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Abstract

This paper presents preliminary results from an ongoing ethnographically-informed research project focused on
designing technologies that support people with cognitive disabilities residing in community living settings and the
distributed network of caregivers. Over the past thirty years, social and legislative reforms in the U.S. have enabled
people with cognitive disabilities to steadily move from long-term care settings in centralized institutions to
independent and semi-independent living in decentralized community residences. This paper will examine some of
the socio-technical challenges and opportunities for improving the long-term quality of life for residents and the job
satisfaction for the network of professionals who care for them. We illuminate the potential role of personal life
histories in this effort, and describe a multi-tiered socio-technical architecture that addresses these challenges.

1 Introduction

Historically, approaches to universal access [33] focus almost exclusively on technologies that directly help
individuals with disabilities to more easily access information, facilities, and activities that individuals without
disabilities often take for granted. This limited approach ignores the broader social context in which people live.
Individuals, especially those with cognitive disabilities, often have difficulties advocating for themselves and
communicating their basic needs and preferences. Thus behind each person with a cognitive disability is a network
of caregivers who must help them advocate by understanding each person’s unique needs, methods for
communicating, personality, and past history.

The Cognitive Levers research group (http://l3d.cs.colorado.edu/clever) at the University of Colorado is working
collaboratively with a local community care organization, Imagine! (http://www.imaginecolorado.org), to design
new cognitive technologies for assisted living environments. This ongoing study employs ethnographic methods
[32] to gain a nuanced understanding of the existing practices and support systems used by caregivers of people with
cognitive disabilities in community living environments in the Imagine! organization. A major goal of the study is to
identify and design appropriate technologies that (1) directly assist individuals with cognitive disabilities and (2)
empower direct caregivers and organizations with the tools and information needed to provide opportunities for
lifelong learning and personal growth. An overriding theme that has emerged through this study is the absence of,
and the need for, construction and access of personal life history information about individuals receiving care
through the Imagine! network.

We begin by providing a brief background of assistive living environments for individuals with cognitive
disabilities. We then present our research methodology, and highlight three findings that illuminate the need for
personal life histories. Next, we present conceptual frameworks that have guided the development of a multi-tiered
socio-technical architecture for creating, representing, and using personal life history knowledge. Finally, we discuss
pertinent privacy related issues, and discuss related projects and research initiatives.



2 Background: History of Assistive Living Environments

Over the past thirty years, people with cognitive disabilities have moved from centralized long-term care institutions
to geographically dispersed community residential environments [13]. Our society has also begun to place more
value on opening doors for individuals with disabilities to participate in community activities and pursue
employment. As a result, individuals with cognitive disabilities often interact with a number of different caregivers
and even different care organizations in the course of a day, while over the course of their a lifetime, they may
require different levels of residential care and receive aid from several care provider networks. These changes create
challenges concerning the communication and documentation of relevant information about an individual in the
course of the day, and longitudinal awareness of an individual’s personal history and personal development.

Imagine! is a private, non-profit organization established in 1963, which provides support services to people with
disabilities and their families in the Boulder and Denver metropolitan area. Imagine! clients include individuals with
mental retardation, Down’s syndrome, autism, epilepsy, cerebral palsy or traumatic brain injury. Imagine! works
primarily with individuals outside the school system (under age 3 and over age 21). The mission of Imagine! is to
create and offer innovative supports to people of all ages with cognitive, developmental, and health related needs so
they may live fulfilling lives of independence and quality in their homes and communities.

Imagine! comprises a number of departments that interact somewhat like business partners. These departments
include: (1) Innovations, which provides 24 hour residential services in individual and group home living; (2) the
Out and About Program which provides recreational opportunities for adults living in group and supported living
situations; (3) Labor Source, a job finding organization for people with disabilities; and (4) Community
Partnerships, providing supporting living guidance. Clients often receive services from several departments each
week and even each day. In addition to the care provided by the Imagine! network, residents in a community living
environment each have a guardian, family, and friends with whom they may interact regularly.

The groups within Imagine! form a complex network of people and organizations involved in care. Initial meetings
with Imagine! group home coordinators indicated that complexity can lead to communication problems between the
various departments and direct care providers in the group home. In this study we sought to gain a richer, contextual
understanding of the issues involved in coordination and management of care, as they occur day-to-day.

