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Abstract: In the economic load dispatch, power plants are operated at minimum cost, but
environmental pollution caused by fossil-fueled electric power plants is not considered.
Therefore, new solution suggestions have come up due to the growing environmental problems
in recent years. One of these suggestions is environmental economic load dispatch which aims
to both operations of plants at minimum cost and trying to minimize the amount of emissions.
In this study, 6-generator system with three load demands 500, 700 and 900 MW is tested to
solve environmental economic load dispatch problem. Genetic algorithm from heuristic
optimization methods is preferred for this problem. The results which transmission losses are
considered are compared with the other studies in the literature. These results show the
effectiveness and superiority of the method over economy and reduction of the emission.

Keywords: Environmental Economic Dispatch, Genetic Algorithm, Optimization, Emission.

Introduction

Economic load dispatch is one of the important problems in operation of power systems. It minimizes the
generation cost while meeting demand and satisfying equality and inequality constraints. However, operation at
minimum cost cannot be the only basis for dispatching electric load when the pollution is considered. Thermal
power plants cause high concentration of pollutants. Therefore, emissions caused by electric power plants that use
fossil fuel must be considered while operating electric power systems. Environmental economic dispatch, (EED),
is the problem which takes into consideration the environmental pollution and aims to reduce emissions with
minimum cost. It minimizes both cost and emission together.

EED problem has two objectives consisting of minimum fuel cost and minimum emission. There are many
methods that have been proposed to solve this problem in the literature. Song et al. have applied fuzzy logic
controlled genetic algorithm to EED on a six-generator system (Song, 1997). Pandit et al. have proposed an
improved differential evolution method for EED in multi-area power system by studying on three test cases
(Pandit, 2015). Sivasubramani and Swarup have presented a new multi-objective harmony search algorithm for
EED problem and tested on the standard IEEE 30 bus and 118 bus systems (Sivasubramani, 2011). Giiveng et al.
have proposed Gravitational Search Algorithm to find the optimal solution for Combined Economic and Emission
Dispatch problems and it has been implemented on four different test cases, having no valve point effect without
transmission loss and valve point affect with transmission loss (Gliveng, 2012). Bhattacharya and Chattopadhyay
have presented the combination of Biogeography-based Optimization algorithm and differential evolution to solve
complex economic emission load dispatch problems (Bhattacharya, 2011).

Problem Formulation
EED problem can be formulated by adding emission to the economic dispatch problem. Economic dispatch, (ED),
formula is shown in Equation 1.

F(Py) = Xiq(aP? + biP; + ;) 1)

In Equation 1, aj, bj, ¢; are the fuel cost coefficients of the ith unit, F(Pg) is total generation cost in the system
($/n), P; is the power generated by ith unit and the n is the number of generating units.

Emissions can be expressed by a quadratic equation depending on the active power output of the generator. It can
be formulated as Equation 2.

E(Ry) = X1 (diP? + ePi+ f) 2)

www.tojsat.net Copyright © The Online Journal of Science and Technology 1
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In Equation 2, E(qu) is the emission amount (Ib/h or kg/h), di, ej, f; are the emission parameters of the ith power
plant.

While solving the problem, the following constraints must be satisfied.

Power Balance: The sum of the generated powers must be equal to sum of the total transmission loss and power
demand.

imaPi=Pp+ P, (3)

In equation 3, P, is the demanded power and P, is the line loss. The line loss can be found by busing B matrix
and it can be expressed as (4).

P, = Yio1 Xi=1 PiBi;P; 4)
where B;; is the loss coefficients.

Generator lower and upper constraint: The active power limitation of each unit is defined as follows.

Pitminy < Pi < Pigmax) i=1,..... Mg (5)

where P;niny is the minimum power generated by ith unitand Py is the maximum power generated by ith
unit.

EED can be formulated by using generation cost and amount of emission and converting them into the single
optimization problem as seen in Equation 6.

T=wlxF(P)+ w2xhxE(R) (6)

In Equation 6, T is the total operation cost of the system, w1 and w2 are weight factor and h is the price penalty
factor.

The price penalty factor h has some steps (Kulkarni, 2000):

(i) Firstly, h; is calculated:

- _ FCiPigmax))/Pimax))
t ECi(Pi(max))/(Pi(max)) ’

i=1,..,n..$/kg (7

(ii) Secondly, arrange the values of h; in ascending order.

(iii) Thirdly, add the maximum capacity of each generator one at a time starting from the smallest h; until
Z?:l Pi(max) = PD-

(iv) And finally, h; calculated from last generator becomes the price penalty factor h.

When wl=1 and w2=0, the problem becomes ED; when w1=0 and w2=1, the problem becomes emission dispatch;
when w1=1 and w2=1, the problem becomes EED.

www.tojsat.net Copyright © The Online Journal of Science and Technology 2
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Genetic Algorithm

A genetic algorithm (GA\) is a method for optimization problems and it solves both constrained and unconstrained
problems. It is based on a natural selection process. The algorithm repeatedly develops a population of individual
solutions. This method randomly selects individuals from the current population and produce the children for the
next generation. The population move to an optimal solution over successive generations.

The genetic algorithm uses three operators to generate the next generation from the current population. These
operators are selection, crossover and mutation. The individuals named as parents are selected. Crossover
combines two parents to form children for the next generation. Random changes are applied to individual parents
to form children by mutation.

The Study

GA is applied on the test system and its performance is compared to other optimization methods.

In the system, there are 6 generating units which have cost and emission functions with demand of 500, 700 and
900 MW. The data of this system is derived from study of Rughooputh (Rughooputh, 2003).

The value of h is calculated as 43.8983 for 500 MW demand, 47.8222 for 700 MW demand, and 43.1533 for 900
MW demand.

EED problem is solved by using GA with the help of MATLAB program. The dispatch results for 500, 700, and
900 MW demands are shown separately, see [Table 1].

Table 1: Results of EED problem by GA

Demand (MW)
Unit (MW) 500 700 900

P1 (MW) 55.3071 93.4380 123.2889
P2 (MW) 40.1529 66.9674 116.2879
P3 (MW) 66.5698 82.2116 98.4371
P4 (MW) 80.2377 111.7986 134.9396
P5 (MW) 147.4310 204.2191 263.0380
P6 (MW) 132.9505 179.6866 228.3156
Total generation (MW) 522.6490 738.3213 964.3011
Losses (MW) 22.6491 38.3213 64.3011
Fuel cost (Rs/h) 28475 39008 51139

Emission output (kg/h) 277.4178 472.5402 764.2358

According to results of EED for the system that has 6 generating units by using genetic algorithm; fuel cost is
28475 Rs/h, emission output is 277.4178 kg/h, transmission loss is 22.6491 MW for 500 MW load; fuel cost is
39008 Rs/h, emission output is 472.5402, transmission loss is 38.3213 MW for 700 MW load; fuel cost is 51139
Rs/h, emission output is 764.2358, transmission loss is 64.3011 for 900 MW load.

The results of GA are compared with other methods. These methods are Newton-Raphson, (NR), (Song, 1997),
Fuzzy Controlled Genetic Algorithm, (FCGA), (Song, 1997), Biogeography based Optimization, (BBO), (Roy,
2010), and Non-dominated Sorting Genetic Algorithm, (NSGA), (Roy, 2010). The comparison results are showed,
see [Table 2]. It is explicitly seen from Table 2 that GA is the best method in terms of emission output.

Table 2: Results of EED problem by methods

Load Method Total Cost (Rs/h) | Amount of
(MW) Emission (kg/h)
500 GA 28475 277.4178

NR [1] 28550.15 312.513

FCGA [1] 28231.06 304.90

NSGA [8] 28291.119 284.362

BBO [8] 28318.5060 279.3092
700 GA 39008 472.5402

NR [1] 39070.74 528.447

FCGA [1] 38408.82 527.46

NSGA [8] 38671.813 484.931

BBO [8] 38828.266 476.408

www.tojsat.net Copyright © The Online Journal of Science and Technology 3
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900 GA 51139 764.2358
NR [1] 50807.24 864.060
FCGA [1] 49674.28 850.29
NSGA [8] 50126.059 784.696
BBO [8] 50297.271 765.087
Conclusions

Power systems have some serious environmental problems. EED problem aims to decrease fuel cost and also
emission. In this paper, GA has been successfully applied to EED problem. It is tested on six generator system.
The results of GA is compared with the other studies in the literature. It has seen that GA provides improved results
at cost and emission output.
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Abstract: Comparing the efficiency levels and productivities of domestic and international
airline companies is an active research area in services sector and has lots of interests in business
administration field. In this study, Data Envelopment Analysis and Total Factor Productivity
Analysis are used to compare the efficiencies and productivities of Star Alliance member
international airline companies. Eight variables, including both inputs and outputs named as
Number of Annual Passengers, Daily Departures, Number of Countries Served, Number of
Airports Served, Revenue Passenger (Km), Sales Revenue ($), Number of Employees and Fleet
of 26 airline companies are taken place in analysis for the years 2013 and 2014. Because of
price differences in access the resources of services and goods that the companies used, the
Variable Returns to Scale Method of Data Envelopment Analysis is used instead of Constant
Returns to Scale Method to figure out efficiencies in years. Results show that there are
differences in efficiencies and productivities of airline companies by the means of using their
inputs to produce outputs while some of them are wasting their resource and some others are
not.

Keywords: Airlines, Total Factor

Introduction

Efficiency in the services sectors is getting much more significant issue in global trade year by year. As one of the
most and rapid growing establishments in global service sector, the domestic and international airline companies
have the pioneering role as in Turkey and in the world. Airline companies which are operated singular or operated
as the member of an alliance group still are in the competition in locally and globally. The growing demand to this
service sector creates the difficulties and makes the expenses of operating facilities higher under the competitive
stress. Therefore, yearly and continuously, the efficiencies of these companies have growing importance by
investors, creditors, business partners, and the governments. It is also have great importance from the view point
of the airline’s management, so they can gauge their own performance and compare it against other airline
companies. Operated domestic or/and international, it is the responsibility of every organization to allocate,
monitor and evaluate their annual expenditure and service delivery.

For this reason, in this study, Data Envelopment Analysis (DEA) and Total Factor Productivity Index (TFPI) are
the generating mechanisms for efficiency scores and methodology for seeking sources of inefficiency of each and
following operating year. Numerous studies have adopted DEA technique in the field of airline operations, mainly
focusing on airline management and airport operation (Chiou and Chen, 2006). The main reason to select DEA
technique is that it is easily applicable in many situations where the inputs and outputs cannot be converted to a
common scale, as is the case here (Barros and Peypoch, 2009). And as a computational detail, the Variable Returns
to Scale (VRS) Method of Data Envelopment Analysis is used instead of Constant Returns to Scale (CRS) Method
to figure out efficiencies in years, because of price differences in access the resources of services and goods that
the companies used. This study aims to identify the inputs which are used inefficient by the inefficient airlines and
to advice them how to be efficient by adopting the scales of efficient airlines. The structure of the study is organized
as follows: Airline Industry as an Alliance, Literature Survey, Data Envelopment Analysis for Efficiency
Measurement, Theoretical Model, Data and Results, Conclusion and References.

The Study

Airline Industry as an Alliance: Domestic and International passenger airlines are a critical mode of
transportation and play an important role in modern society. As an alliance within the concept of airline industry,
the Star Alliance network is the leading global airline network, with the highest number of member airlines, daily
flights, destinations and countries flown to. It was established in 1997 as the first truly global airline alliance to
offer customers convenient worldwide reach and a smoother travel experience. In 1997, a group of five world-
class airlines united to create something never seen before - an alliance that brings together networks, lounge

www.tojsat.net Copyright © The Online Journal of Science and Technology 5
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access, check-in services, ticketing and dozens of other services to improve the travel experience for customers,
wherever they are in the world. Star Alliance Services GmbH was created to manage the Star Alliance network on
behalf of its members. It was the first alliance in the world to create this type of organization. The team is based
in Frankfurt, Germany and is made up of around 70 employees from over 20 different countries. Having the
mission of “Executing leadership in managing a portfolio of alliance products and services using an agreed
process” Star Alliance member airlines fly to more destinations than any other airline alliance in the world — which
means easier travel and quicker connections. The main goal has always been to make your travel experience
smoother. To achieve this, Star Alliance member airlines are located closer together in airports and connections
teams are installed for faster transfers. Common airport facilities, coordinating schedules and a range of new
technologies are also frequently introduced.

The member airlines of the Star Alliance network are among the most respected in the world. In order to become
members, all airlines must comply with the highest industry standards of customer service, security and technical
infrastructure. Together, they offer convenient and comfortable travel to almost any destination in the world. Its
acceptance by the market has been recognized by numerous awards, including the Air Transport World Market
Leadership Award and Best Airline Alliance by both Business Traveller Magazine and Skytrax. The member
airlines are: Adria Airways, Aegean Airlines, Air Canada, Air China, Air India, Air New Zealand, ANA, Asiana
Airlines, Austrian, Avianca, Avianca in Brazil, Brussels Airlines, Copa Airlines, Croatia Airlines, EGYPTAIR,
Ethiopian Airlines, EVA Air, LOT Polish Airlines, Lufthansa, Scandinavian Airlines, Shenzhen Airlines,
Singapore Airlines, South African Airways, SWISS, TAP Portugal, Turkish Airlines, THAI and United
(http://ww.staralliance.com/en/about/organisation).

