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Abstract

Based on resource-oriented conceptions of successful life-
span development, we propose three principles for evaluat-
ing assistive technology: (a) net resource release; (b) person
specificity, and (c) proximal versus distal frames of evalua-
tion. We discuss how these general principles can aid the
design and evaluation of assistive technology in adulthood
and old age, and propose two technological strategies, one
targeting sensorimotor and the other cognitive functioning.
The sensorimotor strategy aims at releasing cognitive re-
sources such as attention and working memory by reducing
the cognitive demands of sensory or sensorimotor aspects
of performance. The cognitive strategy attempts to provide
adaptive and individualized cuing structures orienting the
individual in time and space by providing prompts that con-
nect properties of the environment to the individual’s action
goals. We argue that intelligent assistive technology contin-
uously adjusts the balance between ‘environmental sup-
port’ and ‘self-initiated processing’ in person-specific and
aging-sensitive ways, leading to enhanced allocation of cog-
nitive resources. Furthermore, intelligent assistive technol-
ogy may foster the generation of formerly latent cognitive
resources by activating developmental reserves (plasticity).

We conclude that ‘lifespan technology’, if co-constructed by
behavioral scientists, engineers, and aging individuals, of-
fers great promise for improving both the transition from
middle adulthood to old age and the degree of autonomy in
old age in present and future generations.

Copyright © 2008 S. Karger AG, Basel

Introduction

Cultural evolution has transformed old age from an
exceptional into a normative period of life. The human
lifespan has become longer and more predictable. This
increase in longevity has been achieved by reducing, cir-
cumventing, and postponing losses typically associated
with aging. Nevertheless, advancing age continues to be
associated with increasing frailty. Old age and especially
advanced old age are associated with cognitive, sensory,
and motor impairments [1]. Hence, the precariousness of
old age motivates innovation in each subsequent genera-
tion.

Human engineering technologies are a particularly
promising example and active area of research for such
innovation [2-10]. In recent years attention has been in-
creasingly directed towards technology that learns from
and helps to regulate human behavior [4, 9]. By making
use of such intelligent and assistive technology, individu-
als of all ages, and aging individuals in particular, can
delegate control over certain aspects of their everyday
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lives to technology while continuing to exert direct con-
trol in others.

Putting the vision of ‘lifespan technology’ into prac-
tice requires a conceptual framework that considers the
evolving capabilities and constraints of aging individuals
[3, 4, 11]. From a behavioral-science perspective, the de-
sign and evaluation of human engineering technology is
as much a psychological task as it is a technological feat.
In particular, intelligent (e.g., adaptive) assistive technol-
ogy needs to be co-constructed by technological oppor-
tunities, psychological knowledge, and aging individuals
themselves. To be effective, it has to learn and adapt to
the needs, habits, and preferences of individuals, prefer-
ably well before major cognitive, sensory, and motor im-
pairments have set in and taken over.

Given this premise, this article discusses the behav-
ioral foundations of technology in old age, rather than
technology per se. Based on resource allocation/genera-
tion views of successful lifespan development, we will
propose three psychological principles, or guidelines, for
the design and evaluation of assistive technology. We
then will summarize key aging losses in cognitive, sen-
sory, and motor domains, with special attention to their
cumulative and interactive effects on everyday life. Fi-
nally, we will propose two strategies that address how
technology may counteract the adverse effects of cogni-
tive and sensorimotor losses on everyday competence.

Successful Aging as the Coordination of Selection,
Optimization, and Compensation

During all phases of life, human development unfolds
within the range of opportunities and constraints that
biological, psychological, and contextual characteristics
provide. Such opportunities and constraints for develop-
ment can be subsumed under the general notion of re-
sources. Individuals differ in their access to resources.
Moreover, within a given individual, quantity and qual-
ity of resources undergo fundamental changes through-
out life.

In contrast to earlier phases of life, development in late
adulthood and old age is characterized by a shift in direc-
tions of less resource gains and more resource losses [12-
14]. Individuals might continue to gain, for example, in
social status, material belongings, knowledge, and pro-
fessional expertise. However, other resources such as
physical fitness, health, sensory acuity, multi-tasking
ability, and functional brain efficacy decrease through-
out adulthood.
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The decreasing gain-loss ratio of resources across the
adult lifespan does not necessarily compromise adaptive
functioning in all domains or in all individuals. Hetero-
geneity in functional status across individuals increases
with age, and many individuals age successfully by vari-
ous subjective and objective criteria, at biological, cogni-
tive, and social levels [for an overview, see 15]. Hence,
trying to gain a better understanding of how individuals
manage to reach and maintain desirable levels of func-
tioning in a life phase that is characterized by a host of
objective and subjective resource losses is an intriguing
task.

Psychological models of successful lifespan develop-
ment attempt to identify person-environment constella-
tions promoting adaptive functioning in old age [16-19].
Such models generally define successful development as
the conjoint maximization of gains and the minimiza-
tion of losses. Of course, the lifelong process of trying to
‘maximize’ gains and ‘minimize’ losses is an ill-defined
task. It cannot be solved by a set of differential equations,
neither by aging individuals themselves nor by behav-
ioral scientists. However, successful development and ag-
ing can be approximated by heuristics and guidelines.

