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ABSTR ACT: Normally, aging adults experience a wide range of changes in sensory abilities, cognition, and language. Pragmatic language ability, or social
use of language, declines primarily as a result of the aging of the right cerebral hemisphere of the brain. This commentary will describe the consequences of
pragmatic language decline in older adults and how it can damage communication with conversation partners. Aspects of both production and comprehension of pragmatic language can be impaired, including facial expressions, gestures, and figurative language, among others. Older adults also tend to have
vital relationships with health care providers to manage increases in illness and other health issues. Essential communication between patients and providers
can become more difficult as a result of decline in older patients’ pragmatic language ability, potentially resulting in health information being misunderstood. With the number of adults aged 60 years in the world projected to double by 2050, pragmatic language deficits in older adults will continue to affect
the patient–provider relationship and quality of care.
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Introduction

According to the World Health Organization, the number of
adults 60 years and older will double between 2000 and 2050.1
Concerns have been raised in the health care community
about how to accommodate this growing population in terms
of health care and social implications. Older adulthood represents a unique point in the human life span. It is well known
that as the body ages, changes in physical health, cognition,
attitudes, behavior, and language ability can occur. 2–5 Moreover, there is substantial research regarding how pathological
aging (eg, Alzheimer’s disease and other dementias) can result
in physical health problems, as well as issues with cognition,
language, and social functioning.6,7 However, there are fewer
data in the literature regarding the relationship between language ability decline during normal, nonpathological aging
and the physical and mental changes that ensue.
Among the changes, declines in pragmatic language
ability during normal aging have been reported.8–10 Pragmatic language ability includes the social aspects of language,
including the manner in which speech is presented. It also
includes social appropriateness during communication, such as
selecting an appropriate conversation topic, responding appropriately to the conversation partner, and maintaining appropriate vocal volume and eye contact. The ability to interpret
indirect meaning can also decline with age, such as being able
to interpret inferences, sarcasm, metaphors, or humor, also
considered part of pragmatic language.11

Importantly, the normal course of age-related declines
in pragmatic language ability may translate into changes in
interactions between patients and their health care providers. Older adults also tend to have vital relationships with
health care providers to manage increases in illness and other
health issues. If normal pragmatic language deficits are not
recognized by providers or patients themselves, essential
communication between patients and providers can become
disconnected as a result, potentially resulting in health information being misunderstood. Such disconnected communication then gives rise to concerns about medical adherence in
older patients. Decline in normal pragmatic language ability
is a valuable area of knowledge for providers who currently
serve older adult populations, as well as for providers who may
find themselves seeing increasing numbers of older patients.
The information can keep providers informed about how to
effectively navigate interactions with normally aging patients
affected by pragmatic language decline. This article will discuss biological and cognitive bases for age-related pragmatic
language decline, as well as specific aspects of pragmatic
language and how corresponding deficits may affect communication with health care providers.