3 Ethnographically-Informed Study Methodology and Findings

We are currently conducting an ethnographically-informed study in the setting of various community living
environments, including group homes where four to eight residents live together with 24 hour care staff, and
personal care alternatives (PCAs) where two to three residents live together with less intensive care. Research
methods include semi-structured interviews with adult caregivers, and observations in group homes and community
outreach activities with caregivers and residents. Researchers have also analyzed information artifacts used in the
group homes to maintain and share information pertaining to care.

Interview and observation participants are identified through other participants in a “snowball” fashion, as
researchers gain an understanding of the organizational structure and relationship of Imagine! caregivers. Interview
participants include: group home coordinators and management staff, case managers, direct care staff who work in
the homes, as well as the residents of the group homes and PCAs. Interviews typically last between 30 and 60
minutes. Interviews are conducted in the group home environment or in the Imagine! administrative office, and are
focused on understanding current care practices, technological systems, training methods, and perceptions of the
greatest challenges in providing care.

3.1 Finding 1: Buried in Documentation

We found that while the quantity of documentation maintained by care staff is high, it is lacking in usefulness. Much
documentation is mandated by local, state, or federal regulations, but is of little use to direct care staff in providing
daily care. For example, we learned that regulations dictate that the time and dosage of every medication
administered must be recorded; any occurrences related to health, safety, or behaviours must be noted on an incident
report; and the activities of each resident must be documented.  Activities may include events such as the number of
times the resident left the house, recreational and social participation, family visits, or doctors appointments and
bowel movements. Staff reported that healthy residents make an average of 20 visits to doctors in a single year, in
part due to state mandates. One group home coordinator explained that for homes supporting people with significant
medical challenges, approximately 500 items of information are recorded each day for each resident.



In addition to the mandated documentation, direct care staff maintains informal information systems that are used in
daily care. These include reminder systems that are placed around the home such as chalkboards, post-its, and wall
calendars that remind and prepare staff for daily activities and alert them of special situations. Staff members also
keep an informal staff log where they share important status and activity updates about residents, such as “Joe seems
tired, watch that he is eating properly.” These information systems are generally transient, disconnected from the
mandated information systems, and are used purely for day-to-day coordination and communication.

In our interviews with Imagine! direct care staff, respondents explained that the primary reason they worked in
challenging, exhausting, and underpaid positions was because of the close relationships they are able to build with
the residents. Documentation is viewed as a burden that decreases the time that caregivers can spend with residents.
This observation has also been noted in the literature, for example see [24].

3.2 Finding 2: Lost in Transition

A resident’s life history plays an important role in three particular situations: caregiver transitions, which include a
caregiver entering or leaving the organization, as well as the hand-off between various caregivers who interact with
each resident on a given day; and resident transitions, when a resident moves to a different living environment. We
observed that these transitions currently highlight the loss of personal life history.

High staff turnover contributes to the continuous loss of personal knowledge about residents. Nationally, direct care
staff at group homes remain at their positions for an average of six months [13]. Group home coordinators at
Imagine! report that a new caregiver is not valuable for about a year, because of the extensive hands-on training that
is required. Each resident has a primary caregiver, who maintains that resident’s documentation and organizes the
resident’s daily activities. Each time a staff member leaves, especially a primary caregiver, some knowledge of a
resident’s history also disappears.

While communication over the duration of a resident’s life is difficult, communication over the course of a single
day is likewise challenging. A resident typically interacts with several staff members in a single day. For example,
one or two staff members help residents get ready in the morning, a driver takes them to a recreational or vocational
activity, day program staff or a job coach works with them at these activities; and upon returning home the morning
staff have been replaced with the afternoon shift. While direct care staff within the group home are required to write
a brief statement of their interactions with residents, staff in other programs, such as the recreational and vocational
programs, are not required to communicate with group home staff. If an event occurs involving health or safety,
such as an aggressive action or a headache, all Imagine! staff must document this event on a paper-based state
mandated incident report. This report is later reviewed by management who, depending on the incident, may or may
not pass it along to managers in the other programs.

Residents also transition to different living environments, and these transitions often mark a significant loss of
personal information. We learned that for most individuals transitioning from the school system to Imagine!, the
incoming resident’s history is transferred in a single meeting that often lasts approximately one hour, and has very
little accompanying documentation. In cases where the individual arrives from a different region or from a home
environment, there may be no documentation or transfer of knowledge about the individual’s past. Since many of
these individuals are unable to describe their own history and their current needs, interests, and desires, this
knowledge needs to be slowly recompiled after each transition or is lost entirely.

