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In response to the high prevalence of caregiving and the negative health effects associ-
ated with caring for a chronically ill or disabled family member, researchers have
designed and tested a wide range of intervention strategies aimed at helping the care-
giver.  In this review we systematically examine the role of technology in caregiver inter-
ventions. Three specific questions are addressed:  (i) What do we mean by technology
when applied to the caregiving context? (ii) What types of technology have been used
in caregiving intervention research and have they been effective? and (iii) What direc-
tion might future research take in this area?  A systematic review of the literature yield-
ed 22 studies which are grouped into three categories based on the general goals of the
study: those that report technology-based interventions designed to improve physical or
psychosocial health of the caregiver, those that promote independent functioning of the
care recipient or older adult at risk, and methodological studies that focus on the devel-
opment and evaluation of technology-based approaches to health status assessment rel-
evant to the caregiving context. On the whole, these studies show that existing tech-
nologies are both acceptable and feasible, although assessments of their impact are
mixed.  Evidence can be found to support the conclusions that technology can be effec-
tive in enhancing social support; enhancing knowledge and understanding of chronic
disease, disability, and aging; and promoting emotional well-being and physical health.
However these conclusions must be qualified by numerous methodological limitations of
these studies, and those studies that do achieve positive outcomes are not able to
attribute them to technology per se.
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The personal, social, and health impacts of
caregiving have been well documented in
recent years1-4.  These findings in turn have
generated intervention studies aimed at
addressing the burden, distress, and health-
related morbidity associated with caregiving.
The majority of intervention studies have
focused on caregivers of persons with pro-
gressively dementing illnesses such as
Alzheimer’s disease (AD). Using a wide vari-
ety of intervention approaches, researchers
have been able to achieve small to moderate
decreases in burden and depression and, in a
few cases, impressive clinically meaningful
outcomes3,5. Similar results have been report-
ed for the intervention literature overall. A
recent meta-analysis of the caregiver inter-
vention literature reports that interventions
produced significant improvement of .14 to
.41 standard deviation units, on average, for
caregiver burden, depression, and subjective
well-being6. However, these conclusions are
qualified by a host of methodological prob-
lems that still characterize much of this liter-
ature.  First, sample sizes are often too small
to detect even large effects7. Second, ran-
domized controlled trial methods have been
used infrequently and are often implemented
incompletely5. Third, interventions are not
well described, and treatment implementa-
tion data are infrequently collected or report-
ed8.  Finally, the proportion of studies report-
ing clinically significant outcomes for impor-
tant public health indicators is relatively
small5.  

caregiving presents multiple challenges that
are not easily addressed. As a result, there is
no single, easily implemented, and consis-
tently effective method for achieving clinical-
ly significant effects among caregivers or
care recipients.  Most existing studies include
educational components aimed at enhancing
knowledge about the disease, the caregiving
role, and resources available to caregivers.
Educational approaches may be further aug-
mented with general instruction in problem-
solving skills, as well as with more focused
training for caregivers that teaches strategies
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for managing care recipient behaviors or
their own emotional response to caregiving.
Assistance with case management, counsel-
ing, and the provision of various types of
instrumental and emotional support have
also been tested in caregiver intervention
studies.  

What role might technology play in achiev-
ing these intervention goals?  We know intu-
itively that technology can facilitate commu-
nication and thus potentially increase social
support, enhance knowledge and under-
standing of life challenges, promote emo-
tional and physical well-being, facilitate
access to services and resources, and address
environmental safety concerns. However, a
more in-depth understanding of the role of
technology in caregiving requires that we
systematically address a number of key ques-
tions:  (i) What do we mean by technology
when applied to caregivers and care recipi-
ents? (ii) What types of technology have
been used in caregiving intervention work
and how effective have they been? and (iii)
What are the future opportunities for appli-
cations of technology to caregiving?

TECHNOLOGY IN CAREGIVER INTER-
VENTIONS
Technology is broadly defined as the ‘the
application of scientific knowledge to the
practical aims of human life’9. Examples of
the application of technology to aging
include low-level technological adaptations
of commonly-used objects in the home such
as tableware, writing implements, and
bathing facilities, as well as more sophisticat-
ed high-technology applications such as
biotelemetry (i.e., transferring biological
information from the patient’s body to the
physician or health care provider by means
of electronic implants under the skin)10.
Distinctions between low- and high-tech are
to some extent arbitrary and likely to change
with time.  Today’s high-tech innovation will
become tomorrow’s low-tech application.
Indeed, the definition of technology itself is
so broad that it would be difficult to draw
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clear lines between interventions we deem
technology-based and those that are not.
With these caveats in mind, it is nevertheless
useful to examine how technology might
serve the needs of caregivers and care recip-
ients. 

If we accept the general conclusion that the
goal of caregiver interventions should be to
maintain and enhance the quality of life of
caregivers and care recipients, and we agree
that these goals are served through multiple
means such as assuring the safety of caregiv-
er and care recipient, enhancing social sup-
port, facilitating knowledge and understand-
ing of disease, disability, and the caregiving
role, then any technological application that
serves these means could be considered a
candidate for caregiver intervention
approaches.  The caregiving intervention lit-
erature contains many examples of technol-
ogy-based approaches to addressing care-
giver needs.  For example, telemetry and
other monitoring devices have been used
with dementia patients in order to observe
their movements and location.  Telephones
and more recently personal computers have
been used to enhance social support, provide
technical assistance, and enhance caregiver’s
understanding of aging and disability and
their role as caregivers. Computers, video-
tapes, and telephones have also been used
as a means for entertaining or distracting the
care recipient and providing respite to care-
givers.  

The cornerstone of most technology-based
interventions are the new interactive com-
puter-based communication systems that
have several advantages over older commu-
nication systems11:
(i) Increased ability to deliver and access
information on demand, asynchronously and
over long distances.  The delivery of infor-
mation can be tailored to the needs of spe-
cific user groups or individuals, and informa-
tional resources can be accessed at any time
and from different locations.  In addition,
information flow is more easily bi-directional,

enabling better communication between
sender and receiver;
(ii) Increased access to health and social serv-
ice professionals and social support;
(iii) Improved capabilities for combining vari-
ous media such as text, audio, and visuals to
suit the specific goals of an intervention and
the user population.  For example, informa-
tion can be delivered simultaneously in text
and audio modes;
(iv) Increased possibility of maintaining
anonymity of both sender and receiver. This
may facilitate communication of sensitive
information related to problems of caregiv-
ing that individuals feel uncomfortable dis-
cussing in public forums or in face-to-face
interactions. 