The Aging Brain and Pragmatic Language Ability

In children whose brains are in the midst of development,
early language functions such as word comprehension are carried out by widespread patterns of neural network activation.12
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Language and other cognitive functions use several areas of
the brain at this time before localization of function. As the
brain develops throughout childhood and adolescence, neural pruning occurs, in which maturation of neural networks
results in more specific patterns of activation.13 Due to the
presence of more specified areas of functioning, the brain’s
hemispheres become asymmetrical in that they are lateralized
for certain functions to be carried out by parts of either the
left or the right hemisphere. For example, most right-handed
(and some left-handed) individuals have a larger language area
known as the planum temporale on the left side of the brain in
utero, predisposing language functions to be lateralized to the
left.14 For most individuals, after lateralization occurs, Broca’s
and Wernicke’s language areas are located on the left side.
The left cerebral hemisphere is responsible for speech production, analytical processing, and sequential processing of
language. It is responsible for the production and perception
of syllables in speech. The right hemisphere is responsible for
processing of meaning and the synthesis of verbal and nonverbal information, including pragmatic language aspects.15 It is
responsible for making inferences and also for the perception
of intonation of speech and other acoustic properties, as well
as emotion-related aspects of language.
The two hemispheres are connected by the commissural fiber system known as the corpus callosum, which
enables transmission of signals between the hemispheres.16
The left and right hemispheres use complementary specialization, in which both work in conjunction to achieve
full comprehension and production of language.17 During
aging, cerebral atrophy occurs, resulting in decreased cerebral and cerebellar volume.18 However, research on differences in hemispheric aging rate has been contradictory in
the past few decades.19 Some research has suggested that
there is little evidence for age-related changes in cognition
due to hemispheric asymmetry variations. 20 Other theories have proposed that the right hemisphere shows more
age-related decline than the left, resulting in the frequently
documented right hemisphere deficits, such as processing
of emotional voice and facial expressions. 21 More recently,
the hemispheric asymmetry reduction in old adults (HAROLD) model has proposed a decrease in prefrontal cortex
lateralization during aging. 22 In addition, there has been
some evidence for sexual dimorphism in age-related changes
in hemispheric asymmetry, with women showing less rapid
right hemisphere aging than men. 23
Pragmatic language in particular requires the linguistic functions of both hemispheres. For example, when interpreting the pragmatic language ability of sarcasm, one needs
the left hemisphere’s analytical processing capabilities, such
as sequential processing of word order in sentences, in addition to several functions of the right hemisphere, such as the
ability to synthesize the words analyzed by the left hemisphere with emotional aspects of speech (ie, sarcastic tone
of voice). Within pragmatic language ability is the presence
2
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of tools used to socially navigate communication. Researchers have identified some 30 pragmatic aspects of language to
study both people with communication disorders and typical
individuals. 24 The 30 aspects have been grouped into three
main categories: verbal aspects, paralinguistic aspects, and
nonverbal aspects. Within the verbal aspects are topic selection, turn-taking initiation, and turn-taking interruption.
Conversational topics that are appropriate and dependent on
the situation should be selected. For example, personal topics such as the marital problems of family members are not
socially appropriate to discuss with an individual to whom
one has just been introduced. Initiation of turn taking should
occur after a reasonable pause following a conversational
partner’s contribution, and one should not interrupt the turn
of the conversational partner. Previous research has shown
that older adults may have difficulty with turn taking due to
attentional and temporal demands that may increase between
turns, especially when there are multiple conversational partners’ turns to monitor. 25
In addition, there are paralinguistic aspects of pragmatic
language, such as vocal intensity, quality, and prosody. Individuals with proficient pragmatic language skills use appropriate volume of voice depending on the situation. For example,
it is socially acceptable to use a loud volume of voice when
speaking at a noisy event, but not in a one-on-one interview.
Vocal quality involves the level of resonance and breath control
used during speech, and this is specific to each individual. 26
Vocal quality can be affected by a number of factors, including
thickness and length of the vocal folds. With aging come
changes in vocal quality. Older men’s voices increase in vocal
roughness with age.27 Additionally, menopause can significantly affect aging women’s vocal quality, with fluctuations in
hormones decreasing vocal range to higher tones and increasing vocal fatigue.28 Another paralinguistic aspect is prosody,
or the rise and fall, stress, and intonation of speech.24 Prosody
(ie, syllabic stress) is used in overall recognition of speech
and to process the structure of speech.29 In addition, emotion is communicated through prosody. Older adults show a
decreased ability to recognize specific emotions, such as sadness, being portrayed in speech. 30 Of course, several paralinguistic aspects may be disrupted if an individual has a voice
or other speech disorder that may garble or change vocal
quality.31
Included in nonverbal aspects are gestures, facial expression, and eye gaze. Gesture use refers to movements that
correspond with or complement verbal communication. 24 It
includes movements of the head, hands, and other body parts.
For example, headshakes may indicate negation. 32 Pointing
during conversation can be used to emphasize certain parts of
speech or indicate a change in the direction of the conversation. Often, gestures are used to communicate spatial concepts during conversation, such as depicting events occurring
in time by a speaker gesturing to the right or left. Gesture has
also been shown to be important when attempting to convey
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figurative meaning, such as when using a metaphor. 33,34 Older
adults are more likely to ignore gesture in conversation than
younger adults and also use fewer gestures to complement
their speech.35,36
Another area of nonverbal pragmatic ability is facial
expression, the use of emotion portrayal during conversation. 24
Generally, an individual’s facial expression matches the
emotion in the conversation. If happiness is being conveyed in
conversation, successful use of facial expression would dictate
that a positive expression be worn. The mouth, eyebrows, and
eyes are all important parts of the facial expression.37 Positive
emotion is shown on the face with a smile (ie, corners of the
mouth turned up), negative emotion is shown with the corners
of the mouth turned down, and lack of emotion (ie, neutrality)
is expressed with a flat facial expression.24 A furrowed brow
can indicate anger or confusion and raised eyebrows can indicate surprise.38 Fear can be indicated by wide-open eyes.39
Older adults perform significantly worse than younger adults
in terms of recognition of anger, sadness, fear, and happiness as
shown through facial expressions of people in photographs.40
They also find it more difficult to detect happiness in bodily
expressions and are worse than younger adults at detecting
anger being voiced.
Eye gaze is another aspect of nonverbal pragmatic
language. Face-to-face conversation promotes expressiveness
and is socially oriented, facilitating the conversation partners’
focus on one another during the interaction.41 Eye contact is
a major feature of face-to-face conversation. Eye gaze can be
used in conversation to focus on what the conversation partner
is saying and to provide feedback through emotion expressed
through the eyes, such as degree of liking of the conversation
partner.42,43 Research into eye gaze and aging has revealed
age-related declines in eye gaze cues, such as the situation in
which a conversation partner encourages an individual to look
at something in the environment with him/her.44 This process
is known as joint attention, which fuels many interactions by
creating a social connection between individuals. Interestingly, difficulty with joint attention through eye gaze during
aging has been found even after controlling for age-related
visual perception impairments.
The final pragmatic language area that has been associated with age-related decline is figurative language. Figurative language is characterized by language with meaning
that must be inferred; it is a statement in which something
that is said represents something else.45 Inferential ability
drives the use and comprehension of figurative language,
often referred to as reading between the lines, or getting the
gist of what is said. Some examples of figurative language
are metaphors, proverbs, idioms, and irony. Sarcasm is
also considered a component of figurative language. Some
degree of figurative language is popularized within a culture, such as proverbs (eg, The early bird catches the worm.).
On the other hand, other forms of figurative language can be
generated according to situational demands, such as the use