3.3 Finding 3: Losing the Forest in the Trees

Re-examination and analysis of mandated or informal documentation is difficult because the information, largely
paper-based, is stored in various places throughout the house and is removed and archived after one year. For
example, medical information is kept in binders near the secured medicine cabinet; and daily activities and incident
reports are filed in yearly notebooks. Each year the annual notebooks are filed in boxes in the basement or at the
main office. There is no single electronic documentation system, so policy requires that all documentation be printed
out and filed manually at the main office. Because the previous year’s recorded are stored at the office offsite,
documentation for the direct caregiver becomes inaccessible after one year. Furthermore after 10 years, information
is often “purged” and lost altogether.

Little documentation is used by group home coordinators or management staff for future planning, such as
organizing recreational activities, living situations, vocational opportunities, or medical cautions. For example, a day



program coordinator lamented that community outreach activities are planned without the ability to review
residents’ preferences, or any resident feedback from previous activities. Case managers, charged with helping
residents plan their future, must rely on their own information, what the resident is able to express, and
conversations with those who are directly involved in the resident’s life. Management staff described their need,
currently unfulfilled, to conduct historical trend analysis as well as future predication modelling in order to improve
care services, allocate budget more effectively, and improve caregiver training.

To summarize, there is no shortage of documentation created by caregivers about residents; but currently the
regulation based documentation is not organized nor necessarily the most valuable information important in building
a useful personal life history.

4 Conceptual Frameworks

Early analysis of our ethnographic data support the conclusion that there is likely no single conceptual framework
that can effectively guide all design aspects of a social-technical system to suit the complex and evolving needs of
residents, caregivers, and managers. It is unlikely that any single system can be designed to address all or even most
needs of residents over their lifespan, or caregivers over their careers. Instead, several conceptual frameworks will
be necessary to inform the collaborative design of a “system of systems” which can incrementally be designed,
deployed, tested, and refined over time to support the changing needs of all stakeholders.

Conceptual frameworks that may contribute to a more coherent analysis of the problem and design of socio-
technical solutions include distributed cognition, context-aware environments, incremental formalization,
sensemaking, and utility theory. Each of these will be briefly described in the context of this problem domain.

Distributed cognition [21, 35] provides an effective theoretical framework for understanding what humans can
achieve through a variety of artifacts, tools, and information that are physically and logically distributed throughout
an individual’s world. An important notion from distributed cognition is that people often find useful answers to
complex problems from a variety of information sources. By supporting distributed cognition, intelligent systems
can be designed to reduce the overreliance on a single data source and reduce the likelihood that a  total system
failure could result from a single failure point. Some problems with distributed cognition include designing
appropriate strategies for detecting and resolving conflicting information, and acting in the face of late, missing, or
incomplete data.

Context-aware environments [17] offer an exciting opportunity to provide residents with cognitive technologies that
help them live more independently. They also have the potential to revolutionize the quality of services available for
the community support network serving persons with developmental disabilities. The challenges described above
highlight the need for a multi-tiered approach to developing technologies that directly support residents and in doing
so, empower the caregiver network to provide better quality care.

Incremental formalization [36] is the process of expressing, capturing, and representing information in a manner
that can be interpreted by a computer. Representations such as natural language and free-form diagrams or pictures
are considered informal because their semantics are largely uninterpretable by machines. By incrementally
interpreting this information into a more formal structure that can be searched and retrieved, this information
becomes more accessible and usable by future users for novel situations. This is an important design concept in our
project because our studies reveal that imporant information is often shared through informal media, such as
conversation and handwritten notes and our system will likewise need to capture and support such informal
representations.

Sensemaking [6] also provides a useful theoretical and social framework for understanding how individuals and
social networks process and communicate information in order to interpret the past and better understand the
present, and anticipate the future. This is relevant because our ethnographic research reveals that (1) no single
caregiver is responsible for 100% of the care of a resident and (2) no single person in management can assess what
training and support is appropriate for each direct care staff as they enter and work within the caregiver network.
Instead of designing with a “one size fits all” approach that may result in staff waiting to explicitly be told what must
be done, sensemaking could support the development of systems that empower individuals to use the information
around them to better understand and assess what should be done. Sensemaking may also be employed to “connect
the dots” between otherwise episodic data points, and present a more coherent picture of a resident when introducing
and training new staff within a work environment.



Context awareness, incremental formalization and sensemaking can be synergistically combined. Information may
be available from disparate sources (including environmental and biometric sources) in a context-aware
environment. This information may also be incrementally formalized with meta-information, such keywords or and
activity summary, so it may be used in other distributed systems at a future time. Sensemaking can be facilitated
when users are offered formal and informal knowledge that is meaningful and relevant to the task at hand, and
feedback about such information may be useful to further formalize the knowledge, or to find more appropriate
contexts for the future needs.

