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§t.2012.11.01.007.00 Purpose Tele-care is expected to replace regular home care when an
integrated set of health monitoring devices and a communication network enables nurs-
ing staff to provide remotely appropriate care. While cost considerations and scarcity of
nursing staff are strong motivators for tele-care, the actual effectiveness and acceptance
of tele-care systems still falls short of expectations with an attrition rate often higher than
50%. As standard models of technology acceptance are poor predictors of actual adop-
tion of tele-care systems we argue that the theoretical assumptions of models of technol-
ogy acceptance are inadequate, and that the complexity of tele-care implementation has
many facets that are not appropriately factored into those models. The identification of
relevant factors will benefit and improve the development and acceptance process of
tele-care systems. Method The study is based on a broad range of evaluation studies of
tele-care systems, under development or installed in the Netherlands, in which many vari-
ables could be observed from the earliest stages of conception up to the full operation and
(sometimes) demise of the systems. In addition the assumptions behind technology ac-
ceptance models (TAM) have been critically analyzed and serious methodological flaws
were identified. Also the deployment of tele-care systems was systematically compared
with the introduction of application software in industrial settings as described by TAM
theories. Results & Discussion A main reason for poor acceptance level is that tele-care
does not materialize as a stand-alone product with a specific and clear functionality, like
a TV set or an espresso machine. Tele-care can have a surprising variety of instantiations
and functions that easily obscure the functionality for the individual user. Another reason
is that, even on somewhat longer trial periods, it is not evident to what extent it super-
sedes other and earlier functions and services that were available to the client. While
many clients claim that their tele-care system is easy to use, its inherent complexity often
seriously reduces its actual effectiveness. Currently there is more evidence on factors
that reduce the adoption rate, than on those that increase it. We also show that part of
the poor predictive value of the technology acceptance models can be explained by an
inadequate interpretation of the attitude and intention concepts. There is, fortunately also
more recent evidence that the use of assistive systems like tele-care can be promoted ef-
fectively by increasing self-efficacy of users. Both introductory individual guidance and
errorless learning appear to affect user-system interaction in rehabilitation and tele-care
to a considerable degree.
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From a technological point of view the state of =~ The growth of the older population has also
the art in ICT, sensing and monitoring products  spurred governmental organizations to sup-
is sufficiently advanced that, when integrated in  port introduction of tele-care in mostly regional
a tele-care system, it can cover a considerable projects. In particular the European Commission
part of the care for older people. From a care has been active with programs and established
organizational point of view the deployment of  the TIDE program (TIDE: Technology Initiative
tele-care becomes a pressing necessity in view for the [socio-economic] emancipation of Dia-
of shortage of care staff, the increase in number  bled and Elderly) which ran from 1992-1994, and
of older people and the associated higher ex-  from that time on a special section for the disa-
penditure. bled and elderly was created in the ‘Telematics
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applications programme’ of the Fourth Frame-
work program like ‘ICT for Inclusion, ICT Infor-
mation and Communication Technologies’. The
6" Framework Program, finally, introduced the
concept of elnclusion, which gave research and
development on the field of health and elderly
care a strong impetus®. Next to the framework
programs there were many cross national pro-
grams (ITEA, Interreg I-1V), national and regional
endeavours, sometimes also large municipalities,
all of them bearing witness of a concern for the
growing burden of the supply of care to a grow-
ing number of older persons.

At the time of TIDE Internet was just in its infan-
cy and nowhere figured in the discussion con-
cerning tele-care. Since then Information and
Communication Technology development has
been accelerating, and effected fundamental
changes in considerations what a tele-care sys-
tem should consist of, and how it should operate.
With the expanded functionalities, decreased
component size, and often a significantly lower
price, possibilities for tele-care seemed around
the corner.

The battle between functionality and cost
Curiously, the basis for tele-care components
and architecture derived from domotics that
found its way in houses of the future, and do-
motic systems were frequently seen as expensive
toys for affluent home owners. With the advent
of new technology it was realized that similar
systems, originally intended to heighten com-
fort, might also be used for the infirm and mo-
bility challenged people. Early developments in
this area comprised functionalities like remotely
opening doors and/or windows, opening and
closing of curtains and controlling illumination.
Gradually new functionalities were introduced,
like an alarm pendant, fire alarm and movement
detectors that could switch on lights when peo-
ple were busy in a specific location of the house
and switch them off when they left.

One refractory problem has long been, -and
still is -, that of interconnectivity, that at the time
could only be solved by wired or radio frequen-
cy networks and dedicated hubs. As many physi-
cal networks were derived from industrial net-
works their cost was often prohibitively high, but
special networks for domotic use were not well
standardized, often rather slow and had a nar-
row bandwidth. This was mainly caused by the
presumption that simple switching, as exempli-
fied above, did only involve limited information
transfer. Efforts to standardize home bus systems
were stimulated in the European Framework pro-
grams and involved EHS (European Homebus
System) and EIB (European Installation Bus).
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One related problem was how wired networks
could economically be installed in existing
homes where older people wanted to stay. This
is one of the reasons why EHS was designed to
operate on power line, using the home electric-
ity network as the physical network.

Yet, in hindsight it can be seen that this type of
domestic home networks was motivated more
by a technology push than a real market pull,
considering the limited functionalities that were
not properly matched to felt older user needs.
Also a wider distribution of these systems ran
aground for unwanted reasons. Component cost
was quite high as most of those were custom
products manufactured in very small numbers.
Safety requirements introduced special precau-
tions to be taken. Automatic door openers, for
example, should in no circumstance squash un-
suspecting passers-by against a wall, which ne-
cessitated special safety measures that raised the
cost considerably. Strangely enough, at the same
time automatic garage door openers, in order to
prevent a toddler or pet being crushed, had ex-
actly such features, but at a fraction of the cost.
Then, inasmuch as the system as a whole had to
be installed in far from uniform homes, installa-
tion costs had to be included which initially were
as high as the system cost, but quickly grew to
double the system cost, or more. Eventually, to-
tal cost and uncertainty about which party was
footing the bill, made similar systems infeasible
for installation in single homes.

