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ABSTRACT
The development of robotics is highly intensive in highly developed countries, and robots find
their application in various fields of industry, agriculture, tourism, medicine and more.
Different technical solutions in robots make it work with a high le¥@utonomy, precision,
adaptability and a wide range of options. It is important to note that in some areas, robots can
be applied by virtue of their acceptable price by returning the funds invested very quickly, and
significantly improving the performaaof the process. The aim of this paper is to point out the
specificities and trends in the development of robotics and to point out the possibility of using
robots in different branches of medicine in order to improve the performance of the process
and tre quality of medical services.
Keywords:quality, robot, medicine

1. INTRODUCTORY CONSIDERATION

The roots of the development of robots and automated systems reach even to the ancient times.
Contributions in this area at that time relate to the Archgtd@arentum (42847 BC) and the

Henon of Alexandria or the Henon OId (I century of the new era). Archytas of Tarentum was a
Greek ancient philosopher, mathematician, strategist, music theorist, physicist and astronomer.
Archytas is considered the found#frmechanics and the forerunner of analytical mechanics.
According to ancient sources, he made two remarkable mechanical devices. One was a
mechani cal pigeon, the famous Archytasdé pige
of rattle for children.Archytas was the first to propose to group traditional disciplines:
arithmetic, geometry, astronomy and muSometime later, Henon of Alexandria or Henon

Old contributed to this area developing automated theaters and music devices and machines.

He was &0 known for developing fountains (the-sca | | e d Heronds fount
represented small machines that provided streams of water. He was particularly interested in

the field of reflection of light in concave and convex mirrors and application fomeatitan
purposesAfter the end of ancient culture, in the part of inventing and developing technology,

a certain pause or less pronounced activity occurred. The state of affairs was surely influenced

by the period of the Middle Ages, after which the adwé#nhe development of technology and
achievements that can in some way be related to the field of automation and robotics occurred.

In the 1%" century, the extraordinary Leonardo da Vinci (14359, the Italian Renaissance

1
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architect, inventor, engineesculptor and painter) gave a huge contribution to this field. In
addition to a wide range of interests, he was fascinated by flying machines. During research in
2005 scientists have discovered secret labs that he used for flying machine studies and which
were in the heart of Florence in sealed monastery premises. From that period came-the well
known Leonardods desi gn Mudhlaterhat Stdnforg Univeysity s pi r ¢
California, the pioneer in robotics Victor Scheinman, in 1969, develdpedsecalled
"Stanford Hand", a fully electrically operateehgis robot designed to mimic hand movements.

The main intention was to further support processes such as welding and assembly. Later at
MIT (Massachusetts Institute of Technology) Scheimareligped the sealled MIT hand.

After that, this remarkable inventor was invited within the framework of the Unimation
foundation to work on the development of their robot design, on the basis of which the robot
PUMA Programmable Universal Machine for Ass#ynwas developed as a programmable
universal assembly machine. At the University of Waseda in Tokyo, the Japanese began the
development of the first humanoid robot Waseda 1. Subsequently, in 1974, ASEA (Allmé&nna
Svenska Elektrika Aktiebolaget), Swedishmaration, introduced the first robot, Irb6, which

also fully worked on electricity. Humanoid robots that found great application were developed
in Honda in 1986. Further development of these robots led to the development of the known
humanoid robot ACIMCGn 2001. The first moving robot that went into space was the Mars
Pathfinder robot, which landed on Mars in 1997. Today, robots have a very wide application
due to their extensive capabilities, adaptability and very importantly the price that is relatively
low, allowing fast returns of invested funds. As one of especially important areas for the wider
population is the field of medicine where robots play a very important role in developed
countries. They are also present in the process of treatment ideif ahe process of total
medical services. The aim of this paper is to point out to certain trends and possibilities of
application of robots in the field of medicine in terms of increasing the efficiency and
effectiveness of the process, primarily frahee aspect of reducing errors, increasing the
accuracy, reducing the subjective effect and eliminating the causes that can lead to far reaching
consequences.

2. SPECIFICS AND DEVELOPMENT TRENDS OF ROBOTS

Robots today have the largest share in the automotive industry, more than 60%, and this

percentage is achieved by over a million different robot installations. Today's trends in robotics

can be seen through the following:

1 The average price of robots draupto onethird of the price they had in 1990, which
naturally implies the increase of their application possibility. This is so much expressed that
now investing in robots brings fast returns even in small factories with simple production,

1 Robot performance in terms of speed, load capacity, response time to error, and other have
dramatically improved,

1 Today, robot manufacturers embed -B&sed processors and B&sed programs for
programming, communication, simulation and maintenance,

1 Many robots can nowe programmed in a "real time" environment with a controller that
allows the robot to move precisely in a small space,

1 Vision system for identification of objects, localization and quality control are highly
developed and they are an integral part of rebot

1 Robots can be connected to internal and external networks for the needs of control and
maintenance,

1 New financial arrangements allow the user to even rent a robot, from specialized firms and
other.
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From the point of view of application, the basic tymnd application of the robots are as

follows:

1 Industrial robots- material transfer and management, welding, inspection and control,
productivity improvement on production lines for various tasks, laboratories for work with
hazardous materials and swstes or for precise jobs and high frequency tasks, and the
like,

1 Mobile robots- robots that move on legs, strips or certain transport, applied for example in
nuclear incidents, deactivation of explosive devices, and the like,

1 Robots for education exclusively used for education of the youngest population to
professionals,

1 Home robots for chores, hygiene maintenance, as a modern toy programmed to talk, walk,
play, and so on,

1 Robots for helping handicapped peoplesed for the most diverse areas ofdiaapping
and helping people with disabilities and more.

