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Introduction

The relationships between lifestyle behaviors and
health outcomes usually are based on self-
reported data. Such data are prone to measure-

ent error. In response, there has been a movement
oward objective forms of measurement that have low
articipant and researcher burden. The papers in this
heme issue in the American Journal of Preventive Medi-
ine assess the utility of a new form of objective measure-
ent in health research, namely wearable cameras.1–5

These devices can be worn all day and automatically
record images froma fırst-person point of view, requiring
no intervention or attention from the subject or the re-
searcher. The most mature visual lifelogging device is
Microsoft’s SenseCam, a wearable camera worn via a
lanyard around the neck.
The SenseCam has been increasingly used in health-

related research for several years. These theme papers1–5

report current research into wearable cameras in health,
as presented at the SenseCam 2012 Symposium. Wear-
able cameras and their associated software analysis tools
have developed to the point that they now appear well
suited to measure sedentary behavior, active travel, and
nutrition-related behaviors. Individualsmay recall events
more accurately after reviewing images from their wear-
able cameras. Aspects of their immediate cognitive func-
tioning may also improve.
Despite the benefıts of wearable cameras, there are still

challenges remaining before their use becomes wide-
spread. Ethical and privacy concerns are important issues
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hat need to be addressed, as well as easy access to devices.
n response, an ethical framework and smartphone-based
earable camera capture platform are proposed.5 In sum,
his body of work suggests that the use of wearable cam-
ras will soon be appropriate to understand lifestyle be-
aviors and the context in which the occur.

Identifying Lifestyle Behaviors
Lifestyle behaviors consistently are associated with mor-
bidity and mortality rates for a number of noncommuni-
cable diseases.6 These associations between behavior and
health usually are based on self-report, a subjective form
of measurement that is prone to error associated with
recall, comprehension, and social desirability bias.7,8 In
response, there has been a movement toward objective
forms of measurement that have low participant and
researcher burden. Accelerometers are popular in physi-
cal activity measurement,9 whereas camera phones have
become common in dietary assessment.10

In these theme papers,1–5 the utility of wearable cam-
eras in observational health is presented from a number
of viewpoints.We reflect on the development of wearable
camera technologies and their subsequent transition to
use as health research tools, and discuss a number of
relevant topics such as applications in preventive medi-
cine and inhibitors to the further adoption of wearable
cameras, to set the scene for the other articles in this issue.

A History of Wearable Cameras
Wearable cameras emanate from research efforts in the
fıeld of lifelogging. Lifelogging refers to the digital cap-
ture of a person’s everyday activities, from a fırst-person
point of view in an unobtrusive and passive fashion.11

Inspired by some early visionaries and pioneers,12,13 ini-
ial work in the area focused onhardwareminiaturization
nd data storage.13,14 Recent advances in storage, sensor,
and processor technologies naturally have led to compact
and robust digital recording devices. The most mature
visual lifelogging device is the SenseCam,15 a wearable
camera worn via a lanyard around the neck. This device

captures an image approximately every 20 seconds, when
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triggered by sensors that log temperature, movement,
light, and passive infrared data.15

The SenseCam has been used increasingly in health-
related research for the past several years. SenseCam im-
ages have been shown to operate as powerful autobio-
graphic retrieval cues by the neuroscience community.16

Until recently, much memory-focused lifelogging work
has concentrated on rehabilitation of thosewith cognitive
impairment, with positive results.16,17 SenseCam images
lso appear to support rehabilitation from acquired brain
njuries through facilitating patient reflection and
eminiscence.18

SenseCam images also can support other kinds of re-
search. For example, in public health a methodology has
beenproposed toassess theerror inherent inself-reportwith
respect to active travel.19 The range of cross-disciplinary
interest in SenseCam has resulted in the creation of a
series of SenseCam Symposia. These events have taken
place in Chicago (October 2009); Dublin (September
2010); and Oxford (April 2012). Across these three sym-
posia, a steering committee has selected 53 oral presenta-
tions from a range of disciplines (Table 1). Improving
software tools to manage the increasing volumes of
SenseCam data has remained an important topic
throughout the series.20 Meanwhile, initial SenseCam
tudies exploring the device as an aid to support autobio-
raphic memory are being complemented by studies
easuring health behaviors, such as diet and physical
ctivity in healthy individuals. As such, this technology
s relevant to health research. This issue contains fıve
elevant papers from the SenseCam2012 symposium that
ave been selected and expanded.1–5

Wearable Cameras for Monitoring
Behavior and Influencing Well-Being
In certain instances, wearable cameras appear to offer an
improvement over existing state-of-the-art objective

Table 1. Number of presentations from each discipline
area at three SenseCam symposia

2009 2010 2012 Total

Memory 9 6 2 17

Computing 6 2 5 13

Physical activity 2 1 5 8

Ethnography 1 2 2 5

Ethics 1 2 1 4

Rehabilitation 1 1 1 3

Market research 1 1 2
Nutrition 0 0 1 1
easures of lifestyle behaviors and the contexts in which
hey occur. Measuring health-related lifestyle behaviors
t the population level is important to influence policy
nd design downstream interventions.21 Cell phones and
small customized “eButton” devices have been used to
supportmore complete recording of dietary habits.10,22,23

