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Abstract--The trend of the aging populations in Asia 

countries will increase at an average of 10% in 2009 to 30% in 
2050. Healthcare service is a principal social right and an 
essential mechanism for the well-being of the elderly. The 
emergency medical support system is a critical process for 
providing healthcare service for physical conditions related to 
aging and for help in life threatening cases. There is a need to 
provide flexible applications that enable the elderly to 
communicate their desires with others in a reasonable amount of 
time. This research is aimed at identifying the technological 
challenges that face healthcare services in terms of the 
emergency medical service system created to support elderly 
patients’ demands. We conduct a questionnaire survey for 
statistical analysis based on secondary data from the World 
Health Organization (WHO) and use systematic reviews to 
identify the needs of healthcare technology related to aging 
based on the service system. In addition, as a case study, we 
conducted a questionnaire survey given to healthcare service 
providers who work in hospitals in Thailand to identify current 
situation of EMSS and relative available technology for system 
improvement. The findings show that healthcare technology 
priorities and emergency service modeling are positively 
significant factors influencing healthcare service innovation for 
selected countries. This paper will increase the confidence of 
elderly people and their families through the preparation of 
alternative service systems with all service providers. 

 
I. INTRODUCTION 

 
The trend of the aging population in Asia is rising from 

10% in 2009 to 30% in 2050. The increase in elderly people 
is caused from the unstable growth of population in many 
countries caused by developed healthcare quality and 
different life styles of people that have late married, are living 
alone, and have a decreased rate of fertility. The growth in 
the number of elderly people will have an effect on society, 
the economic, consumption, healthcare services and people 
[1-2]. Many factors need to be prepared in order to support 
aging populations, including mobility, physical condition, 
and daily life. The main factors are related to health policy, 
promotion, and service infrastructure [3-5].In the 21st century, 
technology and service innovation drives the economic and 
society through a variety of applications involving education, 
communication, entertainment, and healthcare. Many 
technologies and innovations are aimed at supporting the well 
being of the aging population for simple use with universal 
design, examples of which can be found in smart homes, 
smart cities and mobile applications [6-9]. 

Healthcare service is essential for the well-being of 
elderly people for personal care, nursing, life threatening 
illness, health consulting, and contingency help. Lack of a 

workforce in healthcare sectors and limited of funding are the 
main problems in developing countries. Technology needs to 
be designed and decision need to made to support the 
requirements of the aging population on the basic of their 
respective countries [10-13]. Many pieces of research are 
aimed at trying to develop and focus on possible technologies 
that can be applied to healthcare services, from basic needs in 
daily life to special help [14-19]. Emergency medical service 
is a critical healthcare service for aging people that needs to 
be prepared and provided for all possible cases, from physical 
condition help to life threatening cases on a 24 hours basis. 
These services need to provide a flexible application that 
enables the elderly to communicate their desires with others 
in reasonable time. It is important to improve emergency 
medical system and services. 

From the viewpoint of service-dominant logic (SDL), the 
co-creation concept is intended to capture the essential nature 
of value creation; it always involves the beneficiary’s 
participation through use, and integration with other 
resources [20-21]. It supports services exchanged through the 
interaction of service providers co-operating together with 
consumers who are active participants in the service system. 
The trend of aging populations has an effect on Asian 
societies, especially on healthcare services and the well-being 
of people. There is a need to improve the quality of 
emergency medical services by have a service perspective 
and developing new technologies. This research identifies the 
technological challenges that face healthcare services in 
terms of the emergency medical healthcare service system 
(EMSS) to support elderly patients’ demands. We conducted 
a statistical analysis with the secondary data from the World 
Health Organization (WHO). We then perform systematic 
reviews to identify the need for aging healthcare technology 
based on the service system. For a case study, we conducted a 
questionnaire survey given to healthcare service providers 
who work in hospitals in Thailand to identify current 
situation of EMSS and relative available technology for 
system improvement. Conceptual modeling is developed to 
represent a framework for EMSS for elderly people on the 
basic of the value co-creation concept.  
 