There are a number of definitions for robots and robotics, and the general definition cannot be
found in literature. There are the ones that express its programmability, the other that potentiate
the electronic mechanics of the robot, the third that enigends application, and the like. Only

a few are listed hereA robot is a mechanical or virtual agent that can perform tasks
automatically or with instructions, and usually through remote controls. A robot is a physical
agent who performs tasks manipuigtthe physical world. It is equipped with sensors so that

it can feel its environment and effectors in order to express its physical strength and capabilities.
Usually they are classified into three groups: manipulators, mobile robots and humanoid robots
(Foster, D., McGregor, C., Bhasri, S., 2005)Robots and robotics are developing in the
direction of increasing application of the concept of artificial intelligence and complete
imitation of man. This can be seen from Table 1, which shows the develbpmebotics
through automated stages to artificial intelligence (Steimann, F., Z008a$, from Table 1,

trends can be seen in terms of the technological advancement of the development of robots, and
the growth of the area for the application of robdtse common use of robots in modern
industry is particularly pronounced in the fields of welding, painting, packaging, transfer and
transport, assembly, checking of product control, testing (Coiera, E., 2003). Robots are
designed specifically for tasks activities that require high durability, precision and speed.

Table following on the next page
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Table 1: Robotics from automata to artificial intelligence

automatically repeat the default motion
Robots of the first the mosthumerous in production facilities

generation the control system easily adjusts to manual operations
application: welding and similar.

the ability to navigate in unpredictable conditions imposed by t
workspace equipped with sensstthrough which they acquire the
sense of position

Robots of the get information from the sensor
second generatior the activities for space orientation and conditions are defined b
programs
usage: work on the production line, assembly operations, colori
and the like.

application of various types of sensors and application of artific

intelligence

equipped with computers and advanced programs,

Robots ofthe third are able to recognize the most diverse environmental condition
generation can learn from their own mistakes,

havean easier programming environment for programming,

independently and intelligently change their mode of operation

adapt to environmental conditions and improve efficiency

In its actions, the robot can display various activities:

1 Some robots ar@rogrammed to faithfully carry out certain actions and repeat actions
without any variations or alterations, all with a high degree of accuracy. these actions are
preceded by programming through which the direction, acceleration, speed, deceleration,
distance and other series of coordinated movements are determined,

9 Other robots are made as significantly more flexible in terms of object orientation or even
tasks that should be performed on the object itself. For example, for certain complex
processes, robsicontain specialized sensors that act as a kind of "eyes" that are associated
with powerful computers performing calibration and regulation. In these types of robots
artificial intelligence tools play a particularly important role.

3. POSSIBILITIES OF THE APPLICATION OF ROBOTS IN MEDICINE
Robots in medicine in recent times are a necessity especially in the part where it is necessary to
achieve a high level of precision, fineness and tenderness, and where the limits or tolerances of
errors are minorBader, E., Chassin, M, 20D3Jsing robots in medicine, the future generation
of doctors, dentists, nurses and other medical workers are being trained. Robotics in medicine
has found wide application with a special emphasis on application in the followeiasg; ar
1 Surgery- because robots are able to perform major surgeries through the creation of a small
cut, giving patients immense advantages, such as: less postoperative trauma, low possibility
of infection, reduction in drug consumption and faster |dev@ the hospital. an example
of the successful use may be the operation of the heart without the patient's chest opening,
9 Training - robots are very successfully used in testing of medical students. For example,
robots in the form of a human organism thiatulate pregnant women are very successfully
used for training and reduction of the possibility of error in later work irlifeatonditions,

4
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1 Administration- using robots in managing the medical administration reduces waiting
times, reduces time visitand increases efficiency and effectiveness, reduces the possibility
of infections, etc.