In the Netherlands the scale of nursing homes
and sheltered housing made it possible to reno-
vate buildings and flats and improve comfort by
installing domotic products that were supposed
to increase the well-being of the older tenants.
Because of the scale, and the renovation that
took place anyhow, costs could be mitigated and
various comfort-increasing provisions be put into
place’.

ExAMmPLES

It is illuminating to give two examples of such ap-
plications. In the bedroom sensors were installed
to detect when one of the sleepers went out of bed
to go to the toilet. Low intensity lights then illumi-
nated the floor on the way to the toilet, in order not
to wake up the partner and enabling a safe passage
to the intended place of service. It appeared, how-
ever, that even when sleepers turned around in
their beds, the sensors interpreted this as getting up,
and so switched on the illumination. In addition,
all bedrooms were at the streetside, where new
lampposts had been positioned by the city to fur-
ther improve living conditions, which gave enough
light to make additional lighting totally redundant.
All tenants asked therefore to remove the sensors.
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Another, somewhat bizarre situation arose when
the bathroom lighting was made dependent on
human movement. As long as movement was
detected the lights were on, and switched off
when the bathroom was left. This was not only
a matter of comfort; it also avoided mounting an
electric switch in the mostly humid bathroom.
Two problems manifested themselves quickly.
First if older persons were sitting on the toilet
bowl, sometimes for some minutes, their lack
of movement made the lighting switch off. On
the other hand, as often the washing machine
was located in the bathroom, it was spotted by
inquisitive tenants that movement of the washing
machine could make the lights switch on with-
out necessity, thereby creating a wasteful loss of
energy. To make things worse, several tenants
removed the lights physically from the bathroom,
and placed a floor light in the bathroom instead,
which could be controlled by themselves, but
presented a distinct safety hazard.

In some cases surveys were held to enquire
whether the tenants were satisfied with the new,
comfort increasing provisions*. Here a fairly uni-
form dissociation emerged, which is at the ba-
sis of the rationale of this paper. Almost unani-
mously tenants asserted that the new provisions
were very useful, worked well, and constituted
a great asset of their renovated housing. When-
ever investigators asked the same persons to
demonstrate the new functionalities it appeared
that only few people could actually control the
new devices, or needed extensive perusal of the
manual, while in some cases it was discovered
that, erroneously, some parts of the system had
not been installed at all.

When asking the tenants to actually switch on the
functions, like opening or closing the blinds, this
rarely led to success. In such cases the usability
rating by the tenants was low, or very low, and in
no way corresponded to the positive evaluation
given before. At this point a likely assumption is
that in judging the system as a whole it is seen
as a welcome enhancement of the living condi-
tions, and subject to a social desirability effect.
However when working with the components
and details of the system, which requires spe-
cific insight in the associated operations, those
parts of the system are exempt from social desir-
ability, and present difficulties that make them
user-unfriendly. Itis akin to a TVset that is valued
highly as a product, but only shows disappoint-
ing programs.

There have been, and still are, many instances
of similar domotic upgrades to existing living ac-
commodations, and the remarkable thing is that
both the shortcomings of the installed technol-
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ogy as the experiences of the users are so similar
over different projects**.

Frequently control of the functionalities is hard
to understand, or functions are not comform-
ant with the behaviour of the users. All projects
have instances of functions that have not been
installed, or are inoperative. Sound signals of
different devices, e.g. doorbell and phone may
be identical, and forgetting to switch the burglar
alarm on or off may lead to alarms with embar-
rassingly loud siren signals. Remote controls fea-
ture a far greater number of buttons than there
are functions, and do not show unambiguously
what the associated functions are. Often incom-
prehensible icons are employed to identify func-
tions on small control panels. In one case the re-
mote control had to be pointed at a mediabox in
a far corner of the living room, while the TV set
was in the opposite corner because of the loca-
tion of the cable connection socket. The natural
tendency of the users was to point the remote
control in the direction of the TV set, which of
course did not work. Several users positioned
a mirror such that the line of sight would target
the mediabox, only to discover that a conven-
tional mirror does not reflect Infrared. One user
painted a section of the wall white with a special
paint that eventually worked moderately well.

To the extent that the nature of the domotic sys-
tems to be installed is largely determined by the
management of housing corporations, where ten-
ants can often express their hesitant preferences,
the eventual choices are mainly determined by
economic considerations and constructive possi-
bilities. This means that the users of such systems
a) do not really choose the functionalities, b) do
not have to accept them and c) note that the
implemented functionalities do not well match
existing needs that elderly people might have. It
should therefore not come as a surprise that ac-
ceptance decreases after actual system use® and
that the actual number of users of these systems
after some 18 months generally will have been
halved from what it was at the start®.

TELE-CARE IMPLEMENTATION

Persons who are living (quasi-) independently,
however, do not nearly all have serious, or even
minor medical problems. Yet, care organizations
must specifically focus on those older persons
who have, and did engage in a medically ori-
ented extension of the domotic system. The
emergence of these systems was only gradual
and comparatively late.

In the past years four main distinct health areas
can be identified on which tele-care solutions
focus: (i) cardiovascular problems, (i) COPD,
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(iii) Diabetes, and (iv) Mobility problems, that
formed the mainstay of an impressive array of re-
search projects, many of them funded by the EC.

In addition to the four main care topics men-
tioned, another application, not specifically
medically oriented, was often the first to be in-
stalled in the homes of older persons, which was
video communication. Though early video com-
munication systems suffered from the limited
bandwidth of existing networks, and necessar-
ily featured expensive image compression tech-
nologies, the fast introduction of ADSL and glass
fiber networks enabled high quality image and
audio at affordable prices”®. The standard serv-
ice consists mostly of a secured connection of an
older person with a care center, which is used
by the operator on duty to make daily checks
on the condition of the client. This service may
be enhanced by various other applications, like
banking, dieting information, or gaming.