Taken together, the new technologies can
play several important roles in the caregiving
context.  At the most fundamental level,
they provide a means for efficiently relaying
information that enhances caregiver knowl-
edge about aging, illness and disability, the
caregiving role, and community resources
available to the caregiver. New computer
and telephone technologies can further
enhance direct access to experts and profes-
sional organizations, which in turn can facili-
tate shared decision-making by the caregiv-
er.  

Another important function of the new tech-
nology is its potential for providing peer
information exchange and social support. As
noted by Robinson et al.11, personal comput-
ers are increasingly being used to enable
individuals to share information about health
difficulties, needs, and strategies for dealing
with life challenges.  

Computers can also be an efficient means for
delivering health risk assessments and health
promotion modules. Among caregivers,
computers have been used to deliver thera-
peutic interventions aimed at helping the
caregiver manage their anger, reduce symp-
toms of depression, and achieve positive
developmental outcomes12.
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Finally, researchers in caregiving have
explored an innovative use of technology
that is unique to dementia caregiving.
Telephones, computers, and videotapes have
been used to engage care recipients with
dementia and provide increased respite and
activity time to the caregiver13.  

So far we have focused on the theoretical
potential of technology–based caregiver
interventions to effect beneficial outcomes.
We now examine the literature to answer the
question: What evidence is there that tech-
nological approaches are effective in enhanc-
ing caregiver outcomes?  We reserve for later
in this paper a discussion of the future direc-
tions and implications associated with the
new technology.

TECHNOLOGY INTERVENTIONS FOR
CAREGIVERS AND CARE RECIPIENTS:
LITERATURE REVIEW
The following pages review outcomes of
investigations that enrolled caregivers, care
recipients, and older adults in studies that
delivered interventions through some form
of technology. Technologies employed by
these studies ranged from low-tech equip-
ment, such as telephones and videotapes, to
higher-order devices utilizing interactive and
Internet technologies. 

Although caregiving interventions are ubiq-
uitous in the gerontological literature, out-
comes for interventions that utilize techno-
logically-based delivery approaches are only
now emerging in the literature. Exploring the
effects of technologically-oriented interven-
tions for caregivers as well as for care recipi-
ents and older adults can prove valuable at
several levels. Caregivers suffer many of the
same risk factors as do care recipients – and
older adults in general – with respect to deal-
ing with illness. In addition to the health-
related complications that typically accompa-
ny older age, caregivers are especially vul-
nerable to co-occurring medical conditions
and psychological distress that require high
degrees of support and maintenance2,14-15.

Interventions that are easily delivered and
received, and that minimize the stress
involved in new learning, are welcomed –
and technological approaches may ultimate-
ly prove invaluable in helping to streamline
access to critical resources.

As indicated previously, caregivers and care
receivers stand to obtain mutual benefit from
interventions that are successful in improving
circumstances for one or the other. It has
been generally well-documented that an
increase in resources and supports available
to caregivers, as well as improvements in
their physical and/or psychological status,
are associated with positive effects on their
experience of caregiving and appear to influ-
ence the care recipient as well. Similarly,
interventions that are able to effect positive
improvement in care recipient mood, func-
tional status, or self-care skills clearly have
implications for caregiver benefit. 

Outcomes of technologically-based inter-
ventions targeting older adults who are not
currently care providers or are also important
to consider. Interventions that support inde-
pendent functioning and delay the need for
home-based or institutional support benefit
family members and friends who might 
otherwise be called upon to provide direct
care. Technology can be used to link older
relatives to resources that are readily accessi-
ble and available.

Identification of Studies for Review
The studies chosen for review were identified
through computerized literature searches
using the interlinked search engine OVID,
and were conducted between February and
August of 2002. The following databases
were searched: Medline (1966-2002),
PsycINFO (1967-2002), CancerLIT (1975-
2002), CINAHL (1982-2002), and evidence-
based medicine databases (1991-2002; ACP
Journal Club, Cochrane Controlled Trials
Register, Cochrane Database of Systematic
Reviews, and Database of Abstracts of
Reviews of Effectiveness). Hand searches of
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study and review article citation lists, and of
the tables of contents of the Journal of
Telemedicine and Telecare and Telematics &
Informatics were also performed to identify
interventions not captured through database
searching.

Studies ultimately chosen for review met the
following criteria:
(i) Publication in a peer-reviewed refereed
English language journal;
(ii) Use of technology to deliver intervention
to older caregiver and/or older adult/patient
coping with chronic physical illness or aging-
related issues;
(iii) Participant outcomes reported. 
The following studies were excluded from
review:
(i) Those which used technology solely as an
adjunct to a primary, non-technologically-
delivered intervention (e.g., follow-up tele-
phone calls after hospital treatment for
myocardial infarction);
(ii) Those which focused solely on personal
assistive devices;
(iii) Those in which technology was inciden-
tal to the intervention, or was not distin-
guished between groups (e.g., where inter-
vention was delivered by videotape to both
treatment and comparison groups);
(iv) Those failing to describe participant
numbers or characteristics;
(v) Those in which reported average partici-
pant age was below 55;
(vi) Those which focused on older residents
residing in long-term care facilities.

In all, 26 studies were identified for review.
Because four of these studies reported out-
comes for the same participant group, and
two others also reported results for the same
investigation, a total of 22 non-overlapping
studies are reviewed here (Appendix 1). All
studies were published in refereed journals,
and 8 (36.4%) were conducted as random-
ized clinical trials (RCTs). Five (22.7%) inves-
tigations targeted caregivers only, 8 (36.4%)
targeted care recipients or older adults only,
and 9 (40.9%) focused on both caregivers

and care recipients. The highest percentage
of studies (9, or 40.9%) were concerned
with dementia; 8 (36.4%) focused on older
adults and aging-related issues, 2 (9.1%) on
hypertension, and 1 (4.5%) each on stroke,
cardiac patients, and the visually-impaired
elder. Overall, 16 (72.7%) of interventions
were primarily designed to modify behavior
or mood state, 5 (22.7%) to assess or moni-
tor health status, and 1 (4.5%) to provide
access to information and resources.

