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Abstract. The elderly population is increasing and the need of smart home
technology and customized health-care solutions is growing rapidly. A common
symptom of old age is cognitive impairment, which can in some cases lead to
the inability of self-navigation. Numerous indoor navigation systems have
proposed to solve such problems. However, previous developers have only to a
minor extent included elderly in the design process, despite the user group’s
complex needs. The solution presented in this paper is based on using recog-
nizable aids and abstractions to ensure that the new proposed system is some-
thing elderly users can relate to and feel comfortable with. Other solutions often
require wearable modules, or constant interaction, whereas this system does not
require any of the two. In addition to our solution we present five implications
when designing an indoor navigation system for elderly people.
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1 Introduction

The elderly population is increasing throughout the world and the average life
expectancy is higher than ever before in human history. In Norway the population aged
65 years or older constitutes approximately 15 % of the total population. The growing
number of older citizens are placing new stresses on communities and increases the
need for health-care, in-home care giving and appropriate housing [1]. The majority of
older adults prefer to live independently for as long as they possibly can. Supporting
older adults to remain in their own homes and communities is also favored by policy
makers and health providers to avoid the costly option of institutional care [1].
A common symptom of old age is cognitive impairment. However, the impact of
cognitive impairment is relative to each individual; therefore, it is hard to categorize the
needs of elders, and their ability to take care of themselves, by age. One symptom of
cognitive impairment is disorientation and the inability of self-navigation in familiar
and unfamiliar indoor environments. Nowadays there are many commercial and
non-commercial systems with the aim of providing reliable indoor positioning e.g.
InfSoft, Nextome and MazeMap. However, most of them are not considering the
complex needs of elderly users. In this paper we propose a system which aims to
improve the well-being of elders and help them become more independent by
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introducing an indoor navigation system using Bluetooth technology that is specially
designed for their capabilities. By using this system elderly people will be able to move
around in known and unknown buildings unsupervised as well as feeling safe and
independent. Our design can work as a tool to let elders live independently for a longer
period of time.

The structure of this paper is as follows; we start this paper by introducing related
work about technology and prior research on elderly and cognitively impaired people.
This is followed by our research context and our choice of method. Then we present
our results and discuss them in light of prior research and related work. Thereafter we
present our design as well as five implications when designing an indoor navigation
system for elderly people. After this we present a discussion on designing new tech-
nology for elderly people, as well as a discussion regarding our results and findings.

2 Related Work

2.1 Positioning

The demand for a reliable indoor-positioning system for commercial and practical use
is high, therefore many technologies has been approached to reach a satisfactory level
of accuracy. Over the last few years many different frequency-based technologies has
been used for indoor positioning, such as Bluetooth, Radio Frequency Identification
(RFID), Ultra Wideband (UWB) and Wireless Fidelity (Wi-Fi) [3]. The most favored
solution uses Wi-Fi access-points, mostly because it already exists in most infra-
structures and it is therefore easy and affordable to implement [4]. Studies by Tsirmpas
et al. [2] and Ozdenizci et al. [5] suggest that implementing the indoor-navigation
system into the environment with RFID and near field communication (NFC) tags is a
solid solution; however, this has not shown to satisfy all the requirements from the
consumers. Technologies like Wi-Fi, Bluetooth, and UWB have been the favorable for
on-the-go navigation indoors. Studies indicate that Bluetooth is the technology that
gives the best precision with an increased number of sensors [3], however a recent
study by Aoki et al. [6] has informed us that Personal Handy-phone System
(PHS) technology can be utilized for indoor-navigation in hospitals. Because PHS
operates at a different frequency band it does not interfere with equipment in hospitals
and care facilities.

2.2 Elderly and Cognitively Impaired People

Most commercial navigation systems today depends on the user being able to read
visible output, therefore developing indoor and outdoor navigation systems for blind
people are still being researched. In 2004, Ran et al. [7] developed an indoor/outdoor
navigation system “Drishti” for blind people that presented intriguing results. This
system has an inconvenience by requiring the user to wear several components like a
small computer, headsets and ultrasound tags in order to use it. Research concerning
navigation aids for elderly people is also something that is in development [2, 6, 8].
However, recurring problems from these studies are a lack of representative sampling,
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or user involvement when developing the solution and is something that has influenced
our methods when developing our proposed system. However, to design such a
complicated system for unexperienced users has proved to be difficult. Culén et al. [9]
researched on cognitive and bodily mastering while observing a smart-gym in use by
elders. They found that elderly people are often not familiar with the most common
icons and symbols used in everyday technology for younger people. This lack of
familiarity may lead to insecurity, less self-efficacy and in some cases a denial to the
use of technology at all. Mary Zajicek [10] presented research concerning aspects of
HCI research for older people that in addition to lack of familiarity, they also experi-
ence a wide range of age related impairments, including loss of vision, hearing,
memory and mobility, the combined effects of which contribute to loss of confidence
and difficulties in orientation and absorption of information. According to Williams
et al. [11] simplicity is key when designing visual displays for elderly people - while
visual displays for teenagers might need flash and bounce to attract their attention, too
much color and action in a display will confuse and frustrate an elderly user. This is
something we have kept in mind when designing our proposed system.

