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ABSTRACT

Autobiographical episodic memory is the cognitive ability most impaired by healthy aging

and it has been a primary target of cognitive training studies in this population. We propose

a memory training that uses images from the participants’ past days as stimuli thus training

abilities closer to the way memory is used in the real world. Wearable cameras take hundreds

of pictures per day from a first-person perspective without user intervention and can be used

to collect personalized retrieval cues. This thesis is divided into two papers: the first describes

the development of the structure of a memory training protocol and the process of adapting

equipment and software for older adults. We developed a Memory Task program that integrates

image processing software from Dublin City University and presents the task over the course

of several weeks without the need for the researcher’s intervention. The second paper discusses

preliminary results for the autobiographical memory training protocol. A sample of 15 older

adults was divided into two groups that trained with temporal order tasks using either wearable

camera pictures (AM group) or images from a database (LM group) as stimuli. The results

showed a trend for participants in the AM group to improve more than participants in the LM

group. Moreover, the AM group improved significantly in a fluid cognition measure after

the training. This thesis presents an innovative method for training autobiographical memory

using ecologically valid stimuli that are engaging and meaningful to the participants.

Keywords: Autobiographical memory, memory training, wearable cameras



Developing a protocol with wearable

cameras for memory research with older

adults: a methodological report

Abstract

Even in healthy aging, older adults usually present cognitive deficits compared to younger

adults. Evidence indicates that episodic memory declines with aging, while semantic memory

remains stable. Research in memory aids has already demonstrated that older adults can benefit

from tools that reduce the cognitive load of initiating information retrieval. Wearable cameras

can be an alternative that is easy to use and can improve data collection and the development

of research that investigates memory for real life events. This study describes the development

stages of a memory training protocol that uses wearable cameras to stimulate autobiographical

memory. We aimed to formulate a protocol structure that would allow the participants enough

time to learn how to deal with the equipment and the tasks involved in the training. The results

showed that a protocol structure that divided the set of instructions into two sessions allowed

the participants to understand how to use the equipment correctly at home by themselves while

using automatized image processing to increase protection to the participants’ privacy. The

older adults’ response to the overall study and camera use was positive, indicating that studies

using the wearable camera can be engaging and motivating.

Keywords: Autobiographical memory; wearable cameras; methodological report; older

adults.

9



[Este artigo está em processo de submissão para publicação em periódico científico e foi omitido da

versão parcial da tese]



28

References

Allé, M. C., Manning, L., Potheegadoo, J., Coutelle, R., Danion, J. M., & Berna, F. (2017).

Wearable cameras are useful tools to investigate and remediate autobiographical memory

impairment: A systematic PRISMA review. Neuropsychology Review, 27(1), 81-99. doi:

10.1007/s11065-016-9337-x

Anderson, M., & Perrin, A. (2017). Tech adoption climbs among older

adults. https://www.pewresearch.org/internet/2017/05/17/tech-adoption-climbs-among-

older-adults/. (Accessed June 3, 2021)

Berry, E., Kapur, N., Williams, L., Hodges, S., Watson, P., Smyth, G., . . . Wood, K. (2007). The

use of a wearable camera, SenseCam, as a pictorial diary to improve autobiographical

memory in a patient with limbic encephalitis: A preliminary report. Neuropsychological

Rehabilitation, 17(4-5), 582-601. doi: 10.1080/09602010601029780

Bolger, N., Davis, A., & Rafaeli, E. (2003). Diary methods: Capturing life as it is lived. Annual

Review of Psychology, 54, 579-616. doi: 10.1146/annurev.psych.54.101601.145030

Browne, G., Berry, E., Kapur, N., Hodges, S., Smyth, G., Watson, P., & Wood, K. (2011).