Half of the studies (11, or 50%) delivered
their interventions via telephone; 3 (13.6%)
utilized Internet technology, 2 (9.1%) each
employed videotape only, or a combination
of video/audio/computer technologies for
live interaction, and 1 (4.5%) each used
videotape, audiotape, interactive television,
infrared sensor, or a combination of video-
tape and telephone support.

The samples, methods, measures and out-
comes reported for each study are shown in
Appendix 1.  In addition, we have character-
ized each study in terms of its proximal goals
(e.g., what was the immediate intended
effect of the intervention?). Proximal goals
used to describe the studies reviewed here
may be understood as those which the inves-
tigator aims to achieve, or influence, through
the delivery of the treatment. These proximal
goals were identified by the authors through
in-depth evaluation of rationales and out-
comes of the studies under review, and
appear to be consistent across this group of
investigations that utilize technology as a
means of delivering treatment. Seven proxi-
mal goals were identified: knowledge; deci-
sion support; social support; affect manage-
ment; access to experts; respite; and assess-
ment/monitoring. Knowledge was the most-
frequently targeted proximal goal, identified
by 13 (59.1%) of studies reviewed; 11
(50%) each targeted social support and
access to experts; 6 (27.3) targeted decision
support; 5 (22.7%) targeted assessment/
monitoring; 4 (18.2%) targeted affect man-
agement; and 3 (13.6%) targeted respite.
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Study Outcomes
Outcomes for the studies under review have
been organized into three broad groups
based on the primary purpose or intent of
the study. The first group is comprised of
technologically-based interventions that are
designed to improve physical or psychosocial
health. Two types of results are reported by
these studies: traditional caregiver outcomes
such as burden, depression, emotional and
relationship strain, and activity restriction;
and reports of usability and satisfaction for
technological approaches in initial stages of
testing. The second set of outcomes consists
of studies that promote independent func-
tioning for the care recipient or older adult at
future risk of needing caregiver assistance.
These investigations take two forms: those
that target the care recipient indirectly
through caregiver training in modifying care
recipient behavior or mood; and those that
provide intervention directly to the care
recipient or older adult with the purpose of
enhancing functional independence. The
final group of studies focuses primarily on
the development and evaluation of techno-
logical approaches to physical or cognitive
health status assessment relevant to the
caregiving context. These studies typically
report on apparatus usability and feasibility,
along with indicators of reliability, validity,
sensitivity, and specificity of the assessment
method under investigation.

Outcomes for Interventions Promoting
Physical or Psychosocial Health
Ten (45.4%) of the 22 studies reviewed here
reported outcomes for interventions with
physical or psychosocial health goals. Five
(50%) of these were RCTs; these were also
the only studies in this group that used com-
parison group designs, and 1 utilized investi-
gator blinding as well. The great majority (9,
or 90%) of these studies focused on demen-
tia-related issues, and 1 targeted older
adults. Five (50%) studies delivered inter-
ventions via telephone technology, 2 (20%)
provided computer/Internet access to study
participants, and 1 (10%) each employed

videotape, interactive television, and a com-
bination of videotape training and telephone
support. Participant numbers varied across
this subgroup of studies (range of Ns = 14-
242).

Traditional caregiver outcomes
All six studies described in this section report-
ed treatment-completed data. Though sev-
eral employed comparison or control group
designs, the two studies with the smallest
participant groups (both N=14) did not, lim-
iting interpretation of results. One of these16

explored the benefits of telephone-based
support for caregivers of individuals with
dementia. The authors reported significant
decreases in stress-related symptoms and
perceived burden over time. Though these
results are encouraging, it is unclear whether
the study was adequately powered to
accommodate ANOVA testing given the
small N; additionally, the authors failed to
indicate whether repeated measures (taken
at 5 different points in time) were accounted
for in their analysis. 

Lund, Hill, Caserta, and Wright17 reported
qualitative pilot data on benefits associated
with the use of caregiver-prepared video-
tapes designed to capture the interest and
attention of care recipients with dementia.
They found that 6 of 7 caregiver participants
reported an increase in available free time
associated with use of the tapes, and they
expressed appreciation for such. Caregiver
observations indicated that, for all partici-
pants, care recipients’ attention was cap-
tured better by the tapes than by television
programs, and all care recipients provided
verbal responses to questions that were pre-
sented on the videotape. There were reports
that the tape could help to manage disrup-
tive behaviors and support transitions across
home and daycare settings. Though entirely
anecdotal, these data certainly suggest that
this low-tech, videotape-based intervention
may provide meaningful benefit for many
caregiver-care recipient dyads; comparable
results obtained through a more rigorous,
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comparison group design would greatly
increase the credibility of these results. 

Goodman & Pynoos18-19 and Goodman20

reported treatment-completed outcomes for
a RCT (N=132; 66 dementia caregiver/care
recipient dyads) that provided telephone-
based information and support for dementia
caregivers. Study design is strong in several
respects: participant characteristics were
analyzed across randomized study groups
and no differences were found, standardized
measures demonstrating strong reliability
were employed, and the authors clearly indi-
cated the use of ANOVA that corrected for
repeated measures. Positive and significant
gains on measures of knowledge, burden,
and social support were reported for the
intervention group, although care recipient
status declined significantly over time.
Importantly, however, the same significant
gains were also noted for the comparison
group, with no meaningful differences in
gains identified across the two groups. 

At least two factors may have contributed to
these results. First, unlike studies that include
a control group for which no intervention or
usual care only is provided, Goodman &
Pynoos18-19 compared a caregiver group
receiving 12 informational lectures over 12
weeks delivered by telephone to a group
receiving the same lectures plus participation
in telephone-based peer support groups.
Perhaps access to telephone-based informa-
tional lectures alone were sufficient to influ-
ence these results, though this is impossible
to assess using the published data. Second,
three months into the study, the investiga-
tors had participants switch groups, so that
those who were previously lecture-only now
had access to support groups, and those for-
merly participating in support groups were
no longer able to do so. Assessment at 3
months showed that both groups had
improved significantly on measures of per-
ceived social support and support satisfac-
tion; assessment at 6 months indicated that
both had significantly declined on the same

measures. More encouragingly, both groups
demonstrated significant improvements in
burden, social conflict, and degree of social
support at 6 months. However, due to the
manner in which treatment was delivered, it
is unclear exactly what feature(s) of the
intervention may have contributed to the
gains observed, and it is particularly difficult
to characterize the specific contribution of
telephone technology to the results.