Baltes and Baltes [16] proposed three general mecha-
nisms of successful development and aging: selection, op-
timization, and compensation (SOC) [19; for comparison
with other models, see 20]. Given that pursuing all poten-
tially possible developmental pathways exceeds available
resources, the SOC theory posits that selection from the
pool of available alternatives is one of the main mecha-
nisms of developmental regulation [21]. The model dis-
tinguishes two forms of selection that serve different reg-
ulatory functions in lifespan development: elective selec-
tion occurs in response to new demands or tasks;
loss-based selection occurs as a consequence of actual or
anticipated loss of resources. Focused investment of re-
sources gives development its direction and is a precondi-
tion for developmental specialization and the achieve-
ment of higher levels of functioning. Optimization re-
flects the gain aspect of development, defined as the
acquisition, refinement, and concerted application of re-
sources in selected domains for the achievement of high-
er functional levels. Lastly, compensation addresses the
regulation of loss in development. It involves efforts to
maintain a given level of functioning despite decline in,
or loss of, previously available resources. It thus repre-
sents an alternative to loss-based selection, which implies
a reorganization of life and functioning around the loss.
It is assumed that the developmental mechanisms of se-
lection, optimization, and compensation, if used in a co-
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General mechanisms of
successful lifespan development

Selection: focus resources on a subset of potentially available options
Optimization: acquiring, refining, and coordinating resources
Compensation: counteracting consequences of resource loss

Psychological criteria for evaluating human engineering technologies

Net resource release

Person specificity

Proximal versus distal
frames of evaluation

Technology needs to release more
cognitive resources for other tasks than
are needed for its operation (marginal
benefit)

within individuals

Assessment of net resource release
involves subjective and objective
criteria

directed actions

Assessment of net resource release
needs to go beyond the target domain of
assistance

behavior

Aging is highly variable across and

Aging individuals possess exquisite
implicit and explicit knowledge about the
organization of their habits and goal-

Intelligent human engineering
technologies need to operate as
learning devices that provide
idiosyncratic support structures based
on cues generated by the user's

The effects of technology are modulated
by historical and ontogenetic context;
benefits of technology vary by timescale
and domain

Long-term risks: Chronic technological
assistance may deplete resources
through disuse

Long-term benefits: By optimizing the
balance between ‘environmental
support’and ‘self-initiated processing’
[42], technology may uncover latent
potential (technology as a source of
plasticity)

Fig. 1. Psychological principles of successful aging technologies.

ordinated manner, help to maintain sufficiently high lev-
els of performance in an increasingly small number of
core domains.

We propose to define the principles for designing and
evaluating technology for old age in relation to selection,
optimization, and compensation as general mechanisms
of successful development. In the following, three such
criteria will be proposed: (a) net resource release, or mar-
ginal resource benefit; (b) person specificity, and (c)
proximal versus distal frames of evaluation (fig. 1).

Net Resource Release (Marginal Resource Benefit)
The operation of technology usually requires an in-
vestment of physical and mental resources. It follows that

Assistive Technology in Old Age

the use of technology is adaptive only if these operation
costs are lower than the payoff associated with other
changes in processing when using the technology [20, 22,
23]. For instance, when the use of a notepad as a memory
aid requires memorization of complex instructions, then
the payoff of using the device may be negative, at least
initially. This point is analogous to the definition of suc-
cessful aging in terms of maximization of gains and min-
imization of losses.

Objective and subjective facets of net resource release,
or the marginal resource benefit of technology use, need
to be set apart and should both be taken seriously. Older
individuals’ perception of net resource release is likely to
determine the actual use of technology more than the
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cost/benefit ratio assessed in some objective manner [for
arecent example, see 24]. Thus, human engineering tech-
nologies fall short of their central objective if their use
does not result in net resource release, both objectively
and subjectively defined, at least in the long run. To ren-
der this outcome more likely, we need to know under
what conditions behavior with technological assistance is
in fact less resource-demanding than behavior without.
Such an evaluation has to be based on a broad set of ob-
jective and subjective indicators that go beyond the target
activity or functional domain. Most importantly, this
evaluation requires as much knowledge about humans as
agents with motives, preferences, and social expectations
as about technology per se [25].

Person Specificity

The second criterion refers to person specificity and
person adaptability. Older individuals differ greatly with
respect to cognitive, sensory, and motor functioning [26-
29]. Likewise, average age trends do not apply to all mem-
bers of the aging population. Some individuals in their
80s perform above the average level of people in their 50s
in central aspects of everyday competence such as mem-
ory, visual acuity, or hearing [30]. Therefore, knowledge
about the average aging individual provides little more
than a viable starting point for the development and use
of intelligent assistive technology. Beyond this starting
point, the technology needs to fine-tune itself to the id-
iosyncrasies of the individual’s behavior, to his or her spe-
cific competences, habits, and preferences [6]. Thus, tech-
nology not only needs to adapt to differences between
individuals but it also needs to learn the behavioral ecol-
ogy, or life space [31], of the individual user, preferably at
a point in time when this ecology has not yet been se-
verely compromised by disability and frailty. Later, when
impairments in sensory, motor, and cognitive functions
have become more prominent, the acquired knowledge of
the individual’s habits and life space can be used to assist
the individual in maintaining his or her lifestyle as long
as possible.

The principle of person specificity corresponds to the
observation that selection, optimization, and compensa-
tion, while representing developmental mechanisms of
broad applicability, take on different forms and constel-
lations in different individuals and throughout ontogeny.
For instance, the identity and number of domains that
require compensation or loss-based selection in one form
or another will vary both across individuals and within
individuals over time. Given the palpable variability in
behavioral competence and lifestyles within the elderly
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population, and the changes within individuals in the
course of aging, adaptation to individual users is a pre-
condition for enhancing net resource release.