The application of robots in modern medicine is also aimed at achieving predictions related to
the early detection of the disease and the prognosis of its futtien and suppressing the
causes of its spread. As the technology of robot production progresses at extreme speeds, their
use in medicine is expanding in order to preserve human health, improve quality of life and
prevent disease (IWA 1, 20033obots, apreviously emphasized, play a very important role,
especially in the field of surgery. For the needs of robots in microsurgery, instead of directly
moving the instrument, surgeons use one or a combination of five ways to control the
instrument. Telemanipators (or auxiliary devices that connect to computer systems such as
special sensitive gloves, remote controllers and the like) or direct computer controls are used
for these purposes. In the application of robots in surgery, instead of conventionall saadgc
autonomous devices are used, which have a greater ability to work in terms of feedback and
settings with working conditions, having a smoother approach to work than the one that can be
achieved by the work of the human hand. The basic aim & #meart instruments is to reduce
or eliminate tissue injuries that traditionally occur in conventional open surgeries (Hagn, U., et
al., 2008). When it comes to the history of the use of robots in surgery, it is possible to point
out the year 1985 and tR&JMA 560 robot that was used to position the needle for brain biopsy.
Later, in 1988, MROBOT, developed by Imperial College in London, was used to perform
prostate surgery. In 1992, ROBODOC was introduced as an Integrated Surgical System, which
was used fohip surgery and replacement. The subsequent development of the robot system
was foll owed by the introduction of the fADa
components: surgical consoles, 4 robotic arms, one of which was intended for the, Garde
three to manipulate the instruments and a third component that was used for a highly
sophisticated 3D vision system. On the hands of the robot, the intelligent tools were placed,
which were then pulled into the body through small tubes. This systeoaugh the sensory
elements it possesses, translates the movement of the human hand into small electronic signals,
which are further translated into very precise movements of intelligent instruments. They also
perform recognition and filtering of anyetmbling of the man's hand and perform repairs that
do not allow the shaking to be done by the robot (Ahmed, K., et al., 2009). The camera used
in the system provides a very precise image that is presented on the monitor of this robot system.
Such a systerhas a very wide application and is used for, inter alia, prostate cancer operations,
uterine surgery, heart valve repair, and more. Such a system is highly represented and its price
is about $ 2 million. Late 1990s of the past century were very fruitftérims of the use of
robots in medicine. In this regard, the following was achieved:
1 The first surgical assistance with the Vinci system in Germany was done in 1998 on the
operation of the bypass at the heart. A On:
In 1998 the reconnection of the fallopian tubes was performed using robots,
In 1999, using a robot in Canada, the first aorta surgery on the heart was done using robots,
In 1990, the first closed heart surgery was performed in London,
In 2001, in France using the Zeus robotic system, the first surgical removal of the
gallbladder was performed in the patient at the age of 68,
1 In 2006, with the robot that worked on the basis of artificial intelligence techniques, the first
correction of heart arrhythia was done,
1 In 2007, the first micro chirurgical surgery on the male patient's genitalia was done in
Florida,
1 In 2008, the first surgical reconstruction of the nerves on the bladder at a boy was performed
in Chicago,

= =4 =4 -9
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1 In 2008, the first neurosurgical pexure was conducted, which was administered using a

recording,

In 2009, da Vinci system in gynecological oncology was applied,

In 2009, in the United States, the first kidney transplant was performed using robots,

In 2010 Sophie system was introduced aystem that for the first time worked on the

principle of strong feedback,

1 In 2010, robot performed the first operation of the vascular system on the thigh in Ljubljana
and so on.

= =4 -4

When it comes to the benefits of using robots in medicine, it is impddarphasize three

key issues in the area of minimally invasive surgery, remote surgery and surgery without the
presence of a part of the staff. As it has been emphasized in part, the use of robots also includes
the following:

Significantly higher precisio and minimization,

Small cuts,

Reduction of blood loss,

Less pain and

Faster recovery time.

= =4 =4 -8 -4

The use of robots also allows for better ergonomic adjustment of the team carrying out the
operation, which increases its efficiency and effectiveness. Wsbigs definitely reduces the

length of stay in the hospital, reduces blood loss, the need for transfusion, the appearance of
infections, and the like. The results of some studies indicate that after surgery at the heart, the
patient recovers even 50% fasaind returns to normal activities. Also, his stay in the hospital

is reduced by as much as 60 %. Further, t he
used continuously, without pause, provided the change of team working with such a system is
made. Robots played a particularly important role in the rehabilitation of patients in medicine.

In this sense robots are very effective, provided the patient's familiarity with the robot is
achieved and the patient overcomes the fear that usually occucsttiseapplication. Through

the use of robots in rehabilitation, the motivation of patients is increased for the continuation
and success of the recovery process. Particularly interesting is the approach to the use of robots
in rehabilitation of childrenlt is then necessary to take strict care of the design and dimension

of robots. For example, the Paro robot is designed as a fowl baby and has special sensors that
respond to the touch by opening and closing the eyes. For example, Robot Pleo is designed
the form of a dinosaur. Robot Raball reminds of a small ball and is used to encourage the
development of speech, motor, intellectual and social skills in children under the age of 24
months. In the robots for rehabilitation, in addition to the shapelso necessary to take care

of the material for making, which must be indifferent, i.e. the material that does not have a
detrimental effect on the user. In this sense, for example plastics, fabrics and the like can be
used, in order to demonstrate tteural appearance. Also, the colors must be strictly taken into
account in order to increase the familiarity of the patient with the robot. A very sophisticated
robot is the one used for children with autism. An example of such a robot is Kaspar (Kinetics
and Synchronization in Personal Assistant Robotics), which can show the expression of
happiness, surprise, sadness, and the like, teaching the child to recognize these feelings in
different reallife conditions (Blow, M., et al., 2011). Robots play a venportant role in
recovery in damage to the upper or | ower ext
robots or exoskeletons are developed, which help with the recovery of the patient. For example,
the MIME (Mirror Image Movement Enabler) systdras been developed to strengthen the
upper limbs. Figure 1 shows the robot Lokomat used for the rehabilitation of the lower
extremities Krasnik, R. et al., 2012
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Figure 1: Robot Lokomat for strengthening the lower extremities

By applying thesesystems it is possible to practice passive and active functions and the
movement of damaged limbs. These systems also serve for the purposes of conducting
kinesiotherapy in order to increase the volume of movement, especially in the thumb and
forefinger, ®ing a special electronic glove or using a device for functional electrical simulation.
The patient in the application of these robots must perform simple tasks, raise and lower, or
move objects from one place to anoth&( 13486, 2016 Also, when workng with these
systems, they are programmed so that the patient can also be train for different strokes and
movements, thereby strengthening the weakened extremities. The contribution of robots in
forensic medicine is also interesting. In this sense, otleeoéxamples is the robot developed

at the University of Bern, which has made a significant contribution to illuminating five attacks
with firearms, six attacks by knives, two strangulation and 26 traffic accidents. Findings
obtained by applying this robavere used as key evidence in court. Since 2005, the intensive
application and development of a system for virtual autopsy has begun. This contributed in
particular to the development of medical scanners. For these purposes, the robot primarily
carries aeries of body photos and draws on the skin a line of markers for calibration and surface
and depth recording. Further, with the aid of a stereoscopic camera, it captures the body from
different angles to produce a thréienensional image with a resolutiaf 0.02 millimeters.