All three of the remaining studies reported
behavioral outcomes for dementia care-
givers. Steffen21 employed a three-group
RCT design (N=28) that used video and tele-
phone interventions to deliver training in
psychoeducational techniques for managing
anger and frustration. Participants were ran-
domly assigned to either a wait-list control
condition, an 8-week home-based video
training with telephone support, or an 8-
week class-based video training with no
additional telephone support. Though the
number of participants was somewhat low,
the study design provided an opportunity to
judge the roles played by the two technolo-
gies utilized in the study. A commonly-used,
reliable measure (BDI) was administered to
assess changes in depressive symptoms;
anger and self-efficacy were assessed by
less-standardized measures. Differences
between the groups were found on all meas-
ures; both intervention groups showed sig-
nificant and positive benefits for anger and
self-efficacy above the wait-list controls.
Significant improvements in depressive
symptoms were also demonstrated by the
video + telephone group above wait-list con-
trols, but not above the class-based, video-
only group. Effect sizes per treatment condi-
tion, infrequently seen in this group of stud-
ies, were also provided by the author; eta-
squared was .32, .35, and .44 for anger,
depressive symptoms, and self-efficacy,
respectively. These results suggest that the
psychoeducational training was useful in
alleviating symptoms of anger, depression,
and helplessness for dementia caregivers,
although, as acknowledged by the author,
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the small sample size limits confidence in
study outcomes, and other potential con-
founds (e.g., broader effects of social contact
for caregivers who tend to be isolated) may
have also influenced the results. These out-
comes also suggest that video-based
approaches for affect management can be
effective, and it is worth noting that the
group which had access to both video- and
telephone-based support appeared to
demonstrate the most gains overall.

The final two studies reporting traditional
caregiver outcomes provided supportive and
instructive interventions for dementia care-
givers and shared many of the same proxi-
mal goals (social support, decision support,
and access to experts), but varied in their
designs, dependent measures, and technolo-
gies used. Brennan, Moore, and Smyth22-23,
Bass, McClendon, Brennan, and McCarthy24,
and McGuire25 reported outcomes for a two-
group RCT (N=96) that assigned participants
to either an information-only comparison
group or to a group with access to
ComputerLink, an Internet-based support
and information network through which
caregivers could communicate with peers
and experts, and could also access a deci-
sion-support module that guided users in
solving problems associated with caregiving.
Investigators looked at a range of outcomes
using both standardized and referential
measures, including an analysis of cost-effec-
tiveness based on the relationship between
caregiver decision-making confidence and
the costs associated with providing home-
based care. Significant improvements in deci-
sion confidence, emotional strain (for care-
givers with more informal support), relation-
ship strain (for spouse caregivers only), and
activity restriction (for caregivers with more
informal support and a household size of 3 or
more) were found for the intervention
group. The cost-effectiveness analysis also
appeared to demonstrate significant benefits
for the intervention group above controls.
Measures of depressive symptoms and bur-
den were used as intervening variables in the

regression model; it is unclear whether they
were evaluated independently for study par-
ticipants, but no significant effects were
reported for them. These outcomes strongly
suggest that Internet-based intervention is a
valuable way to effect psychosocial benefits
for at least certain groups of dementia care-
givers, and demonstrates a relationship
between these benefits and incorporating
higher-level technology into such treatment
approaches. That there were a wide range of
resources and activities available to interven-
tion group participants makes it difficult to
determine their relative value; however, the
group with Internet access to information
and personal contact showed meaningful
benefits above the information-only, non-
Internet participants.

One factor difficult to separate out in
Brennan et al.22-23 was the fact that partici-
pants had access to both peer and expert
advice and feedback; this variable was better
controlled in a study by Davis26, who provid-
ed expert contact only to caregivers (N=34;
17 dementia caregiver/care recipient dyads)
through weekly telephone calls during which
support and problem-solving assistance was
provided by a community health nurse.
Significant improvements on well-standard-
ized measures of depressive symptoms,
social support, and life satisfaction were
reported for the 17 caregivers who received
the intervention. No significant changes
were reported for numbers of care recipient
problem behaviors. Unfortunately, no com-
parison group was included in the study,
though other design strengths, such as
investigator blinding and reporting treat-
ment-completed data, were evident.
Nonetheless, these results are encouraging
with respect to the potential for delivering
supportive interventions through the use of
telephone technology.

Usability and satisfaction outcomes
Three of the four studies described in this
section reported usability/feasibility and/or
satisfaction pilot data, and the other provid-
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ed content analysis results. Czaja & Rubert13

reported data extracted from an ongoing
study providing structured, home-based
family therapy augmented with a computer-
integrated telephone system that offered
access to discussion groups, voice mail,
expert resources, and conference calls, and
respite vignettes tailored for care recipients.
Participants (N=44) included both Cuban
Americans and White Americans. The major-
ity of participants (76%) used the system to
contact family members; 15% also contact-
ed friends, and 6% used the system resource
menu. Of those using the resource menu,
half of the participants used links to the
Alzheimer’s Association, 40% linked to gen-
eral information/referral resources, and 33%
sought information on respite care. The
majority of the participants also participated
in on-line discussion groups with other care-
givers. Most participants (93%) reported
that conference calls were valuable; 80% of
participants took part in discussion groups,
and of these, 82% and 86% found these to
be enjoyable and valuable, respectively.
Cuban Americans found the system signifi-
cantly easier to use and perceived the tech-
nology to be more valuable than did the
White Americans. These findings lend sup-
port for the use of telephone-augmented
family therapy, and may have important
sociocultural implications as well.

