
CHAPTER THREE

Age and Aging

The chronological age of a person is considered an
objective measure. It is often used as an indicator of life
experience, generational affiliation, or as a basis for
defining which personal or professional phase of life a
person is in. Unfortunately, this implied information is
neither conclusive nor reliable. Chronological age does
not tell anything about distinctive life events, the per-
sonal body of experience, or the reasons for a certain life
course. Because of enormous inter-individual differ-
ences in life trajectories the chronological age does not
even give us a hint about present functional or cognitive
status. Besides, the meaning of chronological age has
changed over the decades. In the late nineteenth 
century people over thirty were considered old, but this
is young by today’s standards, with life expectancy ex-
ceeding eighty or ninety years in developed countries. A
large number of alternative concepts are used to de-
scribe the process of aging or its resulting status. With
reference to biological age, factors like indicators of fit-
ness, beginning of menopause, amount of grey hair,
number of wrinkles, or nightly trips to the restroom are
referred to. Regarding functional age, the labels of “Go-
gos”, “Slow-gos”, and “No-gos” were invented to de-
scribe the quality and range of motion and activity in old
age. Correspondingly, intellectual abilities are referred
to as cognitive fitness, cognitive age, or wisdom of age.
In some cases life events are used to define what stage
of life a person is in, mainly referring to social and occu-

pational life events, for example describing somebody as
being a parent, divorced, widowed, retired, grandparent,
or starting a second or third career. Accordingly, an age
of attitude, moral, or lifestyle can be defined, often em-
ploying interests and activities such as openness for new
things or lack of interest. It usually reflects the perspec-
tive of one generation to another. Last but not least, each
person has a subjective age identification when asked
how old she or he feels. Interestingly, research reveals
that individuals in their teens have older subjective age
identities, whereas across middle and late adulthood, in-
dividuals report younger age identities. Besides, women
experience younger age identities than men across
these adult years. Results also reveal that discrepancies
between subjective and actual age are associated with
personal fears of aging and life satisfaction (Montepare
& Lachman, 1989). Thus, whenever we start speaking
about “the good old days”, we should take notice if this
is actually about turning old ourselves. In summary,
each approach to describing age and the process of ag-
ing serves its purpose, but limitations are obvious. Thus,
we must carefully choose our words when speaking
about the elderly in order to avoid labeling that reflects
prejudice and stigmatization.

Changing Societies

Understanding the processes and implications of ag-
ing is one of the major challenges facing societies in the
21st century. From a traditional pyramid shape with
broad base and tapering top, the world’s population
structure is literally about to be turned upside-down
(Figure 1). While more and more people are getting
even older due to increased life expectancy the decreas-
ing birth rates further accelerate the process of popula-
tion aging in developed and developing countries. 
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In 2006, 17% of the population in the US and 21% in
Europe was older than 60 years (UN 2002, 2006). Esti-
mates indicate that these numbers will increase to 26%
and 34% respectively by 2050 (Figure 2, Table 1). As
such, this large segment of elderly defines society and
gains influence not only in economics and politics but in
all areas of public life. Today’s population ageing is un-
precedented, without parallel in human history – and
the new century will witness even more rapid aging than
did the century that just passed. 

Among the world population, the fastest growing
group is the “oldest-old”, or persons aged 80 years or

over. By 2050, this segment of the population is pro-
jected to reach 395 million or 4.3% of the world popula-
tion (UN 2009). Within the segment of elderly different
subgroups can be identified. According to chronological
age at least three subgroups of elderly are commonly
distinguished after middle adulthood (age 30 to 64
years): “Old age” (age 65 to 79 years), “Oldest-old” (age
80 and older), and “Centenarians” (age 100 and older).
The latter represent an entirely new group of elderly,
which has never existed before and about which not
much is known due to limited existing research. In addi-
tion, today’s elderly are not the same as the elderly thirty
years ago. New generations are getting older. As an ex-
ample Baby Boomers (people born after World War II
between 1946 and 1964) have transformed societies with
a broader sense of individualism. Their lifestyle is no
longer predictable based on their age alone. On average
they feel about fifteen years younger than previous gen-
erations of the same age. While most of their parents
kept one job until retirement and married once, baby
boomers have often changed careers with more oppor-
tunities for women, divorced and remarried, had meth-
ods for birth control available, have a higher educational
level than their parents, have traveled more than any
earlier generation and continue to be active after retire-
ment (Traynor, 2009). In addition, with life expectancies
of thirty, forty, and more years after retirement, there
are different generations among the elderly at the same
time. These facts lead to the conclusion that a differenti-

Hearing Care for Adults 200934

Figure 1. Population pyramids 2006 and 2050 (United Nations, 
Population Division DESA, 2006).