Table-1: Some Statistical Figures of Star Alliance as Combined by the End of 2014

Total revenue 179.05 BUSD Revenue Passenger Km 1,364.83 bn
Daily departures More than 18.500 Annual Passengers 641.10 m
Countries served 192 Number of employees 432,603
Airports served 1330 Fleet (Number of Aircraft) 4,657
Lounges More than 1000

Source: http://www.staralliance.com/en/about/member_airlines/

Literature Survey Related with the Airline Industry Efficiencies: Up to now, many studies on Airline Industry
have been conducted and published with academic purposes. Some most recent of them published by the year
2010 are listed as given chronological order including author, number of Decision Making Units (DMU’s), study
periods, methodology used, remarks and focuses: Hong and Zhang (2010): 29 international airlines, 1998-02,
Standard DEA, Airlines with high share of cargo business are significantly more efficient. Merkert and Hensher
(2011): 58 international airlines, 2007-09, Standard DEA and Bootstrapped Tobit Regression, Size of airlines and
fleet mix decisions have an impact on technical efficiency. Zhu (2011): 21 US airlines, 2007-08, Two-stage network
DEA Multi-stage network DEA models provide deeper insight into functioning of an airline. Assaf and Josiassen
(2012): 31 European and US airlines, 2001-08, Bayesian Distance Frontier Model, European airlines have slightly
higher efficiency and productivity growth than US airlines. Barros and Couto (2013): 23 European airlines, 2000-
11, Luenberger Productivity Index and Malmquist Productivity Index, Managerial causes of technical efficiency
may be due to variations in the strategies adopted by the different airlines. Barros et al. (2013): 10 US airlines,
1998-10, B-convex Model, Efficiency can be influenced by the size of the airline, mergers, and acquisitions. Choi
et al. (2013): 12 US airlines, 2008-11, Service quality-adjusted DEA and Mann-Whitney test, SQ-DEA places a
greater emphasis on service quality as a factor that relates to service productivity. Airlines can overcome the
tradeoff between quality and productivity. Arjomandi and Seufert (2014): 48 international airlines, 2007-10,
Bootstrapped DEA, Low-cost carriers are operating under increasing returns to scale. Tavassoli et al. (2014): 11
Middle Eastern airlines, 2010, Slacks-Based Measure (SBM), network DEA Deals with shared inputs and outputs
with selected weights. Wu and Liao (2014): 38 international airlines, 2010, Standard DEA and Balance Score Card
(BSC), Leading and lagging factors of BSC were adapted to the evaluation of operational performance of airlines
along with DEA. Chang et al. (2014): 27 international airlines, 2010, Slacks-Based Measure (SBM), DEA Trade-
offs between labor and capital measures poses a challenge. Fuel consumption and revenue structure are major
causes of inefficient airlines. Lee and Worthington (2014): 42 US and European airlines, 2001-05, Bootstrapped
DEA and Bootstrapped Truncated Regression, DEA scores are estimated simultaneously with a bootstrapped
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truncated regression model to explain efficiency drivers. Large airlines need to significantly reorganize and rescale
their operations to remain competitive. Lu et al. (2014): 30 US airlines, 2010, Two-stage network DEA, Two-stage
network model examines production and marketing efficiencies.

Data Envelopment Analysis for Efficiency Measurement: The technique, which is referred to as DEA, is able
to compare the efficiency of multiple service units that provide similar services by considering their use of multiple
inputs and to produce multiple outputs (Bosetti, Cassinelli & Lanza, 2003). Besides being more comprehensive
and reliable than a set of operating ratios or profit measures, the DEA measure has the ability to incorporate
multiple inputs and multiple outputs into both the numerator and denominator of the efficiency ratio without the
need for converting to a common scale basis (Fitzsimmons & Fitzsimmons, 1998).

DEA is a linear programming model that attempts to maximize a service unit’s efficiency with the performance of
a group of similar service units that are delivering the same service. In the process, some units achieve 100%
efficiency and are referred to as the relatively efficient units, whereas other units with efficiency scores of less
than 100% are referred to as inefficient ones (Norman & Stoker, 1991). Efficiency is defined as the ratio of
weighted sum of outputs to weighted sum of inputs in the model and components of this model can be explained
as follows (Metters, Frei & Vargas, 1999):

Efficiency = Weighted Sum of Outputs / Weighted Sum of Inputs
Efficiency of Unit (j) = (u1.y1j + Uz.yz + ...) /(ViXaj + va.x2) + ...)

Variables in equation indicate;
u; = weight of output i
y1j = quantity of output-1 derived from unit j
vi = weight of input j
X1j = quantity of input-1 used by unit j

An efficiency model simplified as the above equation can be solved as a Linear Program by means of the following
maximization approach (Yolalan, 1993).

S
Max hy = Z Uk .Y ik
r=1
Subject to;
S m
Z U rk .Yrj-z Vik.Xii<0;
r=1 =1
forkandj=1,2,..,n Decision Making Units
m
Z Vik . Xik =1 Weighted Sum of Inputs Set to Unity
=1
U > 0 ;r=1,2,...,s Outputs
V ik > 0 ;i=1,2,...,m Inputs

DEA evaluates the relative efficiency of organizational units, called decision making units (DMUs), with multiple
inputs and outputs (Charnes et al., 1978). DEA is a linear programming based non-parametric methodology and
treats each DMU as a black box, focusing entirely on the DMU's inputs, outputs, and its relative efficiency. Each
DMU converts a specific level of each input into a specific level of output under appropriate assumptions. The two
main DEA model assumptions are model orientation and returns-to-scale (Charnes et al., 1994; Cook et al., 2014).
DEA models commonly are either input or output oriented (Cook et al., 2014) and input oriented models seek to
reduce inputs while the output oriented models seek to increase outputs (Sarkis, 2007). To achieve high operational
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efficiency of domestic and international airlines, the airline managers must seek to reduce inputs and increase
outputs simultaneously (Forsyth et al., 1986; Hirst, 2008).

Variable Returns to Scale Assumption: In economics, returns to scale and economies of scale are related but
different terms that describe what happens as the scale of production increases in the long run, when all input
levels including physical capital usage are variable (chosen by the firm). The term returns to scale arises in the
context of a firm's production function. It explains the behavior of the rate of increase in output (production)
relative to the associated increase in the inputs (the factors of production) in the long run. In the long run all factors
of production are variable and subject to change due to a given increase in size (scale). While economies of scale
show the effect of an increased output level on unit costs, returns to scale focus only on the relation between input
and output quantities. The laws of returns to scale are a set of three interrelated and sequential laws: Law of
Increasing Returns to Scale, Law of Constant Returns to Scale, and Law of Diminishing returns to Scale. If output
increases by that same proportional change as all inputs change then there are constant returns to scale (CRS). If
output increases by less than that proportional change in inputs, there are decreasing returns to scale (DRS). If
output increases by more than that proportional change in inputs, there are increasing returns to scale (IRS). A
firm's production function could exhibit different types of returns to scale in different ranges of output. Typically,
there could be increasing returns at relatively low output levels, decreasing returns at relatively high output levels,
and constant returns at one output level between those ranges (Zelenyuk, 2014). In mainstream microeconomics,
the returns to scale faced by a firm are purely technologically imposed and are not influenced by economic
decisions or by market conditions (i.e., conclusions about returns to scale are derived from the specific
mathematical structure of the production function in isolation) (Gelles, Gregory M.; Mitchell, Douglas W., 1996).

Total Factor Productivity Index: In economics, total-factor productivity (TFP), also called multi-factor
productivity, is a variable which accounts for effects in total output not caused by traditionally measured inputs of
labor and capital. If all inputs are accounted for, then TFP can be taken as a measure of an economy’s long-term
technological change or technological dynamism. TFP cannot be measured directly. Instead it is a residual, often
called the Solow residual, which accounts for effects in total output not caused by inputs. The equation below (in
Cobb-Douglas form) represents total output (Y) as a function of total-factor productivity (A), capital input (K),
labor input (L), and the two inputs' respective shares of output (e and B are the capital input share of contribution
for K and L respectively). An increase in either A, K or L will lead to an increase in output. While capital and
labor input are tangible, TFP appears to be more intangible as it can range from technology to knowledge of worker
(human capital).

Y = A x K%< L7

Technology growth and efficiency are regarded as two of the biggest sub-sections of Total Factor Productivity,
the former possessing "special” inherent features such as positive externalities and non-rivalness which enhance
its position as a driver of economic growth. Total Factor Productivity is often seen as the real driver of growth
within an economy and studies reveal that whilst labor and investment are important contributors, Total Factor
Productivity may account for up to 60% of growth within economies. TFP is more accurately measured in long
term, since TFP can vary substantially from one year to another. It has been shown that there is a historical
correlation between TFP and energy conversion efficiency (Machek, 2012).

Theoretical Model: The theoretical model of this study aims to seek the sources of inefficiency by analyzing the
efficiency measurements and total factor productivity scores for each Star Alliance member airline year by year
and within the upcoming time periods. The airline efficiency model consists of from four input and four output
variables. Table 2 depicts the airline operating efficiency model by its input and output variables including 26
airline companies within the body of Star Alliance. The input variables used in this study are the capital assets of
an airline company. By using them an airline company wants to increase the number and the value of its outputs.

Table 2: Input and Output Variables for Efficiency Evaluation of Airline Companies

Inputs (Xi) Outputs (Y]))
X1: Fleet (Number of Aircrafts) Y1: Number of Annual Passengers (x 1.000)
X2: Number of Employees Y2: Daily Departures
X3: Number of Airports Served Y3: Revenue Passenger (Miles)* (x 1.000.000)
X4: Number of Countries Served Y4: Sales Revenue ($) (x 1.000.000)

www.tojsat.net Copyright © The Online Journal of Science and Technology 8


https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Economies_of_scale
https://en.wikipedia.org/wiki/Factor_of_production
https://en.wikipedia.org/wiki/Capital_(economics)
https://en.wikipedia.org/wiki/Production_function
https://en.wikipedia.org/wiki/Economies_of_scale
https://ideas.repec.org/a/kap/jproda/v42y2014i1p15-24.html
https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Output_(economics)
https://en.wikipedia.org/wiki/Solow_residual
https://en.wikipedia.org/wiki/Output_(economics)
https://en.wikipedia.org/wiki/Cobb%E2%80%93Douglas

T .“J SAT The Online Journal of Science and Technology - January 2016 Volume 6, Issue 1

The Online Journal tf Science and Technology

*Revenue Passenger Miles: RPM are measures of traffic for anairline flight, bus or train calculated by
multiplying the number of revenue-paying passengers aboard the vehicle by the distance traveled. RPM can be
considered the basic amount of “production” that an airline creates. In other words, RPM are defined as a
summation of the products of available seat miles (ASM) between two destinations and the number of revenue
passengers served on that trip. RPM represent the service demand of an airline. ASM and RPM are perishable
quantities, meaning that they are nonstorable and must be used instantaneously. ASM and RPM are the two vital
indicators that measure the relevant operational performance of an airline.

Methodology and Data: In this study, Data Envelopment Analysis (DEA) is used as the analysis technique for a
number of reasons, including the fact that; there is no restriction on the types of variables which can be included
in the analysis. In DEA studies, variables can be measured in different units and there is no need to convert them
into a common scale, as is the case here. The proposed model has parameters with different units of measurement
such as USA Dollar, Revenue Passenger Miles, number of aircrafts and number of passengers, etc. In this study,
we also applied the VRS assumption instead of CRS while there are no fixed or standardized market prices for
some of these quantities.

The data for this study was obtained from the Star Alliance web site for the years 2013 and 2014 including the 26
of 28 airline companies which’s data were available for both years. In this organization the member airline
companies update their basic data twice a year.

Findings

The determination of each airline company’s efficiency for year 2013 and for 2014 is done by applying input
oriented and Variable Returns to Scale DEA model separately. The inputs and outputs values and technical
efficiency scores are showed in Table 3 as a whole. Sectoral slacks are and annual efficiency means are also given
at the bottom line of the related table. The brand names of Decision Making Units (DMU’s) are named as given

below;
DMUOL: Adria Airways DMU10: Brussels Airlines DMU19: Shenzhen Airlines
DMUO02: Aegean Airlines DMU11: Copa Airlines DMUZ20: Singapore Airlines
DMUO03: Air Canada DMU12: Croatia Airlines DMUZ21: South African Airways
DMUO04: Air China DMU13: EGYPTAIR DMU22: SWISS
DMUO05: Air New Zealand DMU14: Ethiopian Airlines DMU23: TAP Portugal
DMUO06: All Nippon Airways-ANA  DMU15: EVA Air DMU24: THAI
DMUOQ7: Asiana Airlines DMUL16: LOT Polish Airlines DMU25: Turkish Airlines-THY
DMUO08: Austrian DMU17: Lufthansa DMUZ26: United
DMUO09: Avianca DMU18: Scandinavian Airlines

Asitis seen from Table-3, which also contains input and output variables used in the analysis, 14 airline companies
out of 26 were found technically efficient in years 2013 and 2014, respectively. Together with this, only 12 airline
companies out of 14 efficient ones were found technically efficient in both years. This means %85 of them kept
their relative efficiency for both years. Related with this, the average efficiency scores for these years are 0,919
and 0,910, respectively by showing a slight decrease from year 2013 to year 2014. According to the efficiency
score means, the Star Alliance Group has % 9 inefficiency while it can be gained with a proper operational
management.

Another question can be asked as; “Which airline company is more successful among all?” The answer is not clear
at first but, when the results are evaluated together, the airline companies which are found efficient in both years
and which’s TFP index scores over 1,000 can be sorted out as the successful ones. Only three airline companies
with names “All Nippon Airways-ANA”, “Singapore Airlines” and “Turkish Airlines-THY” provide above-
mentioned conditions. And, we need to look out their peer counts to find out the most successful one among best
three. As a final decision, Singapore Airlines was chosen as the number one airline company by its operational
capability, because it has more total peer counts (19) than All Nippon Airways-ANA (12) and Turkish Airlines-
THY (1). Ethiopian Airlines has the worst technical efficiency scores (0,449 and 0,467 for the years 2013 and
2014, respectively) among all despite its TFP index is shown 1,161.

