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O v e r v i e w

There has been a considerable amount of re-
search about the technical needs and design 
requirements for people with cognitive dis-
abilities, including dementia1. Most studies 
on technical interventions for those with de-
mentia are evidence-based findings about a 
diverse range of technologies and materials. 
To be more effective we need to know the 
basic neurological principles of the func-
tioning of the damaged brain, which is the 
focus of this contribution. 

This paper first looks at life goals from a neu-
rological point of view and explains what is 
applicable in people with dementia. Next 
the paper offers suggestions for creating and 
constructing designs for people with de-
mentia. The paper highlights the importance 
of environment in designing for dementia 
and recognizes that engaging the user is as 
important as the brilliance of the technical 
design solution.  

Luria’s research

It is acknowledged that Luria’s research2 pro-
vided a foundation for the design of  tech-
nology to assist people with dementia. The 
result of his neurological research is consist-
ent with Fozard’s transactional concept for 
gerontechnology, including its life domains 
and goals3-6. This includes happiness as dis-

cussed by Fozard and others working in the 
field of gerontechnology.

A.R. Luria2 posed in the 1960s that mental 
activity derives from the brain and its organ-
isation is hierarchical. The hierarchy con-
sists of an increasing complexity of neurons 
combined with a ‘higher’ location in the an-
atomical and functional brain. Subsequently 
Powers7 distinguished the different hierar-
chical levels of which the highest have the 
most sophisticated information-processing 
capacity. These highest level neurons pro-
duce the most diverse, adaptive, and subtle 
ways of behaving. 

The most interesting aspect of the neuro-
sciences is the distinction made between 
the ‘upper brain’ (the cognitive brain) and 
the ‘lower brain’ (the emotional brain). The 
more complete the upper brain is, the richer 
the repertoire for adaptive behaviour be-
comes8. This adaptive behaviour is specific 
to humans and comes into play via many al-
ternative routes. It acts independently from 
the environment, contains an overview of a 
situation, is problem-solving in preparation 
for efficient actions, can produce feedback 
and postpones impulses9. When brain-
disease or brain damage occurs, especially 
where the upper brain is affected, the lower 
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brain has to inform behaviour. However, be-
haviour guided by the lower brain is merely 
an emotional reaction to stimuli from the 
environment and it cannot be unchained 
from that environment. It has a small rep-
ertoire (anxious, happy, sad, and angry) and 
the person himself or herself has no choice10. 
The person is ruled by emotions and behav-
iour is impulsive, not well-thought-out and 
not precautionary. If we understand how a 
person will perceive the environment, the 
behaviour is even predictable!

Information processing by the brain has cer-
tain patterns that are the same for almost 
every person with dementia: 
(i) The brain can only handle dynamic stim-
uli: incentives that are moving or producing 
sound. 
(ii) ‘Static’ stimuli (without movement or 
sound) cannot be picked up; in a static en-
vironment the patient has to produce stimuli 
himself or herself by wandering or by mak-
ing obsessive movements or noises.
(iii) In catching ‘dynamic’ incentives, there is 
a strict principle:  only stimuli from one stim-
ulation source at a time can be processed. 
The brain of a person with dementia has lost 
its filtering capacity. All stimuli make the 
same claims on the brain’s attention leading 
to chaos within and restless, aimless behav-
iour outside. 
(iv) Dynamic stimuli within the sight-field of 
the patient are processed. Incentives from 
behind create chaos in the mind that affects 
the whole person.
(v) Voluntary, purposeful movements cannot 
be made by the cognitive part of the brain 
(the frontal lobe). People with dementia are 
not able to initiate an efficient action on 
their own or based on only a single verbal 
instruction.
(vi) To start an action ‘incentives in context’ are 
needed by which the action emerges sponta-
neously; that is to say by the lower brain. 
(vii) These contextual stimuli include (a) a 
familiar  environment based on their own 
technological generation11 , (b) the right 
starting position of the body, (c) an emotion 
or humour, (d) inviting music or songs, (e) 

the option to imitate someone else (a real 
person or a person on a screen), or (f) se-
duction to act, especially by small animals 
or children.
(viii) Mirror neurons give people the possi-
bility to imitate proper actions; in dementia 
these remain unimpaired12.