SenseCam improves memory for recent events and quality of life in a patient with mem-

ory retrieval difficulties. Memory, 19(7), 713-722. doi: 10.1080/09658211.2011.614622

Charters, E., Gillett, L., & Simpson, G. K. (2015). Efficacy of electronic portable assistive

devices for people with acquired brain injury: A systematic review. Neuropsychological

Rehabilitation, 25(1), 82-121. doi: 10.1080/09602011.2014.942672

Doherty, A. R., Moulin, C. J. A., & Smeaton, A. F. (2011). Automatically as-

sisting human memory: A SenseCam browser. Memory, 19(7), 785-795. doi:

10.1080/09658211.2010.509732

Doherty, A. R., & Smeaton, A. F. (2008). Automatically segmenting lifelog data into events. In

2008 ninth international workshop on image analysis for multimedia interactive services

(pp. 20–23). IEEE. doi: 10.1109/WIAMIS.2008.32

El Haj, M., Moustafa, A. A., Gallouj, K., & Allain, P. (2021). Cuing prospective memory with

smartphone-based calendars in Alzheimer’s Disease. Archives of Clinical Neuropsychol-



29

ogy, 36(3), 316 - 321. doi: 10.1093/arclin/acaa060

Evald, L. (2018). Prospective memory rehabilitation using smartphones in patients with TBI.

Disability& Rehabilitation, 40(19), 2250 - 2259. doi: 10.1080/09638288.2017.1333633

Ferguson, S., Friedland, D., & Woodberry, E. (2015). Smartphone technology: Gentle re-

minders of everyday tasks for those with prospective memory difficulties post-brain in-

jury. Brain Injury, 29(5), 201-213. doi: 10.3109/02699052.2014.1002109

Ge, S., Zhu, Z., Wu, B., & McConnell, E. S. (2018). Technology-based cognitive training and

rehabilitation interventions for individuals with mild cognitive impairment: A systematic

review. BMC Geriatrics, 18(1), 213. doi: 10.1186/s12877-018-0893-1

Gell, N. M., Rosenberg, D. E., Demiris, G., LaCroix, A. Z., & Patel, K. V. (2015). Patterns of

technology use among older adults with and without disabilities. Gerontologist, 55(3),

412-421. doi: 10.1093/geront/gnt166

Gelonch, O., Ribera, M., Codern-Bové, N., Ramos, S., Quintana, M., Chico, G., . . . Garol-

era, M. (2019). Acceptability of a lifelogging wearable camera in older adults with

mild cognitive impairment: A mixed-method study. BMC Geriatrics, 19(1), 1-11. doi:

10.1186/s12877-019-1132-0

Harada, C. N., Love, M. C. N., & Triebel, K. L. (2013). Normal cognitive aging. Clinics in

Geriatric Medicine, 29(4), 737-752. doi: 10.1016/j.cger.2013.07.002

Harvey, J. A., Skelton, D. A., & Chastin, S. F. M. (2016). Acceptability of novel lifelogging

technology to determine context of sedentary behaviour in older adults. AIMS Public

Health, 3(1), 158-171. doi: 10.3934/publichealth.2016.1.158

Hodges, S., Berry, E., & Wood, K. (2011). SenseCam: A wearable camera that stim-

ulates and rehabilitates autobiographical memory. Memory, 19(7), 685–696. doi:

10.1080/09658211.2011.605591

Hoyle, R., Templeman, R., Armes, S., Anthony, D., Crandall, D., & Kapadia, A. (2014). Pri-

vacy behaviors of lifeloggers using wearable cameras. UbiComp 2014 - Proceedings of

the 2014 ACM International Joint Conference on Pervasive and Ubiquitous Computing,

571–582. doi: 10.1145/2632048.2632079



30

Hunsaker, A., & Hargittai, E. (2018). A review of internet use among older adults. New Media

& Society, 20(10), 3937-3954. doi: 10.1177/1461444818787348

IBGE, A. (2020). PNAD Contínua TIC 2018: Internet chega a 79.1% dos domicílios do

país. https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-

noticias/releases/27515-pnad-continua-tic-2018-internet-chega-a-79-1-dos-domicilios-

do-pais. (Accessed March 2, 2022))

Kapur, N., Glisky, E. L., & Wilson, B. A. (2002). External memory aids and computers in

memory rehabilitation. In A. D. Baddeley, M. D. Kopelman, & B. A. Wilson (Eds.), The

handbook of memory disorders (2nd ed., p. 757-783). West Sussex, England: John Wiley

& Sons.