Then, the body is placed in a thermographic scanner that records the bodyse ctiesswith

a high resolution. The main advantage of the autopsy in this way, scientists see in the above
mentioned resolution, which is much more fealde than the situation when the physical
cutting of the body at a thickness of about 1 cm is performed. Using robots, very small pieces
such as dirt, foreign bodies and the like can be seen to be of crucial importance for the court
process.Another impotant advantage of using robots is that something in the traditional
autopsy can be missed and later we cannot return to the starting situation because the body
decays or is being burned. By using a robot we have saved data and we can return to the starting
situation after many years. Also, by advancing the science, technology and knowledge of
doctors, a review may be much better than the previous one and can give betterAesults.
important application of robots in medicine that is in great developmenstay is the
application of nanotechnology and nanorobotics. These are very small systems that can be
managed and brought to different areas of the human orgabmsutephahn, K., 2007With

such capabilities they will be used for example for destruatiooancer cells, dosing of
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medicines to a precisely defined place, surgical procedures without external cuts,
implementation of these robots in blood vessels and movement through the bloodstream with
the aim of finding and correcting thrombus, thickenofgthe blood vessel wall, removing
kidney calculus and the like. These robots also contain efficient cameras that allow the monitor
to observe both their movement and the activities they perform. These robots are designed to
have two miniflappers at there of the "body" and by means of the condenser they are charged
with a charge that drives the flappers and the robot itself through the bloodstream. These robots
can be controlled from the outside and they can have a management system that they carry with
them. Outdoor navigation systems use different methods to pilot nanorobots to the desired site
in the body. One method uses ultrasound signals to detect the position of the nanorobot. Doctors
will direct signals to the patient. Signals pass through the;lbdy are reflected back to the
source or are a combination of both cases. Nanorobots can transmit ultrasonic signals that can
be detected using special devices equipped with ultrasonic sensors. In this way maneuvering
with nanorobots can be donAlso, nanorobots can be controlled by injecting a colored
radioactive solution into the bloodstream. The device that tracks this material can then be used.
Threedimensional images detect where the nanorobot is locRtdabts that carry power on
themselves workn the principle of placing electrodes that, with the help of electrolytes from
the blood, can create a battery. Also, nanorobots can carry small doses of chemicals that, in
combination with blood, become a source of fuel. There is the possibility ofigngd
miniature batteries, which would have limited capacity. Therefore, it is better to use a capacitor
the development of which is still intensively worked on. Microwaves, ultrasound, and magnetic
fields can be used in the case of external power souNzesrobots with a piezoelectric
membrane can absorb ultrasound and convert its energy into electridiyd, the use of

robots in medicine is in great growth and development, and Figure 2 gives an overview of
several types of robots used in varioustees of medicine.

Figure following on the next page
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Figure 2: Some examples of the use of robots in medicine

However, in addition to these important advantages, one should keep in mind that robots also
havecertain disadvantages. The primary limitation in the use of robots in medicine is the very
high cost of such systems (about $ 2 million) and the high cost of robot application. In this
sense, many profitability studies on the application of robots inrdiffesystems and different
working conditions.

4. CONCLUDING CONSIDERATIONS

The application of robots in different areas in highly developed countries is experiencing an
intense rise. Today's robot technical solutions allow for their application in various activities
and provide a high degree of flexibility, precision, managdagpgiutonomy and other. It is
especially important to point out that robots today have acceptable prices in the sense that the
application of robots in some areas quickly ensures the return of the investment. Also, using
robots increases the efficiency aeifectiveness of the process and what is particularly
important, preventive action is provided to reduce or eliminate the causes of errors that can lead
to far reaching consequences and high costs. All of these aspects and facts are particularly
importantin the field of medicine. In this area, as generally known, potential mistakes can lead
to consequences that are not only irreversible but also have a very high price. Research suggests
that in the field of medicine, some routine mistakes are made dugbjective or negligent
reaction. Precisely by using a robot in such established activities it is possible to eliminate
subjective feelings and actions, significantly increase accuracy and precision, and ensure the
elimination of errors.