All in all, the airline managers can use the reference values of efficient airline companies as given the outputs of
the DEA analysis to reduce their input values while keeping the volume and quantity of their output values in order
to be efficient as the peer one(s). To do that, they also have to understand the policies and operating capabilities
of the efficient ones. It is also mentioned that the airlines which operate in areas where the population is dense and
world trade has main attraction could be the potential successful airlines in the future.
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Table 3: Data and Analysis Results of Star Alliance Member Airline Companies for the years 2013 and 2014

TE TFP
Airline Year Y1 Y2 Y3 Y4 X1 X2 X3 X4 (VRS Peer ( Index
(1.000) (1.000.000) | (1.000.000) ) Counts )
Adria 2013 1160 54 1220 228 13| 400 18 17 | 1,000 5 0.986
Airways 2014 1030 54 1060 181 10| 405 18 16| 1,000 6
Aegean 2013 6100 | 195 6990 849 30| 1347 75 21| 1,000 7 0.967
Airlines 2014 6900 | 210 7810 849 36| 1357 120 33| 1,000 5
Air 2013 35000 | 1530 89600 12100 | 351| 27000 | 179 45| 0,960 0 0.963
Canada 2014 35800 | 1500 88500 11900 | 364 | 27000 | 186 48| 0,917 0
Air 2013 48680 | 900 95230 16030 | 301| 25269 | 145 29| 1,000 1 1003
China 2014 51010 | 900| 103060 16090 | 316 | 25830 | 154 31| 0,995 0
Air 2013 13300 | 574 27000 3900 | 103 | 11000 54 16 | 1,000 5 0.930
New Zealand 2014 13700 | 523 28080 3700 | 104 | 11000 51 16 | 1,000 0
All Nippon 2013 45000 | 1000 62500 15800 | 232 | 33000 78 14 | 1,000 3 1258
Airways-ANA | 9914 46000 | 950 65530 16000 | 241 | 14000 87 16| 1,000 9
Asiana 2013 15000 | 260 31200 5080 79 | 10381 71 23| 0,972 0
Airlines 2014 17000 | 260 | 32800 5720 84| 10183 75 24| 1,000 2 1.061
Austrian 2013 11500 | 400 17950 2690 77| 6236 130 57| 0,888 0
2014 11300 | 370 17710 2069 80| 6108| 130 56| 0,808 0 0.901
Avianca 2013 23100 | 568 29100 4300 | 143 | 15400 85 18 | 0,866 0 0.992
2014 24600 | 710 31200 4600 | 165 | 19000 | 100 26| 0,862 0
Brussels 2013 6000 | 240 5370 1310 43| 3500 70 40| 0,891 0
Airlines 2014 6000 | 240 9770 1440 | 45| 3500 78 39| 0,889 0 0.969
Copa 2013 7140 | 327 20100 2250 86| 8240 65 29| 0,732 0 0.942
Airlines 2014 11600 | 333 25300 2600 98| 9484 69 30| 0,676 0
Croatia 2013 1950 80 1440 303 12| 1071 25 16 | 1,000 6 0.983
Airlines 2014 1800 | 80 1320 288 12| 973 32 18 | 1,000 5
EGYPTAIR 2013 8300 | 250 17600 2000 81| 8000 80 64| 0576 0 0.923
2014 8400 | 128 17760 1800 81| 9000 78 52| 0,553 0
Ethiopian 2013 4600 63 13200 1900 58 | 6557 85 52| 0,449 0 1161
Airlines 2014 6000 | 190 21300 2400 77| 8066 89 63| 0,467 0
EVA 2013 7500 | 104 26000 2200 61| 6292 63 18 | 0,910 0 1009
Air 2014 8902 | 137 28000 2598 67| 7815 65 18| 0,929 0
LOT Polish 2013 5000 | 240 7290 1010 37| 1700 52 34| 1,000 7
Airlines 2014 5000 | 210 7290 1010 35| 1700 46 32| 1,000 3 0.959
Lufthansa 2013 74740 | 1886 | 149780 22630 | 360 | 40622 | 218 82| 1,000 9 .
2014 76300 | 2086 | 149780 17260 | 430 | 40622 | 235 78| 1,000 2 :
Scandinavian 2013 25500 | 781 27800 5750 | 156 | 14100| 101 34| 0,995 0 1056
Airlines 2014 27100 | 785 30700 5040 | 142 12548 | 123 34| 1,000 6
Shenzhen 2013 18300 | 475 26400 3000 | 104 | 10052 67 3| 1,000 4 0.844
Airlines 2014 21350 | 620 31770 3210 | 141 13660 67 5| 1,000 3
Singapore 2013 18200 | 220 93760 11930 | 102 | 14156 62 34| 1,000 7 1064
Airlines 2014 18200 | 621 95060 9200 | 105 | 14628 60 33| 1,000 12
South African 2013 6500 | 150 21500 3000 51 | 10868 42 30| 0,781 0 Lol
Airways 2014 7000 | 165 23100 3000 52| 9273 39 27| 0,809 0
SWISS 2013 15800 | 420 33500 5180 92| 8067 74 38| 1,000 0 0.995
2014 15970 | 400 35100 5170 90| 8250 84 40| 0,943 0
TAP 2013 10170 | 320 25960 3190 71| 7055 77 34| 0,867 0 1010
Portugal 2014 10700 | 350 28150 3070 77| 6889 88 38| 0,799 0
THAI 2013 20620 | 270 60680 6940 95 | 25412 76 34| 1,000 2 0.970
2014 21510 | 284 63480 6420 | 101 | 25323 79 34| 1,000 1
Turkish 2013 39050 | 845 74400 7980 | 233 | 15857 | 245| 105| 1,000 0
Airlines-THY 2014 46160 | 1168 89960 9560 | 260 | 19658 | 264 | 108 | 1,000 1 1.048
United 2013 | 140000 | 5300 | 331000 37200 | 1265 | 88000 | 368 62| 1,000 3 1000
2014 | 140000 | 5100 330000 38300 | 1265 | 85000 | 374 59 | 1,000 2
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Conclusions

The main objective of this study is to demonstrate the relative operating efficiencies of the Star Alliance group
member airlines using their panel data for the years 2013 and 2014. This study also investigates whether there is
a difference between consecutive years. We achieved that by applying the DEA method with its VVariable Returns
the Scale (VRS) assumption and Malmquist Total Factor Productivity Index (TFPI) to reveal these things
mentioned. By doing that, this research intends to figure out the relative efficiency conditions of member airline
companies in a competitive business environment.

The main constraint of this study is that the data issued by the companies asynchronously. Therefore, the results
should be examined carefully by the operational managers and policy makers. It is also advised that the derived
results should not be used immediately at the tactical levels by the management of the inefficient airline companies.
Due to the panel data used in this study is limited to 2 years; it is advised to use a broader time period for a reliable
study outcome for the further studies on this area.

Finally, airline companies which carry more passengers, depart more (frequent) and have more RPK, while they
use aircrafts with more passenger capacity, employ fewer staff, own fewer aircraft and serve fewer number of
countries are the potential candidates for efficiency.
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Abstract:In globalizing world, for available sectors finding themselves a place is getting harder
economically and commercially. This situation leads them to follow the latest technology to go
ahead in common market. One of the latest technologies in textile field is trying on clothes for
people in virtual environment. Here the biggest problem is to measuring and determining the
size of the body. The aim of this study is to develop decision support system software to
determine the most suitable body size. With this study, it is enabled to give easier and quicker
result for the expert system.

Key words: Measuring of the body, determining the body size, Expert system.

Introduction

The rapid development in technology in globalizing world leads a competition environment among to available
sectors. In order to be more successful in the commercial environment, they need to search new methods and apply
them in their real environment.

When the market conditions changing so rapidly are taken into the consideration, in order to survive for the current
sectors, it is necessary for them to offer their products or service to their customers more rapidly and desiring way.
Within this period, the modern day business managers follow the strategy of taking the advantage of technology,
special the information technology as a reaction to new development in competition, market, internal and
exogenous environmental factors (Yildiz, 2005).

For the garment industry, which is an important sector in international economy,using the information technology
methods gains favor for the sektor by making differences among their opponent and provide benefit. With the help
of the development of information technology in garment industry, many applications are begun to made in
otomatic systems. One of successful application in garment industry is to make the virtual fitting room for a person
to try on the clothes he/she wants in the virtual environment. In virtual fitting rooms, people can try on the textile
product they want by the simulation software in the virtual environment. The most important background of the
virtual wearing system is the developing measuring and determining of the body size. It is needed to determine the
body size and to use the right body size for people to try on the appropriate clothes .By the help of the body
measuring system it is provided to determine the people's body size.

Body measuring process is one of the most important process of determing and producing of the clothes. The
determining of the body size is made generally by hand. This has many disadvantages. These disadvantages are :

e Taking too much time,
e Being too tiring,
e The correctness of the process,

e  The anti-hygienic of the measurement.

Today, body measuring and determining systems decrease or prevent most of these disadvantages. With the low
budget, enabling personality trait on many clothes emphasizes the necessity of the rapid and automatic measuring
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system (Guerlain, 2006). With this developing sytems, the high resolutation body images gotten at the end of the
body scanning are analyzing correctly and completely and presenting the body sizes in standart data (Ondogan,
2005). So more precise measurements are taken and for the target group it is provided mmeasurement standart.

In today's world, the information technology is used everywhere, it is needed to use this technology also to solve
the problems in textile industry. So for the study of the determing the body size, it is used expert system which is
one the techniques of artificial intelligence. In this study, it is provided designing and developing of an expert
system determining the body using the body size.

This study is prepared in four parts. In the first part, there is an general introduction abaout the topic and in the
secon part there is definitions about the expert system. In the third part, there is an application done in this study
(the structure and proceeding) and in the forth part there are results of the study.

Expert System

Expert system is a kind of computer programme which was developed by experts of artificial intelligence in 1970s
and was started to practice commercially in 1980s.There has been many definitions for the expert system in
literature.

e ESis akind of software system which is modeling the reasoning and determining processes can be done
by a person or many people expert in a field (Nabiyev, 2005).

e ES reaches a conclusion by making inference from the knowledge it has (Onder, 2003).

e ES is a consultant computer programme aiming to imitating the knowledge of the experts and
ratiocination process in solving a special team problem (Turban, 1990).

e An ES program works as a system which is not standing for an algorithm, in its own knowledge base,
making a search for the data know before and enabling the activation of the appropriate knowledge
according to these data and going on searching by getting new data as a result of this activation
(Allahverdi, 2002).

Expert Systems enable the defination of the real world problem not using the analtycal methods by intuitional
methods and solving them. In figure 1. An expert system structure is shown (Llata vd., 2001).

Inputs

> Knowledge

Base

Interfac
e

—>
—>

¢ -

User Interface

Figure 1. Expert System Shema
Expert systems help the experts in these points (Uysal, 2003);

e Understanding of the problem,
e  Solving of the problem,

e Explaination of the solution,

e Evaluating the solution,

e Expanding the knowledge,

o Evaluating the abilities,

e  Construction of the knowledge.
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Expert System Applications:Its Structure and Working

The developed expert system makes body sizing according to the measures defined by the Europan Standarts
(CEN; 2015). The textile products are sperated as upper and down parts. In this study, the body sizing of the upper
clothes like t-shirt, sweater, shirt, jacket, dress, coat for men and women. It is avaible the measures of the upper
parts (height, bust, waist, hip) of men and women.Apart from these measures, It is also important to involve the
measures of sizes of shoulder,arm, neck, wrist and etc which are konown as side measures in the programme and
evaluate them with those measures. Because a structure with an expert system gives the right answer to the needs,
it is the base of this project.In this study, according to avaible rule base, the body size of a person is defined and
which size or sizes will be appropiate is evaluated. The general structure of the developed expert system is shown
in figure 2.

User

User Interface

\|/ Knowledge Base
Inference Engine
Rule Base
Explanation System Database

Output

Figure 2. The general structure of the developed expert system
The user; In the use part of the expert system, there are the system manager and users.

User Interface; it enables the communication between the user and the programme. With the help of the user
interface, the controlling of the data base of the system, adding or taking out the rules can be done. In this developed
system, while system manager can reach the parts "The New Kind Definition" and "Rule Base" in its own authority,
the user can pass the field where the evaluation is done after the definition of the body size measuring. Before the
part of the body size measuring, it must be selected to the users’ woman or man. For men, it is enough to wear just
height and waist sizes, for women, it is necessary to use the sizes of bust waist and hip (Figure 3). The men and
women’s sizes are evaluated in different rule bases.

After all the fields are filled, in the background the body size of the person is measured. The developed expert
system can make evaluation about the body size of a person using the data entered in the background.

In the developed software, also it can be added the kind of the measure in the expert system with the help of the
user interface and by using this measure kind, a measure kind group can be composed. This measure kind group
enables the rebuilt of the rule base. It can be added choices for making those measure kinds.

(@ Body Measurement | l‘—' — M

Woman
Bust |78-81 -|
Waist |53-65 v|

Hip |88-81 - |
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Figure 3. The form of the Application (Body Measurement)
Data Base; it composes the base data, rules and intuitive knowledge. The base of the expert system is related to
the keeping the knowledge right and processing it. If the resolution of the data in the data base is strong, the
developing system will be also that much strong.

Database composes of the reals presenting the problem situation and values. In this study, SQL Server database
programme is used in order to keep the data safe and process them quickly.

The rule base: the expert system must have the structure of a defined size or control mechanism and work in certain
situations. The sizes are structure in which the solution of available problem can be expressed properly. In this
study, it is benefited from the "European Size Measures" and there are four rule bases. The first and second rule
base (The rule base-1 / the rule base-2) are composed for defining of the woman and man body size and the rule
base 1 has 10 and the rule base-2 has 8 rules.

Table 1. Size defining rules for woman (Rule Base-1)

Rule No: Rule Inference
1 If; Bust74-77, Waist 60-62, Hip: 84-87 Size: 32
2 If; Bust:78-81, Waist:63-65, Hip:88-91 Size: 34
3 If; Bust:82-85, Waist:66-69, Hip:92-95 Size: 36
4 If; Bust:86-89, Waist:70-73, Hip:96-98 Size: 38
5 If; Bust:90-93, Waist:74-77, Hip:99-102 Size: 40
6 If; Bust:94-97, Waist:78-81, Hip:103-106 Size: 42
7 If; Bust:98-102, Waist:82-86, Hip:107-110 Size: 44
8 If; Bust:103-107, Waist:87-91, Hip:111-115 Size: 46
9 If; Bust:108-113, Waist:92-96, Hip:116-120 Size: 48
10 If; Bust:114-119, Waist:97-102, Hip:121-125 Size: 50

Table 2. Size defining rules for man (Rule Base-2)

Rule no Rule Inference
1 If; Height:166-170, Bust: 86-89 Size: 44
2 If; Height:168-173, Bust:90-93 Size: 46
3 If; Height:171-176, Bust:94-97 Size: 48
4 If; Height:174-179, Bust:98-101 Size: 50
5 If; Height:177-182, Bust:102-105 Size: 52
6 If; Height:180-184, Bust:106-109 Size: 54
7 If; Height:182-186, Bust:110-113 Size: 56
8 If; Height:184-188, Bust:114-117 Size: 58

The third and fourth rule base (The rule Base 3 / The Rule Base-4) is composed for making comment about the
size of woman and man according to the body measuring in the first and second rule base. The rule base 3 has 5
and the rule base 4 has 4 rules. (Table 4)

Table 3. The rules of defining body size of woman (Rule Base 3)

Rule No Rule Inference
1 If; Size: 32-34 XS
2 If; Size: 36 - 38 S
3 If; Size: 40 - 42 M
4 If; Size: 44 - 46 L
5 If; Size: 48 - 50 XL
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Table 4. The rules of defining body size of man (Rule Base 4)

Rule No Rule Inference
1 If; Size: 44 - 46 S
2 If; Size: 48 - 50 M
3 If; Size: 52 - 54 L
4 If; Size: 56 - 58 XL

In the developed expert system, there are 27 rules totally and all the rules are kept safe in the database.