Utility theory: [8] All information systems ideally should provide some value or utility to the group of users they are
designed to serve. Utility theory may provide insight about why some systems are broadly accepted, while others are
not. There are three main traditions in how people make decisions, such as whether to use a system: (1) descriptive
approaches which measure the subjective or perceived value of a system to an individual; (2) normative approaches
which assess utility to construct a rational model of decision making; and (3) prescriptive methods which bridge
descriptive and normative approaches by considering limitations people have with respect to a goal.

We postulate that a relationship exists between the perceived utility of a system to an individual or organization, the
value it provides, and the effort required to obtain it. This utility is described by the following relationship:

Utility = f (value/effort)

where value is a “perceived” benefit of the system to an individual or organization, and effort is the work necessary
to provide the information. This heuristic will be used to (1) descriptively analyze how direct care staff and
management currently perceive the value of information systems they currently use, such as daily staff reports,
journals, medication documentation, etc.; and (2) to prescriptively design and assess proposed systems in order to
maximize the benefit of information to the organization.

5 Design Challenges and Implications

In our initial analysis we have identified three key steps to creating a personal life history to improve the quality of
care for a resident:

• collecting appropriate information from a variety of distributed sources and activities to better
understand a resident’s preferences, experiences, and ambitions;

• representing, storing, summarizing, and indexing information so relevant knowledge can be created
and used during relevant tasks or caregiver transitions (described earlier). Incremental formalization
approaches may be especially useful given the vast amount of distributed information is now available
from sensors (e.g. video, bio-medical, environmental state, etc.) as well as the ever-evolving nature of
data storage technologies.

• intelligently protecting, accessing and sharing appropriate information with other organizations
during transitions, or when a resident’s support network evolves, while carefully respecting the privacy
and security of residents. Privacy and security enhancing mechanisms can be embedded in the other
two steps if necessary.

The ability to collect, manage, and utilize a resident’s history is problematic for several reasons. From utility theory,
we understand that motivation plays an important role in any knowledge management endeavor because the required
effort is often not aligned with a perceived direct benefit. In trying to increase a system’s value it is necessary to
identify ways to align effort with value, and more generally, reduce effort and increase value. For example, using
sensor technologies to create context-aware systems can reduce user effort by implicitly collecting data that
currently requires explicit collection. It is also possible to increase a system’s value by implicitly collecting data that
is currently not collected at all.

To support this process we have also designed a distributed, multi-tiered architecture (Figure 1). This architecture is
intended to serve as a coherent framework for designing new technologies and applications beyond the personal
history application described in this paper by illuminating the relationship between information systems and
stakeholders they are designed to support.



Figure 1: A multi-tiered system architecture for Smart Care

Tier 1 technologies directly support home residents, and provide cognitive aids that increase residents’ self-
determination and independence. These technologies provide reminders and guidance in performing Activities of
Daily Living as well as vocational tasks. In addition to complementing the abilities of the residents, these
technologies unobtrusively monitor user activities and transfer this information to Tier 2 technologies, caregiver
support tools. Collecting this information as a by-product of the tool’s use helps address the documentation and
resident transition problems described in Findings 1 and 2 respectively.

Tier 2 technologies provide information to distributed direct care staff [34] about residents’ needs and preferences,
and prompt and coordinate caregiver support. Information about the nature of care provided is automatically
collected in Tier 2. As in Tier 1, the information collected as a by-product of use helps address the documentation
and resident transition problems described in Findings 1 and 2.

Information about resident activities (Tier 1) and care provided (Tier 2) is aggregated in Tier 3, knowledge
management support systems. Tier 3 technologies serve as an organizational memory [9, 37] that support system-
analysis and dissemination of information. This helps the care organization to see patterns that exist throughout the
organization as well as view long-term trends for individual residents and caregivers. This addresses the difficulty of
“seeing the forest in the trees,” as described in Finding 3.

Each architecture tier supports and provides feedback to other tiers. The resident-centered technologies provide
feedback to the direct care staff by automatically and unobtrusively gathering data about resident activities. The
caregiver-centered technologies improve the quality of documentation without increasing the burden on direct care
staff. The management support then provides valuable information to enhance caregiver training and support trend
analysis and long-term life planning for residents.