3 Method

3.1 Research Context

To conduct our fieldwork we cooperated with a residential care facility in Oslo. The
age of the residents varied from 64 to 101 years, with an average of 84 years. This
facility target seniors with an increased need of greater security, activity and oppor-
tunities for social interaction. The facility consists of 91 smart-home apartments which
are controlled by a central computer system and smart-home systems to stabilize
heat/ventilation as well as monitoring stove activity, water, smoke sensors, outdoor
camera calling system and lock system. In addition to the central computer system each
apartment is equipped with a tablet which can be used for regular web surfing, as well
as checking the dinner schedule for the in-house restaurant or schedules for local
activities. The facility has big common areas for different activities, and it has a
specially equipped gym, hairdresser, library, physiotherapist office and so forth (Fig. 1).

Fig. 1. Common areas in the facility
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3.2 Direct Observations, Interviews and Surveys

Initially we observed the residents in their natural environment. This gave us insight in
their daily routines and activities. We used questionnaires to get qualitative data from
both staff and residents on what requirements they felt was important for our proposed
system. We also interviewed both residents and staff with the purpose of providing
in-depth knowledge of their different perspectives. This was to retrieve information
about the resident’s habits with technology and their relationship with it.

3.3 User Testing

We wanted to involve our primary and secondary users early in the design-process.
This was accomplished by presenting paper sketches of our design and inviting resi-
dents and staff to discuss and contribute with constructive criticism.

We designed an experiment with the intention to see if our system would act as a
distraction or disturbing factor. Participants were represented by both sexes and were
asked to walk a given distance with a walker which had an iPad attached to it. The
participants walked the same distance with, and without the screen turned on. When the
screen was on it showed unique pictures every five seconds and the participants were
asked to say out loud what was displayed. This was to simulate the use of our system,
where the users will have to watch the screen while walking. We hypothesized that
there would be a difference in time spent walking a given distance when watching the
screen compared to just walking the distance (Fig. 2).

When we had a functional prototype we wanted to investigate different user sce-
narios to see how potential users would interact with the system. Due to the low level
of mobility from the participant group we used screenshots from the system. The
participants were given tasks in a controlled environment. This way we could find
ambiguities and what parts of the interface that needed adjustments for better under-
standing of it as a whole. The tasks were aimed to test if the system had a satisfactory
level of affordance; could elderly people use the basic functions in the system with no

Fig. 2. A participant walking with the prototype
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Fig. 3. User involvement during the summative test

training. During this test we measured time spent on each task, and the participants
were encouraged to “think out loud” (Fig. 3).

Lastly we conducted a test in a natural environment. The goal was to test the
application in a real time situation, with the main target uncovering errors in both
software and design. Participants was tasked to walk a given route in the room, by
doing this we could see how often the positioning was updated and if there were any
interference or inaccuracies in the signal received. We recruited three participants,
although we recognize that the pool of participants was small, it served its purpose.

4 Results

4.1 Observations, Interviews and Surveys

Many of the residents expressed reluctance towards new technology, and during a
conversation with one of the volunteers at the facility the word technophobia came up
when talking about the relationship between the residents and technology. Observa-
tions indicated that around 90 % of the residents used special aids for support when
walking. This gave us the idea to attach our proposed system to the residents most used
pre-existing aid, which was the walker.

Results from the questionnaires showed that the opinions differed slightly among
the involved parties on what functions to be considered when developing the system
(Fig. 4). However the question about whether a user should have the freedom of adding
a new destination produced an interesting result. 85 % of the residents asked felt that
this function was necessary, while only 20 % of the staff and none of the volunteers had
the same opinion. There was also a disagreement within the groups on whether the
system should have a surveillance function. Because of the disagreements, we could
not move forward with all the functions we initially proposed to the user-groups.
Anyhow it was clear that our system has to be easily operable due to low technical
understanding,
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Fig. 4. Opinions on functions to be included when developing the system

4.2 Experiment

In Table 1 we have the results from the experiment. The table shows how much time
each participant (P1-10) spent on each task with each condition of the independent
variable (with/without screen). The time was measured in seconds. The total number of
participants was 10, five from the care facility, as well as five participants from the
control group recruited at another similar residential care facility in Oslo.