II. LITERATURE REVIEWS 
 
A. Aging Society and Technology 

Aging society refers to the population of elderly people in 
society who are 60 year olds and older. Their increase is 
caused from changes in lifestyle, a shirking birthrate, and the 
increasing quality of health over the last 20 year. The trends 
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of aging society will incur economic and social cost through 
changing services and market demand. Governments and 
societies should prepare and plan to support the growth of 
these trends [2-4]. Technologies and communication systems 
in many countries developed in order to support the daily life 
of people for faster and easier living. Technology 
development is driven by many industries and changes the 
lifestyle of people into one of technology consumers [22-24]. 
A complementary perspective on the relationship between 
technology and aging focuses on elderly as active consumers 
and co-creator of the transformation of technological change 
and consumption. One piece of research focuses on 
technology and aging by using a new concept called 
“innosumer” for the aging market [25]. 

Healthcare is an industry that tries to use mobile 
technology and communication systems for elderly people. It 
supports well-being and life quality through security and 
confidence. Mobile phones are promising tools for improving 
the quality of life for the elderly. Mobile functionalities and 
applications can satisfy their requirements and needs and 
improve their quality of life [26-32]. These components 
should be taken into account when defining the current and 
future roles of mobile applications in an aging society. One 
piece of research focused on the needs and expectations in 
using technology for elderly people separated by using the 
criteria in table 1. For example, the criteria can be used to 
help elderly adults stick to medication, reminder and exercise 
plans, and it can even identify and alert professionals to 
potential health problems. 

 
TABLE 1 EXPECTATION ON TECHNOLOGY FOR ELDERLY [26]. 

Need and Expectation Note 
Feeling safe and secure  Connected to the usability of the 

technology 
Memory and daily life 
activity aids 

Appointment reminder, alarm, address 
book, diary, medication reminder, and 
caller ID complemented 

Communication device  Enables contacts with friends and 
family 

Freedom of movement  Involves both self-determination and 
empowerment 

Enjoyment, self-
actualization, 
healthier independent life  

Intrinsic motivations. Services that 
promote their physical and mental well-
being 

 
In modern societies, elderly people have access to 

technology and applications that support their health and 
social care. Technological applications are necessary in order 
to learn and share experience on services between providers, 
elderly and family. Aging healthcare services provide through 
e-services that essential to life quality and increase available 
of service on time in any place [33-35]. This can improve the 
effectiveness of health system by building up technologies 
and providing the general needs of aging people. Aging 
people’s need of support varies significantly between 
individuals and social. The individual preferences of elderly 
people can differ depending on their ability to live at home 
through appropriate technology and their environment. 

Moreover, technologies can also improve the physical health 
and independence of seniors. For instance, mobile devices 
can connect medical professionals with seniors to monitor 
and review their chronic conditions.  

Today, information and communication technology 
development depends on the ability of the internet and the 
infrastructure of each country that can support the demands 
of elderly people to communicate with their needs include 
family, caregivers, friends, or hospitals. The Internet stands to 
change and expand the ways in which respite care services for 
family and caregivers communicate with elder members [36-
38].They can set the essential information on cloud memory 
that guides people to secure quality care for their seniors, 
which can be achieved with a simple search on the Internet 
done in minutes. Moreover, they can plan time with 
technology when providing healthcare to recipients for taking 
care, resting, monitoring and communicating. Technology 
can make efficient use of limited time and provide quality of 
life for both healthcare providers and recipients. 

 
B. Emergency Medical Service System  

An emergency medical service system (EMSS) can be 
defined as “a comprehensive system which provides the 
arrangements of personnel, facilities and equipment for the 
effective, coordinated and timely delivery of health and 
safety services to victims of sudden illness or injury” 
[39]. The aim of EMS emphasizes providing timely care to 
victims of sudden and life-threatening injuries or emergencies 
in order to prevent needless mortality or long-term morbidity. 
The function of EMS can be simplified into four main 
components: accessing emergency care, care in the 
community, care on transportation routes, and care upon 
arrival to receiving care at a health care facility [40]. EMSS 
can provide service that supports the needs of elderly people 
through integrated information and communication 
technology. Availablity of the EMSS will increase confidence 
of life in aging societies. Actors in EMSS need to prepare and 
become active to support all possible cases in 24 hrs basis. 