34th International Scientific Conference on Economic and Social Developm¥kill International Social Congress (13T1.8)¢
Moscow, 1819 Ocbber 2018

The application brobots in medicine widely represented in different areas and their power of
observation, precision, adaptability, and similarly ensure that many activities in the field of
treatment and in general the provision of medical services lead to perfectiothewtxclusion

of the influence of often subjective human factors. However, the application of robots in
medicine requires detailed analyzes in terms of assessing treffeasiveness of the cost price,

the frequency of robot application, and the riskat occur in these activities. Therefore,
according to these aspects and in line with the teelmooomic development of the
environment, detailed analyzes should be carried out before the beginning of the
implementation of a kind of robot for the purpageroviding medical services.
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ABSTRACT
The objective of this study is to expand on the existing theories on internationalaadioo
address the theoretical gap in existing literature in regards to the lack of concrete evidence
showing that there is a clear difference in the preference for explorative ODFI in developing
market MNEs when compared to developed market MNEs. THesreSthe study show that
the assumption that developing market MNESs tend to invest more in knowltsiggdve OFDI
than those from developed markets is correct as the lack of product and service differentiation
capabilities provides motivation to seekokvledge in operations and marketing in foreign
countries. However, this assumption is overstated as this study shows that there is no significant
difference in the explorative behaviour of the two groupings. Upon further investigation, it is
found that eglorative OFDI is most applicable to European emerging market MNEs. Further
analysis on developing market MNE OFDI also shows that these firms target medium to low
technology OFDI rather than higtechnology OFDI. This is due to constraining factors such
as capital intensity, institutional controls, and alignment with core competences. A combination
of descriptive statistical analysis and mean comparison analysis is performed using SPSS
software to test the hypotheses. The OFDI data used for analysisollexsted from the
International Trade Centre (2016 and 2017) databases. The study examines a cross section of
large and small developed and developing economies, including OECD countries, BRICS and
smaller economies in Southeast Asia and Latin America.
Keywords: crosssectional data, emerging economies, innovative capabilities, knowledge
based capital, OFDI

1.INTRODUCTION

The purpose of this research is to answer the following research question: What are the
differences in FDI motives and strategies between developed market multinational enterprises
(MNEs) and emerging market MNEs? The objective for this study is to expatiee existing
theories on internationalization and to address the theoretical gap in existing literature in regards
to the lack of concrete evidence showing that there is a clear difference in the preference for
explorative OFDI in developing market MNEgen compared to developed market MNEs.

The popular assumption that developing market MNEs are more likely to commit to explorative
OFDI activities than developed market MNE is tested using SPSS statistical analysis software.
The parameters of the studyealimited to two sample groupings, which are developing
countries and developed countries, and the raw data used for the test are collected from an
online database provided by the International Trade Centre.
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2.LITERATURE REVIEW

During the time of th banking crisis that started in the early 1980s, few investors were willing

to venture overseas, particular into the highly indebted developing countries (Summa, 2008).
The term Oemerging marketso6 was popudtract i zed
more private investments in funds dedicated to undeveloped economies (Institutional Investor,
2007). At that time, van Agtmael and Errunza (1982) pointed to 11 emerging markets for
investors to consider, which were Singapore/Malaysia, South KBrehppines, Thailand,

Mexico, Brazil, Chile, Argentina, Jordan, Greece, and Zimbabwe. Their explanation of how an
emerging market differs from a developed market is that the emerging markets present untapped
opportunities that will lead to higher potemtigeturn on investments. Over time, other
characteristics have been used to qualify an emerging market such as developing countries with
GDP growth rates that have noticeably outpaced the richer economies and countries that have
risen from the lower tierd become competitive with the more developed countries (Khanna
and Palepu, 2010T.he list of focal emerging markets for investment opportunities as well as
business studies have also transformed over course of time as countries such Argentina, Jordan,
Greece, and Zimbabwe have since fallen out of contention for investor interest. The focus has
shifted to a group of fast growing plus si z:
Goldman Sachs report as BRIC countries (Brazil, Russia, India, am&)Ch 2011, South

Africa was invited into the informal grouping of major emerging economic countries to form
BRICS due to its attractiveness as O6the gat e
emerging economies have gained the most atteiticecent literature and research in the fields

of economics and business, which is justified due to the BRICS countries collectively owning
30. 6% share of world GDP in terms of purchas
and home to 41% ohte wor | dés popul ation (Geiger, 2015
Constant change economic and political conditions have impacted the perception of the level
of economic development of countries adding challenge to the proper classification of sountrie
based on the interpretations of various global and financial institutions, all of which have their
their own independent assessment of current affairs. For example, MSCI (2016) has reclassified
countries 16 times since 2001 when Greece received devetapkdt status and then relabeled

as an emerging market in 2013. Although MSCI classifies South Korea as an emerging market,
both FTSE and S&P Dow Jones places the country in the developed markets category (FTSE
2015; S&P Dow Jones Indices, 2015). In thlisdy, countries/territories are separated in the

two groupings of developed market and developing market for clarity and ease of analysis.
Research on foreign direct investments (FDIs) have traditionally been centered around MNEs
from developed countrieseeking to own tangible assets and establish operations in lesser
developed countries with cheaper factors of production through greenfield investments, merger
and acquisition, or joint venture (Burger, Karreman and Eenennaam, 2015). However, more
contemprary literature has shown increased interest in the outward flow of FDIs (OFDI) from
emerging economies rather than just focusing on the inward FDIs (IFDI) from developed
country MNEs (Govil, 2013; Kim, Mahoney and Tan, 2015). Researchers have poied to
difference in OFDI motivations between MNEs from developing countries and those from the
developed countries (Kim, Mahoney, and Tan, 2015). Unlike developed market MNES, which
tend have primarily exploitative intentions in OFDI such as mes&eking, diciency-seeking,

and natural resoureseeking motives, emerging market (EM) MNEs see the importance of
explorative strategies in OFDI as well as exploitative opportunities (Kim, Mahoney, and Tan,
2015).The explorative strategy in internationalization strategic asseteeking, is based on

the motivation for an acquiring firm to enhance its capabilities to achievetéomg
competitiveness in home and thitduntry markets (Meyer, 2015). According to Cui, Meyer,

and Hu (2013), strategic asseteking FDIs pursued when a firm views its existing capabilities

and domestic assets are no longer adequate fortéong competitiveness, thus providing

