SMART CITY: SMART NAVIGATION IN HOSPITALS

Kamila Tureckova'
Jan Nevima?

DOIL: https://doi.org/10.31410/EM AN.2020.209

Abstract: The presented paper deals, in theoretical and conceptual terms, with one of the Smart solu-
tions in the concept of Smart City. A smart solution can be defined as an innovative and functional
approach towards solving situations in a responsible way and with positive consequences for society.
These smart solutions are the core of the Smart City concept which, together with a smart region, pres-
ent a new economic area where new markets or market segments offering innovative and intelligent
(tangible and intangible) solutions for said cities and regions are developed. Specifically, the paper
deals with the description of existing and innovative navigation systems in hospital buildings. Empha-
sis is placed on the analysis and comparison of indirect, explicit effects related to individual ways of
navigation in hospitals. Knowledge of these effects, or their monetary quantification, is a key factor
in assessing the effectiveness of the innovative solution and thus forms a specific input attribute in the
decision-making process on implementation or rejection of such an implementation proposal.
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1. INTRODUCTION

mart cities are a topic whose key importance is increasingly being recognized across both

academic disciplines and urban planning. The idea of a smart city is a dream of urban plan-
ners all over the world, and a subject of many research and business initiatives as well as policy
debates (Borsekova et al., 2018). The Smart City concept is currently an accented approach
to that we would like to use to refer to the use of highly sophisticated analytical methods, ap-
proaches, communication methods and techniques for proposing aims, approaches and plans
involving the whole field of transfer of smart solutions into tangible and intangible innovations
in a particular locality (Tureckové & Nevima, 2020). The core of the concept is to transform
the city into a dynamically developing city based on its sustainable economic development, and
on the basis of its quality of life underpinned by effective usability of human and social capital
as well as modern information and communication technologies (Ture¢kova & Nevima, 2018).
In this context, we deal with the territorial implementation of individual smart solutions which
represent an innovative and working approach to developing solutions for various situations in
an appropriate and socially positive way (Borsekova et al., 2017). Smart solutions must make
cities more humane and not just technologically advanced (Slavik, 2017). This applies to the
search for a suitable hospital navigation system that must be both economical and socially effi-
cient, rational and acceptable to its visitors.

The aim of this article, based on theoretical and conceptual resources, is to provide a description
of existing and innovative navigation systems in hospital buildings. This objective is expanded
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to include an analysis of indirect effects in particular, whether positive or negative, resulting
from the respective navigation types. A desirable and appropriate type of navigation should be
characterized by its acceptability for as many people as possible, its simplicity, economic and
social efficiency and resistance to various risks to damage this type of navigation. The essence
of navigation is (1) planning a way (ex-ante) to the desired location or (2) directing us (right now)
to the final destination. These approaches to navigation can be solved separately or combined
into one. In this paper, we will discuss navigation inside hospital buildings.

Hospitals are typically large, complex and dynamic evolving spaces, which are being regularly
reconfigured and extended as operational needs shift and change, often resulting in a confusing,
non-systematic layout (Li et al., 2015). That is why navigating in large hospitals is a challenging
task (Anagnostopoulos et al., 2017). Given the diversity of hospital visitors and hospitals them-
selves, these hospital navigations must satisfy a range of individual needs of regular and occa-
sional patients, staff, attendants and others, in the context of their cognitive and spatial abilities
(Mollerup, 2009 or Allen et al., 1996). Appropriate navigation reduces time delays in finding a
suitable place (surgery), reduces insecurity and stress (especially for the elderly), appropriately
directs the distribution of large numbers of visitors in buildings into their individual parts, etc.
This creates a number of positive externalities and effects that are desirable for society.

Common types of hospital navigation include reception at the entrance or personal assistance,
(colored) guidelines on the floor or walls, wall panels with information, schematic plans of the
building, signs assigned to individual medical departments, QR codes on the walls, special
screens on glasses that show you the current direction (similar to 3D glasses), etc. GPS naviga-
tion is currently being promoted. There is in the preparation phase also individual navigation
through direct identification of the person (patient), who then shows them the way to the surgery
through the LCD screens placed in the corridors of the hospital.