A new-born baby’s brain becomes filled up 
with knowledge; the lower brain develops 
in the first three years and the upper brain 
takes another twenty years to mature. Al-
though people with dementia may appear 
to behave like children the following points 
highlight different aspects:
(i) People with dementia do not become 
children again, but the methods we use with 
small children are useful in assisting peo-
ple with dementia. For instance, we always 
have to attune to how they perceive the 
world before starting an intervention.
(ii) The memory ŕolls backward´ to his/her 
youth and early adulthood meaning that s/
he cannot recognise modern attributes and 
scenes.
(iii) If the environment is extremely favour-
able and the person with dementia senses 
no negative stress, s/he can ćlimb´ in his/
her mind and find connection with the up-
per brain; in this situation s/he can act al-
most normal13.
(iv) People with dementia are susceptible 
to virtual realities; they experience those as 
real.
(v) By creating an appropriate (virtual) envi-
ronment, almost normal behaviour can be 
called up.
(vi) When a person cannot think, behaviour 
is an exact copy of inner feelings; brain-
damaged patients cannot pretend.
(vii) The brain-damaged patient cannot hide 
emotions, so when s/he feels good, every-
one can see it immediately.
(viii) Well-being can be observed through 
a patient ś pleasant, content radiation, their 
ability to be quiet and show almost normal 
behaviour; so the effect of an intervention 
can be easily noticed. 
(ix) Failure, not understanding, feeling com-
pulsion, speaking with many words, a too 
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difficult task, a too high level of communica-
tion, unrecognizable objects: all such incen-
tives will make a person with dementia angry, 
aggressive, recalcitrant, and uncooperative.
(x) Little children are unexpecting and inno-
cent; persons with dementia are more easily 
frightened. 

As a consequence, if we want to develop 
technology for people with dementia, we 
must take into account that they cannot think 
for themselves, that they cannot manipulate 
the environment and - because of losing 
part of their memory- can only recognise 
familiar forms from their youth. For instance, 
when we want them to handle an apparatus 
of music, it has to look and work like an old 
radio. Even for healthy older people, mod-
ern technology is difficult to handle14.

Fozard: the person-environment system

In 2005 James Fozard published a solid, sci-
entific explanation about the aims, reach and 
implications of technological interventions 
for older persons3. He presented a trans-
actional model that combined theoretical 
information from gerontology with environ-
mental applications of technology to further 
the health and functioning of older people 
through the science of gerontechnology. 

His study reinforced the importance of con-
sidering people and their environment as 
forming one system. Both the environment 
and a person could be thought of as having 
three component parts. The three environ-
ment components are social, built, natural. 
The three person components are: receptors 
to receive information from the environment 
(input), internal structures to cope with the 
information (processing) and effectors to act 
and handle the environment (output). 

All these personal components are functions 
of the human brain and one can imagine 
that an affected brain has disturbed input 
(perception), processing (thinking) and out-
put (behaviour). In normal brain-functioning 
there is a mutual influencing between per-
son and environment13. One of the most 

basic principles in neuroscience is that a 
damaged brain becomes more and more 
dependent on the environment and can-
not influence that environment anymore14. 
The normal balanced person-context rela-
tionship is destroyed. The environment is a 
determinant for the behaviour of the brain-
damaged patient15. This has enormous con-
sequences for designing technical aids for 
people with dementia.

In mentally healthy people, their use of 
helpful technology can be slightly humili-
ating but if the effect leads to greater inde-
pendence, the humiliation is worthwhile. 
Persons with dementia cannot look that far; 
they refuse everything that affects their feel-
ing of self-esteem16. So the technology has 
to be absolutely pleasing in use and must 
not make them more self-conscious. What-
ever the goal of the technical intervention, 
the goal for the person with dementia is joy 
and pleasure.. Pleasure can also be the tar-
get of the design17.