of metaphors (eg, The office is a sauna). Figurative language
requires application of known meanings of words in a way
that may be unusual and relies heavily on context to aid interpretation.46 Figurative language deficits have been found in
older adults when working memory problems were concurrently present,47 and as memory problems increase with age,
ability to process complex language can decrease in older
adults.48 In addition, previous research has found age-related
deficits in the ability to use gestures to facilitate metaphor
use, adding to actual difficulty with the use of the metaphor
itself during aging. 35,36
The social nature of these skills is clear. After all, individuals cannot communicate all by themselves. Arguably,
meaning cannot be conveyed without some idea of what the
person with whom one is communicating knows (or does not
know) or what he or she is capable of understanding. Therefore, deficits in the execution or comprehension of pragmatic
aspects of language can be detrimental to communication
between conversational partners, causing difficulty with
social relations.
It should be noted that baseline skills and time are factors
to consider in the course of age-related pragmatic language
changes. Not all older adults have the same baseline pragmatic
language ability. For example, individual differences exist in
the linguistic makeup of each person, which may be consistent
from early to later developmental stages.49 Factors that may
affect the language profiles of all individuals include socialization, environment, and personality, among others. Pragmatic language, being inherently social, may be used by some
individuals to a greater degree than others due to differences
in either occupations or degree of extroversion. Therefore,
the degree to which aging affects pragmatic language ability
over time may vary by person, with some individuals showing
more severe deficits compared to others. In addition, there are
some lifestyle and demographic factors that may determine
the individual level of pragmatic language ability. Cognitive
reserve refers to an individual’s degree of reinforced neural networks and additional synapses that may be protective
against cognitive decline.50 Factors such as higher education
level, more frequent higher-quality social interactions, and
bilingualism have been shown to delay or offset symptoms of
cognitive aging, such as difficulties with memory and other
executive functions.51 Therefore, as time progresses, there is
no uniform transition from normal to reduced levels of pragmatic language skills.
Through assessment of individuals with pragmatic
language disorders, researchers have found that the right
hemisphere of the brain is instrumental in assisting with
carrying out pragmatic aspects.17,52 However, issues with
pragmatic language often occur in normally aging adults
as well. For example, older adults have more difficulty
identifying facial emotion and vocal emotion (ie, prosody)
than younger adults.53,54 Older adults also have more difficulty
understanding humorous 

situations than younger adults,55
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and humor has been labeled as a right hemisphere-controlled
function.17,56 Older adults also ignore gesture in conversation
more often than do younger adults.35 Difficulties such as these
can result in misunderstanding, confusion, and potential frustration in communication between older adults and their conversational partners. In fact, the pragmatic language aspects
used in everyday social communication by older adults mirror the pragmatic language aspects used in interactions with
health care providers.57 If an older adult exhibits deficits in
pragmatic language ability during their everyday interactions
with family and friends, the same deficits may be evident in
interactions with health care providers, if the individual has
shown potential risk factors for increased cognitive decline
(eg, reduced cognitive reserve). A significant implication for
decreased efficacy of the patient–provider interaction concerns
the patient’s understanding and adherence regarding medical
advice, which may suffer due to interruption in the communication of important health information.