The impact of an aging society on the demand for EMSS 
must be addressed that prepare for the increased need of pre-
hospital emergency training and proper technology that are 
required for treating a larger number of elderly and 
presumably sicker patients [41-45]. In aging societies, elderly 
people need to find information and make decisions about 
providers of medical and social services to maintain their 
daily life by considering reasonable selection, cost, and time 
[46]. As health problems increase, physical and cognitive 
abilities decline. EMSS can build market mechanisms that 
increase an individual’s responsibility. It may need to offer 
some kind of care coordinator who is available and can act in 
the interest of the elderly person with the appropriate quality 
providers. Incoming trends of smart homes and pervasive 
healthcare (ubiquitous), and household devices may have a 
positive impact on daily lives by reducing the burden of 
several tasks and enriching social interaction and emergency 
communication. There is a large variety of assistive devices 
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such as alarms, sensors, detectors, and life style monitoring 
devices, which can help in emergencies [47]. 

In 2012, a report from WHO was published concerning 
the emergency situations of elderly people who are increasing 
worldwide and who remain one of the most seriously affected 
groups [48] Until now, the needs and contributions to these 
issues were generally overlooked by public organizations in 
terms of policy and practice. There are specific health and 
social factors that can separately affect elderly people and 
have an impact on them during an emergency situation. These 
include physical health, mental health, functional status and 
disability, lifestyle habits, nutrition, family and social 
relations, economic situation, and gender considerations. 
Awareness of the needs and contributions of elderly people 
should consider these issues to ensure that these people at risk 
can be identified before, during, and following an emergency 
situation. For example, impairments that in normal 
circumstances do not interfere with daily functioning can 
quickly become handicaps that overwhelm the person's 
capacity to cope in an emergency situation. An elderly person 
with arthritic knees, diminished vision, and poor hearing can 
rapidly become incapable of getting food or receiving 
messages to flee from danger. WHO provide aging health 
promotion approaches for developing countries (figure 1) 
related to cultural change, structural change (Government), 
intersectional approaches (Hospital), community-based 
approaches, family-based approaches, and individual 
approaches. These approaches are based on technology and 
actors in EMSS that are related to the living of elderly people 
through their role in health promotion.   

 

 
 

Figure. 1 Health Promotion for Elderly People Approaches [49] 

 
III. RESEARCH METHODOLOGY 

 
A. Research procedures 

In this section, we separate research methodology in-to 
three steps to explore related details of technological 
challenge for EMSS in aging Asia. Healthcare policy and 
technology for elderly people needs to be classified by the 
readiness of countries that should prepare them through 
socialization and healthcare innovation to support those who 
need them. We conducted a statistical analysis as a first step 
by using the secondary data from WHO that focused on the 

increase of the aging population and the healthcare system in 
Asia. The analysis shows the situation of healthcare services 
in Asia by workforce, infrastructure, and technology in the 
health system. After that, we used systematic reviews on 
technological research that focus on elderly people, which 
can identify the needs of technology aimed for aging people 
based on EMSS and findings in the statistical analysis. This 
step separates technological challenge facing EMSS based on 
income and level of healthcare systems and facilities. In the 
final step, conceptual modeling is used to represent the 
framework of actors in EMSS for elderly people on the basic 
of the value co-creation concept. It is focused on the co-
create value from the interaction between provider and 
receiver through appropriate technology, in order to increase 
the service quality and well-being of elderly people. For a 
case study, we conducted a questionnaire survey given to 
healthcare service providers who work in hospitals in 
Thailand to identify current situation of EMSS and relative 
available technology for system improvement. Descriptive 
statistics were used to explain findings and results from 
survey. We used worksheets in Microsoft Excel for data 
analysis.  
 
B. Data collection and measurements 

For data collection, we sent questionnaires to the head-
nurse of emergency department in hospitals, The 
questionnaire was divided in-to two parts: hospital and 
technological application in EMSS. The first part focuses on 
the hospital characteristics from type, level, and number of 
beds, number of patients and number of registered nurses in 
the emergency department. The second part concerns the 
technical applications for principle monitoring and 
communication that provide service inside and outside 
hospital. In this part, the questions focus on technology and 
applications with patients, sharing healthcare databases 
between department and hospital, and communication 
devices for EMSS. For data collection for this survey, we 
selected 40 hospitals, that is, 25 public hospitals and 15 
private hospitals from the city and the countryside area in a 
developing country. This questionnaire survey is choice to 
select option or response based on questions. Each question 
had at least one choices that respondents could choose, and 
some questions had more than one choice. 
 

