Benbow 2000; or for
schizophrenia, Lysaker et al. 2007; West et al. 2011). Using
wearable cameras to improve their memory might make them
recognizable as suffering from a disorder, and this could in-
crease social stigma and possibly lead to an uncomfortable
feeling when wearing the device all day long. Although not
referred to in previous reports, this possibility should be taken
into account when working with patients and should be ex-
plicitly mentioned when presenting the device to them. Recent
developments in wearable cameras (for instance, Narrative
Clip®) have led to very small and discrete devices, which
may reduce this problem.

Finally, as follow-up lasted 6 months, the long-term effica-
cy of wearable cameras remains unknown and further studies
with longer follow-up are required. Such studies may also
gain further information by adding assessment of daily life
functioning, well-being and sense of self, which are critical
to consider in addition to efficacy on memory.

Ethical Considerations

In addition to the issues raised by the use of recorded images,
the increasing use of wearable cameras raises ethical issues
about privacy and data control. In particular, movie cameras
could be used to record conversations or people without their
knowledge. In this context, the Google Glass story is interest-
ing. This new technology enables pictures to be taken or
movies to be recorded from simple glasses, without people
around realizing it. Not surprisingly, this technology sparked
serious debate about privacy rights, and finally the project was
abandoned in 2014 (New York Times, Sth of February 2015).

The question of privacy has to be considered from two
directions, namely, the privacy of the patient and the privacy
of third parties not directly involved in the protocol. Thus,
Kelly et al. (2013) attempted to identify and discuss the ethical
issues of research using wearable cameras. They highlighted
some contentious issues, such as the type of pictures taken
passively by the device, and the privacy and confidentiality
of the pictures, regarding both the patient and third parties
(family, colleagues or strangers). Some solutions were sug-
gested. With regard to pictures taken by the device, partici-
pants should be informed of the possibility of stopping the
device at any time during the experiment. Moreover, partici-
pants should be made aware that unwanted images could be
taken and that they will be given the opportunity to review and
delete them (in private if requested) before the researcher
views them. This would ensure participants’ privacy.
Interestingly, in this perspective, the Narrative Clip® offers
an additional security guarantee, only the person in charge
of the study has access to the pictures recorded by the device,
it is impossible for participants or third parties to access the
images. Finally, Kelly and colleagues’ work highlighted the
importance of the information given to participants, enabling
them 1) to be aware of the above concerns, and 2) to answer
questions from third parties in order to reassure them.

In line with these ethical considerations, Nguyen et al.
(2009) conducted a study of how those liable to be recorded
perceive and react to SenseCam®. Results showed that people
would tolerate potential incursions from SenseCam® for par-
ticular purposes but would prefer to be informed and to
consent to recording and to be asked permission before any
data is shared. Positively, and in spite of these observations,
people did not demand that the data collected should be
deleted. Finally, some researchers tried to understand how
people recorded by wearable cameras react and feel about
this experience. Lindley et al. (2009) conducted a study to
explore how people react to wearing and seeing others wear-
ing SenseCam® in daily life. They asked all members of a
family to wear the SenseCam® and collected their reflections
about their own life and also each other’s lives while they were
wearing the device and after reviewing the pictures. At the end
of this study, participants expressed an interest in learning
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about each other’s days, and seemed to make new discoveries,
particularly when reviewing picture streams taken by their
children. Adults seemed more concerned about how their lives
might be depicted through a SenseCam® lens.

Perspectives

This review highlights the great potential of these new tools
for future clinical and research investigations, as they open up
new perspectives and new challenges. First of all, in the short
term, it appears of prime importance to consider the technical
difficulties that people using the device may encounter.
Considering that elderly persons with severe memory deficits
could greatly benefit from life-log browsing techniques,
Caprani et al. (2010) designed specific interfacing or browsers
that can easily be learned and used by this population.
Enabling easy access to this technology for elderly people or
patients with neurological or mental illnesses, who are those
primarily concerned, will be an important challenge for future
research. To go further in autobiographical memory
investigation, it would be interesting to combine wearable
cameras with physiological sensors, with the aim of better
understanding what happens during memory encoding, for
instance. Brindley et al. (2011) used this combination in a
single case study to examine the impact of emotions experi-
enced during the event (in particular, anxiety) on further au-
tobiographical memory remediation using SenseCam®. This
approach, including healthy volunteers or patients, could en-
able investigation of encoding processes and how emotional,
cognitive and subjective states can influence both the
encoding and retrieval of events in everyday life. Finally,
using wearable cameras could be a specific step included in
a more global therapy to remediate autobiographical memory.
Participants might start using a wearable camera in their daily
life to learn how to use the device and generate memory im-
provement, and then learn to become more autonomous, using
the device whenever they particularly want to remember
something.

Conclusion

In conclusion, this PRISMA review aimed at providing an
overview of the first empirical evidence of wearable cameras’
potential in autobiographical memory investigation and auto-
biographical memory remediation. Research using wearable
cameras in the field of autobiographical memory is just
starting and will expand in coming years. However, the 28
articles included in this review already show that wearable
cameras have been used successfully with healthy volunteers
to explore the neural correlates of everyday memory. In pa-
tients with epilepsy and transient amnesia, wearable cameras
enabled accelerated long-term forgetting to be examined in
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ecological conditions, with better discrimination of the mem-
ory impairments caused by this condition. Finally, autobio-
graphical memory remediation protocols demonstrated that
wearable cameras are a useful resource to help patients to
alleviate their memory deficits of diverse origins, including
limbic encephalitis, brain injury, herpes simplex encephalitis,
mild cognitive impairment, metastatic intracranial tumor, or
Alzheimer’s disease.
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