It is important to realize that both domotic sys-
tems and video communication are not selective
with respect to specific health problems. This
means that a wide range of the population can
employ them without changes to the system,
which has a definite price advantage. As soon as
specific diseases have to be addressed by assis-
tive systems, this situation changes dramatically.
In view of the large variety of diseases and hand-
icaps that may occur in old age, it is not surpris-
ing that most tele-care systems have restricted
themselves to the four main medical categories.
Even then, the assistive or monitoring technology
must generally be individually adapted, which
not only raises the cost but also runs into the lim-
its of interoperability of devices, which, in turn,
reduces reliability and ease of use.

In the attempt to provide optimal care in case of
emergencies quite many projects have included
hospitals and specialists in the architecture of
the tele-care system that basically function as
nodes in the communication network, which of-
ten gets most attention in a technology-centered
context. It is therefore not surprising that running
such systems, e.g. for cardiac monitoring, are
so expensive that hardly any of these projects
outlives the duration of the funded project. One
of the basic problems here seems to be that the
likelihood of an emergency is highly overrated,
whereas it is tried to cover all possible occur-
rences of those in the shortest possible response
time. It is, consequently, particularly rare that be-
side the technology implementation a business
plan is created, and that takes the statistical na-
ture of prevailing diseases and health crises into
account.
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ACCEPTANCE VS ADOPTION

The extremely high cost of many tele-care re-
search projects, that originally were intended to
reduce the ever-increasing cost of care, has given
rise to considerations on the extent to which the
technology is accepted. Acceptance in this case
has many receivers. In the first place it is the care
organization that has to find a place for it in its
daily operations. Relatives of the client may have
strong opinions about tele-care, either positively
or negatively. If a hospital is involved it also has
to integrate the new activities in its scheduling of
operations. Further there are categories of nurses
that have to cooperate with the care organiza-
tion, like diabetes nurse, COPD nurses, or nurses
who take care of medication adherence by eld-
erly, or food distribution. The most important of
all is understandably the end user, the client of
the care organization, who should be the central
beneficiary of tele-care. Though an analysis of
the motives for all of these parties would be rel-
evant and opportune, the current analysis limits
itself to the acceptance by the care client. Vari-
ous surveys and in depth studies make clear that
this is not at all a given. Sponselee® shows that
in a number of different projects the attrition rate
is deplorably high, and generally of the order of
50% or more. This actually is an underestimation,
as tele-care systems are only installed in cases
where the care client agrees with it, and some
clients feel that they will not need it, whereas
the individual health situation would warrant it.

As suggested above, demand for tele-care sys-
tems from the part of the client is lower than the
size of the elderly population and its ailments
would suggest, while the supply of the needed
components of tele-care systems is at an all-time
high. It is, therefore, only logical that investiga-
tors looked at means to get insight in the accept-
ance of products and systems, and in particular of
tele-care systems. The most influential theory by
far is the Technology Acceptance Model (TAM)’.
Basically, this is an attitude model that attempts
to predict in what conditions a product or sys-
tem will be accepted by the user. The predictions
of the TAM model have only been moderately
successful, not exceeding 60% of explained
variance. The situation is actually somewhat
more complex as the concept of ‘acceptance’ is
used in an ambiguous way. Mostly acceptance
is observed when a system is installed and op-
erational. However, while tele-care systems may
be installed and operational, this does not imply
that the clients are using them for their intended
purpose, or at all. If they are actually used on a
daily basis or in a routine fashion, it is preferable
to speak of adoption, the rate of which may be
much lower than that of acceptance.
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The specific problems encountered to apply
TAM to tele-care situations have led to a prolifer-
ation of variant models, with ever more compo-
nents and more intricate connections featurin
a number of arrows that, citing L. Henderson'?,
look rather like Custer’s last stand. An alterna-
tive description was coined by Geoffrey Hinton',
who defined the un-arrow, indicating the lack of
connection between two boxes, while all other
boxes were connected, and which would make
the image considerably simpler.

In fact TAM was not made for tele-care systems
at all, but for the acceptance of software applica-
tions and computers in an occupational setting.
Furthermore, this involved having to choose be-
tween two or more types, one of which would
actually be purchased and deployed. Conse-
quently, there was no option for either ‘noth-
ing’ or ‘the computer system’, which there is in
choosing or accepting a tele-care system or not.

ATTITUDES

The concept of attitudes has been with psychol-
ogy from its inception, and its basic constitu-
ents comprise cognitive, affective and conative
processes'>. Conative stems from the Latin verb
conare, meaning ‘to attempt, to try”. This distinc-
tion in three types of processes, in turn, is still
much older and can be traced back to Socra-
tes, Plato and later Aristotle’. Brett'> mentions
that Augustine also used this threefold concept
that can be translated as ‘knowing’, “feeling’ and
willing”. Throughout history the triple of ‘thought,
feeling and volition’ have been considered to be
the expressions of the constituent phenomena of
the mind. It is so basic that it is sometimes called
the ABC model, affect, behaviour and cognition.

/

The concept of attitude can be defined as: a posi-
tive or negative evaluation of people, objects,
event, activities, ideas, or just about anything in
your environment''®. The affective part of an at-
titude is the emotional response, the cognitive
part represents the knowledge and beliefs, while
the behaviour part stands for the behavioral in-
tention of an individual. Both Rosenberg’s theory
of attitudes'” and that of Ajzen and Fishbein'® are
based on this tripartite concept. Yet, Jagdish and
Park' found a low correlation between the pre-
dictions of both theories.

