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Abstract. This paper describes an assistive technology designed for 
longitudinal monitoring of memory decline for people with Alzheimer’s 
Disease (AD). While there are systems designed for rehabilitation of people 
with AD, supporting caregivers, and psychosocial intervention, there is a lack in 
technology support that provides quantitative measures of progressive memory 
decline that can assist physicians in clinical settings. An interactive 
autobiographical memory repository of images and sound recordings was 
developed to facilitate measuring memory recall and recognition. The system 
functionality and the user-centered design approach of involving geriatric 
psychiatry specialists and caregivers are described.  
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1   Introduction 

Accelerated cognitive decline and memory loss is a concern for rapidly aging 
populations. One of the most common reasons of memory loss is Alzheimer's Disease 
(AD), a neurological disorder which is an irreversible progressive form of Dementia 
affecting memory, cognition, and behavior [2]. Prevalence is growing worldwide 
affecting many facets of life. In Saudi Arabia alone, 50000 people were estimated to 
have been diagnosed with AD [9]. AD is also considered to be the sixth main cause of 
death in the United States [10]. An equal number of caregivers are affected who 
support People with AD (PwAD) with their physical needs of aging and episodic 
memory impairments. In 2008, there was an estimate for AD that 9.9 million 
caregivers provide 8.5 billion hours of care at a cost of $94 billion in the US [1]. 
Caregivers are often a spouse or a close relative of PwAD, and are considered the 
second or hidden victim of AD. Caregivers’ burden lies in the challenge of assisting 
PwAD physically and mentally, while at the same time trying to keeping track of 
progressive decline in cognitive abilities in interventional therapy. 

Recent research has suggested that earlier diagnosis facilitates earlier treatment of 
the disease, when medications have been shown to be most effective [8]. A challenge 
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resides in monitoring memory loss at the onset of AD symptoms and for patients with 
Mild Cognitive Impairment (MCI). Recently, there has been increasing interest in the 
design and development of assistive technologies for PwAD. While this research 
serves the purpose of providing solutions for people who need them (e.g. individuals 
with AD, their caregivers, physicians), it also gives researchers opportunities to 
investigate and learn from people with AD whose requirements challenge the extent 
of designers’ and developers’ understandings [6]. Of particular interest to our current 
work are research studies examining technology solutions for people with AD that 
have been shown to be effective in facilitation social interaction and eliciting memory 
cues. Systems have been designed for early diagnosis, rehabilitation of AD patients 
[10], supporting caregivers [1][6], assisting them with their daily lives [4], and 
intervention [8]. Clinicians involved in the caring for people with AD often find it 
difficult to assess memory decline based on caregivers’ anecdotal evidence. This has 
led to the question of whether technology can assist physicians in accurately keeping 
track of accelerated memory decline. Zplay has been recently introduced for clinical 
and home use, which facilitates monitoring; however, longitudinal monitoring still 
relies on subjective or manual recording, which does not involve direct interaction 
between PwAD and the system [8]. The need for supporting physicians in monitoring 
decline of memory abilities signals opportunities for technology development. This 
has motivated us for developing "Monitoring Memory Streams", which is a software 
program aimed to help caregivers and physicians with that process. The inadequate 
understanding of the needs of users in this context has entailed adopting a User-
Centered Design (UCD) approach for iterative needs assessments and evaluation of 
prototypes. Monitoring the accelerated decline in memory for patients with AD is a 
challenge in home settings. In clinical settings, physicians rely on neuropsychological 
measures. Longitudinal data is difficult to ascertain due to the challenge in eliciting 
accurate reports described by caregivers. A better understanding of how clinicians 
measure memory decline can help identify opportunities for technology to help this 
process and consequently reduce the burden on the caregivers. 

Reminiscence Therapy (RT) is a common psychosocial intervention for people 
with AD. RT involves eliciting memories with tangible objects such as photographs 
or artifacts. Evidence suggests that having PwAD engage in activities that are 
cognitively stimulating can slow down the rate of decline in cognitive abilities [1]. 
Multimedia that can be readily recognized by PwAD such as photos with faces of 
people familiar to PwAD or places of interest are often advocated in RT [8]. A better 
understanding of effective conversational prostheses and what visual and auditory 
stimuli are effective in triggering memories of past experiences can help improve the 
functionality of a monitoring system in assessing recognition rates over extended 
periods and consequently provide objective measures of decline. 