2. METHODOLOGY AND THE USUAL TYPES OF NAVIGATING IN HOSPITALS

From the methodical point of view, the article is conceived on literature search, the secondary
search of individual types of navigation and their short description, induction of indirect ben-
efits and costs of individual types of navigation. As was written previously, emphasis will be
placed on the analysis and comparison of indirect, explicit effects related to individual ways
of navigation in hospitals. Knowledge of these effects, or their monetary quantification, is a
key factor in assessing the effectiveness of the innovative solution and thus forms a specific
input attribute in the decision-making process on implementation or rejection of such an im-
plementation proposal. Emphasis is placed on the analysis and comparison of indirect, explicit
effects related to individual ways of navigation in hospitals. Knowledge of these effects, or their
monetary quantification, is a key factor in assessing the effectiveness of the innovative solution
and thus forms a specific input attribute in the decision-making process on implementation or
rejection of such an implementation proposal. The output will be clearly arranged into a table in
a simple form so that it can be transferred to practice, especially as a basis for the preparation
of a relevant CBA.

Many authors (Anagnostopoulos et al., 2017; Boonyachut et al., 2012; Devlin, 2014; Hughes &
Brown, 2015; Pati et al., 2015 or Lee et al, 2014) for example mention the following types of
commonly used navigation in hospital: (1) through an employee (reception, personal assistance);
(2) schematic plants of the hospital (the map of the hospital complex is color-coded according to
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individual departments); (3) wall banners with hospital department labels and the direction they
are located; (4) guidelines on the floor or walls (usually color-coded by hospital department); (5)
wall pictorial signs or direction signs to each the hospital department and (6) GPS navigation
in the context of smartphone application. All of the hospital navigation options presented are
shown in Figure 1 in the form of pictures.

(1) Reception at the entrance to hospitals (2) Schematic plan of the hospital

(3) wall banners with text information (4) Guide lines on the floor or walls

(5) Wall pictorial signs or direction signs (6) GPS navigation

Radioterapeuticko -
onkologické
oddéleni

Figure 1. Selected types of navigation in hospital

Source: (1) https://m.mb-net.cz; (2) https:/nemocnicenovyjicin.agel.cz; (3) https:/plzen.rozhlas.cz;
(4) https://www.stavbaweb.cz (modified) (5) https:/www.chrochtik.cz (modified); (6) https:/phys.org

Smart hospital navigation will be one that is cost-effective in terms of the first investment and
other operating costs. Smart navigation must be clear and understandable at first glance, leaving
no doubt about navigation to the target destination and thus satisfies most people. In the next
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part of the paper, individual types of these navigations will be analyzed according to social in-
direct effects and acceptability for individual groups of people. It can already be said that smart
navigation should be an appropriate combination of all the above-mentioned types in order to
reflect the needs and health of different patient groups (children, young people, old people, low
vision, poor mobility, people with “susceptible, sensitive” diseases (cancer patients, psychiatric
visitors, incurable patients ...), etc.).

3. ANALYSIS OF SOCIAL INDIRECT EFFECTS OF SELECTED TYPES
OF NAVIGATIONS IN HOSPITALS

At this point in the paper, we will try to summarize the benefits and costs of individual types of
navigation used in hospitals based on the research of secondary sources and our own experience
in the field of indirect effects.

The reception allows personal contact of the visitor with the employee who should have all the
partial competencies to navigate the people in the hospital (especially the ability to explain the
way simply and precisely) (Hughes & Brown, 2015). Personal form of communication is gen-
erally preferred by the elderly. The advantage is an immediate professional information service
for visitors who can get more information than the localization of the department of surgery.
This form of navigation entails the cost of paying for receptionists and, in the case of a large
number of visitors, downtime. This form of navigation is inversely proportional to the explana-
tory skills of the receptionist and the complexity of the hospital complex.

Schematic plan is most often found at the entrance to the hospital. From this point of view, it is
problematic to find your way to the required department. The visitor may be afraid that he will
not remember the way. Usually, too, the plans are general, only schematic, with text explana-
tions on the sides. Orientation in them can cause difficulties for some groups of the population
(Devlin, 2014). Updating these schematic plans is also difficult and costly. Therefore, it is advis-
able to use these schematic plans only in combination with other navigation systems. Together
with them, the schematic plans of the hospital premises can be evaluated positively as the initial
information about the hospital’s orientation.