IV. RESEARCH RESULT 
 
A. Asia Health System Situation 

According to WHO statistics in 2012, elderly people are 
the fastest-growing age group worldwide. By 2050, there will 
be two billion people or nearly one out of every four people 
whose age is over 60 years old [50-51]. This aging population 
is occurring fastest in less-developed countries, which have 
consequently had less ability than developed countries to 
prepare the infrastructure and tools to deal with this major 
social transition. In 2050, most of elderly people will be 
living in countries that will have difficult to facing these 

Cultural 
change

Structural 
change

Intersectoral
approaches

Community-based 
approaches

Family-based 
approaches

Individual 
approach
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challenges. Therefore, WHO aimed at increasing access to 
medical and assistive devices for elderly people in low- and 
middle income countries. They need to find out what these 
countries need and the barriers to the lack of access in order 
to identify possible solutions. For this reason, the WHO 
scheme is focused on research, development and production 
of appropriate devices for low- and middle-income countries 
that are designed for ageing populations in poor settings. 

The Asian health system is a factor in sustaining the well-
being of elderly people through physical and mental 
healthcare. The health system from the WHO perspective, 
focus on the health workforce, infrastructure, and technology, 
represents the ability and workload ratio with the number of 
resources and the population in each country. WHO health 
statistic reports in 2013 showed that the health systems of 
Asia have lack of healthcare resource in low-to medium 
income countries, which are 90% of Asia populations [52]. 
These groups include countries from Eastern Asia, South 
Asia, and South-East Asia. Most of them are developing 
countries that try to improve service quality in healthcare 
services for their people. The workforce ratio by persons per 
population of 10,000 during 2005-2012 for physicians, 
nurses, and pharmacists are 5.5, 9.9, and 4.2 for developing 
countries and 21.4, 41.4, and 21.5 for developed countries. 
These ratios affect the workload of the health workforce and 
service quality of health systems. Therefore, Asian countries 
should prepare their health systems to face with healthcare 
service demand from the aging population’s growth.  

Statistics on healthcare expenditure from WHO are also a 
factor that relates to life quality of people. WHO collects and 
measures these statistics on the basis of gross domestic 
product (GDP) of each country. They measure the statistics 
from 194 member states to find the status and policy of 
countries that provide budgets to sustain healthcare system. 
Healthcare expenditure from their report focuses on the ratio 
of investment from government and private sectors, which in 
Asia have an average healthcare expenditure as percentage of 
GDP in 2010 at 3.6% for developing countries and 12.4% for 
developed countries.  Healthcare expenditure ratios from 

governments in Asia are 34.7% and 55.5% for developing 
countries and developed countries respectively. Both 
healthcare expenditure statistics showed that the ability of 
developing countries is lower than that of developed 
countries. Thus, they need to find appropriate technology to 
increase the quality of their healthcare service systems on the 
basic of the limit of capital expense, infrastructure, and 
workforce.   
 
B. EMSS Technological Challenge 

From the result of the health system situation of Asian 
countries, we can classify Asian countries into three groups 
by the ability of the healthcare system: there are low ability, 
medium ability, and high ability. In each group, the level of 
technology for EMSS is different in that it affects the 
application, complexity, and cost of technology. Regarding 
reviews on technology and application for elderly people, 
table 2 explains ideas about EMSS clustering based on the 
ability in health system and income of countries. 
Technological application can be supported by group income 
from basic requirement, communication, health plans and 
monitoring, online updates, position tracking, and other. 
However, the basic requirements of elderly people must be 
support in order to communicate their needs with providers in 
EMSS. The technological challenges of these countries 
related to decision making to use appropriate technology are 
based on their ability.  