Proximal and Distal Frames of Evaluation:

Plasticity versus Disuse

Third, any assistive use of technology has to be evalu-
ated on proximal and distal frames of reference, both on
temporal and substantive dimensions. Prior exposure to
the same or related technologies is likely to influence the
amount of net resource release that can be achieved in old
age. For example, today’s generation of middle-aged
adults will make use of mobile communication devices
when aged 80 in a different way than many members of
today’s generation of 80-year-olds do now.

Within individuals, short-term and long-term bene-
fits of technology may not always be congruent. For ex-
ample, the use of GPS-based spatial navigation aids may
have positive short-term effects upon way-finding behav-
ior. However, this support may be harmful in the long run
if it promotes chronic disuse of navigation skills and spa-
tial orientation abilities. In fact, in light of associations
between the size of brain structures involved in spatial
behavior, such as the posterior hippocampus, and expo-
sure to environments with high navigational demands,
such as Inner City London for taxi drivers [32], one may
speculate whether long-term reliance on GPS-based de-
vices may compromise spatial navigation skills and abil-
ities, and reduce the size and functional integrity of rel-
evant brain structures. If this holds true, then the short-
term gains associated with the use of navigation aids
would be offset by a severe long-term loss.

Conversely, technology may not only enhance the al-
location of currently available resources through net re-
source release, but actually foster the generation of new
resources by activating developmental reserves, or latent
cognitive potential. Just like other tools for the mind,
such as mnemonic techniques for the encoding and re-
trieval of word lists [33, 34], technology has the potential
to enhance performance through external support while
keeping the task environment challenging at the same
time. With this in mind, intelligent assistive technology
is no more and no less than a new voice in the co-con-
structive dialogue between culture and biology that con-
stitutes human ontogeny [11, 35, 36]. However, its out-
standing capacity for adaptation and behavior regulation
sets it apart from other cultural artifacts, offering the po-
tential to keep the complexity of the individual’slife space
close to optimal levels of challenge, or just below the max-
imum manageable level of task difficulty [19]. Behavioral
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and neuronal aspects of plasticity are reduced but not ful-
ly lost in old age [37-39], and the functional circuitry of
the human cortex is capable of short-term adaptation to
changes in experience or internal milieu at all ages [40].
Therefore, providing individuals with an optimally chal-
lenging environment does indeed carry the promise to
activate behavioral and neuronal reserves.

In sum, when it comes to gauging the long-term con-
sequences of intelligent and assistive technology, both
risks and opportunities need to be kept in mind (fig. 1).
On the one hand, chronic reliance on technological aids
may deplete resources through protracted disuse of skills
and abilities, undermine motivation, and engender loss
of autonomy. On the other hand, intelligent and assistive
technology may activate latent potential by combining
support with challenge, thereby enhancing motivation,
social participation, and a sense of autonomy, with posi-
tive repercussions on cognitive development in old age
[41].

As the specific needs and demands of a growing popu-
lation of aging individuals compel engineers and indus-
try to build technologically assisted environments, these
environments will reshape the architecture of the aging
mind and brain to an extent that we do not and cannot
yet fully know and understand at this point in time. To
promote plasticity and avoid disuse, the effects of intel-
ligent assistive technology on the mind and brain need to
be carefully monitored and evaluated on multiple times-
cales and dimensions. Clearly, determining the right bal-
ance between ‘environmental support’ and ‘self-initiated
processing’ [42] is a central task in this process.

Technology for Aging Individuals: Two Strategies

Available evidence indicates that sensory and senso-
rimotor functions such as seeing, hearing, and posture
control decline and require increasing cognitive resource
investments with advancing age [for review, see 43]. At
the same, relevant cognitive resources also decline. In
combination, these aging trends result in increasing de-
mands on a decreasing resource, or the ‘quandary of be-
havioral aging’ [43, 44]. According to the present analy-
sis, the key purpose of technology for old age is to attenu-
ate the adverse effects of this quandary.

The findings reported by Lindenberger et al. [44] may
help to illustrate the increasing reliance of sensorimotor
functioning on attentional control. In this study, young,
middle-aged, and older adults wereinstructed and trained
in a memory technique that allowed them to recall an av-
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Fig.2. Age differences in dual-task costs for memory performance
as a function of concurrent walking. Cost scores refer to the per-
centage of loss in serial word recall in two walking encoding con-
ditions (oval vs. aperiodic track) relative to the average of seated
and standing encoding conditions. Middle-aged and old adults
showed significantly higher dual-task costs than young adults.
Error bars represent standard errors of the mean. Schematic
drawings of the oval and aperiodic walking tracks are shown un-
derneath. Adapted from Lindenberger et al. [44].