The influential attitude theory of Fishbein and
Ajzen?® is known as the Theory of Reasoned Ac-
tion (TRA). In an era in which emotion and af-
fect were not fashionable concepts, the affective
part was phased out at the time, to give way to
Subjective Norms (SN). The cognitive part was
represented as ‘attitudes’ defined as: ‘The sum of
beliefs about a particular behavior, weighted by

2012

49

the evaluations of these beliefs’. In conjunction
with beliefs this part was called Attitude Beliefs,
or AB. The behavioral part was termed ‘Behav-
ioral Intention” (BI) that is supposed to be the
precursor of behavior, -or action (B). The basic
model entails that AB and SN jointly determine
Bl, but with a different weighting factor.

The Extended Fishbein Model is:

w;AB, +w, SN=BI—>B,
where
B stands for actual behavior

In this formula w, and w, represent weighting
factors. Despite the conciseness of this formula,
it should be noted that all three variables are
covert variables and thus cannot be observed
directly. Another, and probably the most im-
portant issue of all is that the arrow between B
and B is unspecified. In the absence of directly
observable variables, the values of the weighting
factors are correspondingly harder to establish. It
can also be seen that this simple additive model
lends itself easily to extensions whereby, e.g. AB
can be predicted by two or more variables, etc.
or by adding additional variables in the main
equation. This was proposed by Ajzen?' in the
Theory of Planned Behavior (TPB). Here Ajzen?'
introduced another concept, called Behavioral
Control (BC), which, in turn, was derived from
Bandura’s concept of self-efficacy®?. Self-effica-
cy refers to the belief that the person has in his
own competences, being able to execute requi-
site activities. Ajzen?® observed that general at-
titudes failed to predict specific behaviors, which
is why he developed a model in which the three
variables AB, SN and BC predict BI, but are also
interconnected and so influence each other.

Each of the variables AB, SN and BC, further, are
specified as linear combinations of a set of n be-
liefs associated with a strength b, that combine
in a multiplicative fashion with the subjective
evaluation e; of the attribute of that belief.

It should be clear that whereas none of these be-
lief strengths or attribute evaluations are directly
observable, and the compound variables AB, SN
and BC that result from those are strongly inter-
connected, that any meaningful parameter esti-
mation of such a model is out of the question.
Though it is suggested that some parameters can
be estimated by means of regression, it is obvi-
ous that regression coefficients will be very un-
stable in view of the many parameters and the
dependency between the basic components?*?°.
Similar concerns hold for Latent Structure Analy-
sis, that in contexts like these produces unstable
regression coefficients.
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Finally it also leaves untouched the issue of how
well actual behavior is predicted.

TAM is a special version of the two attitudinal
models discussed above, in which the Behavio-
ral Intention is predicted by Perceived Useful-
ness (PU) and Perceived Ease of Use (PEU). PU
may be equated with beliefs and evaluation (AB)
of the system to be acquired and PEU is linked
to behavioral control (BC). Note that Subjec-
tive Norm is not included as the choices take
place in an occupational setting in which Sub-
jective Norm is not applicable. Yet, it may be
noted at this point that the social environment
may strongly influence subjective norms, which
is related to the persuasive influence that rela-
tives of the clients may have on the acquisition of
tele-care. In this respect classical TAM has little
to offer.

One issue that is relevant in connection with the
Technology Acceptance Model is that of meas-
urement scales. In trying to gain insight in the nu-
merical values of the many parameters subjects
are usually requested to rate objects, properties
and beliefs on a categorical scale, say a 7-point
Likert scale, varying from negative over neutral
to positive. Other scales may ask for the level of
a property, from ‘not at all’, to ‘extremely’.

The psychometric status of these scales is doubt-
ful to say the least. While Thurstone already pre-
sented a clear measurement methodology??, this
is in practice never heeded. Rating scale data
are at most lying on an ordinal level, yet they
are routinely treated as ratio scale data, which
in general will produce unreliable and unstable
parameter estimates. If now Behavioral Intention
cannot be predicted in a reliable way, assuming
that it actually exists, then the link to actual Be-
havior becomes very tenuous. In that sense the
predictive value of TAM may seem even better
than expected for methodological reasons.

Focusing on the basic constituents of TAM the
Perceived Usefulness is of doubtful relevance
in a tele-care setting as seen for the viewpoint
of the client. The problem is that in many cases
the client is unable to have a clear image of the
benefits of a tele-care system. There are at least
three reasons for this. First a tele-care system
definitely does not belong to the technology
generation of the client?*%. Similar functionality
did simply not exist during the formative period
of the older client.

Second, there has been no prior exposure to the
tele-care technology after the formative period,
which might have helpful in understanding its
operation®’. This is probably also the reason why
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older persons can be relatively easily persuaded
to use a mobile phone, as that is an application
they have grown accustomed to and is easier
to take along than a wired phone. Third, to the
extent that tele-care systems are in continuous
development and also are generally heavily in-
terconnected with other applications and parties,
it is quite hard to explain exactly what benefits
tele-care will produce.

There is one other reason why older people are
hesitant to accept a tele-care system, which is
that they express that they do not need it yet*°.
Though they may appreciate the value and use-
fulness of tele-care highly, they feel that it is for
older people than they are themselves. Only
when their health is deteriorating they would
graciously adopt the system. In the first place,
this goes against the inherent value of prevention
for which most tele-care systems are excellently
suited. But on the other hand, the same persons
are not willing to be confronted with potential
ailments that may beset them in the future. Tele-
care invariably is associated with frailty and dis-
ease, and this is exactly what they try to avoid.
This is similar to a situation when in a neighbour-
hood police surveillance is intensified. Though
objectively this should reduce criminality, the
inhabitants are constantly reminded of criminal-
ity by encountering police, and feel the situation
has worsened.

Partly similar arguments hold for the other con-
cept, that of perceived ease of use. Not having
had any previous experience with tele-care it
is quite hard to assess the ease of use. When-
ever the tele-care system has been installed, it
is not always easy to make it operate success-
fully. Also there are various reasons for this. One
persistent problem is the design of the interface.
In actual practice the code for the interface pro-
gram is made by relatively young programmers,
who are unfazed by software and system errors,
and often are immigrants who do not speak and
write the older people’s language well. With the
background of strictly technical training, there is
usually little understanding of what makes an in-
terface easy to use for older people.