Inference Mechanism; it is the inference of the data in the database and controlling of them. It is place of making
inference with the expression of sizes in the rule base. It transmits the inferences obtained using the data and rules
in the data base. Two different searching methods are used while interpreting the rules: Forward Chaining Method
and Backward Chaining Method (Ustkan, 2007). In this study, “Forward Chaining Method” which is based on
estimating and defining the available conditions of the rule by starting with the known data is used. In table 1, 2,
3 and 4 the inferences obtained by the rules of the application using the inference mechanism.

Conclusion and Recommendations

In order to provide the success and continuity, the avible sectors must decrease the accession duration of the
products and increase the quality . One of the most important steps of increasing the quality is following the current
development in the technology. With these developments in the garment industry, virtual dressing rooms and the
application of body scanning and sizing which is also background for virtual dressing room becomes really
important.

So, in this study, an appropriate sofware was developed by taking into consederation of the Europan Size Stanstards
and using expert systems. The main target of this software is to define the size of a person by using the body size
of him/her and choosing the most appropriate and efficient way. It is seen that, in the example applications the
needed results could be taken as a successful and desired way. But if the kind of the body sizing methods are
increased, the more appropriate results can be taken.
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Abstract: Although Hatay existed in National Pact borders, it was kept out of Turkish borders
with the Ankara Treaty signed on October 20, 1921 in order to stop the armed conflict with
France under extraordinary conditions of Independence War. Yet, Ankara Government inserted
provisions into this treaty in order that the Turks in the district could pursue their national
existence. These provisions were preserved in the same way in Lausanne Peace Treaty and
other treaties signed between France and Turkey. The case of Syria, mandated by France in The
San Remo Conference, was also approved by The Nations League on July 24, 1922. So, Hatay
was mandated by France along with Syria.

In the period of French Mandate Government, every community was educated in its own
language. Formal schools were opened for non-Turkish groups in Hatay and the opening of
private schools was supported. While the children belonging to these groups were formerly
educated in the Turkish language, in the newly opened schools the Turkish language was not
included at all. Moreover, as in Syria, France implemented educational policies in Hatay which
would raise mandate government-dependent people.

Keywords: French Mandatory, Hatay

Introduction

Hatay Province, located on the east coast of the Mediterranean sea, is surrounded by Syria on the south and east,
the Mediterranean sea on the west, Adana province on the northwest, Osmaniye province on the north, and
Gaziantep province on the northeast. Hatay Province, the history of which dates back to antiquity, and is a
transition point geographically, has been home to many different culture until today. Alexandretta, a district of
Hatay, is an important natural harbour in the Eastern Mediterranean. These features of Hatay made it a focal point
for great powers in every period of the history. French tried to train individuals to practice their policies in the field
of education, during the period when they mandated Hatay with Syria.

French Occupation of Hatay and the Foundation of Mandate Government

After World War |, Sanjak (Hatay) was under the control of Turkish forces, when the armistice of Mudros
was signed between Ottoman Empire and Allied Powerp. However, right after the armistice of Mudros, Allied
Powers started to occupy the region based on this treaty (Aksin 1991, p.302, Sokmen 1992; p.34-35, Kugcu 1997;
p.23, Durgun 2011, p.180;Firat-Kiirk¢tioglu 2012, p.280). In parallel with the occupation, the region was handed
to France in accordance with Sykes-Picot Agreement, which was one of the secret agreements made during World
War I. Even it was within Misak-1 Milli (National Oath) borders, Hatay had be left out of Turkish Republic borders
with Ankara Treaty signed on 20 October, 1921, due to the extraordinary conditions of the Turkish War of
Independence, in order to stop the armed conflict with France. Nonetheless, Ankara government included terms in
this treaty, which would protect the rights of Turks in Hatay, and pave the way for the autonomy of the region
(Atay 1936 p.1; Benice 1936, p.1; Kiigiika 1936, p.3; Nadi 1936; p.1; Erkal 1988 p.15; Sarinay 2001, p.23;
Gonlibol-Sar 2013, p.147). These terms were also include in the Treaty of Lausanne ( Bagbakanlik Cumhuriyet
Arsivi; 030.10/224.510-12; Aksin 1991 p.303; Ada 2005 p.104; Catalcam 2008 p.25; Esmer 1938, p.334-335;
Soysal 1985, p.80; Khadduri1945,p.406-425; Daglioglu 1936, p.3). The decisions of San Remo Conference put
Syria within the French Mandate on 25 April 1920, and this decision was approved by League of Nations on 23
September 1923. After that, France founded an autonomous government for Hatay region in accordance with the
Treaty of Ankara (Tekin 1986; Gonlubol-Sar, 2013). With further treaties signed between Turkey and France,
Turkish language was given the official language status, and the terms included in these treaties paved the way for
the development of Turkish culture, and established an environment for Turkish cultural activity. Still, France
didn’t completely comply with these terms in Hatay during their mandate.
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French Education Policies Practiced in Hatay (1920-1939)

French didn’t interfere with the cultural life in their vassal Hatay at the beginning, and allowed cultural
development of the residents. This attitude of France started to change after a couple of years, and they started to
intervene in the cultural life. Wanting to consolidate their place in the region, France started systematic and
programmed activities in order to withstand the reforms conducted by Turkey. Until 1925, Turkish educational
program was practiced in Hatay, and the course books were also brought from Turkey. However, this disturbed
mandatory managements, and they started work harder to break the connections of the region with Turkey (Bilgili
1939, p.15; Payash 2009, p.24-25).

“Divide and rule” policy was practiced in French mandated Syria in the process of establishing the domination in
the area (Sander 1994, P.72; Ayranci 2006, p.21). Social structure of the country was also affective in this policy
of France, as Syria was a country with the most different ethnic population in Middle East (Ayranci 2006, p.21).
France tried to attain its goals by using this social structure of Syria. To this end, they started to increase the number
of missionary priests. These priests worked not only to proselytize but also for the interests of France (Hourani
1997, p.298; Umar, 2002, p.291). Taking advantage of the poorness of Ottoman management and education system
in the area, missionaries founded many schools. At French schools in Hatay, they tried to inculcate Arabian
students with hostility against Turks, and tried to create animosity between Turks and Arabs. They tried to keep
the region under control taking advantage of the upheavals to be created this way. As they did in the administration,
French tried to commove any kind of racial and religious tendencies. They cut down the budget of public schools
that offered Turkish education, and they also tried to reduce the number of these. On the other hand, they tried to
increase the number and the budget of the schools that served for French interests. This way, they tried to train
individuals loyal to mandatory government (Umar 2002, p. 303-304).

Due to their policies, French didn’t only deal with non-Turkish groups. They also tried to promote the reformist
and conservative attitudes among Turks, in order to create conflict within them. For this purpose, they made former
primary schools semi-public schools under the name of “EcolCoranique”. Teachers educated in madrasahs were
assigned to these schools and financial aid was provided (Bilgili 1939, p.15;Payasli2009, p. 25). Conservative
families mostly sent their children to these schools. These schools offered rote learning with traditional methods.
They tried to prevent the development of thinking skills of the children who attended these schools. There were
many schools founded in constitutional period in Hatay, when French occupied the area. These were 1 high school
with five classes, 1 girls’ junior high school, 1 boys’ junior high school in Antakya, and one junior high in
Alexandretta and Belen. Additionally, there were a total of 41 primary schools in various places in Hatay. Even
these schools were closed during World War I, France allowed the re-opening of them right after the war. In order
to maintain their cultural inheritance, Hatay residents followed the developments in Turkey closely. French
mandatory government was totally disturbed by this attitude of Hatay people. In this context, they introduced the
educational developments in Turkey as alienation from Islam, and tried to keep religious-traditional institutions
active. (Payash 2009, p.23-25).

Primary schools opened in Hatay during constitutional period were 3 grade schools, and mostly offered religious
education. These schools continued their education this way until 1928, and they were re-organized as 5 grade
schools in that year. These schools taught in French and Arabic as of first grade, and their objective was to train
students for colleges. At schools in Turkey, a standard programmed curriculum was followed in classes, though
Hatay schools offered un-programmed education for groups. After 51" grade of primary schools, students were
given certificates according to their proficiency in French, regardless of their achievement in other courses.
French mandatory government started to increase the number of these schools as of 1928, and in 1938 there were
26 of these schools. The same education of the same of the purpose was also given in schools in villages (Kiymat
2007,p.12).

In his book titled Mandatory Government: Cultural Life in Hatay, Mesut FaniBilgili provided this information
about the education of Turkish children during mandatory government: “Of the 21000 Turkish children at school
age between 6-14, only 2600 could learn to read. Compared to children of other ethnic groups, cultural condition
of Turkish children was a disaster. While Turkish children were in such a bad situation, of the 3800 Armenian
children at school age 2873, of the 1909 eastern orthodox children 1181, of 1272 catholic children 826, of 244
protestant children 216, and of 79 Jewish children 57 followed schools regularly. Additionally, Christian children
in Hatay were educated under the aegis of missionaries. Today, while 75-80% of Christian children are literate,
while only 10% of Turkish children are”.

www.tojsat.net Copyright © The Online Journal of Science and Technology 19



T .“J SAT The Online Journal of Science and Technology - January 2016 Volume 6, Issue 1

The Online Journal tf Science and Technology

Conclusion

Hatay, is an area where different ethnic groups have lived in peace and tolerance for centuries. France tried to
maintain its dominance in Hatay making use of this cultural diversity. Educational policies were also set
accordingly. In spite of all these policies, France couldn’t settle in Syria easily. Divide and rule policy and the
pressure policies of France resulted in a reaction to France by local residents. France faced many rebellions in its
vassal Syria. Yielding to independence requests from the nationalist groups, France signed an independence
agreement on 9 September 1936. After Syria-France Independence Agreement, Turkey carried Hatay dispute to
international grounds bringing up the terms of Ankara Treaty. As a result of successful policies, Hatay first
separated from Syria, and gained independence. Then, on 23 June 1939, Hatay Assembly decided to become part
of Turkey.
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Abstract: In this study, a series of investigation was carried out considering Z1, Z2,
Z3 and Z4 type soils stated in Turkish Earthquake Code 2007 (TEC-2007) for the
reinforced concrete frame model having torsional irregularity (Al) and plan
irregularities (A3) with high ductility level of L type central floor load-bearing
system designed in accordance to TEC-2007. The investigated structure is an 8-floor
school building having the building importance factor of | = 1.4 and existing in 1%
degree Seismic Zone. The earthquake analyses were performed with SAP2000
v.16.1.1. computer program by considering the Equivalent Seismic Load Method
(ESLM) and Mode Combinaion Method (MCM). Base shear force, torsional force,
overturning moment, effective mass participation ratio, building period, floor
displacement and effective relative floor projection were calculated considering the
commonly used calculation methods and the boundary conditions of TEC-2007 for
different soil classes in terms of structure-soil interaction and compared according to
commonly used calculation methods.

Keywords: Reinforced Concrete, Structure, Class

Introduction

Three elastic calculation methods are defined to be used in earthquake calculation in the buildings to be
constructed according to the Turkish Earthquake Code-2007 (TEC-2007). These are “Equivalent Seismic Load
Method (ESLM)”, “Mode Combination Method (MCM)” and “Time History Analysis (THA)”. It is stated in the
regulation that all three calculations methods can be used in the event that specific conditions are fulfilled. The
obligation of conducting three dimensional structure analyses has been imposed in all of these methods. In
addition, whereas the regulation has imposed specific limitations for the application of ESLM, no limitation has
been imposed on other two methods. As our country is located on a seismic belt, big earthquakes tend to occur
from time to time and many structures are either damaged or destroyed. When the buildings which are damaged
or destroyed due to earthquakes are examined, it is observed that not attaching the necessary importance to
structure-soil interaction has mostly been very influential (Livaoglu and Dogangiin 2002). Nonetheless, in the
calculations which are made to determine the behavior of buildings to earthquake, the structure-soil interaction
has been ignored for a long time and the abutments of structures have been assumed to behave according to the
pre-defined earthquake movement. First of all, all abutments have been accepted to be attached to the soil with a
single rigid block and a single component of the movement has effect on this block (Korkmaz and Demir 2012).
With this consideration, solutions have been reached by generally accepting that the foundations are fixed and
there is no change of location or rotary motion in foundations. However, the complexity of structure systems
have increased in time and the fact that the earthquake movement needs to be taken into consideration in two and
three dimensional coordinate systems also have come to the fore due to the detection of collapses and rotary
motions in foundations even in the analysis of structure systems under static loads. The structure-soil interaction
is traditionally defined as the mutual interaction of structure and soil in the framework of a model in which soil
environment and super structure are taken into account together under the effect of earthquake (Aydinoglu
2011).

There are numerous studies in the literature examining the effect of structural irregularities on earthquake

performance. Related studies have particularly focused on the issues of poor bearing story, soft story and torsion
irregularity (Inan and Korkmaz, 2011, Ozmen and Unay, 2007., Tezcan, 1998). Moreover, there are other studies
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containing flooring discontinuities and the protrusions included in the plan (Oztiirk et all., 2015 and Arslan,
2007).