The SenseCamhas been used in pilot studies and suggests
that self-report may be appropriate for measurement of
active travel at the group level but not at the individual
level.19

This theme issue further highlights the potential utility
of wearable cameras for measuring sedentary behavior
and nutrition-related behaviors, as compared to acceler-
ometers4 and self-report. Kerr et al.1 note that wearable
cameras have advantages over accelerometers as a crite-
rion measure to understand the type and context of sed-
entary behaviors in free-living conditions. O’Loughlin
and colleagues2 recognize inherent flaws associated with
ccurately measuring diet-related behaviors through the
se of either self-report or manual photo capture. With
he support of wearable cameras, they have found that
articipants could provide a more accurate estimate of
otal energy intake.
There may be an improvement in immediate cognitive

unctioning for healthy individuals when reviewing im-
ges from wearable cameras. Clinical case studies have
emonstrated dramatic improvements in autobiographic
emory recall when reviewing lifelog images as noted by
ilva et al.3 However, these authors have now identifıed
that the effect of reviewing wearable camera images may
improve immediate cognitive functioning in some
groups of healthy individuals as well.3

Challenges in Using Wearable Cameras
There are a number of challenges for researchers to con-
sider when using wearable cameras in observational
health research. The authors in this theme issue have
identifıed specifıcally the following issues: diffıculty in
getting large sample sizes, poor operation of the camera
in areas of low lighting, the time-consuming analysis
onus on the researcher, incorrect positioning of the cam-
era, and variability in subject compliance. 1–4,19 It may be
ossible to mitigate the last two challenges in future re-
earch efforts using wearable cameras by encouraging
articipants to wear a camera at chest level or higher2 and

ideally provide incentives to increase compliance.1 Al-
hough current wearable cameras inherently will struggle
n dark environments,24 the issue of time-consuming
nalysis may ease as automated techniques to recognize
ifestyle behaviors from lifelog images mature.25

Among themost signifıcant barriers to widespread use

of wearable cameras are ethical and privacy concerns. All
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research reported in this theme issue has received ethical
approval from relevant institutional ethics boards. How-
ever, when wearable camera research has been presented in
conferences across scientifıc domains, the issueof ethics and
privacy is often raised. Kelly et al.5 have elaborated on the
pecifıc issues raised and have proposed an ethical frame-
ork for wearable camera research. This is the fırst such
roposed framework and should serve as a checklist for
hose observing health behaviors using wearable cameras.
One fınal area that has been highlighted as inhibiting

doption of wearable cameras in some domains is the
imited availability of suitable devices. The Vicon Revue
viconrevue.com)has beenused bymany researchers, but
or some the £300 (US$477) unit price is limiting. In
esponse,Gurrin and colleagues4 present awearable camera
latform for research, which is based on a smartphone.
ndroid smartphones are now available for under £100
US$160), and are already in wide use. The cell phone may
ave limitations as an image-capture device because of its
eing used for other functions. A variation on this approach
s a wearable camera that connects wirelessly to a smart-
hone.26 Combining such hardware devices with Gurrin’s
ell phone software platform4 may be a route to provide
ubiquitous access to wearable cameras for health research.
We hope that ultimately such cheaper devices may help
address health-related issues in developing nations.

Conclusion
Wearable cameras are becoming viable for the obser-
vation of lifestyle behaviors. The hardware and soft-
ware has been improved iteratively in the computer
science community for the past 20 years. Recent de-
vices are now practical to use in health research, as
demonstrated in these papers.1–5 It is acknowledged
hat further development of ethical frameworks and
mprovements in data-management procedures are re-
uired. However, initial fındings demonstrate that
earable cameras can be an important new methodol-
gy in observing and understanding participant be-
avior and the context in which it occurs.
A drawback of some public health interventions is that

he participating individuals often tend to perceive small
enefıts to population strategies for disease prevention.27

Perhaps the highly stimulating nature of reviewing wear-
able images3 and the ability to personalize feedback23

couldmean thatwearable cameras can provide support as
a lifestyle behavior change catalyst.

AD is a Marie Curie postdoctoral research fellow supported by
the Irish Health Research Board under grant number MCPD/
2010/12. AD and AS are supported by the Science Foundation

Ireland under Grant No. 07/CE/I1147. CF is funded by the

Month 2013
ritish Heart Foundation under Grant No. 021/P&C/
ore/2010/HPRG.
CJM is supported by a research donation from Microsoft
esearch Cambridge to cover the travel expenses associated
ith presenting research about SenseCam in a series of semi-
ars (2011–2012). No other authors reported fınancial
isclosures.

References
1. Kerr J, Marshall SJ, Godbole S, et al. Using the SenseCam to improve

classifıcations of sedentary behavior in free living settings. Am J Prev
Med 2013;44(3):XXX–XXX.