From the results in Table 1 we can see that the participants walked slightly slower
when they had to watch the screen as they walked, compared to when they only had to
walk the distance. To analyze the results we conducted a test of normality to confirm
that the data was normally distributed which is a necessary assumption to be able to
perform a paired sample t-test. The results from the paired samples t-test is shown in
the figure below.

The results shown in Fig. 5 are from the care facility and the control group twinned
together. The t-test reveals that it’s a strong correlation between the two variables with
a Pearson’s r value of 0.956. The t-test also revealed a Sig. (2-Tailed) value, this value
can tell us if there is a statistical significant difference between the two conditions when

Table 1. Results from the experiment

With screen Without screen With screen Without screen
255 20s \ 43s 37s

36s

28s 285 \ 45s 41s

35s \ 52s 44s

43s 38s \ 31s 28s
|

30s 31s
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Paired Samples Correlations Paired Samples Test
N Correlation Sig. t df Sig. {2-tailed)
10 956 000 -4.324 9 002

Paired Samples Test

Paired Differences

95% Confidence Interval of the
Difference
Mean Std. Deviation | Std. Error Mean Lower Upper
-4.10000 299815 94810 -6.24475 -1.95525

Fig. 5. Results from paired samples t test

the value is less than or equal to .05. With a Sig. (2-Tailed) value of .002 we can
therefore conclude that there is a statistically significant correlation between time spent
walking when watching the screen compared to just walking the distance. By looking
at the results from Table 1 we can see that watching the screen has a negative effect on
time spent walking a given distance for the users.

4.3 Test of Interface

We have summarized the most interesting data points from one of the summative tests
in the table below (Table 2). It shows average task completion time, range and whether
the task was completed or not. We did not include standard deviation or variance
because our goal was to test the prototypes functions and intuitiveness, and normal
distribution was therefore irrelevant. The data was collected from five potential users at
the care facility, as well as five participants from the control group recruited at another
similar residential care facility in Oslo. The total number of participants was 10.

Table 2. Results from the summative test of interface.

[Experi 1 group N=5 Control Group N=5

Task Average Range Not completed Average Range Not compl
Start licati 12,8s 21s 0 6,4s 9s 0
(Choose destinati 15,4s 17s 0 3,2s 6s 0
Find yourself on the map 28,65 36s 0 28,6s 18s 2
Find destinatie 24s 15s 1 9,2s 13s 0
Und ding di 36,5s 39s 1 28s 79s 0
Find the amount of exits 10s 16s 1 16,6s 21s 0
Go back, and delete destinati 26,8s 37s 0 48,8s 54s 0

The summative test of interface showed that the participants could complete most
of the tasks asked, with a success rate of 92.85 %. The table show high variation
between participants in time spent on most tasks, and with an average task completion
time higher than what we could expect. It also shows that some participants did not
complete all tasks. This implicates that some tasks were either not properly described or
they were too hard to execute. From this we drew the conclusion that our interface
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needed to be simpler and cleaner. We also have to look at what symbols and text is the
most descriptive and find something they can relate to.

5 Implications for Design

As a result of these tests we found that some of the abstractions and assumptions were
too unfamiliar, and caused some comprehension trouble. The questionnaire-results
(Fig. 4) indicated that it was close to a mutual agreement that the system should
consider the low technical understanding of the user group. This was reflected in the
user-tests as we observed that most participants had problems with either the tech-
nology or the interaction due to lack of experience with similar equipment and
interfaces.

By reviewing our Table 2 we have found a high completion rate and a satisfying
time completion rate in four out of seven tasks, while three tasks showed a time
completion rate below our desired level. The functions that the participants had few too
none problems in completing, was the tasks of starting the application, choosing
destination, finding destination and arguably finding the amount of exits. The latter had
a satisfying time completion ratio, but one participant didn’t complete the task. The
functions in the system that need be further tested are a representative icon for the user,
how we present the distance from user to destination and going back in the application.
We discovered one flaw in the system which was that the back button was written in
English, and not in our native language Norwegian. This is possibly one of the reasons
this task had such high range and average completion time. The symbol for deletion
was often easily interpreted,however, this is a function we need to think about
implementing, as elders with cognitive disabilities or dementia might delete destina-
tions by accident.

We discovered through our experiment that the screen had a negative effect on time
spent walking a given distance. However, the goal of our proposed system is to serve as
an aid for indoor navigation. This implicates getting the user to his or hers desired
destination independently and safely, the time spent doing so is not equally important.

As a final result we present five implications for designing our system.

