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R e v i e w

Technology has been shown to be beneficial 
to older people, but a digital divide remains. 
Although most older people have a positive 
attitude towards technology, the usage rates 
of technologies like mobile phones and 
computers are low1,2. In 2009, only 1.7% of 
Chinese Internet users were over the age of 
60, as compared with 20.7% of those aged 
between 30 to 39, and 13.9% of those in the 
40 to 59-year-old age group3. 

To better predict technology usage behav-
ior, it is important to understand the fac-
tors that influence acceptance and usage 
of technology. The technology acceptance 
model (TAM) offers a powerful explanation 
of technology perception and usage and is 
reviewed here, together with empirical stud-
ies concerned with technology acceptance 
by older people.

TAM
Technology acceptance has been described 
as “the approval, favorable reception and 
ongoing use of newly introduced devices 
and systems”4. Level of acceptance contains 
an attitude towards a certain behavior, that 
is, the individual’s positive or negative feel-
ing or appraisal about the behavior and the 

degree to which this affects the behavior, 
and the usage behavior itself. The theory of 
reasoned action (TRA)5 offers an explana-
tion of human behavior in general and sug-
gests that a person’s behavior is driven by 
his or her intention to perform the behav-
ior, and that this intention is in turn deter-
mined by attitude toward the behavior and 
subjective norm. Subjective norm is defined 
as a person’s perception that is important 
to him/her when deciding if s/he should or 
should not perform a certain behavior. TRA 
was extended to some extent by the theo-
ry of planned behavior (TPB) that added a 
construct of perceived behavioral control, 
which is theorized to be an additional deter-
minant of intention and behavior6.  

Based on the TRA, Davis et al.7 introduced 
the technology acceptance model (TAM) to 
predict information technology acceptance 
and usage behavior of the users (Figure 1). 
According to TAM, the two most important 
attitudinal factors in explaining acceptance 
and usage of an information system are per-
ceived usefulness (PU) and perceived ease 
of use (PEOU). Perceived usefulness was 
described as “the degree to which a person 
believes that using the particular technology 
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would enhance his/her job performance”. 
Perceived ease of use was defined as “the 
extent to which a person believes that us-
ing a technology is free of effort”. PU and 
PEOU jointly determine attitude towards 
using behavior (AT). PU also mediates the 
effect of PEOU on AT. PU and AT predict 
the behavioral intention to use (BI), which 
directly affects actual usage behavior. TAM 
also assumes some ‘external variables’ such 
as user differences (cognitive style and other 
personality variables), system characteristics, 
and task characteristics, the effects of which 
are fully mediated by PU and PEOU. Nu-
merous empirical studies have confirmed 
that TAM is a robust and powerful model for 
explaining acceptance behavior8-10. 

TAM appeared valid in the context of 
the world-wide-web11,12, electronic-com-
merce13,14, mobile devices15, and telemedi-
cine16,17. TAM has been applied in different 
countries: USA18, Europe15,19, Korea20, China9, 
South Africa21, Singapore, and Malaysia22. 
The acceptance attitudes and behaviors of 
students9,13,23, employees8,18,24, teachers10,22 
and community groups19,25 have been thor-
oughly investigated. Researchers also have 
extended TAM by combining other theories 
like innovation diffusion theory24,26, moti-
vation theory20 and flow theory9,12; or by 
incorporating other constructs like social 
norms9,14,27, trust13, perceived risk23,26, cost26, 
job relevance22, playfulness12, voluntariness 
of use28, compatibility24, and self-efficacy14.  

Venkatesh and Davis28 introduced TAM2 
that includes social influence processes 
(subjective norm, voluntariness, and im-

age) and cognitive instrumental processes 
(job relevance, output quality, and result 
demonstrability) as additions to the original 
TAM. Venkatesh et al.27 reviewed eight user 
acceptance models and formulated a uni-
fied theory of acceptance and use of tech-
nology (UTAUT), which explained 70% of 
variance in usage intention. UTAUT identi-
fies three direct determinants of intention of 
usage (performance expectancy, effort ex-
pectancy, and social influence), two direct 
determinants of usage behavior (behavioral 
intention and facilitating conditions), and 
incorporates four moderators (gender, age, 
experience, and voluntariness of use).