Population aged 60 years or over

Number

(thousands) 

Percentage

of total 

population 

Percentage

80 years or

over

Percentage

living alone

Percentage

in labor force

2006 2050 2006 2050 2006 2050 Men/Women Men/Women 

World 687 923 1 968 153 11 22 13 20 8/19 40/16
More developed 
regions

247 753 400 029 20 32 19 29 13/32 22/11

Less developed 
regions

440 170 1 568 124 8 20 10 18 5/9 50/19

Least developed 
countries

39 593 171 191 5 10 7 10 4/8 71/37 

Australia 3 602 8 356 18 30 20 29 n.a. 21/9
Canada 5 939 13 646 18 32 20 31 14/33 23/11
United States
of America 

50 908 104 433 17 26 21 28 15/35 30/19 

Europe 151 841 225 373 21 34 18 28 13/35 15/7

Table 1. Number of persons aged 60 years or over (United Nations, Population Division DESA, 2006).



ated view and knowledge about aging are needed when
addressing elderly clients, for example, in audiological
care.

Ability Changes in Old Age

Health in Old Age

In general, today’s elderly show much better health
compared to earlier generations and the disability-free
life expectancy is increasing. Still, aging affects all organ
systems and usually in a negative way. Besides the obvi-
ous grey hair, stiff joints, or loss of subcutaneous fat tis-
sue, aging may lead to bone resorption, less expandable
lung tissue, less elastic connective tissue and all too of-
ten results in hypertension, arthritis, chronic joint symp-
toms, heart disease, cancer, or diabetes. This is just to
name the most frequently occurring chronic healthcare
conditions for adults over age 65. Typically age-related
physiological changes do not lead to a loss of function,
but to a restricted function of an organ or body structure.
Also, in old age changes occur at the same time in differ-
ent organ systems and body structures and interact with
each other. These concomitant changes determine the
duration and intensity of a clinical picture as well as its
outcome, which may be a temporary functional restric-
tion or a permanent disability. Consequently, old age is
often associated with longer lasting convalescence, co-
morbidity, and chronic conditions. In the Berlin Aging

Study (BASE), of the more than one thousand partici-
pants aged 70 to 104 years old, 96% reported at least one
diagnosis and 30% reported five and more diagnoses that
would require medical treatment (Steinhagen-Thiessen
& Borchelt, 1996). Most frequently, the cardio- and cere-
bro-vascular systems as well as the muscular-skeletal
system are affected. Moreover, one third of the seniors
over 70 years in this study suffered from life threatening
diseases. Regarding mental health with increasing age,
prevalence of dementia exponentially increases from 2%
of people under the age of 65 years with doubling of
numbers every five years up to 30% to 50% at the age of
90 years. Dementia is the leading cause of institutional-
ization among the elderly; prevalence among elderly
nursing home residents is estimated to be 60% to 80%.
Among dementia diagnoses, Alzheimer’s Disease is by
far the most common type with about 54% of all cases,
whereas vascular dementia accounts for about 16%, and
combined diagnosis of Alzheimer’s and vascular demen-
tia accounts for about 25% of the patients (Lobo et al.,
2000). Today’s diagnostic manuals define dementia as
the only mental disorder that is specifically related to
age (DSM-IV, ICD-10) while other kinds of mental disor-
ders for example mood disorders, anxiety disorders,
substance related disorders, or sleep disorders are also
common in old age. Highest prevalence rates among the
elderly are usually seen for depression, insomnia, and
dementia (Wernicke, Linden, Gilberg, & Helmchen,
2000). 