Tier Primary Goals Secondary Goals

1 Create opportunities for self-
directed living.

Collects usage and context data that provides feedback about
activities and social interactions

2 Support caregivers in providing
appropriate care

Documents care provided to resident

3 Provide “big picture” of
longitudinal trends

Improved policies and procedures

Enhanced direct care staff training

Enhanced Life Planning for Residents

Table 1: Primary and secondary goals of technology support tiers

As discussed earlier, collecting documentation is often problematic because caregivers perceive it to be a secondary
task that does not have a primary impact on their work. This is an example of the classic question, “Who does the
work and who gets the benefit?” [23, 24]. A common element of the proposed technologies is that they are self-
documenting. While the tools provide a primary benefit to the user, secondary benefits are realized by automatically
collecting information about the actions being performed. Utilizing this information to create an evolving life history



of the resident creates a feedback loop that in turn can lead to better support from the caregiver. Table 1 outlines the
primary and secondary goals of each support tier.

5.1 Making Life Stories Usable and Useful

There have been a number of projects aimed at improving quality of care by using digital technologies for capture
and access. However, it is a common characteristic of many existing projects that they are "data rich and information
poor” [28]. It may be the case that capturing the discrete events that compose life histories is relatively simple when
compared to considerations of how to make this information useful [20]. For example, it is relatively easy to take
photos of family events and archive them in a “shoebox,” yet it is time consuming and difficult to organize and
create a thematic “scrapbook” that highlights the accomplishments of each child within a family

A simple but naive computational strategy is to keep everything (“just in case”), since it is not always possible to
predict what information will be useful in the future. Bush [14] insightfully predicted that, “The difficulty seems to
be not so much that we publish unduly … but rather that publication has been extended far beyond our present
ability to make real use of the record.” Not only does this approach ignore privacy guidelines that suggest minimum
data capture [27], it also fails to recognize that information and information storage devices are not the scarce
resource; it is the human cognitive resources required to identify and utilize information. Information overload can
make a repository virtually useless because of these limitations. Context-aware systems and incremental
formalization can potentially address the overload problem by facilitating the delivery of the right information at the
right time, in the right place, in the right way to the right person [19].

For example, sensor networks can be used to monitor resident activities and collect vital signs. This can help
mitigate the problems of collecting documentation, described in Finding 1. Kiosks and handheld devices can prompt
and document caregivers as they provide care to the resident, which further addresses problems described in Finding
1 and also address the transition issues described in Finding 2. Finally, this information can be summarized into
longitudinal activity and health trends for nurses and case managers, which address issues highlighted by Finding 3.

5.2 Privacy-related Social Implications

Societal concerns about privacy are revealed in the common comparison of human tracking through sensor
technologies with Orwellian surveillance. Privacy is a complex issue in environments such as life histories, where
smart technologies are used for mediating social interactions. Some of what people take for granted in face-to-face
interactions may be reduced or lost in interactions mediated by technologies such as smart sensors. In order to
moderate the collecting and conveying of information, architectures and mechanisms that provide residents with
appropriate feedback and control [12] are desired.

Our life histories approach raises a multitude of questions about designing for appropriate feedback and control,
including:  (1) What information is collected, who controls it, and how long will it be accessible? (2) How, when,
and to whom should data collection and its purposes be disclosed? (3) Who has control over information derived
from data processing, mining and aggregation? (4) When is it in the interest of the individual to grant permission,
and when is it not? (5) How are information permissions mediated for groups? (6) How can conflicting needs (e.g.,
privacy and safety) be reconciled? (7) How can we reduce the risk of information being captured today cause
unintended damage in the future? (8) When is anonymity desirable, and when might it contribute to a dangerous
situation for vulnerable populations, such a people with cognitive disabilities? (9) Are privacy permissions and
boundaries different for people with cognitive disabilities?

Boundaries that separate and connect one's personal information spaces and the rest of the world are not defined
only by physical distance, but are also shaped by one's activities and social contexts. For example, information about
the objects employees touch can be public when they are at work in a warehouse. Understanding and dealing with
specific contexts is a challenge even though privacy guidelines and legislations (c.f. fair information practices) can
provide generic frameworks for a privacy-aware design.

6 Related Work

In order to address the challenges outlined above, our life histories approach includes a suite of three tiers. This
approach has been informed by our ethnographic studies, as well as related work in resident-centered systems (Tier
1), direct care systems (Tier 2), and knowledge management systems (Tier 3) in elder care and clinical settings.