The system should:

. Avoid advanced settings and features

. Use familiar abstractions and terminology

. Integrate with pre-existing aids

. Contain few distractions, colors and contrasts (keep it simple)
. Contain few customization options (constraints)

moQwp

Figure 6 shows the transformation from sketch to the final prototype. The change of
design is built on implication C. We also found that they used the platform we wanted
to place the iPad for placing objects or as a mobile resting place.

Figure 7 shows the transformation of our tablet’s navigation interface. The changes
from first to final prototype is affected by removing unnecessary, distracting infor-
mation (implication A and D) while gaining functions e.g. making exits clearer and
gaining destination point (implication 2).
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Fig. 7. The tablet navigation interface - first sketch to last prototype

6 Discussion

In the related work section we mentioned systems that used NFC and RFID technology
for indoor navigation [2, 5]. They integrated the navigation system into the environ-
ment by having several reference points in the building. This way the users had to use
an identification module in order to use the system. The system using NFC required the
user to interact with the reference points in the building using their personal digital
assistant (PDA) or mobile devices to get instructions on where to go. This implies that
every user must remember to bring certain equipment in order to use the system. It also
requires physical interaction during the navigation to update the users’ current location.
The system using RFID is a very intricate system which, in addition to a tracking
module, requires the user to wear earplugs for auditory feedback. For elderly people
with hearing impairments this might block other environmental sounds which could
cause the user to miss important information concerning their surroundings. It might
also conflict with other hearing aids. Another problem concerning these solutions is
that they present a brand new activity which an elderly user might not relate to. Culén
et al. [9] found in their research on cognitive and bodily mastering that this lack of
familiarity may lead to insecurity, less self-efficacy and in some cases a denial to the
use of technology at all. In our proposed system, the only interaction needed is to
choose destination. After that the user can simply watch the screen as it is constantly
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updating its position and suggests a route. Because our system is attached to their
walking aid there is little risk of forgetting to bring the equipment necessary for
navigation, as the user do not go anywhere without their walking aids. It also bases the
interaction on something they already feel comfortable with. Also, our system does not
require any wearable equipment so there is no risk for discomfort or interference with
other activities the user might attend to.

During our experiment we found that our system’s Bluetooth signal would
sometimes suffer interference from other nearby Bluetooth transmitters. The elevators
in the facility are programmed to send auditory feedback directly into the resident’s
hearing aids, via Bluetooth. This means that whenever the elevator would open, our
navigation system would be thrown of course. To prevent this, another
frequency-based technology might need to be considered e.g. PHS [6]. Because our
system uses signal strength to determine the user’s position, and Bluetooth signals are
easily weakened or blocked by physical phenomenon, the accuracy of the positioning
data will therefore vary. We also found that when walking around corners the system
would lose its precision until it found new signals.

From our summative test we observed that the participant’s level of understanding
the technology was very different from one participant to another, and their experience
with the touch-interface was at times non-existent. Because their level of understanding
was so individually different it was hard to explain the tasks to be performed in a way so
that everyone had a mutual understanding of what they were going to do. This indicated
that using common terminology and assumptions was useless when communicating with
the user group. During the same test, we realized that elderly people often get confused if
the interface has too many objects and abstractions presented at the same time. We found
that the more accurate the abstractions were, and the fewer choices that were presented at
a time, the users would have a higher level of understanding of how to interact with the
interface. This corresponds with a previous study by Williams et al. [11] concerning the
considerations when designing human computer interfaces for elderly people. Their
study indicates that elderly people often have less sensitivity to contrasts in color, and
having multiple pictures or wallpaper patterns increases the risk of confusing a user. They
concluded that in general, simplicity is key when designing visual displays for elderly
people, as too much action in a display will confuse and frustrate an elderly user.

In the result section, we presented five implications for designing an indoor nav-
igation system for elderly people. These implications are based on the results from the
questionnaires, observations, interviews and tests, as well as related work regarding
developing an interface for elderly people. We regard these implications as key points
when designing an indoor navigation system for elderly users. These implications may
be of use in similar circumstances, considering most of them concern physical and
cognitive conditions of elderly people.

7 Conclusion

In our paper we propose a system with the aim to make indoor navigation easier for
elderly and cognitively impaired people. We have used three different data gathering
methods, and we have conducted three user tests as well as an experiment, to gain a
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deeper understanding of elderly users and their perspective on technology. All tests
were conducted in natural environments with real users to assure realistic data. Using
our results we present five implications for design when designing for elderly users.
Our results indicate that elderly people can use our proposed system with a task
completion ratio of 92.5 %. This system aims to improve the well-being of elders and
help them become more independent by introducing a familiar design and integrating it
with a pre-existing aid.
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