Somatic as well as mental conditions may lead to
functional limitations and disability. In order to shift the
focus from cause to impact, the International Classifica-
tion of Functioning, Disability, and Health (ICF, WHO
2001) describes human functioning on three different
levels: functioning at level of body or body part, the
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Figure 2. Distribution of population by broad age groups: 1950–2050
(United Nations, Population Division DESA, 2002).

Figure 3. International Classification of Functioning, Disability and
Health (ICF, WHO, 2001).



whole person, and the person in a social context (Figure
3). Correspondingly, three levels of disability can be de-
scribed: impairments of body function (e.g., hearing
loss), activity limitations (e.g., difficulties using the tele-
phone), and participation restrictions (e.g., less frequent
contacts with friends). With this ICF acknowledges dis-
ability no longer only as a “medical” or “biological” dys-
function, but takes into account the social aspects and
the impact of the environment on a person’s functioning,
which is especially important when confronted with mul-
tiple impairments in old age. 

Sensory Decline in Old Age

Depending on the study and its design, hearing loss
is estimated to be prevalent in about 30% to 40% of the
population between the ages of 65 and 74 years and in
about 50% to 80% of people 75 years and older (cf.,
Cruickshanks et al., 1998, U.S. Congress, Office of Tech-
nology Assessment, 1986). Although aging affects hear-
ing at all frequencies, the high frequencies are affected
more impacting the perception of high-pitched and low-
energy speech sounds in particular (e.g., consonants s,
th, f, t, k). Presbycusis, as the age-related hearing im-
pairment is referred to, is often associated with addi-
tional difficulties besides elevated thresholds for high
frequencies. These difficulties become particularly evi-
dent in complex or noisy listening situations and reveal,
for instance, problems with frequency resolution, tempo-
ral resolution, localization, separation of speech in back-
ground noise, or understanding in reverberant sur-
roundings (Pichora-Fuller & Souza, 2003; Wingfield,
2000). Referring to the ICF system, the impact of such
hearing impairments for an individual becomes most ap-
parent when looking into activity and participation re-
strictions resulting in everyday life. Common com-
plaints include: difficulties communicating in noise,
lacking the ability to hear whispered conversation or
side remarks, no longer being able to participate in
group discussions, great difficulties understanding on
the phone, disorientation and insecurity in road traffic,
no longer enjoying music or singing, missing sounds of
nature. Moreover, there are strong emotional reactions
resulting from these difficulties. A person may report
feeling isolated, trapped within one’s own world, making
oneself unpopular, a sense of insecurity in everyday life,
or experiencing “an awful silent world”. These examples
give only a rough insight into the enormous relevance of
hearing in our lives. Research shows that hearing im-
pairment certainly has an impact on health-related qual-

ity of life, social, psychological, and socio-emotional func-
tioning and is particularly related to depression, loneli-
ness, anxiety, distress, and somatization (e.g., Nachte-
gaal et al., 2009). To make matters worse, sensory de-
cline is not limited to the auditory system; the visual sys-
tem is frequently affected as well. Age-related visual im-
pairments are common for people who have problems
with visual acuity, color discrimination, adaptation to
seeing in the dark, contrast sensitivity, and peripheral vi-
sion acuity. This causes problems with reading small
print, interpreting correctly facial expressions, seeing in
the dark or when light is diffuse, driving, or judging dis-
tances. In addition, negative age-effects on motor abili-
ties such as balance, manual dexterity, or psycho-motor
reaction times are very common. With this information
in mind it becomes clear that the combined effects of
multi-sensory decline may have an even worse impact
and may affect the most common, simple tasks in every-
day life. Visual impairment combined with dexterity
problems makes it difficult to handle small devices like
a hearing instrument. For the hearing impaired, difficul-
ties seeing cause additional problems with noticing fa-
cial expressions and gestures during a conversation; or
when using a hearing instrument to recognize small
parts of the instrument and to read its user guide. There-
fore, audiological care must pay attention to individual
abilities, concerns, and needs of the elderly client. This
means that constraints and resources in other capability
domains, besides hearing, have to be taken into account.