erage of about 10-12 of 16 words in correct serial order.
Individuals listened to all the words over headphones at
arate of 10 s/word and were then asked to recall the words
in the order in which they had been presented to them.
After training, the authors manipulated the condition
under which individuals encoded the words. Specifically,
sitting in a chair or standing still during encoding was
contrasted with a condition in which they had to walk on
one of two narrow tracks at normal walking speed while
listening to the words. Figure 2 displays the loss in mem-
ory performance when individuals were walking on the
simple track or more complex track compared to sitting
or standing. Dual-task costs, or the costs of concurrent
walking on memory performance, increased substantial-
ly with age, and were particularly pronounced for the
complex track. In the domain of walking, age-based in-
crements in dual-task costs were observed as well. A like-
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Fig. 3. Adult age differences in way-finding (spatial navigation)
performance are shaped by sensorimotor demands. Bars display
the mean distance covered to criterion as a function of age group
(young and older adults) and walking demand (with or without
handrail). Provision of a handrail does not alter the way-finding
performance of the young adults, but considerably improves the
way-finding performance of older adults. Error bars represent
standard errors of the mean. Adapted from Lovdén et al. [46].

ly explanation for this finding is that walking requires an
increasing amount of cognitive resources with advancing
age, which need to be displaced from the memory task to
the monitoring of sensorimotor performance. Interest-
ingly, this tendency was already present in middle-aged
adults. Also, the trends reported in this study certainly
underestimate population trends because the group of
older adults was unusually fit and healthy.

Informed by these findings, which suggest an increas-
ing interdependence among sensory, sensorimotor, and
cognitive functions with advancing age, we would like to
propose two intervention strategies that may help to at-
tenuate its adverse effects on everyday competence in old
age. One of the two strategies targets the sensory/senso-
rimotor aspect of the quandary, and the other its cogni-
tive side. Especially in the latter, intelligent and assistive
technology can play a prominent role.

The Sensory/Sensorimotor Strategy

The sensory/sensorimotor strategy attempts to free up
cognitive resources such as attention and working mem-
ory by reducing the cognitive demands of sensory or sen-
sorimotor aspects of performance. This strategy is gener-
allyless difficult to implement than the cognitive strategy.
Therefore, past design recommendations often favor this
approach [45]. Typical examples include the reduction of
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background noise as well as glare-free, high-contrast, and
well-lit workplaces. Assistive technology of this kind is
often consistent with task-appropriate environments in
general, obeys the general principles of ‘optimal design’,
and does not mandate any person-specific or task-spe-
cific adaptive capabilities. Other forms of technology tar-
geting sensory and bodily functions such as reading glass-
es or walking canes are person-specific but, once adopted,
require relatively little flexibility within persons (though
occasional adjustments need to be made).

However, assistive technology aimed at the senses can
also be rather complex. For example, many older adults
experience the operation of hearing aids with various
non-automated amplification modes for different audi-
tory environments as cumbersome, and tend not to use
such aids even though they own them. The net resource
release of these aids is negative because the potential
gain - less attention-demanding hearing - is outweighed
by the resource demands associated with the operation of
the aid itself. More recent hearing aids automatically
adapt their amplification strategy to the auditory scene,
are more likely to result in a net release of cognitive re-
sources, and are thus more likely to be used.

Basic forms of sensory or sensorimotor supports that
require little cognitive investment can be surprisingly ef-
fective. In a recent study, we projected virtual maze-like
museums in front of a treadmill [46]. Young and older
men were asked to perform a way-finding task in each of
several of these virtual museums while walking on the
treadmill. The task was to navigate from the entrance of
the museum to its bistro twice in a row without taking
wrong turns at intersections. In the sensorimotor support
condition, participants were allowed to hold on to a hand-
rail. In the no-support condition, participants were asked
to walk freely on the treadmill.

As shown in figure 3, young adults’ navigation perfor-
mance was not affected by walking support. However,
older adults showed better navigation learning when
holding on to the handrail. These results indicate that
supporting stability of gait in old age can have a beneficial
effect on spatial navigation performance and demon-
strate the close connection between sensorimotor and
cognitive aspects of behavior in old age. In older adults,
support for walking not only improves postural control
but also frees up attentional resources that can then be
invested into navigation-related processing.

The Cognitive Strategy
Whereas the sensory/sensorimotor strategy, similar to
exercise, helps cognition by alleviating the attentional
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load imposed by the senses and the body, the cognitive
strategy aims at reducing cognitive resource demands
through genuinely cognitive rather than sensory or sen-
sorimotor means. Here, we highlight research on exper-
tise and expert systems [47], particularly research on
skilled memory performance [33, 34, 48]. Apparently,
this line of research has had little influence on the devel-
opment of technology for the elderly so far [49].

Present-day technology sometimes gives the impres-
sion that elderly users, and users in general, are expected
to adapt their ways of thinking and acting to technologi-
cal requirements. From a psychological and developmen-
tal perspective, and as has been noted by others [4, 8, 50,
51], the opposite seems desirable. That is, engineers and
psychologists should think of older individuals as ‘ex-
perts on themselves,” as people who have a rich behav-
ioral repertoire and body of knowledge with respect to
their personal preferences, habits, and specializations. In
other words, aging individuals possess privileged knowl-
edge, both implicit and explicit, about the ways in which
their actions are organized in time and space. At the same
time, they experience problems in implementing this
knowledge in the course of action, especially under dif-
ficult conditions — when they are tired, when distracting
goals are present, when multiple goals are pursued simul-
taneously, and whenever their sensory and sensorimotor
systems are taxed and in need of additional attention.
Hence, we propose that a key purpose of intelligent assis-
tive technology is to act as an external cuing structure
that keeps older individuals on the track of their own
goal-directed actions.