Kelly, P., Marshall, S. J., Badland, H., Kerr, J., Oliver, M., Doherty, A. R., & Foster,

C. (2013). An ethical framework for automated, wearable cameras in health be-

havior research. American Journal of Preventive Medicine, 44(3), 314-319. doi:

10.1016/j.amepre.2012.11.006

Kueider, A. M., Parisi, J. M., Gross, A. L., & Rebok, G. W. (2012). Computerized cogni-

tive training with older adults: A systematic review. PLoS ONE, 7(7), e40588. doi:

10.1371/journal.pone.0040588

Lampit, A., Hallock, H., & Valenzuela, M. (2014). Computerized cognitive training in cog-

nitively healthy older adults: A systematic review and meta-analysis of effect modifiers.

PLoS Medicine, 11(11), e1001756. doi: 10.1371/journal.pmed.1001756

Levine, B., Svoboda, E., Hay, J. F., Winocur, G., & Moscovitch, M. (2002). Aging and

autobiographical memory: Dissociating episodic from semantic retrieval. Psychology &

Aging, 17(4), 677-689. doi: 10.1037/0882-7974.17.4.677

Mair, A., Poirier, M., & Conway, M. A. (2018). Memory for staged events: Supporting

older and younger adults’ memory with sensecam. Quarterly Journal of Experimental

Psychology, 72(4), 717–728. doi: 10.1177/1747021818765038

Montejo, P., Montenegro, M., Fernández, M. A., & Maestú, F. (2012). Memory complaints in

the elderly: Quality of life and daily living activities. A population based study. Archives



31

of Gerontology & Geriatrics, 54(2), 298-304. doi: 10.1016/j.archger.2011.05.021

Reid, M. L., & MacLullich, A. M. J. (2006). Subjective memory complaints and cognitive

impairment in older people. Dementia & Geriatric Cognitive Disorders, 22, 471-485.

doi: 10.1159/000096295

Schmidt, L. I., & Wahl, H.-W. (2019). Predictors of performance in everyday technology

tasks in older adults with and without Mild Cognitive Impairment. Gerontologist, 59(1),

90-100. doi: 10.1093/geront/gny062

Silva, A. R., Pinho, M. S., Macedo, L., Moulin, C., Caldeira, S., & Firmino, H. (2017). It is

not only memory: Effects of SenseCam on improving well-being in patients with mild

Alzheimer Disease. International Psychogeriatric Association, 29(5), 741-754. doi:

10.1017/S104161021600243X

Silva, A. R., Pinho, M. S., Macedo, L., & Moulin, C. J. A. (2013). Benefits of SenseCam review

on neuropsychological test performance. American Journal of Preventive Medicine, 3,

302–307. doi: 10.1016/j.amepre.2012.11.005

Woodberry, E., Browne, G., Hodges, S., Watson, P., Kapur, N., & Woodberry, K. (2015).

The use of a wearable camera improves autobiographical memory in patients with

Alzheimer’s Disease. Memory, 23(3), 340–349. doi: 10.1080/09658211.2014.886703



Autobiographical memory training for

older adults using wearable cameras: an

exploratory study

Abstract

Evidence shows that episodic memory declines with age, which is a source of uneasiness for

older adults and their families. Recently, the interest in investigating how cognitive training

might mitigate these detrimental effects is growing, with a specific focus on how technology

might help the development of interventions that are more effective in improving older adults’

daily lives. Wearable cameras are devices that can automatically collect first-person pictures

that can be used in memory interventions. The aim of this study is to investigate the effects of

a temporal order decision task in older adults’ memory using pictures collected from wearable

cameras compared to using generic pictures from an image database. Fifteen participants were

divided in two groups and did a 4-week training at home. Results indicate that reviewing

automatically collected pictures from their personal lives might help improve temporal decision

memory for untrained events. Using contextually rich, personally significant, real life events to

train memory in a task that allows for context reconstruction might be effective in stimulating

autobiographical memory. Future research should investigate these effects in larger samples.