Cognitive Resources in Old Age

When talking about “hearing” we refer to the essen-
tially passive function that provides access to the audi-
tory world via the perception of sound. The term is pri-
marily useful to describe impairment, typically using au-
diometry (Pichora-Fuller & Singh, 2006). In the consen-
sus definition of the Eriksholm Workshop in 2003, which
uses WHO’s ICF classification and definitions as bench-
mark, “hearing” is clearly differentiated from more ac-
tive processes of “listening”, “comprehending”, and
“communicating”, where cognitive and social factors
come into play (Kiessling et al., 2003). “Listening”, un-
derstood as the process of hearing with intention and at-
tention for purposeful activities, demands the expendi-
ture of mental effort and relies on higher cognitive abil-
ities. “Comprehending” follows successful listening and
is defined as the unidirectional reception of information,
meaning, and intent, whereas “communicating” is the
bidirectional transfer of information, meaning, or intent
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between two or more people. In summary, good hearing
is a precondition for successful listening, comprehend-
ing, and communicating, but it is not sufficient. In order
to segregate relevant information from the speech
stream it is especially important to concentrate, to hold
information in a short-term memory or working mem-
ory, to recognize words, meanings or to read between
the lines by integrating new information into long-term
memory and by comparing it with accumulated knowl-
edge. All this happens with speech arriving at a rate of
two to three words per second, with no clear separation
of usually under-articulated words, with rapid parsing of
incoming words and phrases for their function within
and across sentences in order to assemble semantic 
content of sentences in terms of an overall meaning 
or abstract idea (Wingfield, 2000). By describing the
processes involved in speech perception, two directions
of information flow become apparent: a bottom-up analy-
sis of acoustic input towards words and meaning (from
cochlea to cortex) and a top-down analysis using the lis-
tener’s knowledge for context-driven expectations and
listening strategies for allocating cognitive resources
such as attention or memory. With age, the continuous
interaction of bottom-up and top-down speech process-
ing may be compromised through a decline in sensory
abilities, in cognitive abilities, or both.

Development of cognitive resources in old age can
be best described through three basic principles: multi-
dimensionality, multi-directionality, and inter-individual
differences. Different dimensions of cognition develop
differently – with some showing stability, some decline,
and others increase of functional level. Even within an
ability domain, such as memory, several different types
of memory and subfunctions have to be distinguished.
While negative age effects are well known for encoding,
recalling, or recognizing of relatively new information
from the episodic memory (e.g., remembering what I
did yesterday), semantic memory (e.g., vocabulary,
world knowledge), implicit memory (e.g., using previ-
ous experiences without conscious awareness), and pro-
cedural memory (e.g., remembering how to button a
shirt) prove to be relatively unaffected by age. Also, se-
mantic memory even improves with age – reflected in
comprehensive vocabulary and elaborated world knowl-
edge sometimes leading to what is called wisdom of age.
For most cognitive abilities, inter-individual variability
increases with age and most often differences are bigger
between persons of the same age than between persons
of different age groups. Still, general developmental
trends have been identified. On the one hand, increas-

ing age is associated with a slowing in speed of informa-
tion processing, with diminished capacity of working
memory and with difficulties in processing parallel, in-
terfering information through divided attention and in-
hibitory cognitive control, all basically limiting how fast
and how much information can be processed by the cog-
nitive system (e.g., Park, 1999, Lemke & Zimprich,
2005). On the other hand, increasing age is associated
with broader semantic knowledge, extended social and
communication experience as well as better use of con-
text information and listening strategies, all of which are
used by elderly listeners to compensate for diminished
sensory input (Wingfield, 2000).

Socio-Emotional Changes in Old Age

Confronted with numerous ability changes, often re-
sulting in activity limitations and participation restric-
tions, one may come to the conclusion that elderly peo-
ple cope with this in a negative way. However, surpris-
ingly, research results indicate that elderly show high
ratings of general well-being equal to those of younger
people (Costa et al., 1987). This may be due to the same
kinds of pragmatism and adapted expectations as re-
cently stated by Jane Fonda (age 71): “Either you let the
pain define you or you get on with your life.” The actress
was wearing a corset after surgery when receiving an
award in Berlin. The so called “paradox of well-being”
gives an indication that regulation of emotions is quite
effective in old age although research is very limited in
this field. It seems that very intense emotions, both pos-
itive and negative, are less frequently experienced in old
age, especially anger seems to be actively avoided by the
elderly. Besides changed reactivity towards emotional
stimuli and very effective self-regulatory processes,
Lawton (1989) proposes that the emotional balance is re-
alized by proactively avoiding negative emotions and
searching for social environments that increase the
probability of positive emotions. 