Pragmatic Language and Other Age-related
Changes in the Patient–Provider Relationship

As previously stated, changes in the aging body can result in
increased incidences of injury and illness, as well as changes
in cognition. Many older adults report that availability of,
and relationships with, health care providers are important
in dealing with everyday health challenges.58 As such, it is
important to consider the relationship between older adults
and their health care experiences. Older adults may find
themselves visiting health care providers more frequently
or may notice changes in why they are attending providers’
appointments. Both the experiences with health care providers and the reasons behind the visits can affect older adults’
health perceptions.
In fact, it has been shown that rapport building is more
important in treating older adults than when treating younger
adults.59 However, it often takes more effort on the part of
the provider to establish rapport with older adults. Often,
this is because of reasons such as mistrust, age differences
between the provider and the patient, or fear about medical
outcomes.60 For neuropsychological assessments in particular, a good deal of understanding must be relayed from the
provider to the patient for the patient to understand what is
happening and the importance of this type of assessment.61
Additionally, older adults may take longer to comprehend
the reasoning behind why certain treatment may be necessary. All of these factors must be taken into account when
attempting to establish rapport between a provider and an
older patient.
Rapport building requires pragmatic language production
and comprehension on the part of both the patient and the provider. If older patients are hesitant to converse with their provider due to the provider’s age or other reasons, difficulty with
pragmatic language may only compound a potentially fragile
social situation. For example, the age-related declines in facial
4
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expression processing that have been demonstrated may result
in older patients misunderstanding the emotion being expressed
by the provider. Alternatively, difficulty involving turn-taking
initiation and interruption on the part of the patient may result
in poorer rapport quality due to disengagement of the provider
after several turn-taking attempts. Due to the close social interaction during patient–provider relationships, rapport building’s
reliance on pragmatic language is important in facilitating a
positive health care experience overall.
Another important factor in building rapport with older
adults is the consideration of age-related sensory changes
that may affect communication. Both patients and providers are likely familiar with changes in vision (ie, presbyopia)
and hearing (ie, presbycusis), which may affect older adults’
interactions with others. For example, presbyopia research has
investigated reduced retinal illuminance, which occurs when
pupils reduce in size and transparency in the lens decreases
during aging.62 These changes in the eyes result in the need
for more light to read or carry out other visual tasks. Research
has also demonstrated reduced cerebral blood flow to the
occipitotemporal cortex due to aging, which has been linked
to slower visual processing of faces.63 Although older adults
show declines in some visual abilities, sparing of some visual
abilities has been demonstrated. For example, older adults use
the right side of the parafovea more frequently when reading
than do younger adults, increasing their useful field of view.64
This ability has been developed for left-to-right reading as a
compensatory strategy for decreased processing time.
Another significant sensory effect of aging is hearing
loss. Sensorineural hearing loss occurs gradually over
time.65,66 More than half of older adults experience significant
hearing loss67 and older adults’ pragmatic language use can
be negatively affected by hearing loss, including the way they
interact in social situations.68 Older adults express concern
over whether they are missing important information during
conversations due to their hearing loss.69 Sensory changes can
negatively affect the degree to which information is transferred
between people, such as in the patient–provider relationship.
Remembering that both sensory and pragmatic language
changes can affect social communication is important. When
time is taken to consider such sensory limitations, it can also
build trust and rapport between the provider and the patient.
In addition to the sensory and language changes that
affect social communication during aging, certain nonlinguistic cognitive changes may also affect patient–provider communication. Among the most pervasive and relevant changes
is executive dysfunction, mainly due to the aging frontal
lobes.70 Processing speed decreases with age, resulting in more
time needed to process information and speech.71 Attentional
processes are also affected by aging, with switching attention
between tasks and concentrating attention on relevant stimuli
becoming more difficult.72 Memory changes, such as decreased
working memory capacity, are also common.73 Memory problems are not only often expressed as troublesome by older
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adults but can also have a significant impact on abilities such
as medication adherence.74 Inhibition, such as inhibition of
irrelevant information and inhibition of behavioral responses,
has also been shown to decline in older age.75 Decreased facial
emotion recognition has also been demonstrated in older
adults, who show more difficulty than younger adults at identifying angry and sad expressions.76 In social communication,
these cognitive abilities work in conjunction with speech and
language processing to achieve effective communication. The
additive effects of these declining cognitive areas may cause
considerable age-related difficulty in communication between
patients and health care providers.