For EMSS investment, knowledge about limits and cost 
of technology should be share between governments, service 
providers, and service receiver. This will have an effect on 
the effective of EMSS to provide service to elderly people in 
all groups and locations. In some countries, elderly people 
may separate in-to groups on the basic of their ability and 
technological infrastructure in each area. For example, in big 
cities and the countryside, they may use different kinds of 
technology to support daily life and communication in 
emergency cases. In big cities, they can use internet based 
devices to support social life and response in EMSS when 
need any help. In the countryside, they may have a limit on

 
TABLE 2 EMSS CLUSTERING BASED ON ABILITY IN HEALTH SYSTEM 

Groups 
Ability of health system 

Application Technology 

Low income Support basic emergency requirements with basic technology 
 Contact hospital in emergency case  
 Family and Caregiver communication 

Public phone  
Basic phone 
Mobile phone  

Medium income Multi-purpose support in EMSS without auto active response 
 Health plan, records, and communication with hospital 
 Self monitoring for basic health conditions 
 Family and caregiver communication 
 Position tracking  

 Public phone and basic phone 
 Mobile phone and smart phone 
 Tablet and computer 
 Global positioning system (GPS) 
 Internet and wireless technology  

High income Multi-purpose support in EMSS with auto active response  
 Auto update health plan, records and communication with hospital 
 Auto monitoring for basic health condition (alert, alarm, and request) 
 Online communication with auto detected sensor 
 Real-time position tracking  

Mobile technology 
Robot and Intelligence sensor  
Smart home system 
Pervasive healthcare (ubiquitous ) 
 Internet based  technology  

 

2794

2014 Proceedings of PICMET '14: Infrastructure and Service Integration.



tele-communication and technology that they need for 
support that relies on basic phones or mobile phones for 
EMSS. However, after the cost of technology and 
infrastructure can be supported, they may shift to use 
advanced devices that can support their need in daily life. 
From this research, we found that the cost and application of 
communication devices are key factors for expanding 
healthcare services for elderly people, to overcome 
limitations in the technology of countryside areas. EMS can 
be made available to people through technology and systems 
that designed to support segments of customers. The design 
and accessibility of devices are significant criteria that need 
to be focused on order to make the devices easy to learn and 
use. Moreover, privacy and security technology are 
interesting issues to think about when developing medical 
devices that are for personal use for personal information 
stored on technological based devices. 
 
C. EMSS model based on value co-creation concept 

EMSS as healthcare service that needs rethinking of its 
concept from pro-active to active service for maintaining the 
growth of aging populations. From the current situation of the 
emergency healthcare services in developing countries that 
provide service to incoming patients from covered regions 
without technological support system. Governments of these 
countries should develop policy and trained workforces to use 
appropriate technology for communication and service 
activities. In figure 2, this research presents an EMSS model 
based on the value co-creation concept by using technology 
to support the service system. We focused on the value that 
increases service quality and the well-being of elders through 
information and knowledge sharing in EMSS. In the EMSS 

model, service receivers includes elder people, family, and 
caregivers are active customers that need to share information 
about health condition of patients and response service 
activities together with service providers. This model 
separates service providers into healthcare service providers 
(hospital and EMS agent) and system service providers 
(mobile company and technical support agent). Service 
providers are essential for designing system and technical 
support with health records that makes the records available 
on EMSS. Tele-communication infrastructure is a technology 
that is related in value co-creation between actors in a system 
through communication, suggestions, monitoring, reminders 
and alerts, health plans and record, and tele-healthcare.  

This model was developed to support elderly requirements 
that may concern health reminders, alerts, monitoring, and 
emergency requests.  It used communication device as 
medical service device by make on time contact during 
provider and patient. It operated like the information sharing 
concept in supply-chain management in which actors in a 
system co-create value together to support their need and 
efficiency. Table 3 shows details on the roles in an EMSS 
from a service viewpoint with which we expect to find actors 
co-create value in a practical EMSS. Participation of actors 
will increase healthcare service quality through the mobility 
and accessibility of customers. Regarding the WHO policy on 
active aging, elderly people in EMSS model as active patients 
who are ready to co-create value that have an effect to their 
well-being in modern society with health and mental 
confidence. Consequently, Asian countries should determine 
healthcare service innovations that are provided to their 
people through technological investment based on ability and 
infrastructure.   