Age-Specific Goals, Needs, and Values

A value change is mainly observed from one gener-
ation to another. An example is the sense of duty of the
old generation expanded by the individualism of the new
baby-boomer generation. Within an individual however,
values are very stable across later adulthood and old
age. Besides, in later life the realization of ability
changes and of a limited life perspective typically lead,
among other factors, to a re-evaluation of one’s life situ-
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ation and needs along with an adjustment or selection of
goals. While in middle adulthood capabilities, self-fulfill-
ment, enjoyment, social involvement are prominent,
goals and provisions are made for later on. On the other
hand, in old age, health and well-being, safety and secu-
rity, autonomy, and social participation become central
objectives.

Contextual Changes in Old Age

By definition, aging describes the multidimensional
process of developmental change across the life span.
However, aging processes do not take place independ-
ently of contextual factors, which according to WHO’s
ICF system (2001) represent the complete background
of an individual’s life and living and comprise two com-
ponents: environmental factors and personal factors
(Figure 3).

A Changing World

Looking back, just a few decades gives us an impres-
sion how much has changed with regard to environmen-
tal factors like housing, technology, traffic, nutrition,
medical treatment, and social services, to name just a
few. Such simple things as heating, telephone, public
transportation, micro ovens, meals on wheels, pain
killers, flue shots, medical insurance, or pension plans
are often taken for granted by a majority of seniors today.
We should be aware however that these are still quite
new, modern comforts.

Living Arrangements in Old Age

For the individual, getting older is associated with a
number of contextual changes. The transition to retire-
ment is above all connected with a change of daily rou-
tine and greatly increases the importance of one’s home.
This is even more the case in advanced age when re-
strained physical mobility increasingly leads to a con-
centration of daily activities in and around the home.
Everyday life in old age is, above all, life at home (Kohli,
Kuenemund, & Zaehle, 2005). Because living arrange-
ments also shape patterns of care-giving, it becomes of-
ten necessary to move into a smaller apartment, retire-
ment center, or nursing home. Reasons may be that chil-
dren move out and often far away; health issues make it
difficult to clean a big house, to take care of a garden, to
drive to the shopping center; partners get ill or die; or
medical help or caretaking is needed for oneself. In the

latter situation, the impact is even more dramatic if one
lives alone, like 13% of men and 32% of women over the
age of 60 do in the more developed countries (Table 1).
According to the Federal Inter-agency Forum on Aging-
Related Statistics in 2004 the rate of nursing home resi-
dence in the US was 9 in 1,000 at age 65 to74 years, com-
pared with 36 in 1,000 at age 75 to 84 years, and 139 in
1,000 at age 85 years and older. Recent declines in rates
of nursing home residence observed in the US and other
more developed countries may reflect broader changes
in the health care systems. Other forms of residential
care and services, such as assisted living and home
health care, have become more important and more
prevalent in many countries. 

Social Network in Old Age

Social relationships constitute a very powerful re-
source for well-being and autonomy in old age. Social
networks are primary sources of instrumental and emo-
tional support for developing an attitude towards and
coping with age-related changes. An inherent problem
though, is that members of a social network are often of
the same age, therefore struggling with the same kind
of problems and may not be available long-term due to
death, health problems, or mobility restrictions. Thus,
not only the number but also the frequency of social con-
tacts becomes reduced in old age. Recent data from
Switzerland show that 38% of the people over 75 years
meet with relatives, friends, etc. less than once a week
(FORS, 2006). However, older adults also become more
selective about their social networks as stated in the the-
ory of socio-emotional selectivity (Carstensen & Mikels,
2005). Because they place a high value on emotional sat-
isfaction, older adults often spend more time with famil-
iar individuals with whom they have had rewarding rela-
tionships. As a result, the elderly have often less, but
equally satisfying social relationships as younger per-
sons. This selective narrowing of social interaction max-
imizes positive emotional experiences and minimizes
emotional risks as individuals become older. In old age,
social networks are mostly reduced to family members
(spouse/ partner, children, siblings) and very few close
friends. Also here, demographic development will lead
to changes in the near future as, in industrialized coun-
tries, trends show that less people have even less chil-
dren at an older age and attitude towards marriage and
divorce is changing as well as the bond between family
generations (Kohli, Kuenemund, & Luedicke, 2005). Al-
though many older persons who live alone are socially
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active and financially secure, those who live alone are
more likely to need outside assistance in the case of ill-
ness or disability and are at greater risk of social isola-
tion and poverty (UN, 2006). The higher longevity of
women and the fact that men are on average about three
to four years older than their wives translate into highly
divergent trajectories for the two genders as they grow
older. In Europe, the proportion of widowed men in-
creases from 2% (age 50–59) to 30% (age 80 and older),
whereas the proportion of widowed women increases
from 8% to 69%. As a result, 63% of men but only 16% of
women over 80 years still live with a married or regis-
tered spouse (Kohli, Kuenemund, & Luedicke, 2005). 