Mahoney, Tarlow, Jones, Tennstedt, and
Kasten27 also reported results for a tele-
phone-based interactive voice response sys-
tem that provided counseling and behavior
management strategies through multidisci-
plinary expert feedback and a peer support
group to dementia caregivers (N=93), along
with tailored respite conversations for care
recipients. Most participants (79%) used the
counseling resources, 57% took advantage
of the respite feature (and reported high rat-
ings for satisfaction and value), 24% used
the support group, and 21% asked for
expert feedback. System ‘adopters’ were sig-
nificantly older, better educated, married,
and more proficient at system use than par-

ticipants overall, and were primarily male.
Interestingly, feedback across all caregivers
contained strong preferences for personal
contact; this factor, in combination with a
significant drop in use of the system by par-
ticipants over time, led the authors to a gen-
eral recommendation that the system seems
best-suited for short-term applications.
Unfortunately, no explanation was provided
for the reduction in system use. Design fea-
tures of the technology may have con-
tributed to reduced user interest, as there
was a positive relationship between system
use and user proficiency. Technical instabili-
ties of the system also appeared to be asso-
ciated with reduced user time.

Chambers & Connor28 provided 216 care
providers, 113 health care professionals, and
26 care recipients with access to an interac-
tive television program that offered informa-
tion, coping and relaxation techniques, com-
munication with other formal and informal
caregivers, and feedback for decision-mak-
ing. Reasonably high usability ratings were
obtained for global usability, attractiveness,
controllability, efficiency, helpfulness, and
learnability. These pilot data support the use
of a multi-faceted programs with both visual
and audio features, accessed through a com-
mon household item – a television – with
which most people are quite familiar. 

Results of a content analysis of messages
sent by a potential 1015 caregiver, clinician,
and researcher subscribers to an Alzheimer
Internet mailing list over 10 months29 helped
to inform and validate usability and satisfac-
tion results from other studies. Topics and
numbers of messages were as follows: per-
sonal experience (23 %); information-giving
(20%); encouragement (13%); personal
opinion (10%); information-seeking (7%);
humor (7%); thanks (6%); prayer (3%); and
miscellaneous (3%). The content of these
recurring topics appeared to correspond to
user feedback concerning the utility and
value of support, conversation, and informa-
tion delivered not only over the Internet, as
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in this particular study, but over distances via
low- (e.g., telephone) to moderate- (e.g.,
interactive television) technology apparatus.

Outcomes for Interventions Promoting
Independent Functioning
Of the seven studies described in this sec-
tion, three utilized random assignment, and
one also used investigator blinding. Three
studies targeted older adults; and one each
targeted individuals living with the effects of
stroke, hypertension, coronary artery bypass
graft (CABG) surgery, and visual impairment.
Four interventions were delivered by tele-
phone, and one each utilized videotape,
audiotape, and Internet technologies.
Participant numbers varied considerably
across the seven investigations, which
ranged from a single-dyad case study to a
potential 102,565 community members who
were 65 years of age or older.

Care-recipient or older adult indirectly
targeted
Two studies under review employed treat-
ment designs that targeted care recipient
health status indirectly, through interventions
delivered to the caregiver. Although they dif-
fer greatly from one another in several
respects, both report outcomes that support
the incorporation of low-tech apparatus into
such interventions, as well as the potential
for reciprocal skill-sharing and symptom
improvement across the participant dyad.

Mahler and Kulik30 provided outcomes for a
6-month study in which the spouses of 296
first-time CABG patients were randomly
assigned to three conditions: usual care only;
usual care plus a single viewing of a “mas-
tery” videotape that depicted post-CABG
couples as calm, confident, and optimistic
about recovery; or usual care plus a single
viewing of a “coping” videotape depicting
the same couples describing recovery-related
events that were more effortful and stressful,
though ultimately successfully resolved.
Significant outcomes for both care recipients
and caregivers were reported, both across

and within conditions. Improvement on
measures of both positive and negative
affect were obtained over time for all care
recipients; however, females reported a sig-
nificantly greater degree of negative mood
than did males. Patients’ physical status
improved over time for all participants, as
reflected by a decline in post-surgical consul-
tations and complications. However, female
patients with spouses in the usual care-only
condition reported significantly more health
problems and first-month re-hospitalization
than female patients with spouses in either
of the videotape-viewing conditions, sug-
gesting that some measure of post-CABG
preparation directed toward spouses –
whether entirely or only partially optimistic –
yielded a greater spouse-to-patient benefit
during the recovery process. Accordingly,
spouses in both videotape-viewing condi-
tions reported significantly greater feelings of
preparedness than did spouses who received
only usual care. These results lend some
credibility to the potential long-term benefits
of an intervention delivered – even at only
one point in time, as in this case – through
simple technology.

Care-recipient or older adult 
directly targeted  
Of the five studies that directly targeted care
recipients or older adults in their intervention
designs, two investigated the benefits of
telephone support groups. In a 40-week
study, Heller, Thompson, Trueba, Hogg, and
Vlachos-Weber31 randomly assigned low-
income older women (N=276; mean age =
74; 74% lived alone) to participation in a
weekly, telephone-based social and support
visit with a staff “visitor” who inquired about
the participant’s well-being and activities
(N=238), or to an (detailed, 3-day) assess-
ment-only condition (N=53). After 10
weeks, a second assessment was carried out
for all participants, and the participants in the
telephone support condition were quasi-ran-
domized into one of four groups and
instructed to: initiate telephone support con-
tact with a peer study participant (N=49),
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receive peer contact via telephone (N=49),
continue with staff telephone contact
(N=27); this group had refused peer contact,
and receive only assessment during this sec-
ond phase (N=49). Significant improvements
were noted on measures of morale and lone-
liness for both groups at 10 weeks, but these
gains reverted back to baseline for all partic-
ipants at 40 weeks, except for the group that
received assessment only from study onset,
which sustained some improvement over
time. Unfortunately, save for the CES-D and
perceived social support (PSS) scales, the
authors failed to provide ranges and/or clear
explanations for the measures used, so it was
difficult to interpret to what extent a base-
line/ceiling effect might have occurred.
Though a reasonable proportion of partici-
pants (71% at 20 weeks and 56% at 30
weeks) established and remained in tele-
phone contact with peer study participants,
this behavior was not sufficient to effect last-
ing improvement on the targeted outcomes.