Secondly, most tele-care systems are assemblies
of many different components. For diabetes, for
example, they would consist of a weighing scale
with digital readout, a glucose meter that is ac-
companied by a set of lancets or samplers for
blood absorption and a computer that combines
the information, stores it and sends it to a dia-
betes nurse. There are numerous things that can
go wrong, and indeed go wrong, which is why,
again, more than half of the participants will ab-
stain from further participation. An interesting
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observation is that often the care organization
cannot believe that some clients experience the
components, like the glucose meter, as particu-
larly user-unfriendly. It usually suffices to show
them video recordings of clients struggling with
the equipment and showing the affective reac-
tions that are so conspicuously absent in recent
attitude theories®'.

Nevertheless it should be noted that some older
people have had an adequate exposure to the
use of computers and are having no problems
whatsoever in running the system. Still, the con-
nectivity and compatibility of the components,
comprehensively brought together under the
term interoperability, is usually far from optimal,
which can produce service interruptions that
sometimes may go unnoticed by the clients.

A final point, related to perceived usefulness, is
that when the system operates to satisfaction,
and the particular disease can be well control-
led, nothing much is happening in the daily life
for considerable periods of time. This may give
the impression that the tele-care system has a
limited usefulness that still requires regular op-
eration by the client. As a consequence the per-
ceived benefit of the system will diminish over
time. Also the presence of boxes of equipment
with dangling wires is frequently mentioned as
an eyesore that should be put out of the way.
Many tele-care systems also make use of exist-
ing products in the home, like a TVset that is
used as well for watching TV shows. This often
creates interference between types of usage,
where the entertainment is frequently preferred.
Sometimes the video communication that takes
at a prominent place in the living room is seen
as being privacy-intruded, where other persons
present can follow the exchange of information.

This, however, is the case when the client is rela-
tively free from chronic diseases and not mobil-
ity restricted. It has been found that the appre-
ciation of the benefits of tele-care is rising after
a serious health incident has taken place, like a
cardiovascular incident®.

INTRODUCTION AND EXPOSURE

Considering the poor predictability of not only ac-
ceptance of tele-care, and even more, adoption
of it in daily life activities, the question is what
can be done to improve the diffusion of tele-care
systems in the elderly population. It is useful to
look at the current ways in which older clients are
made familiar with tele-care to be installed.

Mostly there are a couple of public sessions
where the aspiring users are being informed con-
cerning the type of tele-care, the functionality,
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the scheduling and the cost, whoever this may
bear. It appears that these never cover all of the
potential clients, and that the information value
of the meeting is often denied. The meetings, be-
ing public, offer less opportunity to inform the
participants on an individual basis.

Next, the installation process is frequently beset
with difficulties, causing many more than a sin-
gle visit to get the system operational. Though
this may not be a reason of overriding concern
for technicians, it is considered to be particularly
annoying by older clients. Bouwhuis, Meesters
and Berentsen* mentioned that in 10% of all
installations more than 10 visits by technicians
were needed to make the systems operational,
while in 89% repair was necessary. In a number
of cases this has been the reason why clients end
participation and request removal of the equip-
ment that was already installed.

In all cases we have encountered, one or more
user manuals were distributed to individual
homes. While this must be seen as obligatory,
from a strictly principled ergonomic point of
view a manual should not be necessary, as user
control should be intuitive, or not needed be-
cause of automatic procedures.

In actual practice manuals are present in clients’
homes, but being mislaid they are often unfind-
able, and if they are found require careful read-
ing that has apparently not taken place before.

Finally, there is a persistent occurrence of inop-
erative components of tele-care systems, which,
apparently cannot be solved during a project’s
lifetime. This may be caused by erroneously
omitting to install them, but often connection
problems cannot be fixed, even after repeated
visits by a technician. It also is mentioned as an-
noying by older clients that at every visit a dif-
ferent technician is looking after the equipment,
which is damaging for their trust in the reliability
of the system.

One of the most productive findings in studying
a number of tele-care projects is that the accept-
ance and adoption of tele-care can to a large
extent be predicted by the amount of individual
guidance and training that the clients receive.
This training procedure has to satisfy a number
of requirements that have found wide support in
many other studies.

First, the perceived self-efficacy®? should be in-
creased. Self-efficacy has been found to have
a very powerful effect on both performance in
computer tasks as well as in rehabilitation and
coping with many types of chronic diseases®*°.
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In a series of studies Nap*"* investigated the ef-

fect of induced task performance, i.e. the sug-
gestion given to older persons what level of
performance was expected of them in computer
tasks. If this was positive it significantly reduced
stress. Moreover, a high expected task perform-
ance, which is a measure of self-efficacy, pro-
duced high efficiency and high effectiveness in
the same computer tasks. It also appeared that
negative feedback, and negative feed forward,
significantly reduced task performance and in-
creased stress. In the words of Gallagher et al.**:
“As self-efficacy is the only predictor known to be
amenable to intervention, self-efficacy enhanc-
ing support should be promoted”.

The importance of such a statement can hardly
be overrated: apparently older clients can and
will much more successfully perform computer
tasks and work on their increased well-being if
the level of self-efficacy can be increased. Anoth-
er positive message of this statement is that self-
efficacy can indeed successfully be heightened in
a relatively simple way with relatively little effort.