Finances in Old Age

The saying “money makes the world go round” ap-
plies in old age as well. Furthermore, no other genera-
tion before has had as much money available as today’s
older generation. Not only does it provide a sense of se-
curity and autonomy, but is a precondition for financing
of personal and technical support, such as house calls,
nursing service, home delivery, assisted transport, or
hearing systems. In old age, income from work is no
longer the main source to support consumption, al-
though many people work well above retirement age
(Table 1). Instead, assets, real estate, insurances, and
pension plans – provisions made earlier in life – can be
used to generate liquidity. Besides, social and family
support may substitute for or contribute to financing im-
portant necessities in old age, such as nursing and long-
term care. The US Social Security Administration re-
ports that the major sources of income for older people
are: Social Security (reported by 90% of older persons),
income from assets (59%), public and private pensions
(41%), and earnings (22%) (National Research Council,
2004). 

Use of Technology in Old Age

Older people use many technology items. In fact,
new technologies are often not optional but rather diffi-
cult to avoid, for instance answering machine, fax, clock
radio, microwave oven, voice menu systems, ticket ma-
chines, or online accounts. However, almost 75% of the
people report experiencing difficulties in usage of tech-
nology products in everyday life. In old age, problems
are mainly due to perceptual limitations for seeing or
comprehending text or symbols, due to movement con-
trol for holding or opening items, or due to remember-

ing instructions or warnings (Fisk, Rogers, Charness,
Czaja, & Sharit, 2009). Design guidelines and their appli-
cation for the development of technology for older peo-
ple are urgently needed. It is estimated that over 50% of
the reported usage problems in daily life can be ad-
dressed through human factor design efforts. In addi-
tion, inadequate training for use of assistive technology
can often be identified as one of the significant barriers
for using a device (Helal, Mokhtari, & Abdulrazak,
2008). If, from the start, emphasis is placed on the trans-
fer of skills in everyday life and on cross-training for per-
sonal use and environments, transition to assistive tech-
nology use will be much more effective.

Development and Compensation in Old Age

Selection, Optimization, and Compensation

Three universal processes of adaptation have been
identified as essential for development across the life-
span and optimal aging (Baltes & Baltes, 1990). The the-
ory of selective optimization with compensation by Paul
Baltes can best be illustrated by an example. When con-
cert pianist Arthur Rubinstein was asked in an interview
how he managed to maintain such a high level of expert-
ise playing the piano at the age of eighty years, he hinted
at the coordinated use of three strategies. First, Rubin-
stein said that he played fewer pieces (selection); sec-
ond, he indicated that he now practiced these pieces
more often (optimization); and third, he suggested that
to counteract his loss in mechanical speed, he now used
a kind of impression management, such as introducing
slower play before fast segments, to make the latter ap-
pear faster (compensation). In general, given that phys-
ical and cognitive resources of human organism are lim-
ited, a selection including prioritization or adaptation of
goals is necessary. This becomes even more important
in old age when time and capabilities are perceived as
more constrained. Optimization refers to the improve-
ment or acquisition of capabilities, resources, or behav-
ior, necessary to achieve the goals selected as relevant.
Compensation, finally, is operative whenever a given set
of means is no longer available, either because of direct
loss (e.g., hearing loss), because of negative transfer
(e.g., incompatibility between goals), or because of new
limiting constraints in time and energy (e.g., the exclu-
sive consumptive focus on the tasks of resilience and
regulation of loss) (Baltes, 1997).
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Regulation of Emotion and Motivation