Recently van Bronswijk, Fozard and oth-
ers18-21 introduced a working framework 
model for gerontechnology that could be 
captured on a single page4,5. The model 
is practical and concrete. It contains four 
goals - enrichment/satisfaction, prevention/
engagement, compensation/substitution, 
care support/care organisation- and five life 
domains - health/self-esteem, housing/daily 
living, mobility/transport, communication/
governance and work/leisure.

However, the model cannot answer the 
question: how can we seduce people with 
dementia to participate in technology and 
make them do the things that we want them 
to. According to the neurological theory we 
have to create an ‘enriched environment’ 
that facilitates spontaneously the correct 
actions and movements22. Here we can dis-
cover the importance of virtual realities in 
presenting modern technology to people 
with dementia. Virtual reality actually is cre-
ating another environment, different from 
the existing context. According to Fozard 
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virtual reality normally is used in enhancing 
imagination, leisure, communication and 
education. In helping people with dementia 
it is used to create a suitable environment to 
make them feel at ease. The most important 
part of such a design is having only ONE 
stimulation source that can facilitate appro-
priate actions. 

The designs for people with dementia must 
–whatever the actual goal may be- result in 
a feeling of well-being17. Well-being through 
pleasure is their –unintentional- prime mo-
tivation22. Sixsmith et al.24 also stress well-
being as an important goal in technology 
for people with dementia. He talks about 
a so-called ´wish-list´25. In this respect, van 
Bronswijk puts the effects of gerontechnol-
ogy into the Maslov theories26,27. Van der 
Plaats17 referred to Maslov as well in her dis-
sertation about what type(s) of care is (are) 
adequate on behalf of chronically ill and dis-
abled persons. She figured out that chronic 
care mainly fulfils the basic needs which 
are physiological care and safety measures. 
Most technology aims at these basic needs 
and in the meantime chronically ill patients 
are bored stiff! Fulfilling of the higher needs 
(self-actualisation, social participation, and 
joy), however, makes the difference be-
tween a low and a higher quality of life in 
the last decennium of life. This stresses the 
need for technology that furthers wellness, 
social contacts, leisure and fun.

Concluding we can say that the model that 
Fozard proposed is also useful in designing 
for dementia. The model gives way to the 
personal perception, processing and actions 
in synergy with the environment. 
 
creating a suitabLe environment

Most gerontechnology publications on de-
mentia concern watching/helping/safety 
constructions and designs. In these settings 
the person with dementia cannot volun-
tary participate or cooperate. In the case 
of security-watching, secretly placed secu-
rity-technology is a solution28. One cannot 
expect people with dementia to have self-

knowledge about their helplessness, unsafe 
situation or disturbance of others. This is the 
enormous difference in working with per-
sons with and without mental impairments. 
However, knowledge of the demented brain 
allows us to try another way.

A design, consisting of virtual reality and 
dynamic incentives deriving from technolo-
gy, must appeal to their familiar former envi-
ronment that may not exist anymore but still 
has a strong representation in their memo-
ry29. For people with dementia the only op-
tion to influence behaviour is through virtual 
reality30. Its components are old-fashioned 
looking, fairy tale-like designs, slowly mov-
ing objects, one source of stimuli at a time, 
and clear, standing-out colours. 

Every action must be provoked by stimuli 
from the environment. So we cannot expect 
them to use technology unless it attracts 
their attention either by movement or sound. 
Both the outlook and the operation of the 
technology must be familiar from youth. 
For instance, if we want to give a written 
instruction, it is not sufficient to give a ver-
bal order or to present some sentences on 
a TV-screen. Instead we show, for instance, 
an old fashioned teacher who writes and 
says the instruction on an old fashioned 
black-board31.  