There is one other procedure that can be applied
successfully to train older persons in computer
and product control tasks. It is called errorless
learning, which was originated by Terrace** in
the framework of training pigeons to discrimi-
nate between two alternatives. The basic idea is
that at first the wrong stimulus is presented in
such a way that it will not evoke a response, for
instance by a short presentation, and a low lu-
minance. While the correct response, displayed
prominently, is being learned in regular trials, the
alternative stimulus is gradually made more simi-
lar to the correct one, except in one clearly dis-
cernable feature. In situation like these it could
be observed that no wrong answers, - errors-
were given at all. In recent years the procedure
of errorless learning has been extensively used
in rehabilitation**® after a stroke. More recently,
errorless learning was also applied in memory
training of older people, which turned out to be
particularly successful®. This learning procedure
does not eliminate errors altogether, but tries to
limit the production of error responses as much
as possible. The theoretical background of this is
that repeated exposure to error responses may
cause a higher activation level of these respons-
es in memory, which is unwanted. This, in turn
goes back to the exemplar theory*®**° holding
that every presentation of a stimulus reinforces
the activation state of that stimulus in memory.
Avoiding error responses will thus contribute to
a lower activation state of those responses. It
has been shown that e.g. spelling errors accu-
mulate by repeated exposure to wrongly spelled
words®®®! which is one of the instantiations of
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how errors to some extent will also generate fur-
ther errors.

PREDICTION OF ACCEPTANCE

It has been tried to show in the foregoing analy-
sis that the application of the TAM model from
a business software domain to a tele-care do-
main is not straightforward and even misguided.
One of the main reasons is that the concepts
of Perceived Usefulness and Perceived Ease of
Use have a very different interpretation in the
tele-care domain than in an occupational set-
ting. One might even state that in the tele-care
domain they hardly have an interpretation. A
study by Agarwal and Prasad® shows, taking
into account the limitations of the TAM model,
that there are some important individual differ-
ences that have to be taken into account. First, in
line with what was mentioned above about tele-
care application programmers, those persons
who are technology providers, rather than end-
users rate the Perceived Ease of Use much higher
than the end-users. A second finding relates in a
broad sense to technology generational effects.
Persons with a high level of education, or those
who had previous exposure rated Perceived
Ease of Use higher than those without. This cor-
responds exactly with the findings of Langdon,
Lewis and Clarkson?’.

As a last point Agarwal and Prasad®? found that
participation in training increased very much the
Perceived Usefulness, which is understandable as
this will make users familiar with the functionali-
ties of the system. The model of Agarwal and Pras-
ad explained 57% of the variance in perceived
usefulness and 18% of Perceived Ease of Use and
was also applied to information technology in-
novation in a company. More recently Huang®
modified the TAM for tele-care and, in addition,
did not employ Structural Equation Modelling but
a neural network with back-propagation. This
allows the inclusion of non-linear effects in the
model. This produced 75% of explained vari-
ance for Perceived Usefulness, and 30% of that
of Perceived Ease of Use and is clearly superior to
the classical TAM approach. The results showed
that Perceived Usefulness should be raised signifi-
cantly to increase acceptance, and that education
and training appeared especially important. The
absence of individual differences in the origi-
nal TAM has also given rise to an adaptation of
it, which was called UTAUT®*. In this model the
concepts of Perceived Usefulness and Perceived
Ease of Use have been scrapped to give way to
four variables concerning internal and external
expectancies, moderated by four individual vari-
ables that, in principle, give rise to 16 effects that
impinge on Behavioural Intention. One individual
variable is of special interest as it is termed ‘vol-
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untariness of use’, which is essentially what the
model intends to predict. Inasmuch as practically
always the ratings of descriptions are positively
correlated, the impression of circularity here can-
not be avoided. While no one will try to under-
state the importance of any of these variables,
their high correlations beg the question of how
many there are, and which are actually the ba-
sic ones. Yet the most important issue is that the
model does not have an observable and objec-
tive dependent variable, which is the frequency
of actual and routine use of a tele-care system.

A final word concerns the investment that one
has to make in order to promote a successful
uptake of tele-care systems. It is obvious that
individual training will be more expensive than
organizing meetings and printing manuals. In
addition, it requires specially schooled supervi-
sors and trainers to realize the intended degree
of self-efficacy and to make clear what the ben-
efits of tele-care are. This means that some criti-
cal factors for widespread adoption of tele-care
solutions may not be technical but psychological.
In the unrelenting quest to cut cost of care it will
not be easy to maintain a sufficiently effective
training schedule that will permit, or rather en-
able successful participation in the functional
operation of tele-care solutions.

DEPENDENCE AND LOCUS OF CONTROL

Three main motivations were presented in the in-
troduction for the development of tele-care sys-
tems, one from technology, on from the care or-
ganization, and one from governmental agencies.
To the extent that older persons formed no part
of this, these motivations can be said to be nor-
mative. Indeed, from a perspective of any non-
elderly party, tele-care seems to be beneficial, to
increase safety, and to increase well-being.

One reason why older persons, however, refuse
to make use of tele-care was mentioned above,

implying that continuous exposure to health and
physical status confronts the client with mor-
bidity associations he would like to avoid. This
feeling can perhaps be well expressed by the
concept of locus of control®. Locus of Control
reflects the tendency to attribute events in the in-
teraction of the person with the environment to
external forces (external) or to oneself (internal).
These two concepts appear not to be bipolar, but
rather more orthogonal, though a low score on
both does not occur. External locus of control
is high in early youth, but generally declines in
adulthood, and remains low until relatively high
ages, after 75. At the same time internal locus of
control that was high during adulthood, shows
a highly variable decline, unchanged in some
persons, but lowered in others. A position on
each of these two variables reflects the level of
independence of a person. This creates the inter-
esting situation that the normative approach of
introducing tele-care is confronting the depend-
ence or independence of the older person. From
the viewpoint of locus of control, this does not
have to be conflicting. An independent person
can accept tele-care, making him dependent,
probably only to a limited degree, but given the
ease of use and perceived effectiveness it does
not necessarily affect his level of internal control.
A person with high external control, in contrast,
might be tempted to try tele-care, as it consoli-
dates his worldview. Alternatively, both external
and internal control could have the opposite ef-
fect. A high level of external control might lead
to consider tele-care as something that in vain
tries to change the situation; a high level of inter-
nal control could cause any intrusion on private
life to be excluded. Fortunately, the literature, re-
ferred to above in the framework of self-efficacy,
indicates that not only can self-efficacy be in-
creased by proper training methods, but that an
increased level of internal control stimulates the
usage of rehabilitation and tele-care systems.