Future Directions

The study of the complex factors that affect older patient–
provider interactions is one that has numerous avenues for
investigation. One promising area of basic research is the examination of aging patterns in the cerebral hemispheres. To gain
a better understanding of how the older patient–provider relationship is affected by pragmatic language changes, knowledge of these aging patterns must be delineated, including the
influence of factors such as sex and lifestyle. In addition, more
in-depth research needs to be conducted to investigate how
the patient–provider relationship can be affected by decline
in older patients’ pragmatic language ability. For example,
are there additional factors that have not yet been considered,
such as the role of providers’ communication profiles and their
own levels of pragmatic language ability? Older patients and
their families themselves will benefit from the development
of pragmatic language change awareness programs, such as
interventions aimed at increasing sensitivity to the changes.
The interventions could also provide individuals with suggestions on how to deal with the influence that pragmatic language changes may have on their lives, such as how sarcasm
or metaphors may not be accurately comprehended and how
to repair communication breakdown caused by pragmatic language problems.

In the near future, as the older adult population c ontinues
to grow, more intense training in working with this population should ensue for new health care providers, including
training on cognitive and language changes. In addition,
experienced providers should pursue continuing education
in these areas and learn newer strategies for caring for older
patients. Although much of this training will target specific
physical and neurological health issues unique to older adults,
especially those with commonly occurring neurodegenerative
conditions, the training should also include information about
communicative changes and language deficits in the normally
aging population. As shown by previous research, positive
relationships formed between older adults and their providers
can be a tool for success during treatment.77
Health care providers can also make themselves aware
of research findings that have shown links between aging
and pragmatic language deficits. For health care providers
who voice concerns about lapses in communication or muddled communication with older adults, knowledge about how
pragmatic language decline takes place may be valuable. For
example, providers who frequently use figurative language
when speaking to patients, such as metaphors, idioms, sarcasm, or proverbs, may benefit from knowing that their message may not be clearly received. Older adults show declines
in the ability to comprehend these types of language and
may not fully understand what the provider is attempting to
convey. Similarly, older adults do not detect humor as completely as younger adults.78 If a health care provider attempts
to develop rapport with a patient using humor and receives
little or no reception, it may make aspects of the patient–
provider relationship awkward or confusing (refer Table 1 for
common language aspects that providers need to avoid when
using pragmatic language with older adults). Recognizing
the language changes that accompany aging can help health
care providers express important health care information to
their patients more effectively, as well as improve the patient–
provider relationship.

Table 1. Examples of pragmatic language aspects that providers need to avoid when treating older adults.
ASPECT OF PRAGMATIC LANGUAGE

AVOID

USE INSTEAD

Metaphor

Blood cells are just floaters
in a pond.

Blood cells circulate through the
liquid part of the blood, called plasma.

Idiom

It’s a chicken-or-the-egg type
of situation.

It’s hard to tell what happened first.

Turn-taking (fewer conversational
partners to minimize monitoring
demands)

Groups of multiple providers
explaining a medical procedure.

One provider who condenses the
relevant information to present
to the patient.

Gesture

Overuse; use of complex strings
of gestures, such as to act out a
timeline.

Write out or draw timeline or other difficultto-explain information in the presence
of the patient.

Eye gaze

Use of provider’s gaze to direct
patient’s attention to many different
locations in the room, such as to present
information or reference pictures/charts.

Few focal points or sources of
information; little change of visual
focus during conversation.