Older persOns

Most discussion of technology and techno-
logical devices and their use is directed to 
young adults; older people are neglected. 
Some studies suggested that demographic 
characteristics are less important than char-
acteristics of the technology in determining 
the acceptance and usage of specific tech-
nologies7,29. More recent studies provided 
preliminary evidence that different age 
groups may think differently and make dif-
ferent decisions when it comes to the adop-
tion and use of technology4,18,30.

MeThOd  
This study reviewed empirical studies on 
technology acceptance by older people 
published from 2000 to June, 2010. The se-
lection criteria were: TAM or related mod-
els or constructs were used in the empirical 
study; the research subjects included older 
people; research methodology and subject 
were clearly described; the research results 
were completely presented; and language 
was English. Two electronic databases, So-
cial Science Citation Index and Scopus, 
were used as search tools. In total 19 pa-
pers were identified and used for analysis. 
Many of the papers examined acceptance 
of specific technologies as follows: the In-
ternet20,31,32, mobile phone21,33, and assistive 
or health technology17,34. Major TAM relat-
ed constructs, such as PU, PEOU, BI, usage 
were used in the selected studies. In terms 
of research method, eleven studies used 
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Figure 1. Technology Acceptance Model (TAM) 
for the prediction of information technology ac-
ceptance and usage behavior
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cross-sectional questionnaire surveys, five 
studies used focus group interviews, two 
studies conducted an experiment, and one 
study combined a questionnaire survey with 
interviews (Table 1). 

resulTs And discussiOn

Technology use and influential factors 
Most older adults have positive attitudes 
towards technology; however, they do not 
show great interest in adopting new tech-
nology and are less likely to use technology 
than younger adults20,25,35. The technology 
that older people reported using was pri-
marily in the home and related to domestic 
matters, especially use of the Internet and 
mobile phone35,36. 

TAM-related constructs, such as perceived 
usefulness, perceived ease of use, attitude, 
behavior intention, and usage behavior were 
used in those studies. TAM or related mod-
els, such as TAM2 and UTAUT, appeared 
valid among older people. Nevertheless, the 
influence of some factors may be different. 
In the study of Arning & Ziefle4, age-specific 
processes were involved in the assessment 
of the PEOU and the judgment of PU. In 
the evaluation of the PEOU, younger adults 
referred to time on task (task efficiency) 
whereas older adults referred to success in 
solving tasks (task effectiveness). When as-
sessing the PU of a technical device, for the 
older adults, PEOU played the main role, 
whereas the PEOU was less important for 
the younger adults. 

Perceived usefulness 
PU and PEOU are the most critical factors 
for older people. McCreadie and Tinker34 
suggested that the ‘felt need’, i.e., the indi-
vidual feels that they need help, is central to 
technology adoption. Technology non-users 
often held the attitude that new technology 
is irrelevant to their daily life and considered 
it unnecessary31,37. As many older people 
are retired, ‘enhancing job performance’ 
may not be suitable for defining PU. Con-
sensus among researchers exists that older 
people would accept and use new technol-
ogies if they believed and realized that those 

technologies might be used to improve their 
lives and satisfy their needs. With respect 
to usefulness, older people placed a high 
value on independence and perceived im-
pact on quality of life25,38. Older people did 
not show interest in high-technology prod-
ucts, but rather value the technology that 
can make their daily life easier and provide 
added safety and security15. Older adults’ 
positive attitudes were most frequently as-
sociated to how the technology supported 
activities, enhanced convenience, and con-
tained useful features35.  

Perceived ease of use 
In addition to PU, PEOU is of great impor-
tance for older people36. Ease of use has 
been reported to strongly influence tech-
nology acceptance and adoption. Besides 
the direct impact, PEOU is also a salient 
indicator of PU for older users31,39. Most 
older people do not fully accept mod-
ern technology and they show ambivalent 
feelings of acceptance of and detachment 
from technology. On the one hand, older 
adults have realized that modern technol-
ogy brings progress and many benefits; on 
the other hand, they are not sure that they 
are able to get benefits from it, because they 
consider themselves not skilled enough to 
use these kinds of high-technology applica-
tions19,35. Older people have a lower self-
efficacy and higher technology anxiety37,40. 
Although older adults are increasingly using 
technology, they have more difficulty than 
younger people in learning to use and op-
erate widely used current technologies like 
mobile phones and the Internet21,39. Barri-
ers to use technology are largely associated 
with design and usability of these devices 
and services15,35. Older people are more 
likely to accept technologies that are easy 
to understand and have a simple interface 
design33,41.  