Basic psychological research has provided ample evi-
dence that external cuing effectively supports goal-di-
rected action [33]. The invention of mnemonic devices,
which dates back to Ancient Greece and Rome, under-
scores the power of cuing structures as organizers of
thought and action, which in turn reflects the ubiquitous
interplay of various binding mechanisms in learning
and memory. In this sense, any well-organized body of
knowledge, especially if linked to a sequence of external
prompts, constitutes an effective cuing structure [34]. For
this reason, individuals show superior memory perfor-
mance in their domains of expertise, be it bridge [52] or
various areas of professional specialization [47].

What determines the effectiveness with which exter-
nal prompts or cues facilitate thought and action? Two
aspects, compatibility and distinctiveness, are central
[48, 53]. Cues are said to be compatible when they point
to attributes that are functionally related to the task-rel-
evant memory episode or action tendency. For instance,

Assistive Technology in Old Age

a stop signal effectively cues the action of stopping one’s
car because it has been firmly associated with this action
during prior learning episodes. The compatibility of oth-
er cues may vary widely from person to person because
the corresponding individual learning histories are less
uniform.

In addition to being compatible, cues should also be
distinctive; thatis, they should activate the specific action
required without co-activating a large number of com-
peting actions. Again, cue distinctiveness may not be in-
variant across persons and contexts [54]. Depending on
context and knowledge, cues that are distinct for one per-
son may be ambiguous for another. The recent prolifera-
tion of ring tones in mobile phones attests the speed with
which distinctiveness of cues can be gained, and lost.

When individuals generate their own cues, either ex-
plicitly or as implicit residues of successful behavior and
action, these cues are likely to match their knowledge,
habits, and preferences. Therefore, such cues should show
superior compatibility and distinctiveness compared to
cues generated by other people. Méntyld [48] tested this
hypothesis by asking college students to define their own
retrieval cues by generating properties or features for
each to-be-remembered word presented at study. The
outcome of these experiments was quite spectacular. Self-
generated properties that were presented as cues during
recall resulted in exceptionally high levels of memory
performance. For example, after 7 days, participants re-
called on average 327 of the 504 words when given three
self-generated properties as cues; immediately after study,
they recalled 459 of the 504 words. Also, self-generated
retrieval cues were far more effective than those gener-
ated by someone else. Fortunately, similar though some-
what attenuated effects have been observed among older
adults [55].

In sum, psychological research has shown that self-
generated cues, that is cues generated by the person him-
or herself, are by far more effective in triggering appro-
priate actions than any other kind of cue. Of course, this
is not surprising. When individuals generate their own
cues, either explicitly or as implicit residues of successful
behavior and action, these cues are likely to match their
knowledge, habits, and preferences, and are likely to be
processed adequately. Therefore, such cues should show
superior compatibility and distinctiveness compared to
cues generated by other people.

Therefore, we propose that intelligent assistive tech-
nology needs to provide adaptive cuing structures orient-
ing individuals in time and space by providing prompts
that connect properties in the environment to the action
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goals of theindividual. Cuesare helpful when they prompt
the appropriate action at the right point in time. To this
end, they need to be compatible and distinct. Self-gener-
ated cues excel on both dimensions. Hence, technology
designers are kindly asked to adapt the properties of as-
sistive devices to aging individuals’ needs, competencies,
habits, and preferences. To approximate this goal, some
of the systems currently in use or under investigation re-
quire explicit input and manual reprogramming from
the user of the assistive device. This, in turn, greatly re-
duces the net cognitive resource release associated with
the operation of such devices, at least during the initial
phases of customizing.

However, adapting technology to the individual user
can also be accomplished in technologically more de-
manding but psychologically more promising ways. Put
simply, the assistive device or the instrumented environ-
ment itself, rather than the user, can be charged with the
task of learning the user’s habits and preferences. We en-
vision the functioning of intelligent assistive technology
as a multi-layered, lifelong process of individualization.
Initially, when knowledge about the individual user is ab-
sent, the technology will operate on the basis of a default
model, such as the model of the ‘average user’. Explicit
off-line information about the user’s cognitive, sensory,
and sensorimotor abilities as well as his or her prefer-
ences and habits may be entered to modify these default
parameters. This is followed by an extended period of
person-specific ‘acculturation’ of the device that permits
the intelligent assistive technology to learn the regulari-
ties and contingencies that permeate the life of the indi-
vidual user.

Intelligent Assistive Technology for Old Age:
An Imaginary Case Study

Ms. Miller, a 90-year-old widow, lives in her own
apartment in a small town. Her core family consists of
two daughters and their families. Ms. Miller is mentally
tit and physically healthy, and has no intention of giving
up her apartment. Last summer, she won an open-age
card game tournament and she keeps the trophy with
great pride in her living room.

On her 90th birthday, Ms. Miller receives a handheld
electronic device from one of her daughters. The device
looks like a mobile phone and can be used as such. Ms.
Miller has been using mobile phones for several years,
and starts using the handheld device for this purpose,
taking it with her on all errands. In addition to serving as
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a mobile phone, the new device also has other capabili-
ties: It is equipped with GPS, a large and well-1it SMS dis-
play, a movement sensor, an infrared receiver/transmit-
ter, and machine-learning capabilities. Athome, it is elec-
tronically connected to the stationary telephone, and
registers all of its calls.