Research related to Tier 1 includes various smart homes that focus on resident support. A senior living residential
center at Oatfield Estates [2] uses smart ID badges and embedded sensors to track and assist senior residents. Other
smart homes [4, 7, 38] track household objects and residents' biosignals to provide context-aware feedback to
residents. Handheld-based prompting systems such as MAPS [15] and AbleLink’s PocketCoach [16] are designed to
support persons with cognitive handicaps in their outdoor as well as indoor activities.

Technologies that relate to Tier 2 include wireless handheld devices, which have been used for patient monitoring
and charting in hospitals since the mid-1980s [5, 18, 29]. While initial work focused on showing the usefulness of
the technology, the emergence of HIPAA legislation [3] has created an additional focus to identify and address basic
privacy and security issues [10, 26, 30, 39]. While clinical information systems are akin to the caregiver systems
being proposed, there are also distinct differences. Current clinical information systems are designed for (1) highly
trained clinicians and medical professionals working in formal work settings and (2) use with patients who are
generally admitted for relatively short durations and can answer questions about their medical care. This is very
different from most long-term community living settings where caregivers usually have little or no clinical training,
face high turn-over of staff, and care for people with cognitive disabilities who may not be able to self-advocate.

As Meyer & Rakotonirainy [31] explored, there is a difference between developing context-aware technologies [17]
for formal work versus informal home settings. There are simplifying assumptions that can be made in both settings,
but in general, formal work environments are associated with well-defined tasks that take place in well-defined
locations. Community living settings will present a unique challenge as they are a hybrid of home and work settings.

Many of the above-mentioned smart home projects additionally support caregivers; however, other projects
explicitly focus on caregiver support. Barger et al. [11] explore in-home monitoring system that uses sensors to
capture residents' activities and provides feedback to informal as well as formal care providers. The Independent
LifeStyle Assistant [25] is a smart home environment "to help elderly people to live longer in their homes by
reducing caregiver burden." Carmien et al. [15] integrate MAPS, a handheld prompting system, with a caregiver
support component called Lifeline based on a socio-technical architecture for enhancing residents' mobility options
outside of the home.

A recent project that reflects the requirements of Tier 3 includes MyLifeBits [22], which is a lifetime store of
everything. It is the fulfilment of Vannevar Bush's 1945 Memex vision [14] including full-text search, text and audio
annotations, and hyperlinks. Privacy issues need to be addressed in order to use such data not only for personal
memory aids but also for monitoring and assisting others.

While there are many systems designed to support individuals with disabilities and caregivers, corresponding to Tier
1 and Tier 2 technologies, as described above, there has been little or no work in Tier 3 technologies designed
specifically for the disability or caregiver community. The Caregiver Alliance Toolbox [1] is a commercial suite of
systems designed to integrate resident and caregiver information. The functionality of this system spans Tiers 2 and
3. The Caregiver Alliance project considers privacy measures central to its design, yet information sharing and
caregiver accountability are also two primary goals. Residents who are able to self-advocate can control information
access and caregivers are granted permissions consistent with their need to know, expertise and responsibilities.
Administrators and researchers can gain access to aggregated information for trend analysis and evidence-based
policy reform.

7 Conclusion

Our research has illuminated the potential for personal life histories to play a valuable role in improving the lives of
residents living in community environments and their network of caregivers. We identified three dimensions of care
that represent opportunities for improvement: (1) direct care staff are burdened with large amounts of mandated
paperwork, which is generally of little use to them; (2) caregiver and resident transitions are particularly challenging
for maintaining consistent awareness of residents’ life histories; and (3) documentation that is physically dispersed
and not appropriately organized is not useful for essential planning, organization, and training. We have identified
these issues by working closely with the Imagine! organization, and future work includes exploring whether these
findings generalize across other community care organizations, and more broadly in the United States.

Providing smart care through personal life histories is not merely a technical challenge, but requires a socio-
technical perspective. The creation, representation, summarizing and sharing of personal life history information is a
socio-technical problem that hinges on understanding what constitutes, and how to deliver, the right information for



the right person at the right time. Beyond the technical challenges, the myriad social aspects of this issue that must
be considered include privacy, as well as motivational issues and perceived utility by caregivers. Sensor-based and
other automatic data collection mechanisms may ease the burden of documenting important events, but with
increased complexity and new privacy concerns. We believe that a human-centered approach is crucial in this
setting, and a socio-technical system must reflect and address these significant social issues in order to be effective,
usable, and accepted by all communities of users.