The authors concluded that telephone sup-
port did not appear to add significantly to
benefits that may have been obtained sole-
ly from participation in study assessment.
They further noted that poor mental health
status correlated significantly with percep-
tions of poor family support; begging the
question of whether delivering extra-fami-
ly support was the correct intervention for
this group. However, the PSS scores indi-
cated a high degree of perceived social
support, and it is unclear to what degree
problems with social support influenced the
failure to obtain significant intervention
benefit. Generally speaking, given the chal-
lenges faced by study participants – the
majority lived alone on an annual income
of $9000 or less; 67% were widowed, and
CES-D scores appeared to demonstrate a
moderate to high degree (e.g., approxi-
mately 30 on a 60-point scale) of depres-
sive symptoms across the group – the
opportunity to access support from
strangers via telephone may not have
addressed enough factors to effect any, or

lasting, changes on measures of morale,
depression, and loneliness. 

Thomas and Urbano32 elicited a different and
less ambitious level of evidence from older
individuals (N=72) who participated in a
weekly telephone-based support group
(Telelink) for visually-impaired elders aged
60+ (33% aged 80 or over). A high degree
(77%) of users reported that Telelink made
an “important difference in their lives,” and
significant correlations to these high value
ratings were obtained for individuals who
were older, living alone, and female. On a
10-point satisfaction scale, 45% rated
Telelink at 9, 37% of scores were between 7
and 8, and only 18% rated their satisfaction
with the group at 6 or below. In addition, the
authors noted that Telelink appeared to be
particularly important for individuals newly
diagnosed with visual impairment, and for
individuals (e.g., those of a particular ethnic
group) who were able to form “special inter-
est groups” through their Telelink connec-
tions. The overall positive nature of these
data stand in contrast to Heller et al. above;
however, it is critical to note that very differ-
ent outcome measures were used, and,
although both interventions involved weekly
telephone support, they differed consider-
ably in how they were delivered to study
participants. Taken together, these studies
highlight several factors that need  to be
considered when using telephone technolo-
gy as a means of delivering support: (i) the
characteristics of the participants including
their physical, psychological, and socioeco-
nomic status; (ii) the appropriateness of the
outcome measures given the scope and
goals of the intervention; and (iii) the specif-
ic ways in which the telephone can be used
to deliver an intervention beyond direct com-
munication. 

A different approach to delivering a tele-
phone-based intervention was used by
Friedman et al.33, who randomly assigned
elderly, hypertensive individuals (N=267;
mean age = 76) to one of two groups: usual
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care only, or usual care plus weekly access to
a telephone-linked care (TLC) system that
ascertained patient status through a series of
computer-generated questions and which
also provided education and motivational
counseling. At six months, significant and
positive differences in medication adherence
and blood pressure were observed for the
intervention vs. usual care condition, and
system cost-effectiveness was found to sig-
nificantly increase with a higher degree of
medication compliance. Health status reports
automatically generated by the TLC system
were sent to all participants’ primary care
physicians; 85% reported they read the
reports on a regular basis, and 40% utilized
them in discussions with their (participant)
patients. Of the TLC participants, 69%
scored in the highest quartile for satisfaction
with the system, and 54% scored in the
highest quartile on their perceptions of TLC’s
health benefit. This noteworthy combination
of objective and subjective evidence clearly
suggests the utility of telephone technology
in monitoring health status and influencing
health-promoting behavior for older, health-
compromised individuals, and also in facili-
tating communication between patients and
health care professionals.

In a design that offered an alternative to
telephone-based remote social support and
information, Czaja, Guerrier, Nair, and
Landauer34 provided older adults (N=36;
aged 55-95) with in-home computer access
to e-mail communication with study peers as
well as to health-related information and
entertainment news. A high proportion
(95%) of the participants indicated that they
found the system of value, and 65% report-
ed satisfaction with e-mail communication.
However, significant declines in system use
and in the number of messages sent were
observed over time, for reasons that
remained unclear. Participants 65 to 74 years
of age used the system significantly more
frequently than did those 75 years of age
and above; this latter group was also found
to have significantly fewer system contacts

(e.g., e-mail buddies). The authors also
reported participant reasons for system use:
92% indicated they wanted to learn some-
thing new; 84% enjoyed the mental chal-
lenge; 81% used the system primarily for
socializing; 57% wanted to meet new peo-
ple; and 38% appreciated the opportunity to
exchange ideas. The authors also obtained
baseline measures of depression and loneli-
ness with the stated intention of carrying out
an end-of-study comparison, and had uti-
lized these scores as predictors for system
use in combination with other participant
characteristics, such as typing speed and
visual acuity. However, they failed to provide
final outcome data for these measures, mak-
ing it difficult to compare such results with
those obtained by other interventions, such
as Heller et al., that offered similar sorts of
support networks but delivered them
through a different technological vehicle.
Overall, however, these data help to validate
e-mail and access to computerized informa-
tion as socially- and cognitively-useful
resources, particularly for those under 75
years of age.

In an effort to determine the feasibility of,
and interest in, an interactive telephone-
based system that provided access to
dementia information and live resources,
Mundt, Kaplan, and Greist35 tracked activity
for the system’s first month of operation in
La Crosse, WI. Potential users primarily tar-
geted were 102,565 area residents, age 65
or above, and the system was advertised in
local newspapers and flyers and on a variety
of public bulletin boards. Although the age
of system users was not tracked, degree of
system use, reasons for use, and resources
accessed were assessed. Nearly 200 calls
were received during the system’s first
month of operation, primarily between the
hours of 8 am and 6 pm; 50% of system
users reported calling due to specific con-
cerns about another individual, 25% called
with general concerns, and 25% called with
personal concerns. Of the resources accessed
by callers, 86% wanted information on
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dementia and dementia treatment, 22.5%
wanted to obtain prevalence and risk factor
information, and 15.7% were seeking local
resources and caregiver support. A percent-
age of users (N=19) responded to evaluative
questions regarding their experience with the
system; 68% found it quite helpful and easy
to navigate, and 84% indicated they would
recommend the system to others. These pre-
liminary data appear to indicate that a tele-
phone-based system of information and
resource linkage to dementia resources is
useful to a broad group of (presumably
older) individuals; additional data on system
use and users gathered over time would help
to establish a clearer picture of the system’s
role in public education on dementia, and its
impact in facilitating access to appropriate
resources.