Much emphasis must be put on the design 
of the technology, as was also pointed out 
by Bouwhuis32. The effect of technology for 
the aged is entirely based on the knowledge 
of their perceptual world. This is especially 
the case in dementia. After all, their percep-
tual, cognitive and executive capacities go 
backward to a more primitive and less com-
plex way of dealing with information. A lot 
of the information present is, moreover, not 
even recognised. In their behaviour there is 
no planned action, no autonomous motiva-
tion and choice-making.

Van Hoof et al.33 describe technology in a 
nursing home which appeals to primitive, 
natural or childish behaviour, the behav-
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iour of the lower brain. For instance, a dark 
space will not be entered by a person with 
dementia. On the other hand, spaces we 
want them to enter are well lit. In the dark 
night, lights on the route to the toilet must 
switch on automatically when the person 
with dementia leaves his/her bed. Switch-
ing on of the light appeals to primitive reflex 
behaviour of being attracted by a light in the 
darkness. In the same way as with lighting 
we can think of sounds, images and objects 
to attract or repel patients with dementia. 
So by well-informed insight into the work-
ings of the brain, we can assist people with 
dementia to both be safe and enhance their 
experiences of pleasure. 

For people with dementia safety while wan-
dering is a major issue as shown in the study 
of Kearns et al.34. That study looked at the 
kinds of detectors and navigation-systems 
used to protect people with dementia from 
becoming lost or straying into unsafe areas. 
People with dementia were upset and an-
noyed by them and frequently refused co-
operation. On the basis of neurology we 
can think of a lot more interventions to calm 
down the wandering and restlessness. The in-
terventions must not prevent wandering, be-
cause walking around has a favourable influ-
ence on better condition of body and mind35. 
That is why we construct old fashioned or 
fairy tale-like ádventure´ spots in the corri-
dors of nursing-homes. Patients interrupt their 
walking, sit down there or start doing things 
like gaming, caring for baby-dolls, petting 
fake animals or looking at films. The result of 
such an enriched walking area is stopping the 
aimless wandering that gives rise to falls, and 
calming down fiddling and  screaming, at the 
same time activating apathetic patients36. 

Sleeplessness is worth combating too. The 
main cause is profound silence. The situa-
tion at night, in the sleeping room, can be 
too silent for the demented brain. That is 
why certain people with dementia have to 
leave their beds every night.  Instead of giv-
ing these patients sleep medication we must 
provide them with nice, slightly stirring in-

centives like a LED lamp that slowly changes 
colours, or twinkling stars on the ceiling, or 
appropriate music or the like. 

Similar technology can be used for bed-
ridden people with dementia. The lack 
of meaningful stimuli causes total apathy 
or continuous obsessive  mumbling or fid-
dling31.   By a daily program of alternating 
types of incentives,  boredom in all brain-
damaged patients can be prevented. Us-
ing this technology it is possible to replace 
tranquillizers, sedatives and anti-psychotics 
that can cause considerable harm to brain-
damaged patients37.

Another example of creating a virtual situa-
tion, especially one that appeals to the past, 
is Tamura ś offering baby-dolls to people with 
dementia38. This was shown to have a thera-
peutic effect: there was less aimless wander-
ing and restlessness; there was more commu-
nication and accepting care from the staff. 

Technology for people with dementia sel-
dom can be used when it is a copy from 
technology for people without brain dam-
age39. There is a need for more flexible sys-
tems that can switch to different contexts. 
Verbal commands and guidance are particu-
larly in need of review as they are difficult to 
execute. This execution is a process of the 
upper brain. The design and the construc-
tion must fit in the spontaneous processes 
of the lower brain. An instruction has to be 
given by every option of perception that is 
visual, audio, tactile, or olfactory (by sense 
of smell). The same applies to the feedback 
that must produce the appropriate signals for 
the demented patient to fulfil his/her task.  
 