The aim of this project is to develop a system for monitoring the decline in memory 
for people with AD. The hypothesis is that a monitoring system used regularly by 
PwAD can help provide an accurate measure of cognitive abilities over long periods of 
time between clinical visits, decrease caregiver burden, by automatically keeping track 
of recognition rates of visual images and auditory cues. In this paper, we first present an 
overview of the system that we developed for monitoring memory decline of people 
with AD. Following that, we discuss our user-centered design approach in the design 
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and development of the system. Finally, we make some concluding remarks and discuss 
future work. 

2   Monitoring Memory Streams: System Overview 

Our Monitoring Memory Streams system provides a technology solution for measuring 
memory decline for PwAD. The system includes customization features for caregivers 
to build a personalized photo and audio repository of four categories; namely people, 
places, events, and objects for the AD individual. Categories are based on psychological 
models of autobiographical memory [4], and have been applied in the context of 
assistive technologies for people with episodic memory impairment [1]. This is 
facilitated by populating the photo database with pictures of the AD individual’s 
relatives, friends, familiar places and surrounding objects, and the audio database with 
sound recordings of the people who are close and familiar to them. 

Recognition tests are designed by clinicians to measure the progressive decline of 
memory for PwAD with customized reporting. The system is intended to be used as a 
catalyst for facilitating interactions between caregivers and PwAD. Caregivers use the 
system with PwAD in recognition drills designed as activities similar to browsing 
photo albums, while the system keeps track of recognition rates of images and audio 
clips automatically over periods extending between clinic visits. The system generates 
reports of performance-tracking for enabling the specialists to monitor the memory 
decline or stability of PwAD. The system is implemented on a touch-pad portable 
device featuring direct manipulation interaction types with reduced complexity in 
which functionality is not hidden in menu structures. Evidence exists demonstrating 
that touch screens are effective interaction types for people with dementia [3]. The 
system reduces the burden on caregivers in long-term monitoring of PwAD by 
serving as a catalyst for facilitating a joint activity between caregivers and PwAD in 
relaxed home settings. Once an individual is diagnosed with AD, subjects are able to 
work on the interactive drills at home with caregivers. In clinic visits, memory decline 
can be examined in 3 to 6 month intervals depending on the stage of the AD. This 
system also facilitates examining the impact of medication on PwAD’s ability to 
respond or recognize people, places, objects or events in the multimedia drills as 
compared to other treatments. Systems that use personalized artifacts for PwAD have 
been shown to be promising in reminiscence therapy [4]; however, these have been 
criticized for burdening caregivers with collecting media. This issue has been 
addressed in our system by minimizing caregiver involvement to the initial setup 
stage. The system has a default test specifications, which can be customized by 
clinicians to match each PwAD’s needs. The tests' results are stored and customized 
reports can be generated for the specialists' use.  

3   User Centered Design 

The system was developed with a UCD approach arising from the need expressed by 
physicians and caregivers of PwAD for a way of facilitating the monitoring process of 
accelerated memory decline for long periods between clinic visits. Physicians and 
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caregivers were involved as informants in the design and the development of the 
system, to provide insights into measures of cognitive decline to identify system 
functionality, and the needs of our targeted user population. Development of 
prototypes was carried out iteratively, with the input of a geriatric psychologist, 
neurologist, and caregivers throughout. Indirect involvement of PwAD was 
considered in early stages of the project due to the difficulties known to exist in 
eliciting requirements directly from PwAD [6]; however direct involvement of PwAd 
is planned for later stages of iterative prototyping and in the longitudinal trials of the 
monitoring system. In specifying the context of use for Monitoring Memory Streams, 
it was evident that our problem involves users who require specific design 
considerations that avoid complexity and over-stimulation and who have memory 
recollection issues, and is targeting specialists in the medical field. As designers and 
developers, a key challenge for us was to develop a system for people who have 
different life experience from our own. 