Healthy Aging & Clinical Care in the Elderly 2015:7

5

Messer

Author Contributions

Conceived and designed the experiments: RHM. Analyzed
the data: RHM. Wrote the first draft of the manuscript:
RHM. Contributed to the writing of the manuscript: RHM.
Agree with manuscript results and conclusions: RHM. Jointly
developed the structure and arguments for the paper: RHM.
Made critical revisions and approved final version: RHM.
The author reviewed and approved of the final manuscript.
REFERENCES

1. Ageing and Life Course: Facts about Ageing. World Health Organization website. 2014. Available at: http://www.who.int/ageing/about/facts/en/Published.
Accessed December 20, 2014.
2. Clouston SAP, Brewster P, Kuh D, et al. The dynamic relationship between
physical functioning and cognition in longitudinal aging cohorts. Epidemiol Rev.
2013;35:33–50.
3. Erickson CA, Barnes CA. The neurobiology of memory changes in normal
aging. Exp Gerontol. 2003;38:61–69.
4. Koen JD, Yonelinas AP. The effects of healthy aging, amnestic mild cognitive
impairment, and Alzheimer’s disease on recollection and familiarity: a metaanalytic review. Neuropsychol Rev. 2014;24:332–354.
5. Salthouse TA, Mitchel DRD, Skovronek E, Babcock RL. Effects of adult age
and working memory on reasoning abilities. J Exp Psychol Learn Mem Cogn. 1989;
15:507–516.
6. JooTun D, McGhee G. Effective communication with people who have dementia. Nurs Stand. 2011;25:40–46.
7. Tappen RM, Williams-Burgess C, Edelstein J, Touhy T, Fishman S. Communicating with individuals with Alzheimer’s disease: examination of recommended
strategies. Arch Psychiatr Nurs. 1997;11:249–256.
8. Hester E. An investigation of the relationship between health literacy and social
communication skills in older adults. Commun Disord Q. 2009;30:112–119.
9. Shadden BB. Discourse behaviors in older adults. Semin Speech Lang. 1997;18:
143–156.
10. Ulatowska HK, Hayashi MM, Cannito MP, Fleming SG. Disruption of reference in aging. Brain Lang. 1986;28:24–41.
11. Williams LJ, Dunlop JP, Abdi H. Effect of age on variability in the production
of text-based global inferences. PLoS One. 2012;7(5):1–9.
12. Taliaz D. Skills development in infants: a possible role for widespread neurogenesis? Front Behav Neurosci. 2013;7:178.
13. Paolicelli RC, Bolasco G, Pagani F, et al. Synaptic pruning by microglia is necessary for normal brain development. Science. 2011;333:1456–1458.
14. Chi JG, Dooling EC, Grilles FH. Left-right asymmetries of the temporal speech
areas of the human fetus. Arch Neurol. 1977;24:346–348.
15. Beeman MJ, Chiarello C. Complementary right- and left-hemisphere language
comprehension. Curr Dir Psychol Sci. 1998;7:2–8.
16. Wahl M, Lauterbach-Soon B, Hattingen E, et al. Human motor corpus callosum:
topography, somatotopy, and link between microstructure and function. J Neurosci. 2007;27(45):12132–12138.
17. Bryan KL. The Right Hemisphere Language Battery. 2nd ed. London: Whurr Publishers; 1994.
18. Fjell AM, Westlye LT, Grydeland H, et al; Alzheimer Disease Neuroimaging
Initiative. Critical ages in the life course of the adult brain: nonlinear subcortical
aging. Neurobiol Aging. 2013;34:2239–2247.
19. Dolcos F, Rice HJ, Cabeza R. Hemispheric asymmetry and aging: right hemisphere decline or asymmetry reduction? Neurosci Biobehav Rev. 2002;26:819–825.
20. Cherry BJ, Hellige JB, McDowd JM. Age differences and similarities in patterns
of cerebral hemispheric asymmetry. Psychol Aging. 1995;10(2):191–203.
21. Brown JW, Jaffe J. Hypothesis on cerebral dominance. Neuropsychologia. 1975;13:
107–110.
22. Cabeza R. Hemispheric asymmetry reduction in older adults: the HAROLD
model. Psychol Aging. 2002;17(1):85–100.
23. Hausmann M, Gunturkun O, Corballis MC. Age-related changes in hemispheric asymmetry depend on sex. Laterality. 2003;8(3):277–290.
24. Prutting CA, Kirchner DM. A clinical appraisal of the pragmatic aspects of language. J Speech Hear Disord. 1987;52:105–119.
25. Murphy DR, Daneman M, Schneider BA. Why do older adults have difficulty
following conversations? Psychol Aging. 2006;21(1):49–61.
26. McCabe P, Sheard C, Code C. Pragmatic skills in people with HIV/AIDS. Disabil Rehabil. 2007;26(19):1251–1260.