Obviously, working with computers is dif-
ficult to realise for people currently with 
dementia. Future generations who will have 
life-long experiences with all sorts of appa-
ratus, may not experience those same dif-
ficulties with technology. Some investigators 
have made recommendations40, 41 regard-
ing technology which are worth noting as 
to accommodate current understanding of 
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the demented brain. For example, a touch 
screen is more frequently and better used 
by people with dementia. People with mild 
dementia can sometimes handle a compu-
ter with simple learning tasks. They showed 
they could learn but only with the prereq-
uisite of day-long psycho/social stimulation 
programs. That means that the environment 
has to be extremely encouraging and the 
nursing staff had to be educated to provide 
the encouragement. 

Gaming on the computer has benefits for 
older persons especially when a virtual re-
ality is created that appeals to games from 
the old days, for instance, playing shuffle-
board. To keep a person with dementia en-
gaged, there must be a lot of feedback that 
provokes the next action42.
 
A nice example is the old fashioned pin-
ball machine with twinkling lights, suitable 
sounds, a moving ball and an inviting han-
dle for pulling. All in all, the feedback must 
bring a feeling of joy, of being meaningful 
and relief from the boredom or chaos in 
their minds43.

It seems that all people with dementia love 
looking at scenes! To make things more 
satisfying for them we can show them old-
fashioned images, as Waller et al.44 did. The 
most successful situations were when the 
images moved slowly, like an old-fashioned 
film. Also, when photographs were shown in 
the form of a slide show they were more suc-
cessful than still images. Still images, which 
do not move, twinkle or make noise, do not 
attract attention from people with dementia45.

Waller and his team44 used the medium of 
television for many purposes with people 
with dementia. He called it ‘extended televi-
sion’. An internal television channel was put 
in the nursing home and it was filled with 
pictures of the patients, happenings in the 
home, pictures of the environment, histori-
cal recordings of the region, family mem-
bers speaking, old-time movie stars, etc. It 
appeared most attractive for the people with 

dementia. Family members started to con-
struct slide series out of old photo-albums. 
Personal TV programs were created. It even 
resulted in people with dementia using the 
apparatus themselves.

I observed positive experiences by showing 
a beloved daughter or spouse, talking from 
the TV screen to the patients who constantly 
ask or search for them. In the living room, 
images on a flat-screen can help people 
with dementia know what they are going to 
do (show, for instance, a coffee can pour-
ing coffee into cups), what time of the day 
it is (show, for instance, a beautiful sunset), 
what they can do (show, for instance, some-
one who asks them to join in singing and 
starts singing indeed), which movements 
they have to make (show them, for instance, 
a family that is eating). That is why we are 
busy making TV programs that run parallel 
to the order of the day46.

The neuroscientific way of thinking supports 
practical technology and designs. This ben-
efits all people with dementia, whether mild 
or severe dementia, although there appears 
to be some resistance from those with mild 
dementia and their care givers who tend to 
deny the on-set of the disease47.

concLusions

Designing technology for people with de-
mentia does not only involve constructing 
an apparatus. It implies the whole way of 
life at the specific moment in which the in-
tervention must take place. Also, the goals of 
the technology are not merely instrumental. 
The aims include creating a certain atmos-
phere, ejecting stimuli that have nothing to 
do with the goal of the desired action, pro-
viding incentives that facilitate or provoke 
the desired actions, avoiding boredom and 
overstimulation, enhancing safety, support-
ing self-confidence, and preventing disturb-
ing, harmful and inadequate behaviour13.

The people with dementia themselves only 
have one motivation to come to changing 
their behaviour: being touched and moved 
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by environmental stimuli that bring them re-
lief, pleasure and good memories. Our most 
important goal is well-being. We can see 
this effect by the pleasant and quiet radia-
tion of the patient. If there is no such radia-
tion we know that we must search further 
until the patient is satisfied.

A great help is the fact that people with de-
mentia are sensitive to virtual realities. We 
can use flat screens and walls to create a 

virtual situation that provides an adequate 
stimulus to start effective behaviour in the 
mind of the person with dementia.

What we learned from brain sciences is 
that by creating a specific environment, we 
can better meet the needs of people with 
dementia. That means that we can seduce 
these people to do the appropriate things, at 
the appropriate time by using the appropri-
ate gerontechnology.
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