It is known that in damages observed in reinforced concrete structures after earthquakes, structures which did not
receive engineering services have been heavily damaged or completely destroyed (Arslan and Korkmaz, 2007.,
Sezen et.al, 2003., Dogangiin, 2004., Inel et. al, 2008). In addition, the fact that damage increases in buildings
and the total collapse of the building is facilitated with structural irregularities stated in earthquake Code has
been observed in field works (Tezcan and Alhan, 2001., Arnold and Reitherman, 2002.,Gilay and Calim, 2003.,
Inan and Korkmaz, 2011).

In this study, contrary to the analysis of a single irregularity in structures in the literature, the effect of an L-type
reinforced concrete frame system, in which torsion irregularity (A1) and the existence of protrusions in the plan
irregularity (A3) co-exist in the scope of irregularities in plan, on structural behavior towards 4 different soil
classes (Z1, Z2, Z3, Z4) has been examined through a case analysis study by taking the structure-soil interaction
according to ESLM and MCM into consideration as well. As a result of this examination, base shear force,
torsional moment, overturning moment, effective mass participation ratio, building period, story displacement
and relative story displacement have been calculated for different soil classes and have been compared with the
used calculation methods.

Methods using in Earthquake Calculations

The selection criteria of the calculation method to be used in earthquake calculation has been stated in the 2.6
section of the TEC-2007. According to this section, whereas ESLM can only be used after meeting certain
conditions, MCM can be used in all buildings in the scope of the regulation. Analyses have been carried out
according to ESLM and MCM which have been allowed in the earthquake calculation of building and building-
type structures in TEC-2007.

Equivalent Seismic Load Method
For the application of ESLM in buildings where earthquake calculations will be made, conditions presented in
Table 1 must be met.

Table 1. Buildings that are suitable for applying equivalent seismic load method

Earthquake Type of Structure Total Height Limit
Zone (meter)
Structures that do not have torsion irregularity of Al, if
they have, it is needed to provide (nbi)<2 ratio for each HN<25m
floor

1,2
Structures that do not have torsion irregularity of Al, if
they have, it is needed to provide (nbi)<2 ratio for each 25m< HN<60m

floor and structures that do not haveB2 irregularity
3,4 All Structures HN<75m

While the first mode of the building is taken as a basis in the ESLM method, the earthquake forces which affect
the stories are accepted as being proportional to the mass of each story and to the height of stories from the
foundation (Ucar and Merter 2012). This method is considered as a dynamic method based on the building’s first
degree of freedom as it also takes the mass of the building into account in the period calculation and distribution
of earthquake load (Celeb and Kumbasar 2004).

In line with the earthquake which is taken into account, the equivalent earthquake load (base shear force) which
effect the whole building is determined by calculating it as VV« (TEC-2007)

WA(T,) ) 1
O @

In Equation (1), W indicates building total weight, A(T1) indicates spectral acceleration coefficient taken as a
basis in the determination of earthquake load, Ra(T1) indicates earthquake load reduction coefficient,
Ayindicates efficient ground acceleration coefficient and | indicates building importance coefficient.

The obtained base shear force (Vi) is distributed as horizontal static single forces in line with the appropriate
dynamic degrees of freedom along the height of the building. This distribution is mostly accepted as linear in
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Code and the horizontal force affecting the 1st story in line with the dynamic degree of freedom (F;) is
calculated by using Equation (2) (TEC-2007).

F, =V, — AFy % =gt

i
i e )
In this equation, wi; is the weight of the building’s 1st story and H; is the height of the building’s 1st story which
is measured as from the top of the foundation. The additional equivalent earthquake load affecting the top story
of the building (AFn) value is determined by utilizing Equation (3) (TEC-2007).

AF,, = 0,0075% N =V, ©)

Mode Combination Method

Maximum internal forces and transposition in MCM is obtained by the statistical combination of the maximum
contributions calculated for each of the natural vibration mode in sufficient number in the building. The reason
behind the statistical combination lies in the fact that these maximum contributions occur at different times (Ugar
and Merter 2012). Moreover, this method can also be considered at the assessment for each of the mode types
delivering the behavior of systems with multitude degrees of freedom (Celeb and Kumbasar 2004).

The reduced acceleration spectrum ordinate to be taken into consideration in any n™ vibration mode is
determined through Equation (4) below (TEC-2007).

iy
SER[TH:] = ;:,:1.-:} (4)

In the equation above, S.(T») indicates reduced spectral acceleration for the n™ natural vibration mode, Sze(Tn)
indicates elastic spectral acceleration and R,(Ty) indicates the earthquake load reduction coefficient calculated
for the n" natural vibration mode.

The sufficient vibration mode which needs to be taken into consideration will be determined according to the
rule that the total effective mass which is calculated for each mass in each of the perpendicular horizontal
earthquake directions can never be less than the 90% of the building’s total mass (Tasan 2012). This condition
has been presented in Equation 5 and 6.

::: 1 _Zn 1.4_' 0,90 KZ::"zlmz (5)
L.. .
E£=1 M}'n :2;’5:1;‘% =0,90= E:;"lzlm:. (6)

In these equations, My, and My, are the effective mass in the building’s n® natural vibration mode for the
calculated earthquake direction, Myis the modal mass of natural vibration mode, m; is the mass of the building’s
1st story. The calculation of Ly, and Ly, with M, indicated with Equation 5 and 6 for buildings in which
floorings serves as rigid diaphragm has been presented in Equation 7,8 and 9.

= Zz =1 M * xz'.'vz (7)
- Z: 1m; = _}m (8)
Mn = EJ:II 1 m; = xinz + m; * ¢}'in2 + my; * Ir#’Iai:‘z: (9)

Here, ®@xin and ®yin are the horizontal component of the n’th mode type in line with the perpendicular x and y
axis on the first story, @i is the rotation component around the horizontal axis of the n’th mode type on the first
story. mi, indicates the building’s mass moment of inertia according to the horizontal axis which pass through
the non-displaced mass center of the first story.

There are some rules in the MCM method for the statistical combination of non-concurrent maximum

contributions which are calculated for each vibration mode to be applied separately for each of the magnitudes
such as the total earthquake load, story shear force, internal force components, transposition and relative story
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displacement affecting the building. On the condition that the natural periods of any two vibration modes taken
into account meet the requirement of T/T1<0,8 with T,<T,, the Square Root of the Sum of the Squares (SRSS)
rule can be applied for the combination of maximum mode contributions. In case of the non-fulfillment of the
conditions in question, the Complete Quadratic Combination (CQC) rule will be applied in the combination of
maximum mode contributions (TEC-2007).

In line with the earthquake taken into consideration, in the event that the ratio of Vi, which is the total
earthquake load obtained as a result of the combination of above-stated conditions, to the total earthquake load
which is calculated from ESLM (V;) is lower than the 3 value defined below (V< B *Vy), all internal force and
translocation magnitudes which have been found according to MCM will be amplified by utilizing Equation 10
(Unsal 2013).

vy

Bp = *Bg (10)

Veg

In the equation above, Bp is an amplified value which belongs to the Bg magnitude and Bg is any magnitude
which is found with the combination of mode contributions in RSM (Ucar and Merter 2012). In case of the
existence of at least one Al, B2 or B3 irregularity in the building, the B value to be taken into account in
Equation 10 will be assumed as 0.90 whereas in the existence of none of these irregularities, the  values will be
assumed as 0.80.

Analytical Study

In this study, a reinforced concrete frame model in L-type which does not contain other irregularities has been
created for the analysis of buildings with Al and A3 irregularities. The storey heights have been selected as 3
meters in the designed model. The axle intervals of the building whose total length is 25 meters in both
directions have been determined as 5 meters. The designed reinforced concrete building in L-type with eight
stories has been modeled in SAP2000 (V.16.1.1).

The building has been thought to be located on a 1st degree seismic earthquake zone and its efficient ground
acceleration has been considered as 0.4g as stated in TEC-2007. The soil on which the building is located has
been accepted as Z1, Z2, Z3 and Z4 type soil class which is stated in TEC-2007 respectively. On these type of
soils, corner periods (spectrum characteristic periods) varies between 0.10 seconds and 0.90 seconds.

In load-bearing system, sections have been determined as 50/50 cm for columns and as 25/50 cm for beams. The
sections have been selected as fixed on each story. Base slab foundation thickness has been assumed as 50 cm
and the slab thickness designed with beams has been assumed as 15 cm. In the system whose structure geometry
has been identified, C30 class concrete and S420 type reinforcement have been used. In addition, the fixed and
mobile load in flooring has been accepted as g=0.150 t/m? ve g= 0.200 t/mto unit area according to TS-498 (TS-
498,1997) and TS-500-2000 (TS-500,2000). 20 cm thick exterior load has been defined as g4=0.625 t/m and 10
cm thick interior wall load has been defined as 0.4375 t/m.

The plan, horizontal, three dimensional geometry of the related building have been presented in Figure 1 and the
parametered which have been taken into account have been presented in Table 2. The investigation of beams and
columns have been conducted according to TS-500-2000 and TDY-2007 which are parallel to ACI 318 (ACI
318, 1995). In the earthquake calculation of the building, the reduction coefficient for systems which have high
earthquake load ductility levels applicable to frame-type structures has been accepted as 8. In TEC-2007 it is
stated that ESLM can be used in buildings with torsion irregularity whose height does not exceed 25 m on the
condition that torsion irregularity coefficient n,i<2 rule is met. As no condition about MSM exists in the related
regulation, earthquake loads have been affected on the building according to these two calculation methods. In
modellings, base slab has been ties to the foundation soil with horizontal springs. Column beam connection areas
have been selected as rigid. While finding internal force values in TEC-2007, Ex and Ey loadings have been
taken as a basis for ESLM and Response SpectrumX (RSx)and Response SpectrumY (RSy) have been taken as a
basis for MCM.
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Figure 1. Plan, vertical section and 3 dimensional view of designed structure

Table 2. Parameters that were taken into account for designing L type structure

Determination Method and Acceptances Equivalent Seismic Load Mode Combination Method
for L Type Structure Method
Earthquake Zone 1. Zone 1. Zone
Structure Significance Ratio (l) 1.4 1.4
Behavior Ratio of Load Bearing System (R) 8 8
Ductility Level High High
Concrete Unit Weight (t/m?®) 2.54 2.54
Ca 10,000
Soil Ratio (t/m3) Soil Ratio (t/m®)
Czn 3,000
Cuz 1,500
Cu 1,000
Z1 Ta=010 Ts=0.30
Periods Related to Soil Type Periods Related to Soil Type(Second
(Second) Z2 Ta=0.15 Tg=0.40
Z3 Ta=0.15 Ts=0.60
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| Z4 Ta=020 Ts=0.90
Concrete Type C30 C30
Reinforcement Type S420 S420
Reduction Ratio of Living Loads 0.6 0.6
Concrete Safety Ratio 1.5 15
Reinforcement Safety Ratio 1.15 1.15

The elastic design acceleration spectrums which are stated in the earthquake regulation and determined
according to soil groups are obtained with the help of Table 3 and Table 4 below (Urtimir 2012).

Table 3. Characteristic Periods related to Local Soil Types

Local Soil Types TA(s) Ts(S)
Z1 A class soils
B class soils where 0.10 0.30
h1<15m
Z2 B class soils where h1>15m 0.15 0.40
B class soils where h1<15m
Z3 C class soils wherel5m< 0.15 0.60
h1<50m
D class soils where h1<10m
Z4 C class soils where h1>50m 0.20 0.90
D class soils where h1>10m

Table 4. Elastical Acceleration Ratio for Relevant Gaps in Designing

Period Gap S(Ti)
0<T<Ta 1+1.5*T/Ta
TaA<T<Ts 2.5
T>Ts 2.5* (Te/T)"8

Elastic acceleration spectrums for each soil class can be obtained as in Figure 2 by putting the characteristic
periods presented in Table 3 into the related intervals presented in Table 4 (Livaoglu and Dogangiin 2002).
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Figure 2. Spectrums of Elastical Acceleration (Livaoglu ve Dogangiin 2002)

Results of Analytical Study

The 8-story reinforced concrete frame structure in L type which has torsion irregularity A1 and protrusions in the
plan irregularity A3 have been modeled in the study for four different soil classes and its analyses have been
conducted. In the case of existence of these two irregularities in the structure for analysis, the change in internal
forces which occurs in the face of different soil classes has been analyzed.
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The change in internal forces has been grouped as figures and tables according to the data obtained from
SAP2000(V.16.1.1) in modellings. Base shear force, base tipping moment and base torsion moment changes
have been demonstrated for four different soils in Figure 3,4 and 5 respectively.

Shear Force in Basement Related to Soil Class
= 7000
@ = 6000
[T
e E 5000
™™ 1000
-
8 = s0m0
=
0 = 2000
[T]
S g 1000
86 o
= m Z1_F¥ Z1_FY Z2_FX Z2_FY Z3_FX Z3_FY Z4_FX 74 _FY
; “| mESLM | 2696527 | 2685.469 | 3207226 | 3297226 | 4436624 | 4502918 | 599296 | 5992906
® MCH | 2694 815 | 2696.025 | 2967.288 | 302798 | 4033.227 | 4051.337 | 5363.088 | 5393.116
Figure 3. Shear Force in Basement Related to Soil Class
Momentum of Basement Overturn Related to Soil Class
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Figure 4: Momentum of Basement Over turn Related to Soil Class
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Momentum of Basement Torsion Related to Seoils Class
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B MCH 62557234 9068.9435 10751.7486 147904264

Figure 5. Momentum of Basement Torsion Related to Soils Class

As can be seen from the figures above, the change in internal forces which has been calculated by utilizing
ESLM and MCM varies according to soil type. Whereas the minimum value in terms of the base shear force and
base tipping moment has been calculated with ESLM-Z1, the maximum value has been obtained with ESLM-Z4.
While the minimum value in terms of the base torsion moment is in MCM-Z1, the maximum value has been
found in MCM-Z4.