6

Healthy Aging & Clinical Care in the Elderly 2015:7

27. Verdonck-de Leeuw IM, Mahieu HF. Vocal aging and the impact on daily life: a
longitudinal study. J Voice. 2004;18(2):193–202.
28. Abitbol J, Abitbol P, Abitbol B. Sex hormones and the female voice. J Voice.
1999;13(3):424–446.
29. Cutler A, Dahan D, van Donselaar W. Prosody in the comprehension of spoken
language: a literature review. Lang Speech. 1997;40(2):141–201.
30. Ruffman T, Henry JD, Livingstone V, Phillips LH. A meta-analytic review of
emotion recognition and aging: implications for neuropsychological models of
aging. Neurosci Biobehav Rev. 2008;32(4):863–881.
31. Childers DG, Lee CK. Vocal quality factors: analysis, synthesis, and perception.
J Acoust Soc Am. 1991;90:2394–2410.
32. Kita S. Cross-cultural variation of speech-accompanying gesture: a review. Lang
Cogn Process. 2009;24(2):145–167.
33. Cornejo C, Simonetti F, Ibáñez A, et al. Gesture and metaphor comprehension:
electrophysiological evidence of cross-modal coordination by audiovisual stimulation. Brain Cogn. 2009;70:42–52.
34. Ibáñez A, Manes F, Escobar J, Trujillo N, Andreucci P, Hurtado E. Gesture
influences the processing of figurative language in non-native speakers: ERP
evidence. Neurosci Lett. 2010;47:48–52.
35. Cocks N, Morgan G, Kita S. Iconic gesture and speech integration in younger
and older adults. Gesture. 2011;11:24–39.
36. Cohen RL, Borsoi D. The role of gestures in description-communication: a
cross-sectional study of aging. J Nonverbal Behav. 1996;20(1):45–63.
37. Black MJ, Yacoob Y. Recognizing facial expressions in image sequences using
local parameterized models of image motion. Int J Comput Vis. 1997;25(1):
23–48.
38. Pelachaud C, Poggi I. Subtleties of facial expressions in embodied agents. J Visualization Comput Anim. 2002;13:301–312.
39. Kohler CG, Turner T, Stolar NM, et al. Differences in facial expressions of four
universal emotions. Psychiatry Res. 2004;128:235–244.
40. Ruffman T, Murray J, Halberstadt J, Vater T. Age-related differences in deception. Psychol Aging. 2012;27(3):543–549.
41. Fish RS, Kraut RE, Root RW, Rice RE. Evaluating video as a technology for
informal communication. Commun ACM. 1993;36(1):48–61.
42. Vertegaal R, Slagter R, van der Veer G, Nijholt A. Eye gaze patterns in conversations: there is more to conversational agents than meets the eyes. SIGCHI.
2001;3(1):302–308.
43. Kleinke CL. Gaze and eye contact: a research review. Psychol Bull. 1986;100(1):
78–100.
44. Slessor G, Phillips LH, Bull R. Age-related declines in basic social perception: evidence from tasks assessing eye-gaze processing. Psychol Aging. 2008;23(4):812–822.
45. Roberts RM, Kreuz RJ. Why do people use figurative language? Psychol Sci.
1994;5(3):159–163.
46. Byrd M. Adult age differences in the ability to read and remember metaphor.
Educ Gerontol. 1991;17(4):297–313.
47. Qualls CD, Harris JL. Age, working memory, figurative language type, and
reading ability: influencing factors in African American adults’ comprehension
of figurative language. Am J Speech Lang Pathol. 2003;12:92–102.
48. Kim ES, Bayles KA, Beeson PM. Instruction processing in young and older
adults: contributions of memory span. Aphasiology. 2008;22(7–8):753–762.
49. Nelson K. Individual differences in language development: implications for development and language. Dev Psychol. 1981;17(2):170–187.
50. Scarmeas N, Stern Y. Cognitive reserve and lifestyle. J Clin Exp Neuropsychol.
2003;25(5):625–633.
51. Bialystok E, Craik FIM, Luk G. Bilingualism: consequences for mind and brain.
Trends Cognit Sci. 2012;16(4):240–250.
52. Weed E. What’s left to learn about right hemisphere damage and pragmatic
impairment? Aphasiology. 2011;25:872–889.
53. Lambrecht L, Kreifelts B, Wildgruber D. Age-related decrease in recognition of
emotional facial and prosodic expressions. Emotion. 2012;12:529–539.
54. Mitchell RLC. Age-related decline in the ability to decode emotional prosody:
primary or secondary phenomenon? Cogn Emot. 2007;21:1435–1454.
55. Uekermann J, Thoma P, Daum I. Proverb interpretation changes in aging. Brain
Cogn. 2008;67:51–57.
56. Brownell HH, Michel D, Powelson J, Gardner H. Surprise but not coherence:
sensitivity to verbal humor in right-hemisphere patients. Brain Lang. 1983;18:
20–27.
57. Wengryn M, Hester E. Pragmatic skills used by older adults in social communication and health care contexts. Contemp Issues Commun Sci Disord. 2011;38:
41–52.
58. Krueger P, Brazil K, Lohfeld L, daPonte J, Slobodnik M. Health care needs of
community-dwelling older adults. Can J Public Health. 2000;91:445–448.
59. Morris RG, Worsley C, Matthews D. Neuropsychological assessment in older
people: old principles and new directions. Adv Psychiatr Treat. 2000;6:362–372.