2. O’Laughlin G, Cullen SJ,McGoldrick A, et al. Using a wearable camera
to increase the accuracy of dietary analysis. Am J Prev Med 2013;
44(3):XXX–XXX.

3. Silva AR, Pinho S, Macedo LM, Moulin CJ. Immediate benefıts of
SenseCam review on neuropsychological test performance. Am J Prev
Med 2013;44(3):XXX–XXX.

4. Gurrin C, Qiu Z, Hughes M, et al. The SmartPhone as a platform for
wearable cameras in health research. Am J Prev Med 2013;
44(3):XXX–XXX.

5. Kelly P, Badland H, Kerr J, et al. An ethical framework for automated-
wearable cameras in health behaviour research. Am J Prev Med
2013;44(3):XXX–XXX.

6. WHO. Global recommendations on physical activity for health. Ge-
neva: World Health Organisation, 2010.

7. Kelly P, Doherty AR, Berry E, Hodges S, BatterhamAM, Foster C. Can
we use digital life-log images to investigate active and sedentary travel
behaviour? Results from a pilot study. Int J Behav Nutr Phys Act
2011;8:44.

8. Armstrong N,Welsman JR. The physical activity patterns of European
youth with reference to methods of assessment. Sports Med
2006;36:1067–86.

9. Troiano RP, Berrigan D, Dodd KW,Masse LC, Tilert T, McDowell M.
Physical activity in the United States measured by accelerometer. Med
Sci Sports Exerc 2008;40:181–8.

0. Zhu F, Bosch M, Woo I, et al. The use of mobile devices in aiding
dietary assessment and evaluation. IEEE J Sel Top Signal Process
2010;4(4):756–66.

1. Bell G, Gemmell J. Total recall: how the e-memory revolution will
change everything. New York: Penguin, 2009.

2. Bush V. As we may think. The Atlantic Monthly 1945;176(1):101–8.
3. Mann S. Wearable computing: a fırst step toward personal imaging.

Computer 1997;30:25–32.
4. Aizawa K, Ishijima KI, Shiina M. Summarizing wearable video. Inter-

national Conference on Image Processing, 2001:398–401.
5. Hodges S,Williams L, Berry E, et al. SenseCam: a retrospectivememory

aid. UbiComp: 8th International Conference on Ubiquitous Comput-
ing. Vol. 4602 of LNCS. Berlin: Springer, 2006:177–93.

6. Berry E, Hampshire A, Rowe J, et al. The neural basis of effective
memory therapy in a patient with limbic encephalitis. J Neurol Neuro-
surg Psychiatry 2009;80(3):582–601.

7. Pauly-Takacs K, Moulin CJA, Estlin EJ. SenseCam as a rehabilita-
tion tool in a child with anterograde amnesia. Memory 2011;19(7):
705–12.

8. 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(7):745–57.

9. Kelly P, Doherty AR, Hamilton A, et al. Investigating the error on
self-reported journey durations in school children. Am J Prev Med

2012;43(5):546–50.

http://viconrevue.com


4 Doherty et al / Am J Prev Med 2013;xx(x):xxx
20. Doherty AR, Pauly-Takacs K, Caprani N, et al. Experiences of aiding
autobiographical memory using the SenseCam. Human-Comput In-
teraction 2012;27(1–2):151–74.

21. Sallis JF, OwenN, FotheringhamMJ. Behavioral epidemiology: a system-
atic framework to classify phases of research on health
promotion and disease prevention. Ann BehavMed 2000;22:294–8.

22. Arab L, Estrin D, KimDH, Burke J, Goldman J. Feasibility testing of an
automated image-capture method to aid dietary recall. Eur J Clin Nutr
2011;65(10):1156–62.

23. Jia W, Yue Y, Fernstrom JD, et al. Imaged based estimation of food
volume using circular referents in dietary assessment. J Food Eng

2012;109(1):76–86.
24. DohertyAR,KellyP,KerrJ,etal.Useofwearablecamerastoassesspopulation
physical activity behaviours: an observational study. Lancet Public Health
ScienceConference,November 2012.

25. Doherty AR, Caprani N, Conaire CO, et al. Passively recognising
human activities through lifelogging. Comput Human Behav 2011;
27(5):1948–58.

26. de Jager D, Wood AL, Merrett GV, et al. A low-power, distributed,
pervasive healthcare system for supportingmemory. In: Proceedings of
the First ACMMobiHocWorkshop on PervasiveWireless Healthcare.
MobileHealth ’11. New York: ACM, 2011:5:1–5:7.

27. Rose G. Sick individuals and sick populations. Int J Epidemiol

1985;14(1):32–8.

www.ajpmonline.org


	Wearable Cameras in Health
	Introduction
	Identifying Lifestyle Behaviors
	A History of Wearable Cameras
	Wearable Cameras for Monitoring Behavior and Influencing Well-Being
	Challenges in Using Wearable Cameras
	Conclusion
	References