Despite the accumulated confrontation with chal-
lenges and losses when getting older – of which only a
few were addressed in this paper – most individuals state
a positive, active, and developmentally oriented view of
aging. The theory of socio-emotional selectivity provides
a powerful explanation how this emotional balance is re-
alized (Carstensen & Mikels, 2005). In old age, when
time and capabilities are perceived as more constrained,
emotionally meaningful goals are pursued and generate
motivation because they can be realized in the present.
Thus, proactive avoidance of negative emotions and
search for rewarding social environments increase the fo-
cus on the positive. This effect is reinforced by the selec-
tive influence of emotions on attention and memory.

Cognitive Top-Down Compensation 
for Bottom-up Sensory Decline

As discussed with the example of hearing loss, cog-
nitive resources for the top-down compensation in old
age involve better use of listening strategies, better use
of context information, better use of prosody (e.g., into-
nation, timing, stress), broader experience in social in-
teraction and social situations as well as broader vocab-
ulary, semantic, and linguistic knowledge compared to
younger age. Thus, by activating associated latent re-
sources, allocation of time and effort, and by use of cog-
nitive and behavioral strategies the older people try to
maintain or reestablish a prior functional level. In addi-
tion to these successful psychological mechanisms, an
actual improvement of sensory input by means of tech-
nology, for instance by using a hearing system or
glasses, has great potential to reduce necessary top-
down compensation and listening effort for successful
comprehension. 

Compensating by Organizing Help 
and Use of Assistive Technologies

Optimization and compensation may also include
the use of external help by means of personal or tech-
nical support. Given that even among centenarians,
only one third is severely handicapped and needs ex-
tended care, whereas one third is autonomous in
every day life, and another third needs partial care,
but can go outdoors, a growing need for ambulant care
can be stated (Lehr, 2006). Not only do a majority of
seniors want to age-in-place, but from a societal per-

spective it seems to be cost effective to support this
preference over institutionalization. Efforts must in-
clude the involvement of family caregivers by means
of practical support, guidance, and counseling, espe-
cially in stressful and high-pressure situations. Be-
sides, community support, daycare concepts, out-pa-
tient and ambulant services have to be established and
improved relative to availability, quality, reliability, and
flexibility. In this area, research is missing with re-
spect to evaluation and suggestion of effective and af-
fordable services.

Maintaining mobility and functional independence
requires successful performance of a wide variety of ac-
tivities. Elderly people are open to the idea of using as-
sistive technology, although they may struggle for in-
stance with a number of usability issues (Fisk et al.,
2009). They want to remain independent for as long as
possible into old age and feel these products have the po-
tential to help them. Although politics, research, and in-
dustry have just started to pay attention, efforts are sup-
ported by two movements. One is the introduction of ac-
cessibility legislation in a number of countries that en-
sures the building of environments and services that do
not discriminate against people with disabilities. The
other is the universal design philosophy that aims to cre-
ate products and environments that are accessible and
usable more easily by a wider public. Like accessibility
in public space, fall prevention at home is an equally im-
portant requirement for seniors. General precautionary
guidelines can be very helpful (e.g., NIHSeniorHealth:
http://nihseniorhealth.gov/falls/homesafety/01.html)
and structural modifications for things like potential trip-
ping hazards or lighting issues can mostly be quite eas-
ily addressed. Concerning assistive technology develop-
ment is picking up speed and is no longer limited to the
examples of wheelchairs, walkers, or eyeglasses. In the
age of technology and internet, new channels for com-
munication, home-monitoring systems, support by ro-
bots, and memory support systems are no longer out or
reach (e.g., http://awarehome.imtc.gatech.edu/). Also
in the hearing aid industry we are no longer referring to
a simple “hearing aid”, but to “hearing systems” that pro-
vide access to the auditory world by digital signal pro-
cessing, by automatic adaptation to the environment in
order to continuously improve hearing and speech com-
prehension, and by wireless connection to other media
(e.g., FM systems, mobile phone, GPS device, TV, MP3
player). 
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Learning and Brain Plasticity in Old Age