As only the structure with A1l and A3 type irregularities is analyzed, it will be appropriate to conduct an
investigation for the soft story formation mentioned in earthquake Code (referred to as B,in TEC-2007) as well.
The rigidity irregularity coefficient (n«) according to the equation presented in Table 5 for the formation of soft
story in TEC-2007 is indicated as the reduced relative story displacement on the first story of the building Aj;
and the story height of the building’s first story (h;). For the occurrence of soft story irregularity, the rigidity
irregularity coefficient (ki) needs to be higher than 2.0.As this value has not been reached in any of the models,
it is not possible to mention the formation of soft story. However, it has been observed that this coefficient has
been obtained from Reinforced Concrete Frame (BAG8_Z4) the most according to soil class.

Table 5. Soft Storey Control

Rigidity Irregularity Model Type Name
Between adjecent floors
B2 (Soft Storey)
BAC8 Z1 BAC8 Z2 BAC8 Z3 BAC8 Z4
&)
o hilore -~ 3
Wi = AL 1.05 1.06 1.065 1.07
( a+1)
ﬁ'f+1 art

In the event that npi, which is the torsion irregularity indicating the ratio of the biggest relative story
displacement in any story for any of the two perpendicular earthquake directions to the mean relative
displacement in the same direction on that story, is higher than 1.2, the existence of Al irregularity is detected.
Whereas in the event that both dimensions of the protrusions in building story plans in two perpendicular
directions exceed the 20% of the total plan dimensions in the same directions of that story of the building, the
existence of A3 irregularity can be discussed. It has been observed that in all models, the related value has been
exceeded for both of the irregularities stated above. While demonstrating the existence of torsion irregularity in
Table 6, the fact that this coefficient has been obtained from Reinforced Concrete Frame (BAC8_Z4) the most
has been detected.
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Tablo 6. Torsion Irregularity Control

Torsion Irregularity (Al) Model Type Name
BAC8 Z1 BAC8_Z2 BAC8_Z3 BAC8_Z4
{d[]rmlx
P = > 1.2
T80 = " e 1.66 172 175 177

As the torsion irregularity coefficient is in 1.2< <2 interval in the conducted analyses, the +%5 additional
eccentricity has been amplified by being multiplied with the D; coefficient calculated in Equation 11 for both
earthquake directions in the calculation of relative story displacements.

D, = (Y’ (11)

1.2

As the rigidity of the system will decrease with the change of the soil class from good to be bad, the increase of
the first mode period must be expected. In analyses, the lowest period values have been found for the Z1 class
while the highest period values have been found for the Z4 class. The first three mode periods of four different
soils have been demonstrated in Figure 6.

Period Values for First3 Mod
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M Periyot| 0.939 | 0.934 | 0.863 | 0.969 | 0.958 | 0.874 | 1.003 | 0.985 | 0.884 | 1.033 | 1.006 | 0.891

Figure 6. First Mod Values Determined for 4 Different Soil Types
Considering the mode periods of four different soil classes, the sufficient vibration mode number has been

determined as 5 by taking the effective mass participation ratios into account. The total effective mass
participation ratios for different soil classes have been presented in Figure 7.
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Figure 8. Alteration of floor displacement values concerning different soil class
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Values of Relative Floor Offset Concerning Different Soil Class (EELM) Values of Relative Floor Offset Concerning Different Soil Class (EELM)
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Figure 9. Alteration of floor offset values concerning 4 different soil class

Results and Discussions

In this study, the analyses of the Al and A3 type irregularities, which affect the earthquake performance of
structures adversely and cause plan irregularity in plan, for four different soil classes according to EELM and
MSM have been examined in line with the conditions stated in TDY-2007. In Accordance with this purpose, an
L-type reinforced concrete building with 8 stories has been taken as a model. Models have been created in the
plan according to discontinuous different soil class (BAC8_Z1, BAC8_Z2, BAC8_Z3, BAC8_Z4) to be able to
observe the irregularities occurring in the plan and the internal force differences these created. In the event that
Al and A3 irregularities exist when the concluded analytical studies for the L-type building stated in Figure 3, 4
and 5 are examined, the occurring change in internal forces has been obtained. Following conclusions have been
reached as a result of the conducted analytical study:

< In the analyses conducted according to different soil classes, base shear force, base tipping moment and
base torsion moment values have been found. The total design earthquake load (base shear force) and
base tipping moment calculated from EELM is higher than the value calculated from MSM. Whereas
this value occurs on the Z4 type soil the most, the ration of EELM to MSM is at a 10% level in the base
shear force and 9.8% level in the base tipping moment.

+« In terms of base torsion moments, however, the value found from MSM is 38.91% higher than the value
of EELM. The reason behind this lies in the fact that in EELM, a conclusion is reached by taking all the
mode conditions and particularly the distortion mode into consideration contrary to horizontal load
which affect as earthquake load.

+ Whereas the highest value in terms of the base shear force and base tipping moment in the L-type
reinforced concrete structure with Al and A3 irregularities has been obtained from EDDYY-Z4_FY,
the lowest value has been obtained from MSM-Z1_FX.

< In terms of the base distortion moment, the highest value has been obtained from MSM-Z4 Mz while
the lowest has been obtained from EELM-Z1_Mz.

«» As the rigidity of the system will decrease with the change of the soil class from good to be bad, the
increase of the first mode period must be expected. Thus, analyses have also found the lowest period
values for the Z1 class with 0.939 second and the highest period values for the Z4 class with 1.033
classes.

+«+ Considering the effective mass participation ratio for four different soil classes, the sufficient vibration
mode number has been determined the fifth mode as a value which exceeds the 90% value.

+  Whereas the model in which the L-type reinforced concrete building exhibited displacement the most in
terms of story displacements and effective relative story displacement has been obtained in Z4xEELM
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and the least displacement has been observed in Z1yMSM. While 0.093 meter displacement occurred in
the Z4xEELM model in terms of story displacement, 0.002760 meter displacement occurred in the
Z1vMSM model. It is evident that the structure with low period exhibits less displacement.

«» Lastly, in structures which have been analyzed in this study, no problems which could prevent story
floorings from safely transferring earthquake forced to horizontal load-bearing system components has
occured. However, the analysis of different structures with A3 irregularity condition in which such a
problem may occur is aimed at in future studies.
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Abstract: In this study, an experimental investigation on cutting forces, surface
roughness and the hardness of material after machining in turning of 17-4 PH stainless
steel using wiper and conventional insert cutting tools with dry cutting condition were
presented. The influences of feed rate, depth of cut, and corner radius on surface
roughness, cutting force and material hardnesswere examined. In order to optimize
the turning process, Taguchi optimization method has been used. The influence of
each parameter on obtained results was determined by using analysis of variance
(ANOVA). The relationship between dependent parameters and independent
parameters were modeled by Regression analysis. The optimal machinability of 17-4
PH stainless steel with coated carbide insert was successfully determined in this study.
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Introduction

Machining has maintained its importance for years and the researches in this field have been closely followed by
the manufacturers. Every act of manufacturing has a cost and there are some factors which determine them. The
cost of cutting tools and the cost of the work-piece can be considered as the two important factors in question.
Thus, to lower the manufacturing cost and buy the product on cheap, those factors should be taken into
consideration.

For the cutting tools to be long lived and to prevent the waste of the raw material by producing the work-piece at
the required level of quality, the need for the optimization of the cutting performance and conditions has arisen.
To achieve that, the factors which affect the life of the cutting tools and the determination of the quality of the
work-piece have been searched by the scientists. The researches have revealed the fact that there are a number of
parameters and conditions in turning, which affect the above-mentioned points (Shaw,1984, Cakir,2000). These
are geometric properties of the cutting tool, tip angles, approach angle, feed, cutting speed, depth of cut, coatings,
cooling liquid, chip breaker form, work-piece, rigidity of the cutting tool etc (Shaw,1984, Cakir,2000, Kurt,2006,
Lin,2001). These parameters’ being selected suitable to the property of work-piece material reduces the cost of
manufacturing and the applied energy with lengthening the life of the cutting tool and the surface quality of the
manufactured product (Lin, 2001, Saglam, 2007, Gokkaya, 2006, Field,1989). When all these are taken into
consideration, it is obvious that the selection of the cutting parameters in turning is very essential.

The machining of stainless steel inherently generates high cutting temperature, which not only reduces tool life
but also impairs the workpiece surface quality (Kumar, 2006, Noordin, 2007). Obtaining the desired surface quality
is very important for the functional maintenance of a part. One of the stainless steel family materials most
commonly used in the production facility is steel with austenitic structure. The austenitic stainless steels structure
is a combination of good mechanical properties and good corrosion resistance (Korkut, 2004, Elbah, 2013, Grzesik,
2006 ).

In this study, an experimental investigation on cutting forces, surface roughness and the hardness of material after
machining in turning of 17-4 PH stainless steel using wiper and conventional insert cutting tools were presented.
The influences of feed rate, depth of cut, corner radius, dry cutting condition on surface roughness, cutting force
and material hardness were examined. In order to optimize the turning process, Taguchi optimization method was
used. The influence of each parameter on obtained results was determined by using analysis of variance (ANOVA).
The relationship between dependent parameters and independent parameters were modelled by regression analysis.
The optimal machinability of 17-4 PH stainless steel with coated carbide insert was successfully determined in
this study.
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Materials and Methods
The samples used in the experimental study were in the shape of stick. Their length was 130 mm and diameter was
25 mm. Chemical composition of 17-4 PH stainless steel were presented in Table 1. A JOHNFORD TC 35 CNC
Fanuc OT CNC lathe was used.
Table 1. Chemical composition

C Mn Cr Mo Ni Co Cu

0.04 078 159 040 469 0.06 34
In the experimental study, KENNAMETAL KC5010 PVD TiAIN coated conventional (FF) and wiper (FW) inserts
were used. The surface roughness value and hardness on the work-piece obtained after the machining process was
measured by MAHR-Perth meter and three measurements were performed on the machined surfaces determine
the Ra values. For the force measurements, KISTLER 9121 force sensor, KISTLER 5019b charge amplifier and
DynoWare analysis program were used.

&

Dynamometer

f

Ampliticatore

>

Figure 1. Experimental set up

Experimental Design
For the experimental design Taguchi method was employed.

S/N(n)=-10x Iog(%z yizj 1)
i=1

Experimental factors and their levels were presented in Table 2 and L9 experiment design in Table 3. Schematic
drawing of the experimental set up is given in Figure 1.

Table 2.Experimental Factors and Their Levels

(A) (B) ©
Parameters Feed Depth of cut  Corner Radius
(mm/rev) (mm) (mm)
Level | 0.1 0.4 0.4
Level I 0.2 0.8 0.8
Level 11 0.3 1.2 1.2
Table 3.Taguchi Lo experiment design
- (A) B (©
Exp;e\lr(l)ment Variables f d r
' (mm/rev) (mm) (mm)
1 A1B.C, 1 1 1
2 A1B,C, 1 2 2
3 AiB;3C; 1 3 3
4 A2B.C; 2 1 2
5 A2B,C; 2 2 3
6 A:B3C, 2 3 1
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7 As3BCs 3 1 3
8 As3B>C; 3 2 1
9 A3B3C, 3 3 2

Results and Discussion

Evaluation of surface roughness results

In general, the obtained roughness value has been between 0.55-2.37 pm, which meets the expectations. The
surface roughness values obtained as a result of those 18 experiments are shown in Figure 2.

2,37
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1,71 ’
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0.8 0,63 0,874 0,95 2
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Surface Roughness (Um)

W Wiper Insert M Conventional Insert

Figure 2. The surface roughness results

Evaluation of Cutting Forces Results
In general, the obtained cutting force value has been between 153.42- 390.53 N, which meets the expectations.
The cutting force values obtained as a result of those 18 experiments are shown in Figure 3.

39
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Experiment

W Wiper Insert (N) H Conventional Insert (N)

Figure 3. The cutting force results
Evaluation of Hardness Results

In general, the obtained hardness value has been between 32.17- 39.67 HRC, which meets the expectations. The
material hardnessvalues obtained as a result of those 18 experiments are shown in Figure 4.
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Figure 4. The material hardness results

Evaluation of ANOVA Results

In turning of 17-4 PH stainless steel, nine experiments have been carried out using three different factors at three
different levels and different Ra, N, and HRC values have been obtained from each experiment. Whether these
differences are only a coincidence or result from the factors and the influence of each factor in this answer will be
determined by the analysis of variance.

The ANOVA results of the average values of surface roughness are presented in Table 4 and 5. As a result of the
machining of 17-4 PH stainless steel with wiper and conventional insert cutting tools, the feed with a proportion
of 51.70% and 48.88% has been the most effective factor in the formation of the roughness on the machined

surface.
Table 4. ANOVA versus Ra for wiper insert
Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 0.75709 0.37854 25.73 51.70
B 2 0.13016 0.06508 4.42 8.88
C 2 0.57696 0.28848 19.61 39.40
Error (e) 2 0.02942 0.01471 0.02
Total 8 1.49362 100
Table 5. ANOVA versus Ra for conventional insert
Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 1.03740 0.51870 20.39 48.88
B 2 0.17407 0.08703 3.42 08.19
C 2 0.87927 0.43963 17.9 42.91
Error (e) 2 0.05087 0.02543 0.02
Total 8 2.14160 100

The ANOVA results of the average values of cutting forces are presented in Table 6 and 7. As a result of the
machining of 17-4 PH stainless steel with wiper and conventional insert cutting tools, the depth of cut with a
proportion of 73.6% and 49.76% has been the most effective factor in the formation of the cutting force on the
machining.

Table 6. ANOVA versus cutting forces for wiper insert
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Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 97125 4856.2 40.44 21.06
B 2 33957.7 16978.9 141.38 73.64
C 2 2443.6 1221.8 10.17 05.29
Error (e) 2 240.2 120.1 0.01
Total 8 46354.0 100
Table 7. ANOVA versus cutting forces for conventional insert
Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 22815.0 11407.5 12.61 45,57
B 2 249145 12457.3 13.77 49.76
C 2 2339.6 1169.8 1.29 04.66
Error (e) 2 2339.6 120.1 0.01
Total 8 1809.6 100

The ANOVA results of the average values of material hardness are presented in Table 8 and 9. As a result of the
machining of 17-4 PH stainless steel with wiper and conventional insert cutting tools, the corner radius with a

proportion of 62.48% and 71.58%  has been the most effective factor in the formation of the material hardness
on the machined surface.