Wall banners with text information are often found at the entrance to the hospital and are com-
bined with wall (pictorial) direction signs on the walls in many places in the hospital (Rodrigues
et al., 2019). Separate text banners can be found as confusing and the description of navigation
could be inaccurate and simplified. Again, there is a problem with remembering the way. Text
banners on the wall can be undesirable navigation for purblind visitors or some other group
of patients who then have to ask for directions anyway. The way the memorability problem
is solved by steady direction signs on the hospital walls. In this case, there is a possibility to
overlook this marking or confusion with another department. For pictorial signs (symbols), the
problem is the same as the risk of confusing images from different departments (Rousek &
Hallbeck, 2011). There is always a risk of poor placement of signs at critical points in the hospi-
tal. On the other hand, this type of navigation and its possible adjustment is inexpensive.

Guide colored lines on the floors or walls are possible to compare to tourist signs (in the Czech
Republic and some other countries). Each hospital ward is assigned by a unique color, the lines
drawn are at the beginning (sometimes even during) accompanied by a textual designation of
the ward (Rodrigues et al., 2019). This type of navigation continuously guides the hospital visi-
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tor from the entrance hall to the desired department (just stick to the desired color and follow it).
This type of marking is cheap, but if it is placed on the ground it needs to be renewed. The main
problem in the use of colors can be the lack of consistency in their use (Rooke et al., 2009). This
type of navigation is not suitable for color-blind (unless a specific texture is added to the color).
Confusing may also be the use of too many color bars. Optimizing the number and choice of
colors is crucial. The use of elevators may be confusing, where it is necessary to supplement the
guidelines with another type of navigation.

GPS navigations in hospitals are dependent on the application of ICT to smart mobile phones
(Anagnostopoulos et al.2017 or Marshall, 2017). At the same time, it is highly sensitive to GPS
signals, which may be restricted in buildings. The use of GPS navigation also encounters the
cognitive and technical skills of different groups of people, especially the older generation re-
jecting this type of navigation. This type of navigation is not intended for people without mo-
bile device equipment. GPS navigation needs to be linked to the internal structure (map) of the
hospital, so it is necessary to constantly update the mobile application of the hospital system.
On the other hand, a suitable GPS navigation application can reflect the specific needs of the
patients (Wheelchair users, weak-sighted ...) and adapt the route to the ward (or voice navigation).

Table 1. Summary of indirect effects of individual types of hospital navigation

Type of navigation |Negatives Positives

Reception (personal
contact)

incompetent workers (downtime
(queues), wrong explanation...)

synergy of information
the social benefits of personal contact

Schematic plan

the general design of the plans is only
indicative (inaccurate in detail)
concerns with remembering,
uncertainty, asking, downtime

as a complement to other navigation
methods

initial awareness of the disposition of
hospital spaces

Wall banners with
text information

possible text confusion

the need for immediate memorization
(uncertainty)

verification of information

a general overview of the hospital
structure

as a good complement to other
navigation methods

Guide (colored) lines
(floor, wall)

determining the appropriate number
of color lines and choosing colors
problems for color blind people and
elevator using

uninterrupted navigation

simplicity

for Czech citizens the traditional way
of navigation in the terrain

‘Wall pictorial and
direction signs

badly selected pictogram

easy replacement of pictograms or
direction signs

oversight of signs

inappropriate location of signs

as a good complement to other
navigation methods

continuous navigation

suitable pictogram replaces written
text (foreign-language visitors)

GPS navigation

full dependence on ICT and
availability of GPS signal

continuous updating of the navigation
mobile application

direct and immediate navigation to
the location
full visitor autonomy

Source: Authors, 2020

Anagnostopoulos et al. (2017) in their study found out which types of navigation seem appro-
priate to respondents. Best turned out option with volunteers who help people in way-finding,
then the colored lines on the floor and smart mobile applications offering location information.
In other places, they were interactive screens, landmarks (photos or paintings) and signs. Ac-
cording to respondents, these means of localization should be improved the most.
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4. CONCLUSION