Initially, Ms. Miller does not make active use of any of
these additional functions. However, most of these addi-
tional functions are operating from the first day. Thanks
to its machine-learning capabilities, the device detects
regularities in Ms. Miller’s life. For example, it registers:
(a) that Ms. Miller calls the younger of her daughters
about every other day in the afternoon; (b) that she calls
the other daughter each day early in the morning; (c) that
she walks to the cemetery once a week to visit the grave
of her late husband; (d) that she goes to the hairdresser
each Saturday morning, and (e) that she moves the device
each day sometime before 9 o’clock in the morning.

With advancing age, Ms. Miller’s cognitive abilities
eventually begin to decline. At age 94, she tends to forget
planned actions and gets more easily distracted than be-
fore. In this situation, the handheld slowly starts acting
asa personalized cuing device that assists Ms. Miller with
her everyday activities. At first, Ms. Miller feels annoyed
by messages from the handheld that remind of her things
she may want to do by making remarks such as ‘Good
time to call your daughter Anna!” or “‘What about the
hairdresser?” However, she eventually gets used to these
kinds of prompts. She also notices that her relatives are
impressed by her persisting independence and compe-
tence. The device continues to take notice of enduring
changes in daily routines, and adapts to them. For ex-
ample, the visit to the cemetery is now taking place every
other week, rather than every week.

Ms. Miller also has begun to make use of the shopping
aid component of the device. Before leaving her apart-
ment for shopping, she sits down at the kitchen table, and
takes all the time she needs to register the shopping items
on the device with a voice key. She then goes to a shopping
mall equipped with infrared sensors matching those of
the handheld device. The sensors make contact with Ms.
Miller device, register her shopping list, and come up
with a shopping route, navigating Ms. Miller through the
mall from shop to shop by giving directions on the dis-
play. When Ms. Miller has reached a shop, the device
prompts her with the shopping items that are available at
this location. If an item is sold out, it redirects Ms. Miller
to another store in the mall that may also sell that item,
and reconfigures the shopping route accordingly. In this
manner, the device keeps track of the shopping list and
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navigates Ms. Miller through the mall until all her shop-
ping needs are satisfied.

One morning, Ms. Miller feels sick and is not able to
leave her bed. The movement sensor notes that the device
has not yet been moved, and the device starts ringing. Ms.
Miller cannot respond because the device is too far away
from bed. At 9:20 a.m., the device automatically calls the
hospital and an ambulance arrives in time to provide
medical treatment.

All technological components described in this imag-
inary case study, including the shopping assistant, are
available [56-58]. However, to the best of our knowledge,
a device of this kind has not yet been developed.

Conclusion

In this article, we discussed technology for old age
from the perspective of lifespan psychology [11, 14]. Old
age may be the period of life in which human engineering
technologies are needed the most, rather than the least.
However, without systematic consideration of behavior
and human agency, technological genius misses the idio-
syncratic knowledge and habits of aging individuals [9].
Some of the shortcomings of present-day technology

References

» 1 Baltes PB, Smith J: New frontiers in the fu- 8

Newell AF, Carmichael A, Gregor P, Alm N: >13

aimed at enhancing everyday competence among the el-
derly may reflect insufficient attention to psychological
laws rather than technological problems. According to
the present analysis, intelligent assistive technology needs
to beintroduced into the everyday lives of young and mid-
dle-aged adults, well before sensory, sensorimotor, and
cognitive impairments have taken over. Such technology
should not be centered on disability and pathology but be
geared at promoting successful lifespan development at
all ages. It should be a pleasure to use, and a status symbol
to possess. If Gehlen [59] is right that culture is humans’
second nature, then technology, a historically recent
aspect of culture, should not form an exception.

Acknowledgments

We thank the late Paul B. Baltes, Neil Charness, Alexandra
Freund, Karen Z.H. Li, Baska Lindenberger, Jiirgen Nehmer, Elis-
abeth Steinhagen-Thiessen, and Hubert Zimmer for helpful dis-
cussions. We also would like to thank the working group on ag-
ing, LeoTech Alter, for continued support. LeoTech Alter is a col-
laboration between the German Academy of Sciences-Leopoldina
and acatech, the Council for Technical Sciences in the Union of
the German Academies of Sciences and Humanities, which ex-
amines the societal consequences of an aging population.

Baltes PB: On the incomplete architecture of

>4

»7

ture of aging: from successful aging of the
young old to the dilemmas of the fourth age.
Gerontology 2003;49:123-135.

Charness N, Schaie KW (eds): Impact of
Technology on Successful Aging. New York,
Springer, 2003.

Czaja §J, Lee CC: Designing computer sys-
tems for older adults; in Jacko JA, Sears A
(eds): The Human-Computer Interaction
Handbook: Fundamentals, Evolving Tech-
nologies, and Emerging Applications. Mah-
wah, Erlbaum, 2003, pp 413-427.

Fisk AD, Rogers WA: Psychology and aging:
enhancing the lives of an aging population.
Curr Direct Psychol Sci 2002;11:107-110.
Kautz H, Etzioni O, Fox D, Weld D: Founda-
tions of Assisted Cognition Systems. Tech
Rep CSE-02-AC-01. Seattle, Department of
Computer Science and Engineering, Univer-
sity of Washington, 2003.

King T: Assistive Technology - Essential Hu-
man Factors. Boston, Allyn & Bacon, 1999.
LoPresti EF, Mihailidis A, Kirsch N: Assis-
tive technology for cognitive rehabilitation:
state of the art. Neuropsychol Rehab 2004;
14:5-39.