Acknowledgments

The authors thank the members of the Center for LifeLong Learning & Design (L3D) for contributing to the
environment support our research effort described here.  The research was sponsored by: (1) a pilot grant from the
Coleman Institute for Cognitive Disabilities, Boulder, CO; (2) RERC Grant #H133E040019 on Advancing
Cognitive Technologies funded by the National Institute on Disability and Rehabilitation Research (NIDRR) of the
U.S. Department of Education, and (3) the National Science Foundation, Grant IIS 0456053 “SGER: Designing and
developing mobile computing infrastructures and architectures to support people with cognitive disabilities and
caregivers in authentic everyday tasks”.

References

1. Caregiver Alliance Toolbox. 2005, at www.caregiveralliancetoolbox.com.
2. Elite Care. 2005, at http://www.elite-care.com/.
3. HIPAA: Health Insurance Privacy and Accountability Act. 1996, at www.hhs.gov/ocr/hipaa/.
4. Intel Practive Health. 2005, at http://www.intel.com/research/prohealth/index.htm.
5. PatientKeeper. 2005, at http://www.patientkeeper.com/.
6. Sensemaking, at http://www.tcw.utwente.nl/theorieenoverzicht/Theory clusters/Organizational

Communication/Sensemaking.doc/.
7. Smart Medical Home Research Laboratory at University of Rochester. 2005, at

http://www.futurehealth.rochester.edu/smart_home/index.html.
8. Utility Theory, at http://www.lsa.umich.edu/psych/decision-consortium/Tutorials/utility_theory.htm.
9. Ackerman, M.S. and McDonald, D.W., Answer Garden 2: Merging Organizational Memory with Collaborative

Help. in Proceedings of ACM Conference on Computer-Supported Cooperative Work, (N.Y., 1996), 97-105.
10. Balachandran, A., Voelker, G.M. and Bahl, P., Wireless hotspots: current challenges and future directions. in

1st ACM Int'l Workshop on Wireless Mobile Applications and Services on WLAN hotspots, (2003), 1-9.
11. Barger, T., Brown, D. and Alwan, M., Health Status Monitoring Through Analysis of Behavioral Patterns. in

Proceedings of the 8th congress of the Italian Association for Artificial Intelligence (AI*IA) on Ambient
Intelligence, (Pisa, Italy, 2003), Springer-Verlag.

12. Bellotti, V. and Sellen, A., Design for Privacy in Ubiquitous Computing Environments. in 3rd European
Conference on Computer-Supported Cooperative Work, (1993), Kluwer Academic Publishers, 77-92.

13. Breedlove, T., Buininks, R., Coucouvanis, K., Lakin, K.C., Larson, S., Polister, B. and Prouty, R.W. Residential
Services for Persons with Developmental Disabilities: Status and Trends Through 2003. in. Research and
Training Center on Community Living Institute on Community Integration/UCEDD, Minneapolis, MN, 2004.
at http://rtc.umn.edu/risp/index.html.

14. Bush, V. As We May Think. Atlantic Monthly, 176 (1). 1945. 101-108.
15. Carmien, S., Dawe, M., Fischer, G., Gorman, A., Kintsch, A. and Sullivan, J.F. Socio-Technical Environments

Supporting People with Cognitive Disabilities Using Public Transportation. Transactions on Human-Computer
Interaction (ToCHI). 2004. (in press).

16. Davies, D.K. Ablelink Technologies website. 2004, at www.ablelinktech.com.
17. Dey, A., Abowd, G.D. and Salber, D. A Conceptual Framework and a Toolkit for Supporting the Rapid

Prototyping of Context-Aware Applications. Human-Computer Interaction, 16 (2-4). 2001. 97-166.
18. Ellis, C.S. Health-Care Reforms Make CliniCom System a Money Maker. 1995, at

bcn.boulder.co.us/business/BCBR/1995/june/clini2.html.



19. Fischer, G. Articulating the Task at Hand and Making Information Relevant to It. Human-Computer Interaction
Journal, Special Issue on "Context-Aware Computing", 16. 2001. 243-256.

20. Fischer, G. Beyond Human Computer Interaction: Designing Useful and Usable Computational Environments.
in People and Computers VIII: Proceedings of the HCI'93 Conference (Loughborough, England), Cambridge
University Press, Cambridge, UK, 1993, 17-31.

21. Fischer, G. Distributed Cognition: A Conceptual Framework for Design-for-All. in Stephanidis, C. ed.
Proceedings of HCI International 2003, Lawrence Erlbaum Associates, Mahwah, NJ, Crete, Greece, 78-82.