A truly Smart City uses innovation to provide critical services to the resident in a cost-effective
manner (McClellan, 2019). The Smart City concept is based on an active smart approach to
dealing with any undesirable situation. The result of applying a Smart approach should thus be
to make a smart decision and to find a smart and functional solution for a given problem). The
Smart solution may not be wholly new but maybe an existing solution complemented by inno-
vative features (Tureckova & Nevima, 2019). Navigating around large hospitals is often a major
source of anxiety, frustration, and stress for those visiting and working here (Hughes et al., 2015).
It also has significant and direct “cost” implications in terms of missed appointments whilst also
putting an overall strain on staff time and resources in guiding others (Martins & de Melo, 2014).
In the case of our article, current and most frequently used possibilities of navigation within hos-
pitals were analyzed in terms of their selected social effects. Now, based on the above analysis,
we will try to design a smart solution that reflects the positive effects and eliminates the negative
effects. This can be achieved by a suitable combination of partial navigation solutions.

Schematic plan of hospital Wall banner - Pediatric Ward
Pediatric Ward Wheelchair accessible
lMI Pediatric Ward i L o
| Theer e (R4 &

Figure 2. Proposed smart navigation in hospital
Source: Authors

Appropriate hospital navigation can combine a hospital scheme (plan) with wall text banners
where each department will be represented by a unique color and pictogram (simple picture).
The guidelines on the floor or walls or direction indicators on the walls will also be marked as
well (color and pictogram) accompanied by a textual designation of the hospital department.
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Such a navigation system combining color, text, pictogram and directional sign (including sche-
matic plans for each department with the location where you are) is understandable to most vis-
itors and, when sufficiently and appropriately applied in the hospital, allows visitors to navigate
comfortably their destination. The navigation system can also be supplemented with a barri-
er-free access sign or signs indicating stairs or elevator. In addition to this navigation system, a
reception can also be recommended to provide visitors with the assurance that they understand
the hospital navigation system.

The use of ICT technologies, especially at present GPS navigation can be delivered as a comple-
mentary, independent system of hospital navigation. As technology advances and ICT literacy
of people continue to grow, modern navigation systems based on the use of different ICT tools
and technologies can be expected. The classic navigation in hospitals should then be maintained
too. It has a parallel in tourist marking in our territory (Czech Republic), which began to use
around 1884. Although GPS navigation, online maps, and various mobile applications have
been established in tourism for many years, this traditional tourist marking is for its universal-
ity, simplicity, and permanency still the most wanted. Who would still like to look at a screen?

ACKNOWLEDGMENT

This paper was supported by the project CZ.02.1.01/0.0/0.0/17_049/0008452 ,,SMART technol-
ogies to improve the quality of life in cities and regions” co-funded by the European Union.

REFERENCES

Allen, G. L., Kirasic, K.C., Dobson, S.H., Long, R.G., & Beck, S. (1996). Predicting Environ-
mental Learning From Spatial Abilities: An Indirect Route. Intelligence, 22(3), 327-355.

Anagnostopoulos, G. G., Deriaz, M., Gaspoz, J., Konstantas, D., & Guessous, 1. (2017) Naviga-
tional needs and requirements of hospital staff: Geneva University hospitals case study.
Available from: https:/ieeexplore.ieee.org/document/8115958 [Accessed: 8th March 2020].

Boonyachut, S., Sunyavivat, C., & Boonyachut, N. (2012). Hospital Wayfinding through

Borsekova, K., Korony, S., Vanova, A. & Vitalisova, K. (2018). Functionality between the size
and indicators of smart cities: A research challenge with policy implications. Cities, 1(78),
17-26.

Borsekova, K., Vanova, A., & Vitalisova, K. (2017). Smart Specialization for Smart Spatial
Development: Innovative Strategies for Building Competitive Advantages in Tourism in
Slovakia. Socio-Economic Planning Sciences, 1(58), 39-50.

Devlin, A. S. (2014). Wayfinding in healthcare facilities: Contributions from environmental
psychology. Journal of Behavioral Sciences, 4, 423-436. doi: 10.3390/bs4040423.

Directional Sign on Logistics Concept. Osaka, Japan: lafor.