References

1. Lindstrom JI, Stallard J, Bouwhuis DG, Breimesser
F, Campo M, Pouillie R, Varriot C. An evaluation
of the Bridge phase of TIDE 2000. http://ec.europa.
eu/dgs/information_society/evaluation/data/pdf/
reporttide_en.pdf; retrieved April 14, 2012

2. Research and Innovation, European Commission
http://ec.europa.eu/research/leaflets/disabilities/
page_74_en.html; retrieved March 2, 2012

3. Eyck A. Domotica in Senioren Woningen. Zijn
Ouderen Bereid deze Nieuwe Voorzieningen te
Accepteren en Zijn ze ook in Staat om ze te Ge-
bruiken? (Domotics in Senior Houses. Are Elderly
Prepared to Accept these Provisions and Are they
also Capable to Use Them?) 2004; Master thesis,
Maastricht University

2012

4.  Bouwhuis DG, Meesters LMJ, Berentsen J. Tech-
nology Acceptance Models in Gerontechnology.
Smart Technologies for an active longevity 2008;
Proceedings ISG'08

5. Meesters LMJ, Koks Y. Tele-Welness Services:
evaluation of lengthy use 2010; poster Biomedica
2010 Summit, 17-18 March, Aachen.

6. Sponselee A, Schouten B, Bouwhuis D. tele-
care for elderly users: Needs and benefits.
Gerontechnology 2010;9(2):249; doi:10.4017/
gt.2010.09.02.277.00

7. Viedome, http:/www.viedome.tv/; retrieved April
14, 2012

8. PAL4: www.pal4.nl/website/home/; retrieved
April 9, 2012

9. Davis FD. Perceived usefulness, perceived ease of

Vol. 11, No 1



Models of acceptance

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

2012

use, and user acceptance of information technol-
ogy, MIS Quarterly 1989;13(3):319-340
Henderson L. Orthographies and Reading: Per-
spectives from Cognitive Psychology, Neuropsy-
chology, and Linguistics. London: Taylor & Francis,
Inc. 1984; ISBN-13: 9780863770098

Hinton G; personal communication; 1979
Edwards AL. Techniques of attitude scale con-
struction. Englewood Cliffs, NJ: Prentice-Hall 1957.
Kamtekar R. Plato on the Attribution of Conative
Attitudes. Archiv fiir Geschichte der Philosophie
2006;88(2):127-162; doi:10.1515/AGPH.2006.006
Brett GS. History of Psychology. London: Allen;
1921; Internet Archive cu3192403103676

Zanna MP, Rempel JK. Attitudes: A new look at
an old concept. In D. Bar-Tal & A. Kruglanski (edi-
tors): The social psychology of knowledge 1988;
New York: Cambridge University Press

Zimbardo P, Weber AL, Johnson RL. Psychology:
Core Concepts 1999. 3rd edition. Indianapolis:
Addison Wesley Longman

Rosenberg MJ. Cognitive Structures and At-
titudinal Affect. Journal of Abnormal and Social
Psychology 1956;53(3):367-372; doi:10.1037/
h0044579

Ajzen |, Fishbein M. The prediction of behavior
from attitudinal and normative variables. Journal
of Experimental Social Psychology 1970;6(4):466-
487, doi:10.1016/0022-1031(70)90057-0

Jagdish NS, Park CW. Equivalence of Fishbein and
Rosenberg theories of attitudes. Faculty Working
Papers April 1973, University of lllinois at Urbana-
Champaign; www.archive.org/details/equivalen-
ceoffis108shet ; retrieved April 14, 2012

Fishbein M, Ajzen I. Predicting and Changing
Behavior: the Reasoned Action Approach 2010;
New York: Taylor & Francis

Ajzen |. From intentions to actions: A theory of
planned behavior. In Kuhl J Beckmann | editors,
Action-Control: From cognition to behavior. New
York: Springer;1985

Bandura A. Self-efficacy: The exercise of control.
New York: Freeman; 1997

Ajzen |. The Theory of Planned Behavior.
Organizational Behavior and Human Decision
Processes. 1991;50(2):179-211; doi:10.1016/0749-
5978(91)90020-T

Linn RL, Werts CE. Measurement Error in Regres-
sion. In Keren G, eitor, Statistical and Methodo-
logical Issues in Psychology and Social Sciences
Research 1982; Hillsdale: Erlbaum

Thurstone LL Attitudes Can Be Measured. Ameri-
can Journal of Sociology 1928;33(4):529-554; www.
jstor.org/stable/2765691; retrieved April 14, 2012
Docampo Rama, M. Technology Generations
handling complex User Interfaces. PhD thesis;
Eindhoven University of Technology, Eindhoven,
2001

Freudenthal TD, Learning to Use Interactive De-
vices; Age Differences in the Reasoning Process;
PhD thesis, Eindhoven University of Technology,
Eindhoven; 1998

Freudenthal A. The design of home appliances

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

for young and old customers. PhD thesis, Delft
University of Technology, Delft; 1999

Langdon P, Lewis T, Clarkson J. The effects of
prior experience on the use of consumer products.
Universal Access to the Information Society
2007;6(2):179-191; doi:10.1007/s10209-007-0082-z
Sponselee A, Schouten B, Bouwhuis D, Willems
Ch. Smart Home Technology for the Elderly:
Perceptions of Multidisciplinary Stakeholders. In:
Proceedings of the First International Workshop
on Human Aspects in Ambient Intelligence 2007;
In: M. Miihlhduser, A. Ferscha, and E. Aitenbichler,
editors, Constructing Ambient Intelligence: Aml
2007 Workshops Darmstadt, Germany, November
7-10, 2007, Revised Papers. Series: Communi-
cations in Computer and Information Science
2008;11:314-326