22. Gemmell, J., Williams, L., Wood, K., Bell, G. and Lueder, R., Passive Capture and Ensuing Issues for a
Personal Lifetime Store. in Proceedings of The First ACM Workshop on Continuous Archival and
Retrieval of Personal Experiences (CARPE '04), (New York, NY, 2004), ACM Press, 48-55.

23. Grudin, J. Groupware and Social Dynamics: Eight Challenges for Developers. Comm of the ACM, 37 (1).
1994. 92-105.

24. Grudin, J., Social Evaluation of the User Interface: Who Does the Work and Who Gets the Benefit? in
INTERACT'87, 2nd IFIP Conference on Human-Computer Interaction (Stuttgart, FRG), (North-Holland,
Amsterdam, 1987), 805-811.

25. Haigh, K.Z., Kiff, L.M., Myers, J. and Krichbaum, K., The Independent LifeStyle Assistant (I.L.S.A.):
Deployment Lessons Learned. In The AAAI 2004 Workshop on Fielding Applications of AI, (S.J. CA), 11-16.

26. Johns, M.L. HIPAA, privacy and security: A practical course of action. Topics in Health Management Systems,
22 (4). 2002. 40-48.

27. Lahlou, S. and Jegou, F. European Disappearing Computer Privacy Design Guidelines. 2003, at
http://www.ambient-agoras.org/downloads/D15%5B1%5D.4_-_Privacy_Design_Guidelines.pdf.

28. Lundberg, L. Elite Care. in Assistive Technologies For Independent Aging: Opportunities and Challenges. U.S.
Senate Special Committee on Aging, Washington, D.C., 2003. at aging.senate.gov/_files/hrl21ll.pdf.

29. Marietti, C. New Waves in Patient Care: Wireless standards drop one oar in the water. 1997, at
www.healthcare-informatics.com/issues/1997/10_97/wireless.htm.

30. Mercuri, R.T. The HIPAA-potamus in health care data security. Comm of the ACM, 47 (7). 2004. 25-28.
31. Meyer, S. and Rakotonirainy, A., A survey of research on context-aware homes. in Proceedings of the

Australasian information security workshop conference on ACSW frontiers, (2003), 159-168.
32. Nardi, B.A. The Use of Ethnographic Methods in Design and Evaluation. in Helander, M.G., Landauer, T.K.

and Prabhu, P.V. eds. Handbook of Human-Computer Interaction, Elsevier Science B.V., 1997, 361-366.
33. Newell, A.F. and Gregor, P. Human Computer Interfaces for People with Disabilities. in Helander, M.G.,

Landauer, T.K. and Prabhu, P.V. eds. Handbook of Human-Computer Interaction, Elsevier Science B.V.,
Amsterdam, 1997, 813-824.

34. Pinelle, D., Gutwin, C. and Greenberg, S., Designing for loose coupling in mobile groups. in International ACM
SIGGROUP conference on Supporting group work, ACM PRESS, 75-84.

35. Salomon, G.E. Distributed Cognitions: Psychological and Educational Considerations. Cambridge University
Press, Cambridge, United Kingdom, 1993.

36. Shipman, F. Supporting Knowledge-Base Evolution with Incremental Formalization. Ph.D. Dissertation,
University of Colorado at Boulder. 1993.

37. Terveen, L.G., In the Footprints of the Masters: Embedding Knowledge Acquisition in Organizational Activity.
in Proceedings of 1992 AAAI Spring Symposium on Cognitive Aspects of Knowledge Acquisition, 235-238.

38. Wan, D., Magic Medicine Cabinet: A Situated Portal for Consumer Healthcare. in First International
Symposium on Handheld and Ubiquitous Computing (HUC '99), (Karlsruhe, Germany, 1999), 27-29.

39. Weinstock, B. HIPAA and Computer Security. Physical Therapy Magazine, 11 (7). 2003.



1 Introduction _____________________________________________________________ 1
2 Background: History of Assistive Living Environments __________________________ 2
3 Ethnographically-Informed Study Methodology and Findings_____________________ 2

3.1 Finding 1: Buried in Documentation ____________________________________________ 2
3.2 Finding 2: Lost in Transition __________________________________________________ 3
3.3 Finding 3: Losing the Forest in the Trees ________________________________________ 3

4 Conceptual Frameworks ___________________________________________________ 4
5 Design Challenges and Implications__________________________________________ 5

5.1 Making Life Stories Usable and Useful __________________________________________ 7
5.2 Privacy-related Social Implications _____________________________________________ 7

6 Related Work ____________________________________________________________ 7
7 Conclusion ______________________________________________________________ 8