Assistive Technology in Old Age

10

11

»12

Information technology for cognitive sup-
port; in Jacko JA, Sears A (eds): The Human-
Computer Interaction Handbook: Funda-
mentals, Evolving Technologies, and
Emerging Applications. Mahwah, Erlbaum,
2003, pp 464-481.

Mynatt ED, Rogers WA: Developing tech-
nology to support functional independence
of older adults. Ageing Int 2001-2002;27:24-
41.

Pew R, Hemel SV (eds): Technology for
Adaptive Aging. Washington, National
Academies Press, 2004.

Lindenberger U, Lovdén M: Co-construct-
ing human engineering technologies in old
age: lifespan psychology as a conceptual
foundation; in Baltes PB, Reuter-Lorenz P,
Rosler F (eds): Lifespan Development and
the Brain: The Perspective of Biocultural
Co-Constructivism. New York, Cambridge
University Press, 2006, pp 350-375.

Baltes PB: Theoretical propositions of life-
span developmental psychology: on the dy-
namics between growth and decline. Dev
Psychol 1987;23:611-626.

14

15

16

»17

human ontogeny: selection, optimization
and compensation as foundation of develop-
mental theory. Am Psychol 1997;52:366-
380.

Baltes PB, Lindenberger U, Staudinger UM:
Lifespan theory in developmental psycholo-
gy; in Lerner RM (ed): Handbook of Child
Psychology, ed 6. New York, Wiley, 2006, pp
569-664.

Freund AM, Riediger M: Successful aging; in
Lerner RM, Easterbrooks MA, MistryJ (eds):
Handbook of Psychology. New York, Wiley,
2003, vol 6, pp 601-628.

Baltes PB, Baltes MM: Psychological per-
spectives on successful aging: the model of
selective optimization with compensation;
in Baltes PB, Baltes MM (eds): Succcessful
Aging: Perspectives from the Behavioral Sci-
ences. New York, Cambridge University
Press, 1990, pp 1-34.

Carstensen LL, Isaacowitz DM, Charles ST:
Taking time seriously. A theory of socioemo-
tional selectivity. Am Psychol 1999;54:165-
181.

Gerontology 2008;54:59-68

67



18

19

»20

21

22

23

»24

25

»26

27

»23

29

»30

Freund AM, Baltes PB: The orchestration of
selection, optimization, and compensation:
an action-theoretical conceptualization of a
theory of developmental regulation; in Per-
rig WJ, Grob A (eds): Control of Human Be-
havior, Mental Processes, and Conscious-
ness. Mahwah, Erlbaum, 2000, pp 35-58.
Riediger M, Li S-C, Lindenberger U: Selec-
tion, optimization, and compensation (SOC)
as developmental mechanisms of adaptive
resource allocation: review and preview; in
Birren JE, Schaie KW (eds): Handbook of the
Psychology of Aging, ed 6. Amsterdam, Else-
vier, 2006, pp 289-313.

Backman L, Dixon RA: Psychological com-
pensation: a theoretical framework. Psychol
Bull 1992;112:259-283.

Waddington CH: The Evolution of an Evolu-
tionist. Edinburgh, Edinburgh University
Press, 1975.

Dixon RA, Bickman L (eds): Compensating
for Psychological Deficits and Declines:
Managing Losses and Promoting Gains.
Mahwah, Erlbaum, 1995.

Schénpflug W: Improving efficiency of ac-
tion control through technical and social re-
sources; in Kofta M, Weary G, Sedek G (eds):
Personal Control in Action. New York, Ple-
num Press, 1998, pp 299-314.

Melenhorst A-S, Rogers WA, Bouwhuis DG:
Older adults’ motivated choice for techno-
logical innovation: evidence for benefit-
driven selectivity. Psychol Aging 2006;21:
190-195.

Park DC, Skurnik I: Aging, cognition, and
patient errors in following medical instruc-
tions; in Bogner MS (ed): Misadventures in
Health Care. Inside Stories. Mahwah, Erl-
baum, 2004, pp 165-181.

Li S-C, Aggen S, Nesselroade JR, Baltes PB:
Short-term fluctuations in elderly people’s
sensorimotor functioning predict text and
spatial memory performance. Gerontology
2001;47:100-116.

Lindenberger U, von Oertzen T: Variability
in cognitive aging: from taxonomy to theory;
in Craik FIM, Bialystok E (eds): Lifespan
Cognition: Mechanisms of Change. Oxford,
Oxford University Press, 2006, pp 297-314.
Li S-C, Lindenberger U, Sikstrom S: Aging
cognition: from neuromodulation to repre-
sentation. Trends Cogn Sci 2001;5:479-486.
Nesselroade JR: The warp and the woof of
the developmental fabric; in Downs RM,
Liben LS, Palermo DS (eds): Visions of Aes-
thetics, the Environment and Development:
The Legacy of Joachim Wohlwill. Hillsdale,
Erlbaum, 1991, pp. 213-240.

Baltes PB, Lindenberger U: Emergence of a
powerful connection between sensory and
cognitive functions across the adultlife span:
a new window to the study of cognitive ag-
ing? Psychol Aging 1997;12:12-21.

»31

>3

»33

34

» 35

»36

»37

»33

» 39

» 40

»41

»42

»43

> 44

» 45

Dhami MK, Hertwig R, Hoffrage U: The role
of representative design in an ecological ap-
proach to cognition. Psychol Bull 2004;130:
959-988.