Meesters L, Berentsen J, Vergouwen R. Telemedi-
cine trial: user acceptance, a case study. 2008

(In Dutch) Report IOP-MMI06102 and Interreg
project VIPLab; www.vip-lab.org/pilots/zorg
onderzoek.php; retrieved April 14, 2012

Waller KV, Bates RC. Health Locus of Control

and Self-Efficacy Beliefs in a Healthy Elderly
Sample. American Journal of Health Promotion
1992;6(4):302-309; doi:10.4278/0890-1171-6.4.302
Peterson L, Howland J, Kielhofner G, Lachman
ME, Assmann S, Cote J, Jette A. Falls self—ef-
ficacy and occupational adaption among elders.
Physical and Occupational Therapy in Geriatrics
1999;16(1-2):1-16; doi:10.1080/)148v16n01_01
Cheal B, Clemson L. Older people enhancing
self-efficacy in fall-risk situations. Australian Oc-
cupational Therapy 2001;48(2):80-91; doi:10.1046/
j-1440-1630.2001.00250.x

Li F, McAuley E, Fisher KJ, Harmer P, Chaume-
ton NR, Wilson N. Self-efficacy as a mediator
between fear of falling and functional balance,
physical functioning in elderly persons. Jour-

nal of Aging and Health 2002;14(4):452-466;
doi:10.1177/089826402237178

Hellstrém K, Lindmark B, Wahlberg B, Fugl-
Meyer AR. Self-efficacy in relation to impairments
and activities of daily living disability in elderly
patients with stroke: a prospective investigation.
Journal of Rehabilitation Medicine 2003;35(5):202-
207; doi:10.1080/16501970310000836

Wu AMS, Tang CSK, Kwok TCY. Self-efficacy,
health locus of control, and psychological distress
in elderly Chinese women with chronic illnesses.
Aging & Mental Health 2004; 8(1):21-28; doi:10.10
80/13607860310001613293

Carroll D. The importance of self-efficacy expec-
tations in elderly patients recovering from coro-
nary artery bypass surgery. Heart & Lung: The
Journal of Acute and Critical Care 2006;24(1):50-
59; doi:10.1016/S0147-9563(05)80095-

Galvao DA, Nosaka K, Taaffe DR, Spry N,
Kristjanson LJ, McGuigan MR, Suzuki K, Yamaya
K, Newton RU. Resistance Training and Reduc-
tion of Treatment Side Effects in Prostate Cancer
Patients. Medicine & Science in Sports and
Exercise 2006;38(12):2045-2052; doi:10.1249/01.

Vol. 11, No 1



Models of acceptance

mss.0000233803.48691.8b

47.

Connor BB. Response guided errorless learning

40. Pang MYC, Eng JL. Fall-related self-efficacy, not with normal elderly. PhD thesis, University of
balance and mobility performance, is related to North Texas, Denton; 2001
accidental falls in chronic stroke survivors with 48. Nosofsky RM. Attention, similarity, and the
low bone mineral density. Osteoporosis Interna- identification-categorization relationship.
tional 2008;19(7): 919-927; doi:10.1007/s00198- Journal of Experimental Psychology: Gen-
007-0519-5 eral 1986;115(1):39-57; doi:10.1037/0096-

41. Nap HH. Stress in Senior Computer Interaction. 3445.115.1.39
PhD thesis. Eindhoven University of Technology, 49. Hintzman DL. ‘Schema Abstraction’ in a
Eindhoven; 2008 Multiple-Trace Memory Model. Psychological

42. Nap HH, de Greef P, Bouwhuis DG. Self-efficacy Review 1986; 93(4):411-428; doi:10.1037/0033-
support in senior computer interaction. Interna- 295X.93.4.411
tional Journal of Cognitive Performance Support 50. Cunningham AE, Stanovitch K. What Reading
2012; in print Does For the Mind” American Educator/American

43. Gallagher R, Donoghue J, Chenoweth L, Stein- Federation of Teachers 1998;13(1):8-15
Parbury J. Self-management in older patients with 51. Ehri LC, Rosenthal, J. Spellings of Words: A
chronic illness. International Journal of Nursing Neglected Facilitator of Vocabulary Learning.
Practice, 2008;14(5):373-382; doi:10.1111/j.1440- Journal of Literacy Research 2007;39(4):389-409;
172X.2008.00709.x doi:10.1080/10862960701675341

44. Terrace HS. Discrimination learning with and 52. Agarwal R, Prasad J. Are Individual Differences
without “errors”. Journal of the Experimental Germane to the Acceptance of New Information
Analysis of Behavior 1963;6(1):1-27; doi:10.1901/ Technologies? Decision Sciences 1999;30(2):361—
jeab.1963.6-1 391; doi:10.1111/j.1540-5915.1999.tb01614.x

45. Goldenberg G, Hagmann S. The meaning of 53. Huang JC. Exploring the Acceptance of Tele-care
meaningless gestures: a study of visuo-imitative Among Senior Citizens: An Application of Back-
apraxia. Neuropsychologia 1997;35(3):333-341; Propagation Network. Telemedicine and e-Health
doi:10.1249/01.mss.0000233803.48691.8b 2011;17(2):111-117; doi:10.1089/tm}.2010.0118

46. Heugten CM van, Dekker J, Deelman BG, 54. Venkatesh V, Morris M, Davis GB, Davis FD. User
van Dijk AJ, Stehmann-Saris JC, Kineba- acceptance of information technology: Toward a
nian A. Outcome of strategy training in unified view, MIS Quarterly 2003;27(3):425-478
stroke patients with apraxia: a phase Il study. 55. Rotter |B. Generalized expectancies for internal
Clinical Rehabilitation 1998;12(4):294-303; versus external control of reinforcement, Psycho-
doi:10.1191/026921598674468328 logical Monographs 1966;80(609)

2012 55 Vol. 11, No 1