The main cycle of work was comprised of four activities. First, specifying the 
context of use in both clinic and home environments with three categories of users 
(i.e. specialists, PwAD and their caregivers). Second, specifying requirements 
involved examining software designed for RT and assistive technologies for PwAD as 
well as conducting requirements discovery sessions with specialists in fields such as 
geriatrics, psychiatry, and neurology. Caregivers of PwAD were involved as design 
informants to elicit insights into their cognitive and interaction needs. Third, 
producing design solutions involved iterative prototyping in two stages. First, the low 
fidelity prototype was designed using paper-based sketch formatted interface and was 
assessed by a neurologist. Second, a high-fidelity prototype comprised of an 
interactive application running on an iPad was examined by a geriatric psychiatrist. 
Cognitive walkthroughs of the design were conducted with the geriatric psychiatrist 
and refinement of measures and interaction design were revised accordingly. 

 

Fig. 1. Prototypes used in requirements discovery sessions with physicians 

4   Conclusion 

This project has presented a technology solution for healthcare practitioners for the 
purpose of monitoring memory decline of people with AD. The UCD approach 
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adopted in this project extends our understanding of how a monitoring system can be 
designed to meet the needs of clinicians and caregivers. At the stage of writing this 
paper, we have implemented the design and will evaluate it with our target user 
population in a longitudinal study. 
 
Acknowledgments. Our thanks to Noura Al-Zamel and Lubna Al-Hinti for their 
effort in the design and development of the system. We also thank Dr. Fahad Al-
Wahhabi for his assistance in requirements gathering. 

References 

1. Alzheimer’s Association, 2008: 2009 Alzheimer’s Disease Facts and Figures,  
http://www.alz.org/national/documents/report_ 
alzfactsfigures2009.pdf  

2. Alzheimer’s Association, “What is Alzheimer’s,” Alzheimer’s Association,  
http://www.alz.org/alzheimers_disease_what_is_alzheimers.asp  

3. Astell, A., Ellis, M., Bernardi, L., Alm, N., Dye, R., Gowans, G., Campbell, J.: Using a 
Touch Screen Computer to Support Relationships Between People with Dementia and 
Caregivers. Interacting with Computers 22, 267–275 (2010) 

4. Barsalou, L.W.: The Content and Organization of Autobiographical Memories. In: 
Remembering Reconsidered: Ecological and Traditional Approaches to the Study of 
Memory, pp. 193–243 (1988)  

5. Cohene, T., Baecker, R., Marziali, E.: Designing Interactive Life Story Multimedia for a 
Family Affected by Alzheimer’s Disease: A Case Study. In: Proceedings of CHI 2005, pp. 
1300–1303. ACM, New York (2005) 

6. Hawkey, K., Inkpen, K., Rockwood, K., Mcallister, M., Slonim, J.: Requirements 
Gathering with Alzheimer’s Patients and Caregivers. In: Proceedings of the 7th 
International ACM SIGACCESS Conference on Computers and Accessibility (Assets 
2005), pp. 142–149. ). ACM, New York (2005) 

7. Lee, M.L., Dey, A.K.: Providing Good Memory Cues for People with Episodic Memory 
Impairment. In: Proceedings of the 9th International ACM SIGACCESS Conference on 
Computers and Accessibility (Assets 2007), pp. 131–138. ACM, New York (2007) 

8. Makedon, F., Zhang, R., Alexandrakis, G., Owen, C., Huang, H., Saykin, A.: An 
Interactive User Interface System for Alzheimer’s Intervention. In: Makedon, F., 
Maglogiannis, I., Kapidakis, S. (eds.) Proceedings of the 3rd International Conference on 
PErvasive Technologies Related to Assistive Environments (PETRA 2010), article 35, 5 
pages. ACM, New York (2010) 

9. Mansour, T.: Alzheimer’s Disease (in Arabic). Alriyadh newspaper,  
http://www.alriyadh.com/2010/06/09/article533201.html  

10. Gogia, P., Rastogi, N.: Clinical Alzheimer Rehabilitation, 1st edn. Springer, Heidelberg 
(2008) 

11. Williams, T.: Alzheimer’s Disease Supersedes Diabetes as Sixth Leading Cause of Death 
in The United States, Alzheimer’s Association,  
http://www.alz.org/national/documents/release_061208_sixth_ 
final.pdf  

12. Wilson, R.S., Aggrarwal, N.T., Branes, L.L., Cf, M.D.L., Le, H., Da, E.: Cognitive 
Decline in Incident Alzheimer Disease in a Community Population. Neurology 74, 951–
955 (2010) 


	An Interactive Multimedia System for Monitoring the Progressive Decline of Memory in Alzheimer's Patients
	Introduction
	Monitoring Memory Streams: System Overview
	User Centered Design
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