Personal characteristics 
Cost, which has been neglected in many 
previous studies, is the most critical factor 
in determining an older person’s acceptance 
of technology15,25. Enjoyment of some kinds 
of technology, such as robots and internet-
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based services, like games, is also of great 
importance for an older person’s intention 
to use20,42,43.  

Ryu et al.20 examined adoption by older 
people (aged above 50) of user-created 
content video services in Korea. They in-
troduced age-specific constructs such as 
perceived physical condition (physical age), 
life course events (psycho-social age), per-
ceived user resources, prior similar experi-
ence, and computer anxiety; each reflecting 
the complex ageing process. The effects of 
age-specific variables were mediated by in-
ternal beliefs (PU and PEOU). This implies 
that the age-specific variables can be seen 
as antecedents for conventional TAM con-
structs. Czaja et al.40 investigated 1,204 
community-dwelling adults ranging in age 
from 18 to 91 years, and found that cogni-
tive abilities are important to technology 
adoption. The relationship between age and 
adoption of technology was mediated by 
cognitive abilities, computer self-efficacy, 
and computer anxiety. 

Ageing brings with it changes in percep-
tion, cognition, movement, and psychoso-
cial functioning44,45. These changes need to 
be addressed in terms of the ways in which 
they may influence an older person’s needs 
and his or her capabilities to use a technol-
ogy or technical devices. Self-rated physical 
condition and cognitive ability play a major 
role in the use of different technologies36,46. 
Older adults with physical difficulties in vi-
sion, hearing and motion used fewer tech-
nologies than people with good health. 
Cognitive ability is also an important pre-
dictor of the use of technology. People with 
higher levels of crystallized and fluid intel-
ligence used a greater variety of different 
types of technology40. Physical condition 
and life course events (such as retirement, 
becoming a grandparent, loss of spouse, 
etc.) have impacts on older people’s usage 
behavior20. These findings show that biolog-
ical, social, and psychological life changes 
influence perception of usefulness and ease 
of use, and affect the ways in which people 
interact with environments. No single study 

has incorporated both the biophysical and 
psychosocial characteristics of older adults 
(Table 1). 

Biophysical characteristics 
With increasing age reserve capacities de-
crease. Biophysical change in ageing is as-
sociated with functional loss in visual and 
auditory perception, touch and movement, 
working memory, cognition, etc.47-49. “Indi-
viduals over age 65 experience declines in 
sensory, perceptual, motor, and cognitive 
abilities that may interfere with their ability 
to interact with systems ranging from door-
knobs to microwave ovens to computers”50.  

Sensation and perception 
Visual and hearing problems are often re-
ported by older adults. Problems of visual 
perception are mainly in spatial vision (acu-
ity and contrast sensitivity), seeing in poor 
light or near distance, processing color infor-
mation, adapting to glare, slowing of vision 
processing, diminished field of view and 
visual search47,51. Age related hearing prob-
lems involve slowing of auditory processing, 
reduced hearing in noisy environments, re-
duced hearing for higher frequencies, and 
reduced comprehension of both normal and 
distorted speech52,53. Vision and hearing are 
also important ‘social senses’. Much inter-
personal information transfer is achieved us-
ing speech, facial expressions and gestures. 
Thus, changes in vision and hearing can af-
fect activities such as reading, driving, com-
munication and social functioning54. Most 
devices (for instance, mobile phone, PDA 
and auto GPS navigation) rely primarily on 
traditional graphical or text-based user in-
terfaces or sound (for instance, telephones 
and alarms) to present information53,54. Age 
related visual and hearing impairments may 
influence the ease with which these tech-
nologies are used.    

Perception of the physical environment, 
such as textures, roughness, pressure and 
spatial acuity also decreases with age50,53. 
Due to the decline in touch sensitivity, old 
people may have difficulty in performing 
accurate, discrete movements like tapping 
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very small targets, pressing small buttons, or 
writing with a stylus, as required by many 
technological devices55.  