Outcomes for Interventions Promoting
the Development of Assessment and
Monitoring Techniques
Perhaps due to the nature of these investiga-
tions, none of the five studies in this section
utilized randomized assignment or compari-
son group designs. Three of these studies
targeted older, currently independent adults,
and one each focused on dementia and indi-
viduals with hypertension. Two studies each
delivered their interventions through tele-
phone and videolinked approaches, and one
utilized infrared sensor technology. Again,
variability in participant numbers across stud-
ies was evident, with Ns ranging from 8 to
229.

In a study designed to test the use of a tele-
phone-based approach to assessing cogni-
tive status, Mundt, Kaplan, and Greist36 com-
pared results on the widely-used Mini-
Mental Status Examination (MMSE) and the
Clinical Dementia Rating Scale (CDRS)
obtained both in person and over the tele-
phone with a group of caregivers and older
adults (N=155; aged 56-93). Results indicat-
ed high satisfaction ratings as well as results
of sensitivity (range = 63.5-100%) and
specificity (100%) testing, using objective

and informant-completed measures across
in-person and remote conditions. Sensitivity
calculations for the group of informant-com-
pleted CDRS assessments (which included
spouse caregivers) were unfortunately at the
low end of the reported range (63.5%, com-
pared to 82.0% reported for the MMSE);
however, when a lower scoring criterion was
used to detect possible impairment (i.e.,
when the standard score to detect impair-
ment was lowered from 5 to 3), sensitivity of
the informant-completed measure rose to
90.4%. Specificity findings of 100% across
objective and informant-completed meas-
ures, in combination with potentially viable
sensitivity ratings, suggest that telephone-
based cognitive screening may be a valid and
useful clinical tool. Caregivers could poten-
tially benefit from the use of such an assess-
ment due to its automated (e.g., time-sav-
ing) design, and from the opportunity to
directly contribute to the assessment process
through providing their own impressions as a
basis for judgment of care recipient impair-
ment rather than relying solely on patient-
specific measures.

Another approach to remote evaluation was
tested by Montani et al.37, who compared
face-to-face vs. videolinked administration
of standardized cognitive assessments – the
MMSE and the Clock Face Test (CFT) –  for a
group of older adults (N=15; aged 83-95).
The two visits were separated by eight days.
Pearson r correlations across the two meas-
ures were high for MMSE (r=.95) and lower
for the CFT (r=.55). The authors indicated
that the CFT has enjoyed high face-to-face
test-retest correlations in another study38,
and so questioned the appropriateness of
using the CFT in a teleconsultative setting,
speculating that a decline in concentration
was responsible for the test-retest discrepan-
cies. However, 67% of the participants
reported preferences for in-person consulta-
tions, with 47% reporting more confidence
in face-to-face visits; 47% experienced some
degree of difficulty hearing the videolinked
test administration, and 40% felt uncomfort-
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able during the remote visit. Only 27% of
patients indicated any clear interest in the
videolinked approach to assessment. It is
possible that dislike of and/or discomfort
with the testing situation could have con-
tributed to the poorer correlations for the
CFT; it might be worth exploring what fea-
tures of this test could be more susceptible to
environmental factors, or patient mood, than
the MMSE appeared to be. Additionally,
both interviewers and observers offered
comments that participants appeared to be
more present and engaged in the face-to-
face visits. Given that remote assessments
were significantly shorter than the face-to-
face visits, the authors’ comments on the dif-
ficulties of establishing rapport at a distance
are well taken. It is possible that fewer inter-
actions were initiated during the remote vis-
its (by one or both parties) due to influences
concerning the nature of the “faster” tech-
nology in use; information may also be gath-
ered through in-person consultations
through, e.g., eye contact and subtle physi-
cal cues, that cannot be obtained through
more remote channels. Further and more
detailed testing appears to be required to
determine the appropriateness and accept-
ability of remote approaches to cognitive
assessment, at least for the oldest-old.

Patient and physician satisfaction reports
were also obtained by a study comparing in-
person vs. telemedicine assessment39

designed to monitor physical status for indi-
viduals with a history of hypertension (N=62;
mean age = 67). Two same-day visits were
carried out, one in person and one remotely;
the assessment consisted of discussion plus
measurement of blood pressure and oxygen
levels, body weight, and heart and ear sta-
tus. As in Montani et al.37-38 above, remote
consults took significantly less time than did
in-person visits, and participants reported
significantly less satisfaction with the length
of their telemedicine visits, as well as signifi-
cantly lower ratings for the visit’s technical
quality. However, 57% reported they would
use telemedicine in the future, at least in

some situations, and 59% reported equal
satisfaction across the two visit types. The
two participating physicians reported signifi-
cantly higher degrees of work required, men-
tal effort, and psychological stress for the
telemedicine vs. in-person consultations. Not
surprisingly, they also reported a significantly
greater need for technical skills, but at the
same time they were uniformly pleased with
the degree of functionality, technical quality,
and comfort of the telemedicine visits, and
believed them likely to mitigate the need for
future treatment. These results are encour-
aging with respect to the acceptability of
telemedicine for an older population, and
satisfaction on both ends may improve as do
physicians’ technical skills and familiarity
with the technology and patients’ comfort
with telemedicine as its visibility and avail-
ability increases.