Keywords: Autobiographical memory; wearable cameras; memory training; older adults.
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Instructions for training: AM group
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Instructions for training: LM group
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Consent to Participate in a Research Study 

ADULT 

 

Measuring and Training Memory Using Photographs from Wearable Cameras 

 Page 1 of 5 Subject*Initials_________

DUKE UNIVERSITY HEALTH SYSTEM
Form
M0345

 

You are being asked to take part in this research study because you are a healthy adult between the ages 
of 65 and 85.  Research studies are voluntary and include only people who choose to take part.  Please 
read this consent form carefully and take your time making your decision. As you review this document, 
please ask the study personnel to explain any words or information that you do not clearly understand.  
We encourage you to talk with your family and friends before you decide to take part in this research 
study.  The nature of the study, risks, inconveniences, discomforts, and other important information 
about the study are listed below. Please inform the study staff if you are currently taking part in another 
research study. 
 
You may be enrolled in this study as a pilot subject, wherein you might be asked to complete only a 
subset of the entire protocol; we will let you know at time of enrollment which subset you will 
participate in, if applicable. Pilot subjects will be used at the beginning of the study in order to �test run� 
the various procedures in a realistic manner, and will be selected based on when in the experimental 
timeline a participant is enrolled in the study. Monetary compensation will be adjusted based on the 
number of hours participated, as described in the �Compensation� section below. 
 
FUNDING 

A grant from the National Institutes of Health (NIH) will sponsor this study.  Portions of Roberto 
Cabeza�s and his research team�s salaries will be paid by this grant. 
 
WHY IS THIS STUDY BEING DONE? 

The purpose of this study is to investigate the use of wearable cameras as a basis for measuring and 
training autobiographical memory in older adults.  
 

HOW MANY PEOPLE WILL TAKE PART IN THIS STUDY? 

Approximately 300 people will take part in this study at Duke. 
 
WHAT IS INVOLVED IN THE STUDY? 

If you agree to be in this study, you will be asked to sign and date this consent form.  Once enrolled in 
the study, you will have an initial lab visit lasting approximately 1 hour in which you will be asked to 
perform a series of cognitive tests designed to measure your mental functions. If the initial lab visit 

CONCISE SUMMARY

The purpose of this study is to determine if wearable cameras can be used to measure and train 
autobiographical memory in older adults. You will not receive direct benefit as the goal of this 
study. The duration of the study will be about 3.5 months and there is minimal risk associated with 
participation.  
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Consent to Participate in a Research Study 

ADULT 

 

Measuring and Training Memory Using Photographs from Wearable Cameras 

 Page 2 of 5 Subject*Initials_________

DUKE UNIVERSITY HEALTH SYSTEM
Form
M0345

confirms you to be eligible, you will be equipped with both a wearable camera and laptop and trained on 
how to use them. This training should last an additional 30 minutes. You will then partake in a 
familiarization period for one month in which you become familiar with the camera, tablet, and 
experimental procedure by taking them home with you and using them regularly. After you are 
familiarized a second lab visit will take place in which your memory will be tested. After your second 
lab visit, you may be instructed to do intensive memory training for an additional 2-3 months, after 
which a final lab visit, identical to the second lab visit, will take place. As noted above, if you are a pilot 
subject, you will only participate in some of these phases or do a shorter version of the complete task. 
  
HOW LONG WILL I BE IN THIS STUDY?   

This study will be conducted over the span of approximately three and a half months. You can choose to 
stop participating at any time without penalty or loss of any benefits to which you are entitled. 
 
WHAT ARE THE RISKS OF THE STUDY? 

There is a small chance that viewing photos from your own life could elicit emotions. These emotions 
are unlikely to be stronger than those you would naturally experience in real life, however you may 
contact the experimenter at any time if you are experiencing uncomfortable emotions. If you feel too 
much stress, your participation in the study will be stopped immediately and you will be put in contact 
with Duke�s Counseling and Psychological Services (CAPS).  
 