Pragmatic language changes during normal aging
60. Piette JD, Heisler M, Krein S, Kerr EA. The role of patient-physician trust in
moderating medication nonadherence due to cost pressures. Arch Intern Med.
2005;165:1749–1755.
61. Choi NG, Gonzalez JM. Barriers and contributors to minority older adults’
access to mental health treatment: perceptions of geriatric mental health clinicians. J Gerontol Soc Work. 2005;44:115–135.
62. Owsley C. Aging and vision. Vision Res. 2011;51:1610–1622.
63. Grady CL, Maisog JM, Horwitz B, et al. Age-related changes in cortical blood
flow activation during the processing of faces and location. J Neurosci. 1994;14:
1450–1462.
64. Grabbe JW, Allen PA. Age-related sparing of parafoveal lexical processing. Exp
Aging Res. 2013;39(4):419–444.
65. Schneider BA, Daneman M, Murphy DR. Speech comprehension difficulties in
older adults: cognitive slowing or age-related changes in hearing? Psychol Aging.
2005;20(2):261–271.
66. Schneider BA, Daneman M, Pichora-Fuller MK. Listening in aging adults:
from discourse comprehension to psychoacoustics. Can J Exp Psychol. 2002;
56(3):139–152.
67. Dalton DS, Cruickshanks KJ, Klein BE, Klein R, Wiley TL, Nondahl DM. The
impact of hearing loss on quality of life in older adults. Gerontologist. 2003;43(5):
661–668.
68. Ryan EB, Giles H, Bartolucci G, Henwood K. Psycholinguistic and social psychological components of communication by and with the elderly. Lang Commun.
1986;6(1/2):1–24.
69. Martin KA, Leary MR, Rejeski WJ. Self-presentational concerns in older adults:
implications for health and well-being. Basic Appl Soc Psych. 2000;22(3):169–179.

70. Circelli KS, Clark US, Cronin-Golomb A. Visual scanning patterns and executive function in relation to facial emotion recognition in aging. Neuropsychol Dev
Cogn B Aging Neuropsychol Cogn. 2013;20(2):148–173.
71. Salthouse TA. The processing-speed theory of adult age differences in cognition.
Psychol Rev. 1996;103(3):403–428.
72. Engle RW. Working memory capacity as executive attention. Curr Dir Psychol
Sci. 2002;11:19–23.
73. Bopp KL, Verhaeghen P. Age-related differences in control processes in verbal and visuospatial working memory: storage, transformation, supervision, and
coordination. J Gerontol B Psychol Sci Soc Sci. 2007;62B(5):239–246.
74. Insel K, Morrow D, Brewer B, Figueredo A. Executive function, working memory, and medication adherence among older adults. J Gerontol B Psychol Sci Soc Sci.
2006;61B(2):102–107.
75. Tun PA, Williams VA, Small BJ, Hafter ER. The effects of aging on auditory
processing and cognition. Am J Audiol. 2012;21:344–350.
76. Phillips LH, MacLean RDJ, Allen R. Age and the understanding of emotions: neuropsychological and sociocognitive perspectives. J Gerontol. 2002;
57B(6):526–530.
77. Mascarenhas OAJ, Cardozo LJ, Afonso NM, et al. Hypothesized predictors of
patient-physician trust and distrust in the elderly: implications for health and
disease management. Clin Interv Aging. 2006;1:175–188.
78. Shammi P, Stuss DT. The effects of normal aging on humor appreciation. J Int
Neuropsychol Soc. 2003;9:855–863.

Healthy Aging & Clinical Care in the Elderly 2015:7

7