Results of test-retest reliability, validity, sensi-
tivity, and specificity were reported by
Mahoney, Tennstedt, Friedman, and
Heeren40, who explored the potential for car-
rying out functional (ADL and IADL) assess-
ment of older adults (N=20; mean age =
78.9) through three channels: face-to-face in
the home environment, through a personal
telephone conversation, and through an
automated telephone system (Telephone-
Linked Elder Care, or TLC) utilizing comput-
er-mediated, voice response technology. All
visits were completed with 72 hours and
standardized instruments were used to col-
lect data concerning functional status. TLC
test-retest reliability was encouraging for
both ADL (kappa = 0.76) and IADL (kappa =
0.83) items, with 90%+ agreement for 6 of
7 ADL items and 80%+ agreement for 6 of 8
IADL items. Such specific information could
be used to refine these assessments in a way
that might make them more compatible with
a TLC approach. However, comparisons of
TLC results with live telephone assessment
fared better than TLC compared to in-home
assessments; for ADL items, kappa = 0.68
and 0.53; and for IADL items, kappa = 0.80
and 0.34, respectively. Correlations across
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testing environments appeared to be nega-
tively influenced by a greater degree of ADL
and IADL impairment, as well as increased
depersonalization of the assessment process.
Although TLC specificity was 100% for all
test items, sensitivity calculations varied from
100% for three ADL items to 60% or below
for three IADL items. These data seem to
indicate that remote assessments may not be
adequate for sufficiently evaluating function-
al status, at least for older, more impaired
populations. On the other hand, it is also
possible that the technology tested by this
study was not appropriate for the task, but
that an alternative method (e.g., one that
permitted visual as well as auditory evalua-
tion of the individual) could determine func-
tional status with a higher degree of accura-
cy and correspondence to traditional
approaches. The question in this case may
not be whether a technological approach to
functional assessment should be used at all,
but what type of technology could produce
the best results.

Finally, preliminary results of an in-home
monitoring system utilizing infrared technol-
ogy were reported by Ohta, Nakamoto,
Shinagawa, and Tanikawa41 for a small group
(N=8) of older adults aged 73-90. The sys-
tem was designed to track room-to-room
movement and to report unusual events
(e.g., changes in typical activity patterns) to
a family member via telephone or e-mail.
Encouraging reports of signal accuracy (error
rate below .06%) and good consistency in
the room-to-room patterns observed by the
system indicate early potential for this auto-
mated approach that could potentially sup-
port independence for older adults as well as
efficiently alert the family member when
potential for trouble is identified.

SUMMARY AND CONCLUSION
There are multiple ways in which caregivers
and care-recipients might benefit from inter-
vention: enhanced social support, enhanced
knowledge and understanding of chronic
disease, disability, and aging, and promoting

emotional well-being and physical health.
The studies included in this review illustrate
how technology can be used to facilitate the
achievement of each of these goals.  In addi-
tion, technology-based approaches to
assessment of cognitive and physical func-
tioning as well as monitoring patient move-
ment have the potential of serving as valu-
able tools in both research and practice
applications.  However, the reliability and
acceptability of these methods need to be
enhanced before they can be widely used.
On the whole, these studies show that most
existing technologies are both acceptable
and feasible, although assessments of their
impact are mixed.

Judgments of impact, significance, and
meaningfulness of interventions utilizing
technology are necessarily subject to the
same evaluation criteria used to evaluate
interventions in general; issues concerning
study design, sample size and composition,
statistical power and analytic methods, relia-
bility and validity of measures would all, ide-
ally, be taken into account. Careful analyses
of the treatment outcomes – critical for
establishing evidence-based criteria and
replication – can be complex and time-con-
suming to carry out. This challenge is ampli-
fied further here by the question currently
being posed: to what extent, and how con-
vincingly, do interventions that employ some
form of technology accomplish their stated
purpose – and what role, if any, did the tech-
nology itself play in influencing study results?

Investigators committed to rigorous, credible
research generally subscribe to the ethic that,
in order to understand the behavior or
effects of a particular variable, that variable
must be isolated in some fashion in the study
design. However, this feature is currently
missing in this small but growing cohort of
studies. For the purposes of this review, no
studies were found that attempted to char-
acterize the effects of the chosen technology
outside of the general intervention being
delivered.  Consequently, it is difficult to
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articulate with any confidence the precise
role that technology plays in any of these
interventions, or its specific contribution to
study outcomes. Nevertheless, it may be
possible to assess the value of a technology-
based approach by examining the cost-effec-
tiveness of technology-based interventions
either independently of or in addition to
other commonly accepted interventions.
Knowing the cost-effectiveness of an inter-
vention with regard to widely used outcomes
used in caregiving intervention studies would
enable us to roughly gauge the relatively
value of a technology-based intervention
when compared to more traditional
approaches for achieving similar outcomes.

Where do we go from here?  Technology-
based interventions for caregivers and care-
recipients are clearly here to stay; they will
become increasingly important as the preva-
lence and challenges of family caregiving
increase.  It is useful therefore, to speculate
about the key scientific and practical issues
that would facilitate growth in this area.  

First, in applying new technologies re-
searchers have appropriately focused on
issues of feasibility and usability, but have
not systematically addressed a broad range
of related issues that arise with these new
applications.  As new technologies come on
line it will be equally important to address
issues pertaining to training needs associated
with technological applications, factors that
limit access to technology, the adaptability of
technology to individual needs, the extent to
which a technology undermines individual
autonomy, control, and dignity, as well as
possible legal or liability issues raised by
some technological applications, particularly
in the health arena.

Second, it is essential to recognize the unique
potential for harm inherent in some tech-
nologies11.  For example, information transfer
technologies based on the internet or tele-
phones do not have the same element of
control inherent in face-to-face interactions.

This opens the door to the proliferation of
incorrect or inappropriate information which
have the potential for harmful outcomes. In
addition, the ease with which information
can be exchanged with the new technologies
also raises privacy concerns.  There is a dan-
ger that private personal information may
reach persons or organizations other that the
intended correspondent, without the user’s
knowledge or consent.

Third, at the broader scientific level there is
need for a better understanding of how
technological applications fit into the con-
ceptual frameworks we have developed for a
variety of research areas such as caregiving.
For example, most caregiver intervention
studies are grounded in stress-health frame-
works that specify both external observable
conditions and psychological processes
linked to caregiver outcomes.  How do tech-
nology-based interventions change our
thinking about such models?  Can their
effects be easily understood within existing
frameworks or do we need new ones?  

A final suggestion concerns the need to
develop a taxonomy for characterizing tech-
nology-based interventions.  A good taxon-
omy would be beneficial in a number of
ways.  It would facilitate comparisons across
studies, enhance our ability to identify key
mediating mechanisms for important inter-
vention effects, and improve our ability to
measure interventions and their outcomes.
In sum, we now have enough experience in
the business of developing and implement-
ing technology-based caregiver interventions
that it would be fruitful for us to step back
and develop a more organized view of this
area in the hopes of moving it ahead more
quickly and effectively.
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