Because the cameras used in this study capture the wearer�s surroundings automatically, there is a 
potential loss of privacy to persons in your immediate environment. You will be encouraged to inform 
everyone you interact with with that you are wearing a device that could capture his/her image at any 
moment.  
 
While there are no physical risks associated with this study, there is the potential risk of loss of 
confidentiality. Every effort will be made to keep your information confidential; however, this cannot be 
guaranteed. As with your personal information, confidentiality of persons captured by your camera 
cannot be guaranteed. 
 
ARE THERE BENEFITS TO TAKING PART IN THE STUDY? 

If you agree to take part in this study, there is no medical benefit to you. Although there is a chance that 
your memory performance will be improved by participation, this is in no way a guaranteed outcome. 
 
WILL MY INFORMATION BE KEPT CONFIDENTIAL? 

Participation in research involves some loss of privacy. We will do our best to make sure that 
information about you is kept confidential, but we cannot guarantee total confidentiality. Your personal 
information may be viewed by individuals involved in this research and may be seen by people 
including those collaborating, funding, and regulating the study. We will share only the minimum 
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Measuring and Training Memory Using Photographs from Wearable Cameras 
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Form
M0345

necessary information in order to conduct the research. Your personal information may also be given out 
if required by law.  
 

The Department of Health and Human Services (HHS) has issued a Certificate of Confidentiality to 
further protect your privacy.  With this Certificate, the investigators may not disclose research 
information that may identify you in any Federal, State, or local civil, criminal, administrative, 
legislative, or other proceedings, unless you have consented for this use. Research information protected 
by this Certificate cannot be disclosed to anyone else who is not connected with the research unless:   

1) there is a law that requires disclosure (such as to report child abuse or communicable 
diseases but not for legal proceedings);  

2) you have consented to the disclosure, including for your medical treatment; or  

3) the research information is used for other scientific research, as allowed by federal 
regulations protecting research subjects.  

4)  if this information is disclosed to outside reviewers for audit purposes, it may be further 
disclosed by them and may not be covered by federal privacy regulations. à 

Disclosure is required, however, for audit or program evaluation requested by the agency that is funding 
this project. 

You should understand that a Confidentiality Certificate does not prevent you or a member of your 
family from voluntarily releasing information about yourself or your involvement in this research. If you 
want your research information released to an insurer, medical care provider, or any other person not 
connected with the research, you must provide consent to allow the researchers to release it. This means 
that you and your family must also actively protect your own privacy.  
Finally, you should understand that the investigator is not prevented from taking steps, including 
reporting to authorities, to prevent serious harm to yourself or others.  
 
The study results will be retained in your research record for at least six years after the study is 
completed. While the information and data resulting from this study may be presented at scientific 
meetings or published in a scientific journal, your name or other personal information will not be 
revealed. 
 
Photos collected by the wearable cameras are to be viewed only by the research team, and will be 
deleted at the conclusion of the study. 
 
COMPENSATION 

You will be paid $15 per hour plus transportation/parking costs for your visits to this lab for a total of 30 
hours of participation. Withdrawal from the study before it is completed or participation in only part of 
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the experiment as a pilot subject will result in compensation only for the number of hours participated, 
as a percentage of the total amount. 
 

WHAT ABOUT RESEARCH RELATED INJURIES? 

Immediate necessary medical care is available at Duke University Medical Center in the event that you 
are injured as a result of your participation in this research study. However, there is no commitment by 
Duke University, Duke University Health System, Inc., or your Duke physicians to provide monetary 
compensation or free medical care to you in the event of a study-related injury. For questions about the 
study or research-related injury, contact Roberto Cabeza at (919) 668 - 2299 during regular business 
hours. 
 
WHAT ABOUT MY RIGHTS TO DECLINE PARTICIPATION OR WITHDRAW FROM THE 

STUDY? 

You may choose not to be in the study, or, if you agree to be in the study, you may withdraw from the 
study at any time. If you withdraw from the study, no new data about you will be collected for study 
purposes other than data needed to keep track of your withdrawal.  
 