Age-related physiological changes in the healthy
brain are undeniable and include moderate loss of
brain mass, especially in the hippocampus and pre-
frontal cortex (associated with encoding and recall-
ing information from episodic memory and with exec-
utive functions respectively), reduced interconnectiv-
ity of neurons, reduced concentrations of certain neu-
rotransmitters (e.g., dopamine, acetylcholine), and
reduced blood flow in the brain (Reuter-Lorenz &
Lustig, 2005). However, there is also evidence for cor-
tical plasticity in old age as well as for the preventive
positive effect of staying active (Hultsch, Small, Hert-
zog, & Dixon, 1999, Cabeza, Anderson, Locantore, &
McIntosh, 2002). The human brain can be shaped by
external influences like learning and practicing. Im-
provement of performance has been shown for sev-
eral programs of activation including cognitive and
memory training, although the improvement is usu-
ally higher for younger than older participants, and
training effects are often not ability specific (Kliegl,
Smith, & Baltes, 1990, Zehnder, Martin, Altgassen, &
Clare, 2009). Also, for example, for those practicing
music throughout their entire life, it has been shown
that the decline of grey matter volume in the frontal
cortex with increasing age is prevented (Sluming et
al., 2002, Jäncke, 2009). With age, musicians showed
no or a smaller decrease in grey matter density in the
frontal cortex compared with non-musicians. While
all kinds of activities have the potential to shape body
and brain, a recipe for successful or optimal aging
would definitely include physical activity, cognitively
demanding activities, social involvement, and finan-
cial precautions. It is essential to start all of these ac-
tivities early in life and to continue throughout the en-
tire life span. It is all about: “Use it or lose it!”

Conclusions and Practical Implications
for Audiological Care

– Knowing about the challenges of aging is an essential
part of the audiological profession and a precondition
for meeting the needs and providing appropriate tech-
nical solutions, rehabilitation, and services to the
growing number of hearing impaired elderly.

– Research shows that differences in cognitive abilities
are often bigger between persons of the same age
than between persons of different age groups. There-
fore, instead of judging by age, we should try our best

to relate, get to know, and earn the trust of a client!
Age does not tell us anything about personal worries
and individual needs related to hearing impairment. 

– For elderly clients, hearing impairment is often one of
several health issues. This fact has consequences not
only for the motivation towards a hearing solution,
but also for device choice, counseling and training in
use and handling. It seems essential to pay attention
to multi-sensory impairments in elderly clients and to
consider, for instance, visual or manual dexterity re-
strictions when deciding on a form-factor, a specific
product, demonstrating function, or instructing han-
dling and usage. For instance, it is a good idea to pro-
vide information not only via oral instruction but also
by written and illustrated instructions in sufficient
font size for review and self-learning at home. 

– When talking with elderly clients some slowing of
conversation helps understanding, but slowing too
much risks making comprehension worse. Offering
additional time to process by pausing at periodic “nat-
ural” intervals improves comprehension and recall.
Where one pauses is as important as how long and
has been proven to be most effective when a pause fol-
lows natural processing units (e.g., sentences,
clauses).

– It can also be helpful to not provide all information at
once, but instead choose a step-by-step approach with
hands-on tasks for the client to verify not only
whether something was understood, but also whether
it can be realized and handled. By doing so, disap-
pointment and frustration can be avoided. Instead,
this approach will hopefully lead to self-confidence
and empowerment for the clients, which provide the
basis for further proactive trial and usage in their own
environment. 

– When instructing elderly clients regarding the use of
assistive technology such as a hearing system, it can
be beneficial to address and involve not only the client
but also any accompanying significant others, who of-
ten provide support in handling the device at home. 

– Follow-ups, repetitive instruction, and training in the
context of actual use can increase the probability of
successful usage. 

– Good hearing is a precondition for staying active, be-
ing involved, participating in social life, and preserv-
ing one’s cognitive and functional level. The evidence-
based argument of “use it or lose it” – can generate a
strong motivation towards state-of-the-art hearing so-
lutions and audiological rehabilitation. Tell your
clients about it!
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