Mobility  
With ageing, control of gait and balance 
decline, thereby increasing the risk of fall-
ing. Older people take more time to make 
movements than younger adults, and their 
movements are less precise50. The speed of 
muscle contraction diminishes with ageing, 
resulting in difficulty in controlling move-
ments56. The decreases in strength, move-
ment coordination, and increases of reac-
tion time, can influence task performance 
required by manipulating technology devic-
es, such as using a mouse to point or double 
click and driving a car51.   
                                                                                                                                  
Cognition 
Selective attention (orientation to and 
processing information from only one part 
of the environment to the exclusion of other 
parts) and dynamic attention (reorientation 
and focusing of attention) both decrease 
with ageing49. Older adults are more suscep-
tible to distracting extraneous information 
and events44,57. Older adults’ ability to in-
hibit irrelevant information is reduced, thus 
they tend to use more selective attention 
as a compensation for the reduced inhibi-
tion57. During driving tasks, older adults may 
have difficulty in recognizing and reacting 
to traffic signs; processing information from 
dials, warning lights, and auditory warnings 
more or less simultaneously; as well as co-
ordinating these activities with other tasks 
such as steering, gear shifting and identify-
ing hazards50. 

The age-related decline in working memo-
ry has been well documented45. Working 
memory is necessary for most daily activi-
ties such as understanding written or spoken 
language, and dialing a telephone number 
which you have just been told. Older peo-
ple using automated telephone menu sys-
tems to pay bills or check bank balances are 
required to listen to each option, keep in 
mind the instructions, and make a choice48. 
Working memory capacity, information 

processing speed and ability to disregard 
unwanted information, all show age-related 
deficits, thereby making it difficult or even 
impossible for older people to complete 
such tasks58.  

Long-term memory is a more permanent 
store of knowledge56. Semantic memory, 
which refers to acquired factual information 
(for instance, historical facts or the meanings 
of words), remains largely intact with age49. 
But prospective memory (i.e., remember-
ing to do something in the future) declines. 
Moreover, age related declines in prospec-
tive memory are greater for time-based 
tasks (do something at a later time) than for 
event-based tasks (act after some event)52. 
Another aspect of long-term memory is pro-
cedural memory which is about how to do 
something48. Older people show minimal 
declines when automatically performing 
procedural tasks (steering a car), but have 
difficulty in tasks that involve acquiring new 
procedures (using a new device)59. A big 
challenge for older people is that, for suc-
cessful completion of many types of tech-
nology-based tasks, they have to remember 
how to execute a sequence of command 
activities.   

Age-related memory declines have wide-
spread effects on the acquisition and stor-
age of new knowledge and skills54. Use of 
new technologies, such as Instant Messag-
ing and Web 2.0, requires learning new 
skills on how to locate, access, manipulate, 
and use information sources. Given the age-
related declines in cognitive abilities such as 
working memory, older people are slower to 
acquire computer skills than younger adults 
and require more help and hands-on prac-
tice when searching for information in elec-
tronic environments56,60.

Psychosocial characteristics 
The psychosocial changes in older people 
involve status loss, loneliness, fear of illness 
and death, social isolation, and deteriora-
tion of the quality of life. Those changes may 
have effects on people’s instinct motivation 
to use technology. 
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Weinstein54 proposed that “late life is a pe-
riod of transition and adjustment to losses”. 
Transition includes retirement and reloca-
tion. When older adults retire, they leave 
work and social roles that provided eco-
nomic rewards as well as social status44,61. 
Apart from the loss of status and poorer eco-
nomic conditions, older people may also ex-
perience loss of good health, and the illness 
and death of a spouse and of friends.  

Older people are likely to be more at risk for 
feeling a loss of control44,62. The sense that 
personal control decreases with age might 
be the reason that older people are likely to 
have experienced events beyond their con-
trol, such as loss of loved ones and loss of 
health. Self-efficacy, which is the sense of 
personal ability to successfully perform a 
given task, also declines in the later years 
of life. Older adults possess lower computer 
self-efficacy and a higher degree of anxi-
ety about computers than younger adults63. 
Self-efficacy and personal control for use of 
technology are the intrinsic factors under-
lying perceived ease of use which greatly 
influences attitudes towards adoption of a 
technology7, 22.  