Maguire EA, Gadian DG, Johnsrude IS,
Good CD, Ashburner ], Frackowiak RSJ,
Frith CD: Navigation-related structural
change in the hippocampi of taxi drivers.
Proc Natl Acad Sci USA 2000;97:4398-
4403.

Bower GH: Analysis of a mnemonic device.
Am Sci 1970;58:496-510.

Ericsson KA: Memory skill. Can J Psychol
1985;39:188-231.

Li S-C: Biocultural orchestration of develop-
mental plasticity across levels: the interplay
of biology and culture in shaping the mind
and behavior across the life span. Psychol
Bull 2003;129:171-194.

Li KZH, Lindenberger U: Relations between
aging sensory/sensorimotor and cognitive
functions. Neurosci Biobehav Rev 2002;26:
777-783.

Baltes PB, Kliegl R: Further testing of limits
of cognitive plasticity: negative age differ-
ences in a mnemonic skill are robust. Dev
Psychol 1992;28:121-125.

Kliegl R, Smith ], Baltes PB: Testing-the-lim-
its and the study of adult age differences in
cognitive plasticity of a mnemonic skill. Dev
Psychol 1989;25:247-256.

Nyberg L, Sandblom J, Jones S, Neely AS, Pe-
tersson KM, Ingvar MI, Bickman L: Neural
correlates of training-related memory im-
provement in adulthood and aging. Proc
Natl Acad Sci USA 2003;100:13728-13733.
Pascual-Leone A, Amendi A, Fregni F, Mera-
bet LB: The plastic human brain cortex.
Annu Rev Neurosci 2005;28:377-401.
Lovden M, Ghisletta P, Lindenberger U: So-
cial participation attenuates decline in per-
ceptual speed in old and very old age. Psychol
Aging 2005;20:423-434.

Craik FIM: On the transfer of information
from temporary to permanent memory. Phi-
los Trans R Soc Lond 1983;B302:341-359.
Schifer S, Huxhold O, Lindenberger U:
Healthy mind in healthy body? A review of
sensorimotor-cognitive interdependencies
in old age. Eur Rev Aging Phys Activ 2006;3:
45-54.

Lindenberger U, Marsiske M, Baltes PB:
Memorizing while walking: increase in dual-
task costs from young adulthood to old age.
Psychol Aging 2000;15:417-436.

Hawthorn D: Possible implications of aging
for interface designers. Interact Comput
2000;12:507-528.

68

Gerontology 2008;54:59-68

»46

47

48

49

50

51

»s52

»53

»s54

»s5

56

57

58

59

Lovdén M, Schellenbach M, Grossman-Hut-
ter B, Kriiger A, Lindenberger U: Environ-
mental topography and postural control de-
mands shape aging-associated decrements
in spatial navigation performance. Psychol
Aging 2005;20:683-694.

Krampe RT, Baltes PB: Intelligence as adap-
tive resource development and resource al-
location: a new look through the lenses of
SOC and expertise; in Sternberg RJ, Grigor-
enko EL (eds): Perspectives on the Psychol-
ogy of Abilities, Competencies, and Exper-
tise. New York, Cambridge University Press,
2003, pp 31-69.

Mintyld T: Optimizing cue effectiveness: re-
call of 500 and 600 incidentally learned
words. ] Exp Psychol 1986;12:66-71.
Charness N: Age and expertise: responding
to Talland’s challenge; in Poon L, Rubin DC,
Wilson BA (eds): Everyday Cognition in
Adulthood and Late Life. Cambridge, Cam-
bridge University Press, 1989, pp 437-456.
Paradise J, Mynatt ED, Williams C, Goldth-
waite J: Designing a cognitive aid for the
home: a case-study approach. Proc 6th Int
ACM/SIGCAPH Conf Assistive Technolo-
gies, 2004.

Vanderheiden G: Fundamental principles
and priority setting for universal usability.
Proc Conf Universal Usability. Arlington,
ACM Press, 2000, pp 32-37.

Charness N: Components of skill in bridge.
Can J Psychol 1979;33:1-16.

Tulving E, Thompson DM: Encoding speci-
ficity and retrieval processes in episodic
memory. Psychol Rev 1973;80:352-373.
Hunt RR, Einstein GO: Relational and item-
specific information in memory. J Verbal
Learn Verbal Behav 1981;20:497-514.
Biackman L, Mintylad T: Effectiveness of self-
generated cues in younger and older adults:
the role of retention interval. Int ] Aging
Hum Dev 1988;26:241-248.

Kriiger A, Butz A, Miiller C, Wasinger R,
Steinberg K, Dirschl A: The connected user
interface: realizing a personal situated navi-
gation service. Proc Int Conf Intelligent User
Interfaces (IUT2004). Arlington, ACM Press,
2004, pp 161-168.

Baus J, Kriiger A, Stahl C: Resource-adaptive
personal navigation; in Stock O, Zancanaro
M (eds): Multimodal Intelligent Information
Presentation. Berlin, Springer, 2005, pp 71—
93.

Stahl C, Baus J, Brandherm B, Schmitz M,
Schwartz T: Navigational- and shopping as-
sistance on the basis of user interactions in
intelligent environments. Proc IEE Int
Workshop Intelligent Environments. Col-
chester, University of Essex, 2005.

Gehlen A: Urmensch und Spatkultur. Bonn,
Athendum, 1956.

Lindenberger/Lévdén/Schellenbach/Li/
Kriiger