Table 8. ANOVA versus material hardness for wiper insert

Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 11.7807 5.8903 11.48 35.30
B 2 0.7406 0.3703 0.72 02.21
C 2 20.8588 10.4294 20.32 62.48
Error (e) 2 1.0263 0.5131 0.01
Total 8 34.4063 100
Table 9. ANOVA versus material hardness for conventional insert
Notations Degree of Sum of Variables F Ratio Percentage
freedom Squares Ratio (%)
A 2 8.9384 4.4692 4,75 25.66
B 2 0.9606 0.4803 0.51 02.75
C 2 24,9444 12.4722 13.25 71.58
Error (e) 2 1.8827 0.9413 0.01
Total 8 36.7261 100

Evaluation of Regression Analysis Results

Regression models aim to determine the relationship between variables where a cause and effect relationship is
estimated. In this context, in application of the regression model, estimating that there is a conceptual relationship
between independent factors and dependent factors is highly important for the model developer. To formulate a
predictive equation between the control factors used during chip removal (feed rate, depth of cut and corner radius)
and the result (average surface roughness, cutting force, material hardness) and to define this relationship, linear
regression analysishas been used. A represents the feed rate, B cutting depth and C corner radius. In addition, ¢
stands for inaccuracy.

Linear regression coefficients were obtained using equations 2 to 7, where ¢ indicates error. R? is the coefficient
expressing the appropriateness of the equation. Although an acceptable value of R? can vary depending on the
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relationships between dependent and independent variables used in each discipline or model, the optimal value is
the one that is closest to 1. As R? gets closer to 1, it is considered that statistical approximation of the regression
model to the real relationship increases. A regression model represents the relationship between the dependent and
independent variables. According to Pearson coefficient, If R? has a value of 0.80 and greater, it is considered a
strong relationship, while 50-70% is considered to be a moderate relationship. In this case, when the modeled
statistical regressions (Equations 2 to 7) are analyzed, it is understood that they are within acceptable limits. There
is a particularly strong relationship between the variables in Equation 6. Based on this finding, it is concluded that
the factors (independent factors) selected in the experimental study as having a strong effect on dependent variables
(surface roughness, cutting force, material hardness) were accurately estimated. In this case, it is concluded that
the regression model provides a good estimation of reality.

The Ra equation formulated for this experimental study is represented below wiper and conventional insert:
Surface Roughness (Wiper Insert) = 0.748 + 0.353 A+ 0.0850 B - 0.285 C+ (¢) (2)

R%=0.857

In this equation, the coefficient of determination of the equation is 0.857.

Surface Roughness (Conventional Insert)=1.00+0.415 A + 0.062 B - 0.348 C +(¢) (3)

R2=0.833

In this equation, The coefficient of determination of the equation is 0.833.

The cutting force equation formulated for this experimental study is represented below wiper and conventional
insert:

Cutting Force (Wiper Insert) =55,0 + 38,3 A+ 73,1 B + 14,1 C +(¢) (4)

R%=0.907

In this equation, The coefficient of determination of the equation is 0.902.

Cutting Force (Conventional Insert) =39,4 +59,3 A +64,4 B -19,3C +(¢) (5)

R%2=0.929

In this equation, The coefficient of determination of the equation is 0.929.

The Material Hardness equation formulated for this experimental study is represented below wiper and
conventional insert:

Material Hardness (Wiper Insert) =30,0 + 1,39 A +0,342B + 1,85 C +(¢) (6)

R2=0.954

In this equation, The coefficient of determination of the equation is 0.954.

Material Hardness (Conventional Insert) = 29,1 + 1,21 A+ 0,208 B + C +(¢) (7)

R2=0.924

In this equation, The coefficient of determination of the equation is 0.924.

Conclusion

This study of the machinability of 17-4 PH stainless steel alloy material with KENNAMETAL KC5010 PVD
TiAIN coated conventional (FF) and wiper (FW) inserts have produced some useful results. The criteria for the
machinability are surface roughness, cutting force and material hardness. Three control factors which were
considered to be effective in creating the most suitable conditions for the criteria (feed rate, depth of cut and corner
radius) were chosen at three different levels and applied in the experimental study. Below is the summary of the
results:

e The most effective control factor on the surface roughness value on the machined surface is feed rate. It
has also been observed that feed is the most serviceable factor, still depth of cut and cutting speed play
arole as well.

e The effective parameters for the increase of cutting forces are depth of cut, cutting speed and feed rate.

e The most effective control factor on the surface material hardness is in the direct proportion with corner
radius and wiper insert.

e Taguchi method is beneficial for the experimental design of the machinability of 17-4 PH stainless steel
alloy material. Having optimized the parameters, it is also fruitful for keeping the response values at
required levels.

e The analysis of variance (ANOVA) is helpful in determining which control factor has how much
importance in the determination of the results obtained from the experimental study.

e The test results prove the effectiveness of the wiper inserts in providing excellent surface roughness. The

results also suggest that the use of the wiper insert is an effective way that significantly increases cutting
efficiency without changing the machined surface roughness in high feed turning operations.
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Abstract: Linear codes are considered over the ring < ; . The Lee weight enumerators,
u —1>

the complete weight enumerators and the symmetrized weight enumerators for the linear codes

z,[u]

over the ring R = < . > are defined and Gray map @ from R — Z4 is constructed.
u -1

Then, MacWilliams identities for these weight enumerators are proved.

Keywords: Weight enumerator, MacWillims identities

Introduction and Motivation

Attracted the attention of many coding theory researchers in the last two decades are codes over rings. So, codes
over the ring have been a common research topic in coding theory. The interest in codes over rings started with
the seminal work in 1994 (Hammons, Kumar, Calderbank, Sloane and Sole) and expanded in many directions.
Because decoding algorithm is more quickly, linear codes are more useful than other codes, especially. So, linear
codes are an important and intensely studied class of codes. Another research topic in coding theory is
MacWilliams identity which relates the weight enumerator of linear code to the weight enumerator of its dual
code. Yildiz and Karadeniz analysed for MacWilliams identity, projections and formally self dual codes over

Z,+UZ, in the linear codes. Consequently, they found optimal code. Using Gray map, R. Bandi and M. Baintwal

determined MacWilliams identity for Lee and Gray enumerator over the ring Z,+uL

a connection between Z, and R, +UF, which has generated a lot of among coding researchers starting with

Dougherty, Gaborit, Harada and Sole’s work in 1999. Considered by this similiarity (and difference) between two
Z,[u]

2
. - . . -1
rings and Yildiz and Karadeniz’s works at references, we study codes over the ring <u > . In 2006, Yu and Zhu

investigated MacWilliams identity over the ring F, +UF2. In Yildiz and Karadeniz’s article (2010), the

F, +UF, +VF, +uvF,

2
4 where V' =V Thereis

researchers discussed the linear codes over , as well as MacWilliams identity for the
complete and Lee weight enumerator over the ring. In 2015, J. Gao studied linear codes over the ring

F +UuF +U’F
P P P, where P is an odd prime and also defined Gray map and MacWilliams identity of linear codes.

. . . Z,+7 2 _ . . .
In this article, mainly focused on "¢ s where U =1 In Section 11, we are considered linear codes over the

= — 2
ring Z,+uz, {b+(a b)u | a,be Z4} , where U" =1 e define linear Gray maps from Z,+VZ, to Zf“
and we give definitions of Lee distance and dual code of linear code. In Section Ill, we have studied complete,
symmetrized and Lee weight enumerators and proved MacWilliams identity for all the weight enumerators

involved.
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z[u]
(u*-1)

isan R- submodule of R". Elements of C are

Lee Weight and Gray Map of Linear Codes Over the Ring

2, [u]
(v -1)

Definition 1 A linear code C of length n over R =

N

called codewords.

Definition 2 For any Z:b+(a—b)U€R and a,beZ,, we define the Gray map ¢:R—>Z42 by
¢(z)=(b,a+b).

Definition 3 The Lee weight w, (z) of z e Z, is min{x, 4-x}. The Lee weight of a vector in v e Z," is then
defined as the rational sum of the Lee weight of its coordinates. So, we can define the Lee weights of an element
of z=b+(a-b)ueR as w (z)=w_(b+(a-b)u)=w ((b,a+b)).Forany z,z,eR" , the Lee distance

isgivenby d (z,,z,)=w,_(z, -z,).

The minimum Lee Distance of C is definedby d _(C)= ppjn d. (c,.c,) and the minimum Lee weight of C

C,CeC
G #C2

is defined by w, (C) = min W. (cl,cz). So, if C is a linear code, then the minimum Lee weight is equal to

,c,eC
G #Cy

minimum Lee distance.

Theorem 4 The map ¢ is a distance preserving linear isometry from R" to Zf” with Lee weight.
Corollary 5 If C is linear code over R of length n, then ¢(C) linear code over Z, of length 2n.

Definition 6 For x=(x,X,,....X.,), Y=(Y,,¥,,---,¥,,) €R", the Euclidean inner product on R" by
defining

(% X X )y (Yoo Yar oo Yo )) =X Yo +X Y, ot XL Y,
where the operations are performed in Z, +UZ, .

Definition 7 Let C be a linear code over Z, +uZ, of length n. Then, the dual code of C is defined as follow:
Cc'= {XE R":(xy)=0,V yeC}

Weight Enumarators and MacWilliams Identities

3.1 The Complete Weight Enumarators and MacWilliams Identities

Z,+UuZ,={s,s,,...,s,} begivenas
Z,+UuZ,={0,u,2u,3u,1,1+u,1+2u, 1+3u,2,2+u,2+2u,2+3u,3,3+u,3+2u,3+3u} .

Definition 8 Let n, (T) be the number of s (T) in the vector T. The complete weight enumerator of a linear

code over Z, +uZ, is defined as
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ceC

CWec (X11 Xz’-..,Xle) — Z(Xlnsl(c) insz(g) “.ansm(g)) |

Because Z, +UZ, is a Frobenius ring, the MacWilliams identities fort he complete weight enumerator is preserve.

Now we define the character on Z, +uZ, to find the exact identities.

Definition 9 Define y: Z, +uZ, — C" by y(b+(a—b)u)=i"". Let the 16x16 matrixis T, by giving
T(i, j)=;((5i.sj ) .Then, T is defined as follows:

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 -1 1 -1 i - i =i -1 1 -1 1 = i =i i
11 1 1 -1 -1 -1-11 1 1 1 -1 -1 -1 -1
1 -1 1 -1 - i - i -1 1 -1 1 i =i i -i
1 i -1 - -1 - 1 i 1 i -1 - -1 - 1 i
1 - -1 i = -1 i 1 -1 i 1 - i 1 - -1
1 i -1 -i 1 i -1 - 1 i1 -1 0 -1 -
1 - -1 i i 1 - -1 -1 i 1 - - -1 i 1
= 111 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
1 1 1 1 i i i i -1 -1 -1 -1 - - —=i -
1 -11 -1 -11 -1 1 1 -1 1 -1 -1 1 -1 1
11 1 1 - - = —-i -1 -1 -1 -1 i i i i
1 - -1 i -1 i 1 -1 1 - -1 i -1 i 1 -
1 i -1 - =i 1 i -1 -1 - 1 i i -1 - 1
1 - -1 i 1 -1 -1 i 1 - -1 i 1 -1 -1 i
i -1 - i -1 -1 -1 - 1 i - 1 i -1]

Theorem 10 Let C is a linear code over Z, +uZ, of length n and C" is a dual code of C.

1 t
cwe_, (xl,xz,...,xm)zm cwe, (T.(xl,xz,...,xls) )

where T isthe | R |x| R | matrixand T (i, j)=(s,-s, ).

(Here () denotes the transpose. )
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3.2 The Symmetrized Weight Enumarator and Lee Weight Enumarator
Fistly, we define the Lee weights of the elements of Z, +uZ, .

Tablo 3.1: Z, +UZ, teki elemanlarin Lee agirhklar:

d nin Lee Agirhg Degisken Karsiliklar
0 0 X,
u 1 X,
2u 2 X3
3u 1 X,
1 3 X,
1+u 2 Xs
1+2u 1 X
1+3u 2 X,
2 2 X,
2+u 3 X,
2+2u 4 X11
2+3u 3 X,
3 3 X,
3+u 2 X14
3+2u 1 X,
3+3u 2 X,

Now we can define the symmetrized weight enumerator as follow:

Definition 11 Let C be a linear code of length n over Z, +uZ,. Then, the symmetrized weight enumerator of
C as

swe_(X,Y,Z,W,S)=cwe (X,Y,Z,Y,W,Z,Y,Z,Z,W,5,W,W,Z,Y,Z).

Here X represents the element have weight 0, Y represents the element have weight 1, Z represents the element
have weight 2, W represents the element have weight 3, S represents the element have weight 4.

Theorem 12 Let C be a linear code of length n over Z, +uZ, and let C" be its dual. Then, we have

swec(X,Y,Z,W,S)zé.swe(X LAY £ AN 462 +5,X —2Y +2W —S, X —2Z +S,

X+2Y -2W -S, X —4Y +GZ—4W+S)
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Definition 13 Let C be a linear code of length n over Z, . Then, the Lee weight enumerator of C is defined as
follow:

Lee, (Y, X ) - zY4n_WL ©) x w.(©)

ceC

Definition 14 Let C be a linear code of length n over Z, +uZ,. Then,
Lee (Y, X)=swe, (Y, Y*X,Y*X* YX*, X“).
Lee weightand n of C is defined as follow:

D w (c)=ea +2a,+3a,+4a,
Dn=q,+a,+a,+a,+a,

Here ¢, is the number of weight i, where 1=0,1,2,3,4.

Theorem 15 Let C be a linear code of length n over Z, +uZ, and let C* be its dual. Then,
1

€]

Lee (Y, X)=—.Lee (Y +X,Y-X).

Conclusions

z,[u]
(v'-1)
for these codes are defined and MacWilliams identities for the complete, symmetrized and Lee weight enumerators
proved.