Social relationship 
When people grow old, they become more 
selective in their social relationships. Older 
adults have more emotional investment in 
ties with family members and established 
friends but less interest in forming ties with 
new acquaintances64. Grandchildren and 
children tend to be more influential than 
strangers or sales people to the decisions that 
older adults make about adopting and using 
a technological device15. Older adults have 
less frequent contact with other people and 
therefore have reduced social networks44. 
Social isolation is more pronounced among 
older people accompanied by a decline in 
health or increased impairment62. The key 
defense against social isolation is to improve 
communication and to develop a network 
of social support. Negative feelings and 
attitudes of older people towards post-re-
tirement life can be improved by using the 
Internet61. 

Limitations of TAM Studies 
Three limitations are noted with regard to 
the empirical studies on TAM in connection 
with ageing in the last decade. Firstly, all 
studies intended to investigate factors that 
influence the older person’s acceptance of 
technology, but only a few studies consid-
ered age-related factors. The factor of ‘age’ 
in the majority of studies was measured by 
‘chronological age’ which is the number of 
years or months that have passed since the 
person’s birth. Ageing occurs on many lev-
els and can be categorized on five dimen-
sions: chronological, biological, functional, 
psychological, and social44,56. Chronologi-
cal age cannot differentiate people who are 
different in physical functions, or psycho-
logical performance52. To better predict ac-
ceptance of technology and usage behavior 
by older people, more age-related charac-
teristics or limitations need to be considered.  

Secondly, among the empirical studies iden-
tified, eleven of them used questionnaire-
based quantitative research methods, and 
the majority was based on cross-sectional 
data. Cross-sectional studies are less clear 
about causal inference65. Experience and 
learning impact on the acceptance of tech-
nology27. The effects of social influence 
processes on perceived usefulness (PU) and 
behavioral intention to use (BI) weaken with 
increasing experience, but the effects of 
cognitive instrumental processes remain sig-
nificant over time. Longitudinal studies are 
needed since user attitudes, intentions and 
needs may change when they become more 
familiar with a technology22. 

Another problem concerns the measurement 
of usage behavior. In the 19 studies used for 
analysis here, only two examined actual us-
age. Studies mainly rely on self-reported fre-
quency of use, amount of time using, and 
number of usages. Self-reported usage is 
subject to method bias, which “distorts and 
exaggerates the causal relationship between 
independent and dependent variables”65.  

Thirdly, most studies examined here were car-
ried out in Europe and America. Personality, 
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type of technology and culture have moderat-
ing effects on relationships in TAM66. In West-
ern cultures the effect of PU is more important, 
while PEOU is more relevant in non-Western 
cultures. Asian countries, with a large percent-
age of the older population of the world, have 
not been widely explored. It is not known to 
what extent the findings for populations in de-
veloped countries can be generalized to the 
older population in developing countries. 

Communication and assistive technology 
in the home domain have been the major 
research targets in TAM studies, neglecting 
other categories, such as personal mobil-
ity and transportation, and education and 
recreation67,68. More systematic research is 
needed to generate a better understanding 
of the determinants of technology accept-
ance for the older people in general. Further 
exploration should take into account more 
context-specific factors and target a variety 
of types of technologies. 

cOnclusiOn

Technology offers a challenge and an oppor-
tunity in providing support and in enhanc-

ing the daily lives of older people. TAM is a 
useful theoretical model to explain and pre-
dict technology usage behavior. We found 
that TAM is also effective when applied to 
older adults. The basic constructs in TAM 
and related models, such as PU and PEOU, 
are critical for older people as well as for 
the young. To understand how older people 
interact successfully with software and hard-
ware of technological devices and systems, 
it is essential to take into account biophysi-
cal and psychosocial characteristics, abilities 
and problems experienced by older people. 
There is a pressing need for research here. 
Communication and health technology are 
currently the major research targets for TAM 
studies. Extending the research to other life 
domains is another future direction of study. 
The majority of controlled studies in the field 
of TAM concern European and USA-based 
populations. Asian countries, accounting 
for the majority of older people on earth, 
are underrepresented. Understanding and 
creating the conditions under which tech-
nology can be incorporated into the lives 
of older people remains a high-priority re-
search issue.
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