 

                 
Figure 2 Emergency Medical Service System (EMSS) Model 
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TABLE 3 ROLES IN EMSS FROM SERVICE VIEWPOINT 

Actors Requirements Roles of Technology Co-created Value 

Service Receiver 
 Elderly 
 Family and Caregivers  

 Emergency request  
 Health monitoring 
 Health reminder and alerts  

 Update health status 
 Report errors to system  
 Communicate to provider 

 Well-being 
 Life confidence  
 Self-monitoring 

Service Provider 
 Hospital and EMS agent 
 Mobile company 
 Technical support center  

 
 Health  record 
 Health plan 
 Tele-health 

 
 Health database management 
 Activities suggestion 
 Interface with patient 

 
 Service quality 
 Effective healthcare 
 Service accessibility 

 
D. EMSS Situation and Technological Challenges in 

Thailand  
In this part, we describe the result from the survey on the 

EMSS in Thailand that focused on medium- to large sized of 
hospitals, the data of which was collected from the head 
nurse of emergency room. We observed the current 
technology in the EMSS that is used to support principle 
healthcare monitoring and communication activities for 
inside and outside hospital. We got 30 responses (75%) from 
19 public hospitals (76%) and 11 private hospitals (73.3%). 
The questionnaire was separated in two part: hospital and 
technological application. In the first part, the hospitals were 
for primary care (20%), secondary care (13%) and tertiary 
care (67%). From the survey results, 80% of hospitals had a 
number of beds higher than 150 and had a number of 
registered nurse higher than 10 nurses. The number of 
patients was more than 200 per day (70%), and the number of 
patients in emergency department was more than 50 patients 
per day (70%). The second part is related to the technological 
application in the EMSS that included these monitoring 
activities: blood pressure, heart rate, temperature, classify 
type of patient, input and review health record. Most of them 
used mobile medical devices to support their activities in 
emergency cases with all patients, but those devices did not 
link the results to the system (80%). Health records were 
paper based and not shared with other hospitals (93%). In 
emergency cases inside hospitals, they used emergency 
devices (63%) and phone (100%), outside the hospital, used 
phone and mobile radios. 

Mobile applications for smart phones in 2013 are 
available on Google Play (Android) and the App-store (iOS). 
Although they had many applications to support EMSS, they 
also were not used in general practices. They can be used for 
monitoring, position tracking, sugar in the blood, heart rate, 
health alert, health plan, and other purpose in medical 
services. These technologies can support in the EMSS, but it 
effectively affects from skill and experience of users with the 
health applications. In Thailand, we did not find available 
service providers or hospitals that linked their EMSS through 
real-time healthcare services. For this point, the government 
and private sector should focus on active aging in order to 
develop healthcare service with smart phone applications and 
mobile medical devices based on the infrastructure and 
limitation of technology. Additionally, technical support and 
skilled workforce in EMSS are the main factors that need to 
be set up for aging populations. From the service viewpoint 
and feasible technologies in Thailand, creating Internet based 

devices is a challenge to overcome in order to provide 
applications in healthcare services for the elderly people. 
Regarding the growth of the smart phone market, providers 
can provide various applications from basic monitoring to 
online EMSS with hospitals. Mobile medical devices may be 
available and easy to use for the elderly and their family 
through smart phones and personal medical devices. Finally, 
Electronic health record is important information that need to 
attached with these devices or available in online database to 
improve service quality.  
 

V. CONCLUSION 
  

In 2050, most elderly people will be living in less-
developed and developing countries in Asia, which have 
healthcare system that will face difficulties and challenges to 
providing appropriate care. Healthcare service systems of 
many countries in Asia are faced with the problem of a lack 
of workforce and quality of service to support the growth in a 
number of aging people. Although, this problem is caused 
from an unbalanced workload and the income of the 
workforce healthcare service, the healthcare industry and 
government in Asia need to provide an emergency medical 
service system (EMSS) to support elderly people that need 
health support in any case. Thus, the World Health 
Organization (WHO) guides many countries that are of low- 
and middle-income to help them increase access to medical 
and assistive devices for elderly people. They try to offer the 
advantage of technology that can support and provide 
healthcare services on time to elderly people through 
communication and technology. Technological challenges 
that face an EMSS set up for elder people are the need to 
make decisions for investment on the basic of infrastructure, 
the economic and the ability of the healthcare system. 
Applications on internet based devices are technologies that 
are valuable for designing and developing functions for aging 
service expansion. This makes service accessible available to 
people in coverage areas through smart phones and mobile 
medical devices. The EMSS clustering result will guide 
investors and related actors in the system to focus on 
communication channels between elderly people and their 
providers, which includes family, caregivers, hospitals, and 
EMS agent depending on the ability. Doing so will support 
the growth in number of aging people and help them to live 
with confidence through the appropriate technology.  
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