12
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motivation to strategically acquire complementary assets overseas in order to catch up with the
competitors (Drg, 2010; Kedia, Gaffney, and Clampit, 2012; Yang et al., 2014). Elango and
Pattnaik (2007) points to the Uppsala model to explain that the commitment to international
operations leads to gaining greater knowledge in international operations and thprden¢lo

of international market market knowledge. Cao (2012) explains that most EM MNEs are
deficient in global experiences, professional skills and managerial competencies, organizational
effectiveness, and technological and innovative capabilities; theredoerseas acquisitions
provide a means to make up for internal shortcomings. For example, a large portion of Chinese
OFDIs have come from higiech or high technologintensive industries as well as industries

that seek fuel, ore, and other natural teee extractions (Chang, 2014ccording to the OLI
framework, also called the eclectic paradigm, there are three elements in choosing FDI, which
are Ownership, Location, and Internalization advantages (Dunning and Lundan, 2008). A firm
has owner specifiadvantages when it possesses certain types of knowledge and privileges that
are not available to its competitors such as superior technological and management knowledge.
Location specific advantages are gained when a firm locates its production adhvaiasst
economy that provides certain advantages that may include access to large markets, trade
liberalization, good infrastructure, and low cost inputs. Internalization specific advantages are
achieved by the internalization of transactions that eaorbanized and carried out at a lower

cost within the firm than through the market (Kurtigtastrati, 2013). Using Chinese MNEs

in Denmark as an example of explorative FDYlung et al. (2013) points to the advantages of
gaining knowledge from the tenologyintensive industries as well as the European market
and a favorable institutional infrastructure that exhibits strong intellectual property rights
protection, a sophisticated legal system, and ease of doing business. Although the cost of
acquiring local knowledge is high, the fingpecific advantage of networking or guanxi
mitigates the transaction costs of strategic asset acquisition and transfer (Zhao, Anand, and
Mitchell, 2005; LiYing et al., 2013)Although literature on FDI motives has beernemsive,

there is a lack of coverage in knowledgeensity of particular industries and there is a need to
guantitatively clarify the difference between the motives of emerging market MNEs and
developed market MNEs (Kapyla et al., 2011). Much of the bhtseature for
internationalization originated in the 1970s
paradigm. Dunning (2001) further expands in explorative, or strategicsesdeng, OFDI
motives in his subsequent articles, however, much hasyeldaover time as investor interest

has been shifting from Eastern Europe and BRICS to other developing regions. It is
unreasonable to assume that firms from developing countries and regions behave in the same
manner; therefore, research must be conduoctbéddge the gap of outdated literature.

Table following on the next page
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Dunning’s Framework

Eclectic Paradigm

0 - Ownership FDI determinants relating to market access, patents and trademarks,
economies of joint supply, international arbitraging, etc.

L - Location FDI determinants relating to transport costs, production costs, psychic
distance, investment incentives, etc.

I - Internalization FD1I determinants relating to effective management control, assurances
of guality control, price discrimination, avoidance of buyer uncertainty,
avoidance of proper rights infringement, etc.

FDI Motives

Strategic asset-secking To enhance the capabilities of the acquiring firm in view of long-term

) competitiveness in home and third-country markets
(asset augmentation) 3 r

Market-seeking T'o sustain or protect existing markets (by circumventing trade barriers),

(import substituting) or to exploit or promote new markets, typically in the host country

Efficiency-seeking To enhance economies of scale and scope, logistics infrastructure, and

(rationalized investment) risk diversification

Natural resource-secking To secure stable, low-cost and high-quality supply of natural resources,

(supply oriented) siuch as minerals, oil and gas or agricultural products

References: Dunning 1988, 12-13; Dunning 2001, 183; Meyer 2015, 58

Table 1:D u n n i Framéwsrk

2.1.Hypotheses Development
Literature comparing OFDI motives between MNEs from developed economies and those from
developing economiegften point to developed market firms as having the tendency to be
exploitative and the developing market firms being more explorative; however, there is little
empirical evidence that validates the difference in motives. The difference can be tested by
comparing the average percentage of strategic -assking outflows of markets that are
separated into two levels of economic development. Furthermore, the lack of detail in
explaining and expanding on knowledge intensive industries in developing markdt OFD
literature is another inconsistency that needs to be addressed to further validate the
aforementioned assumption; therefore, industries must be classified according to knowledge
intensity for the purpose of researching industry participation in expler@iDI. These gaps
in research are identified in the following hypotheses:
1 Hypothesis 1A: Developing market MNEs tend to invest more in knowledge intensive
OFDI than those from developed markets.
1 Hypothesis 1B: There is a significant difference in lefedrmwledge intensive OFDI
between developing market MNEs and those from developed markets.
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Current literature suggests that developing market MNEs tend have strategseaksaed
motives that enhance their capabilities to achieve-teng competitiveass in home and
third-country markets. Therefore, it is assumed that these firms often pursue higher
technology intensive OFDI rather than invest in lower technology intensive OFDI to realize
the strategic goal of obtaining knowledge intensive resources capabilities. The
following hypothesis is based on this assumption:

1 Hypothesis 2: Developing market MNESs tend to invest more in higher technology OFDI.

Theoretical Framework

Knowledge-
H1A, HIB Seeking OFDI
Level of Motive
Economic
Development Technology
Intensity of
OFDI

3.RESEARCH DESIGN

A combination of descriptive statistical analysis and mean comparison anslpsiformed

on SPSS software to test the stated hypotheses. The OFDI data used for analysis is collected
from the International Trade Centre (2016) database. The raw data is expressed in dollars (USD)
spent on OFDI per capita. The reason for using peitac&xpenditure data is to account for
differences in national/territorial population size. This data is categorized into knoviladgé

capital intensive (KBC) OFDI and néddBC OFDI to determine the ratio of KBC to total OFDI.