Hughes, N., & Brown, M. (2015). Navigating To and Through Large Hospitals. Available
from: https://research.shu.ac.uk/designdhealth/wpcontent/uploads/2015/07/D4H_Hughes
Brown.pdf [Accessed: 10th March 2020)].

Hughes, N., Pinchin, J., Brown, M., & Shaw, D. (2015). Navigating in large hospitals. In Inter-
national Conference on Indoor Positioning and Indoor Navigation (IPIN), Banff, October
13-16.2015 (pp. 1-9).

Lee, S., Dazkir, S. S., Paik, H. S., & Coskun, A. (2014). Comprehensibility of universal health-
care symbols for wayfinding in healthcare facilities. Journal of Applied Ergonomics, 45,
878-885. doi: 10.1016/j.apergo.2013.11.003.

215



EMAN 2020 Conference Proceedings
The 4™ Conference on Economics and Management

Li, Y., Brown, M., Pinchin J., & Blakey, J. (2015). Comparison of Methods to

Marshall, J.F. (2017). The Development of a Wayfinding Smart Phone Application as a Large
Healthcare Facility Investment Opportunity. Available from: https:/aquila.usm.edu/cgi/
viewcontent.cgi?article=1075&context=dnp_capstone. [Accessed: 10th March 2020].

Martins, L.B., & de Melo, H. F. V. (2014). Wayfinding in Hospital: A Case Study in Design User
Experience and Usability. User Experience Design for Everyday Life Applications and
Services. Cham, Switzerland: Springer.

McClellan, S. (2019). Smart Cities in Application: Healthcare, Policy, and Innovation. Cham,
Switzerland: Springer.

Mollerup, P., (2009). Wayshowing in Hospital. Australasian Medical Journal, 1(10), 112-114.

Pati, D., Harvey, T. E., Jr., Willis, D. A., & Pati, S. (2015). Identifying elements of the health care
environment that contribute to wayfinding. Health Environments Research and Design
Journal, 8, 44-67. doi: 10.1177/1937586714568864

Rodrigues, R., Coelho, R., & Tavares, J. (2019). Healthcare Signage Design: A Review on Rec-
ommendations for Effective Signing Systems. Health Environments Research & Design
Journal, 12(3), 45-65. doi: 10.1177/1937586718814822.

Rooke, C. N., Tzortzopoulos, P., Koskela, L., & Rooke, J. (2009). Wayfinding: embedding knowl-
edge in hospital environments. Proceedings of the HaCIRIC 2009: Improving Healthcare
Infrastructures Through Innovation, Brighton, United Kingdom. Available from: http://ci-
teseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.392.4803 [Accessed: 13th March 2020].

Rousek, J. B., & Hallbeck, M. S. (2011). Improving and analyzing signage within a healthcare
setting. Journal of Applied Ergonomics, 42, 771-784. doi: 10.1016/j.apergo.2010.12.004

Slavik, J. (2017). Smart City v Praxi: Jak Pomoci Modernich Technologii Vytvaret Mésto Pri-
Jemné k Zivotu a Pratelské k Podnikdni. Praha, Czech Republic: Profi Press.

Support In-Hospital Navigation: A Pilot Study in Healthy Volunteers. Available from: https:/
www.researchgate.net/publication/279514554 COMPARISON_OF METHODS TO
SUPPORT IN-HOSPITAL NAVIGATION A Pilot Study in Healthy Volunteers.
[Accessed: 9th March 2020].

Tureckova K., & Nevima J. (2018). SMART approach in regional development. In Proceedings
of the 16th International Scientific Conference Economic Policy in the European Union
Member Countries 2018, Silesian University in Opava, Celadna, September 12-14, 2018
(pp. 386-394).

Tureckova K., & Nevima J. (2020). The Cost Benefit Analysis for the Concept of a Smart City:
How to Measure the Efficiency of Smart Solutions? Sustainability, 12(7). doi: 10.3390/
sul2072663.

TureCkova, K., & Nevima, J. (2019). SMART CITY concept in the Czech Republic. In Pro-
ceedings of 29th EBES CONFERENCE. Lisbon: Eurasia Business and Economics Society,
Lisboa, October 10-12, 2019 (pp. 1039-1048).

216