If you do decide to withdraw, we ask that you contact Dr. Cabeza in writing and let him know that you 
are withdrawing from the study. His mailing address is:  
 
Cabeza Lab, Center for Cognitive Neuroscience 
Duke University LSRC Bldg Rm B254, Box 90999 
Durham, NC 27708. 
 
WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS? 

For questions about the study or a research-related injury, contact Roberto Cabeza at (919) 668 - 2299 

during regular business hours.  
 
For questions about your rights as a research participant, or to discuss problems, concerns or suggestions 
related to the research, or to obtain information or offer input about the research, contact the Duke 
University Health System Institutional Review Board (IRB) Office at (919) 668-5111. 
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STATEMENT OF CONSENT 

"The purpose of this study, procedures to be followed, risks and benefits have been explained to me. I 
have been allowed to ask questions, and my questions have been answered to my satisfaction. I have 
been told whom to contact if I have questions, to discuss problems, concerns, or suggestions related to 
the research, or to obtain information or offer input about the research. I have read this consent form and 
agree to be in this study, with the understanding that I may withdraw at any time.  I have been told that I 
will be given a signed and dated copy of this consent form." 
 
__________________________________________  ___________     ____________ 
Signature of Subject       Date     Time 
 
__________________________________________  ___________     ____________ 
Signature of Person Obtaining Consent    Date     Time 
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DUHS INSTITUTIONAL REVIEW BOARD NOTIFICATION OF AMENDMENT APPROVAL

 

Protocol ID: Pro00100512
Reference ID: Pro00100512-AMD-6.0
Principal Investigator: Cabeza, Roberto
Protocol Title: Measuring and Training Memory Using Photographs from Wearable Cameras
Sponsor/Funding Source(s): National Institutes of Health (NIH)

 

The Duke University Health System Institutional Review Board for Clinical Investigations has conducted the following 
activity on the study cited above:
Activity:   Amendment                                         Review Type:   Expedited
Review Date:  06/23/2022
Issue Date:  June 23, 2022
Expiration Date:  01/01/2100
 

DUHS IRB approval encompasses the following specific components of the study:
Protocol, version/date: 
DUHS IRB Application version: v1.14
Consent form reference date: 
Investigator Brochure, version/date: 
Pediatric Risk Category: 
Other: 
 

The DUHS IRB has determined the specific components above to be in compliance with all applicable Health 
Insurance Portability and Accountability Act ("HIPAA") regulations.

 

This study expires at 12 AM on the Expiration Date cited above. At that time, all study activity must cease. If you wish 
to continue specific study activities directly related to subject safety, you must immediately contact the Executive 
Director of the DUHS IRB or if urgent, call the IRB's main number 919-668-5111, then follow paging instructions to 
reach the IRB Chair on call. Continuing review submissions (renewals) must be received by the DUHS IRB office 60 
to 45 days prior to the Expiration Date.

No change to the protocol, consent form or other approved document may be implemented without first obtaining IRB 
approval for the change. Any proposed change must be submitted as an amendment. If necessary in a life-
threatening situation, where time does not permit your prior consultation with the IRB, you may act contrary to the 
protocol if the action is in the best interest of the subject. You must notify the IRB of your action within five (5) working 
days of the event.

The Duke University Health System Institutional Review Board for Clinical Investigations (DUHS IRB), is duly 
constituted, fulfilling all requirements for diversity, and has written procedures for initial and continuing review of 
human research protocols. The DUHS IRB complies with all U.S. regulatory requirements related to the protection of 
human research participants. Specifically, the DUHS IRB complies with 45CFR46, 21CFR50, 21CFR56, 21CFR312, 
21CFR812, and 45CFR164.508-514. In addition, the DUHS IRB complies with the Guidelines of the International 
Conference on Harmonization to the extent required by the U. S. Food and Drug Administration.

 DUHS Institutional Review Board
 2424 Erwin Rd | Durham, NC | 919.668.5111
 Federalwide Assurance No: FWA 00009025Suite 405 | 

                                                    