Per capita OFDI expenditeion different categories of technology intensive industries are also
used in the analysis. The variables used for quantitative analysis are expressed in percentage
points. To test hypothesis 1A, the mean of developing market knowledge intensive OFDI is
determined and a histogram is generated for visual representation of central tendency. A high
mean value indicates high average investment in knowledge intensive OFDI for a market
grouping. The histogram provides visual indication of the pattern of distnbiar knowledge
intensive OFDIDue to the small sample sizes of two sample groupings, Hypothesis 1B is tested
by performing an independent sampléest to compare the population means of developing
market MNE knowledgéased OFDI against developed n&trkINE knowledgebased OFDI.

This determines if there is a significant difference in sample population means. If the sig. value
of the ttest output is less than 0.05, there is a significant difference in the means of each
grouping. Otherwise, the differea is not significant. Hypothesis 2 is tested by descriptive
statistical comparison of 3 groupings of technology intensive industries categorized by OECD
(2011; 2015) based on R&D intensities. OECD categorized the industries into 4 groupings. For
thepurpe e of t his anal ysi s -t da@chhen dOECPyY gir mdiyd tnrgise <
hight echnol ogi es industried@céamel gggupedustoge:t
industries that are broadly categorized in the International Trade CentraskataA high mean

value indicates high average investment in a technology intensity grouping.

Table following on the next page
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Variable Description Reference
Independent | Developed Australia, Austria, Belgium, Canada, S&P Dow
Markets Cyprus, Denmark, Finland, France, Jones Indices

Note: Sample
markets are
chosen based

Germany, Hong Kong, Iceland, Ireland,
ltaly, Japan, Luxembourg, Macau, Malta
Netherlands, Norway, Portugal, South

2015

on data Korea, Spain, Sweden, Switzerland,

availability. United Kingdom, United States

Developing | Azerbaijan, Brazil, Bulgaria, Chile, Ching S&P Dow
Markets Colombia, Croatia, Czech Republic, Jones Indices

Note: Sample
markets are
chosen based

Estonia, Greece, Hungary, Kazakhstan,
Latvia, Lithuania, Malaysiaylauritius,
Poland, Romania, Slovakia, Slovenia,

2015

on data Thailand, Turkey
availability.

Dependent | Knowledge | Precision instruments manufacturing, OECD 2015
Based Capital Motor and transport manufacturing,
(KBC) Electrical and electronic equipment

manufacturingMachinery and equipment
manufacturing, Chemical and chemical
products manufacturing, Business
activities, Finance, Wholesale and retalil
trade, Construction, Health and social
services
High- Aircraft and spacecraft; Pharmatieals; | OECD 2011
Technology | Office, accounting, and computing
Industries machinery; Radio, TV, and
communications equipment; Medical,
precision, and optical instruments;
Electrical machinery and apparatus; Mot
vehicles, trailers, and se#railers;
Chemicals excluding pharmaceuticals
Railroad equipment and transport
equipment; Machinery and equipment
Medium- Building and repairing of ships and boats
Low- Rubber and plastics products; Coke,
Technology | refined petroleum products, and nuclear
Industries fuel; Othernonrmetallic mineral products;
Basic metals and fabricated metal produ
Low- Manufacturing not elsewhere classified;
Technology | Recycling; Wood, pulp, paper, paper
Industries products, printing, and publishing; Food

products, beverages, and tobaccostiles,
textile products, leather, and footwear

Table 2:Test Variables
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4. DATA ANALYSIS

The central tendency output of SPSS supports hypothesis 1A in mean value and in the shape of
the distribution. The comparison of the means of the groupings (Figure 1) shows developing
market MNEs on average invest more heavily on knowledge intensive Fbpaced to
developed market MNEs by more than 16 percentage points. The skewness (Figure 2) of the
developing market grouping indicates more distribution toward maximum than the developed
market grouping. The histogram (Figure 3) provides a waginup illustration of the tendency

for MNEs to invest in knowledge intensive OFDI. The comparison of the two graphs show that
developing market MNEs have a higher tendency to invest in knowledge intensive OFDI than
developed market MNEs. The standard deviatiorth®@roupings also show that developing
market MNEs vary to a lesser degree in OFDI behavior whereas developed market MNEs have
a greater number of outliers.

Group 5tatistics

Std. Std. Error
All Markets N Mean Deviation Mean
AllKECratic  Developed 26 40.012 114.2900 22.4141
Developing 22 56.691 28.5625 6.0896

Figurel: FTest Group Statistics (Authorso

Descriptive Statistics

Std.
N Minimum | Maximum Mean Deviation Skewness Kurtosis
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error | Statistic Std. Error
Developing
Market
Knowledge- 22 .0 99.1 56.691 28.5625 -.504 491 -.271 953
Based Capital
Ratio of OFDI
Developed
Market
Knowledge- 26 -295.4 376.4 40.012 114.2900 -.444 456 5.353 887
Based Capital
Ratio of OFDI
Valid N (listwise) 22
Figure 2: Descriptive StatisticSo mpar i son (Aut horsd anal y:
Developing Market Knowledge-Based Capital Ratio of OFDI Deweloped Market Knowledge -Eased Capital Ratio of OFDI
Bean = SEE5 L o = 4521
St Oy, = 2B 563 S Oy 11259
K=21 K =2k
g g 157
8 3
[ [
1
= - T
W0 I B4 14 Lo ) 1z z0n 402
Deweloping Market Knoadedge-Based Capital Ratio Developed Market Knowledge -Based Capital Ratia
of OFCA afl OFL
Figure 3: Histograms (Authorsdé anal
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equality
groupings is not assumed due to a significance score of 0.032, whiehois 0.05. The
corresponding significance score for thgt for equality of means is 0.479, which is well

of

vari

ances

(Fig

above 0.05 significance. This indicates that there is no significant difference between the two

groupings; therefore, hypothesis 1B is unsuppoatethe results reveal there is no significant

difference in level of knowledge intensive OFDI between developing and developed markets.

Independent Samples Test

Levene's Test for Equality of

Variances

t-test for Equality of Means

Sig.

Sig. (2-

t df tailed)

Std. Error
Difference

Mean
Difference

95% Confidence Interval of
the Difference

Lower Upper

AllBCratio  Equal variances

assumed

Equal variances
not assumed

4.905 032

-.666 46 509

-.718 28.641 479

-16.6794 25.0395

-16.6794 23.2266

-67.0812 33.7225

-64.2090 30.8502

Figure 4: Independent SamplesiTe s t

The mean comparison of the three technology intensidustry groupings for developing
markets (Figure 5) shows that the level of OFDI in the order from lowest to highest are low
tech industries, higkech industries, and mediulow-tech industries. Hypothesis 2 is
unsupported as the results do not ingidaat developing market MNEs tend to invest more in
higher technology OFDI. An analysis of the technology intensive industry groupings for

(Aut horsbo

anal ysi s,

developed market MNEs (Figure 6) is conducted for the purpose of discussion. The results
reveal that these firms tdro invest more in higher technology OFDI.

Descriptive Statistics

Sid.
M Minimum | Maximum Mean Deviation
Developing
Market High- 2 -31.0 14.5 345 8.8769
Tech Industries
Developing
Market Medium-
Low-Tech 22 -25.9 91.5 4.701 21.0533
Industries
Developing
MHFHEI.LDW-TECH 22 -63.8 13.0 -2.282 14.1576
Industries
Valid M (listwise) 2
Figure 5: Devel oping Market Technol ogy

Figure following on the next page
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Figure 6: Developed Mar ket Technaohatygsy | nt en
2018)

4.1.Discussion

In line with current literature on developing market MNE OFDI behavior, the assumption that
developing market MNEs tend to invest more in knowledge intensive OFDI than those from
developed markets is supported by the results of statistical analysis.t€egrmutcome reveals

more than a 16 percent difference in the average of developing market MNEs favoring
knowledge intensive OFDIs over MNEs from developed markets. The hypothesis is further
supported by the shape of the distribution of developing mdkiEE OFDI as the number of
markets is concentrated to the right of the graph showing a larger ratio of firms willing to invest
in knowledge intensive OFDI. In comparison, the distribution of developed market MNEs do
not show a similar pattern of OFDI behawi Elango and Pattnaik (2007) explains that the
competitive advantage that developing market firms have over those of developed markets is
the cost advantage of its domestic operations, however, the firms from developing markets lack
differentiation, whit is determined by the level of marketing and innovative capabilities; thus
providing motivation to acquire and develop knowledge in operations and marketing in foreign
countries (Elango and Pattnaik, 2007). In contrast to the explorative approach tcoOFDI
developing market firms, the strategy of firms from developed markets tend to be exploitative,
which are based on efficiensgeking, markeseeking, and natural resowseeking motives

(Kim, Mahoney, and Tan, 201%lthough the analysis results prowerrent literature correct

in that developing market MNEs are more focused on explorative OFD¥eékedomparative
analysis shows that there is no significant difference in the explorative behavior of the two
groupings. The noticeable difference imgde means of the groupings would suggest that there

is a clear difference in explorative OFDI strategies, however, this difference is impacted by
outliers found in the developed market sample. The knowledge intensive sector in Belgium,
Netherlands, and Pmigal experienced a high level of divestments in 2012 causing the average
of the developed market grouping to be much lower than the developing market grouping. For
exampl e, Netherlandbds aggregate OFDInatchat vye
industry accounting over $15 billion worth of foreign divestments (International Trade Centre,
2016). That was when ING sold off its assets in United States, China, Malaysia, Hong Kong,
Macau, and Thailand (ING Group, 2013). A notable charactepstihe developing market
grouping is how the individual markets compare to each other. A commonality found is that all
markets which lie beyond one positive standard deviation are located within the main continent
of Europe. These markets, which have kremigie intensive OFDI exceeding 85% of their total
OFDI, include Croatia, Hungary, Lithuania, and Poland.
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