In this paper we searched linear codes over the ring . Lee weights, Gray maps and all weight enumerators
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Abstract: The importance society, which well analyzes its past and wants its future with the
better living standards, gives to quality increased as much as the importance it gives to
education that a business provides a competitive advantage is very closely related to at what
degree the scientific methods are applied in it, because these scientific methods emerged from
the specialists” analyzing the concept quality and the ways of increasing quality coming into
their faces as a result of their discussing on the customer expectations over years. In many
businesses producing goods and services, in order to reach the competitive conditions, although
it is seen that process improvement techniques similar to this are utilized, it is a disputable issue
at what level the applicability of this information taught in high education institutes is. In this
study, it is aimed that it is seen that the statistical process improvement techniques, mentioned
in the theory, are easily applicable at the application point and that its results will serve the
increase of quality, even if at the long term. In the study, examining the basic statistical process
control techniques with a group consisting of the students of Faculty of Economic and
Administrative Sciences, Gaziosmanpasa University, the processes, where it is seen that there
are some deficiencies, were discussed via the technique of brain storming and, for the processes
selected, constituting the fishbone diagrams, the sub-causes were descended. Then, the main
process enabling to improve was selected. This process was examined by means of workflow
charts and it was studied what will be able to do about improvement and the new flow schemes
were drawn. Thanks to this, it became possible to take the quality under control, provide high
quality, increase productivity, increase customer satisfaction, and reduce time loss.

Keywords: Statistical Proses Control, Process Improvement, Quality

Introduction

Today, the developing international competition and approach of business and management have urged the
institutes to search for perfection. The main esprit of new approach is thatit does not regard to anything
as occurred and disappeared and accepts everything in the state of occurring. As aresult of this search,
one of the points reached is also Total Quality Management (TQM) ((Ozdemir, 2002: 253).)

TQM approach, instead of result oriented management like classical management approaches, prefers a
process and result oriented management. In turn, the controls to be done reveal a state as sorting the
defects out and increasing costs. If the resultis not only kept under control but also processes, asa
result, predicting and preventing the defects faced will be under consideration (Milli Egitim Bakanligi,
2007: 21).

TQM approach becomes widespread every passing days and it is recently discussed to implement it in the
educational institutes. As in manufacturing businesses, universities have also the inputs, processes, outputs
and customers. Universities, due to the conditions introduced by competition, in the direction of the
satisfaction, desires, and expectations the internal and external customers, are obliged to increase qualities
of the inputs, outputs, and processes (Serin and Aytekin, 2009: 83 ).

Approach of continuous development, the main philosophy of TQM, constitutes the core of “Developing Process
Performance and Process Management. Today, “quality, cost, and speed” are the main elements determining
that organizations compete in the national and international areas. This situation inherently forces the institutes
to rapidly change and continuously modify their processes. If we adapt this logic to education, instead of
supervising the success of education in the last stage of education, in an educational institute, it will be
necessary to control (in the more correct expression, to manage ) each process that will affect the
achievement of student such as (Milli Egitim Bakanligi, 2007: 77-78 )

» Management,

» Selection and education of human resource,

> Preparation of educational environment,

» Course tools and equipment

» Educational programs
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> Education activities

» Counselling services

> Measurement and Assessment etc.

This will bring the possibility to see the deficiencies, if available, and take action in the management before
the graduation of student.

Determining, defining, and having, and continuously monitoring the business processes of an organization
can be defined as “process management”. However, the point that is important is: If process management
incorporates “improvement”, it cannot be called “process management” (Karapinar, 2006: 88 )

In education, TQM means meeting the needs and expectations of the internal and external customers i.e.
Students, teachers, school employees, guardians, society, and public and private organizations. These
expectations are that the internal customers are proud of the education and activities carried out in
the school, while the external customers enjoy from the aspect of that the students and graduates gain
the behaviors in the desired qualities ( Kwan, 1996: 25).

While the educational business provide quality, they haveto use the resources effectively without wasting
and, in this context, to limit the costs. Measurement of quality has importance as much as forming the
conditions of quality. About defining and measuring the quality of products, statistical methods of quality
controls were developed. In the businesses producing products, defining and measuring the quality of
products can easily materialize, depending on the quantitative criteria and methods. However, due to the
idiosyncratic features of service, it becomes difficult to measure it interms of product (Eleren, 2007: 4-
5).

In the study, for the process of educational service in the university to be managed well, beginning
from selecting the process to be improved, it was examined what should be done on the name of
becoming high quality of output and sustainability of this quality. The main techniques used in the
management of processes are brain storming, fishbone diagram, and other process flowcharts. With these
techniques, taking under control the changes in the service formation, it is targeted to provide the
compatibility of service with the previously determined quality standards, to minimize the defects and
cost resulted from this, to provide time saving, and to increase the competitive power, bringing the new
and useful skills in the business.

In selecting Gaziosmanpasa University, established in 1992, as implementation region of the study of process
improvement, the aim of contributing the continuation of the success it shows increasingly until today
also plays rolein the following years. In thisimprovementstudy, it was decided that the main techniques
of statistical quality control were the most convenient method that can be used in data collecting and
measuring.

The identifications conducted in the study are considered to make guidance for the post graduate
studies that will be carried out after that. With this study, it is considered that the deficiencies about
the quality of education and service in Gaziosmanpasa University will be noted and it will be a light
about improving it.

The Instruments and Methods of Process Improvement

The main aim in developing process performance, reducing the operation steps, with the expression of
Bill Gates, is to realize to produce service in the light speed and, eliminating the defects in the
operation on the process basis, to reach to zero defect. In this approach, processes are continuously
questioned and defined; the variability is measured; whether or not the variability is normal is identified;
and, if necessary, applying the corrective operations, the process is developed. Thus, making dominant
a process oriented approach, not result oriented, on the system, realizing managerial approach of a zero
defect production becomes possible (Milli Egitim Bakanligi, 2007: 21).

In total quality management, instruments of statistical process control, one of the instruments used to
problem solving and continuous improvement, analyze the abilities of the processes and machinery.
The main instruments, utilized in statistical process control, are widely known as seven quality instruments.
Especially, in determining and solving the problemsthatdo or will emergein the application process, and
forming the necessary data, it can be said that they are very useful. Statistical methods were designed
to facilitate smoothly uncovering the data and provide these data to be evaluated with a systematic
approach (Giimiisoglu, 2000: 139).

Main Statistical Methods

In this section, main seven instruments, emphasized with by Ishikawa, among the instruments and
methods of quality improvement, and technique of brain storming ere mentioned. These techniques are
divided into three categories according tothose used in problem defining and problem analyzing.
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Table 1. Graphical Techniques Used in Problem Solving

Techniques of Problem Techniques of problem defining and Techniques of Problem
Defining analyzing Analyzing
Grouping data Pareto analysis Histogram
Brain Storming Cause-Effect Scheme Distribution Diagram
Control Table Control Chart

Resource: Bozkurt, 1998: 173

Cause-Effect Diagram (Fishbone Diagram) (Ishikawa Diagram)

Recognition of diagram as an analysis method, its becoming widespread, and adaptation to the activities
of quality circle had been thanks to Professor Kaoru Ishikawa. Therefore, the method, known in the
literature as Ishikawa diagram and fishbone diagram, due to its shape, is an important instruments the
quality circles have used to detect and monitor the causes of quality problems. The points, on which
the members of circle generally study related to each factor, are (Simsek, 2004: 279-280 ):

= The quality levels of materials, defect rates, and their effects on the production works, elements
that should be corrected in the supply works;

= The scopes of documents related to method, their clearance degrees, their sufficiency levels;

= The problems in theuse of machinery and equipment and the possibilities to be able toimprove;
= Whether or not it is possible to supervise oneself; if available, the way of improving this,
identification of the acceptable defects and necessary correction rates; and the time and possibilities that
should be provided for labor force;

= The productivity insufficiencies and defects resulted from labor force; elimination of the needs such
as education and innovation to be able to continuously improve the quality;

= Fishbone diagram should be used to detect the possible main causes, to relate and pot in order
the interactions, and to analysis the existing problems (Genel Kurmay Bagkanligi, 1999: 6-1).

Brain Storming

Brain storming was first developed and applied by Greeks. In those ages, brain storming is known as
“heuristics”. In 1940s, Dr. Alex Osborn, used brain storming in advertisement, his own job. Later, the technique
has been begun to be used for the industrial aims (Bozkurt, 1998: 174).

Brain storming is a method serving to detect the problem and solution of problem. It aims to
uncover the remained hidden views and think of differently. Everybody participates in brain storming The
problems are put inorder. The person wanting to speak about these suggests his/her views in order. For brain
storming to be able to apply successfully, it is necessary for the problem to be understandable, to
avoid the repetition in the solution of problem, and not to be entered the detail while examining the
problem (Dogan, 2002: 51).

During brain storming (Dogan, 2002: 51-52),

e The thoughts verbalized cannot be criticized.

At the beginning stage, any discussion cannot be made related to any thought.

Itis not worried due to the thoughts verbalized.

Everybody listens to each other carefully.

Confliction environment cannot be formed.

e Each thought is written onto paper or blackboard. While being written, the name of opinion’s owner is not
written.

e Everybody is obliged to talk at least one time.
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The difficulties Faced in Applying the Instruments and Methods of Process Improvement
In application of total quality management, some difficulties are faced.

Table 2. Application Difficulties of Total Quality Management
Lack of Quality Policies and their Aims

Deficiency of Coordination
Data Insufficiency
That quality cannot be thought of a function of

Difficulties Resulted from the Management | Management

That the management makes an assessment according to the
amount of product produced; that quality responsibility cannot
be thought of at the business level

Participation in the seminars about quality and deficiency of
reading

Educational deficiency about the basic statistical methods
Not being ableto apply the new procedures on quality
Not being ableto be understood the concept and policy of
quality

Not being able to sufficiently utilize from the motivational
methods

High employee turnover rates

Giving responsibility to those having inadequate educational
level

Insufficiency of the material, equipment, and the other
facilities used in quality control and development
Technological and Economic Difficulties Insufficiency in  applying industrial  methodology and
measurements

Human —Education Difficulties

The effect of government policy on producing high quality

product
Difficulties Resulted from the External | The delayed and disconnected relationships between TSE,
Factors MPM, DPT, university and industry

Unconscious consumer and shortsightedness
Low quality in raw material and industry
Resource : Efil, 1995: 47-48

Application

In order to prove the applicability of the theoretical information in the studies of process improvement,
in this section of study, an application study has been carried out. Application study in the Faculty of
Economic and Administrative Science (FEAS), Gaziosmanpasa University (GOU). The procedure of data
collecting was predominantly in the Department of Health, Culture, and Sports (DHCS). In this section,
information has been given about GOU and DHCS and, reporting that from which stages are passed
until arriving the subject of process flows belonging to DHC, flow charts have been discussed.

Importance of the Study

Nowadays, an intensive competition is experienced in the global market. In this competition, raising the
students having quality that can meet the expectations of business world is increasingly gaining
importance. If the educational system fails in providing the qualified graduates (outputs), either businesses
will pay for the price of this unsuccessfulness, sending billions for education, or society, bearing
poor quality goods and services (Yildiz and Ardig, 1999: 73). In view of this, the importance given to
education by society analyzing well its past and wanting to shape its future with the better living
standards has also increased as much as the importance given to quality by it.
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The fact that high education institutes are not profit-oriented does not mean that they cannot also be
managed with business management rules like economic businesses. Just as in the other businesses, also in
businesses, professionalism and forming a good infrastructure became obligatory, because that a business
provides a competitive advantage depends on its presenting good products and services as well as its
being managed by means of the scientific methods (Karapmar, 2006: 171).

In this study, in high education institute, the applicability of the thought to increase the quality by
improving process was shown.

The Aim of the Study

The aim of application study is to encourage for the individuals to carry out their jobs with a
continuously increasing quality and, teaching the techniques they can use in this direction, to help them
maintain the flow in the most efficient way. In many businesses producing the goods and services, although
it is seen that improvement techniques and, etc. were utilized, in high education instituters, it is a
discussable issue that the applicability this information they taught is at what level. With this study, in
the university having the educational process following the primary education, it is aimed

o to increase the student satisfaction, providing improvement in the processes the students desired;
. to reveal the effect of Statistical Process Control Techniques on quality improvement process;

. to enable employees to recognize their processes, making the process maps, where they can see
that the works reach them, passing from which stages

. to identify and eliminate the undue activities leading tine loss by analyzing work processes;

. to enable employeesto realize their works in a TQM based order; and

. to provide to be seen that some techniques applied in theory are also readily applicable at the

application and that its results will provide benefit even if inlong period.

Material and Method of Study

While the theoretical data of study are formed, the various domestic and foreign authors and internet resources
were utilized. The application data were first begun to be formed in a meeting held with the students of
GOU. The other data were obtained from DHCS. In the scope of quality improvement process, due to the
fact that the methods of quality improvement are numerous and comprehensive, the study was limited
with Techniques of Statistical Process Control (SPS). Inexamination process, first of all, brain storming
was made with the student group andthen, the subjects selected for improvement in brain storming are
divided into their causes by means of fishbone diagram. With work flowchart, the current flow of process
was examined and the solution suggestions toward the improvement of process were developed. Lastly, the
new flowcharts containing suggestions were formed. For drawing of fishbone diagrams, RFFlow Program
was used, while for drawing of flowcharts, Microsoft Office Visio 2007 Program (Yilmaz, 2011 ).

Results
Simple Process Development Model

Step 1: Forming the suitable team

The suitable team was determined by the team leader. Some interviews were carried out with agroup of 8
people, which consist of the students of the senior students of department of economics, also including
the students representative as well as a group of 10 people consisting of the students of business
management and economics club. After the suitable day and hour for interview was determined by the
team leader, the students were informed about the subject of thesis and the study that will be carried
together in the direction of Power Point presentation prepared. Giving information lasted about 45 minutes.
During presentation, the short and brief information was given about the approach to problem solving,
sorts of problems, how to be the process of problem solving, old and new quality definitions, PUKO
cycle, quality circle, how to be able to the effective teamwork, brain storming, and 7 main techniques of
statistical process control. After informing, the stage of brain storming was passed and this stage also
lasted about 1 hour. During brain storming, the students expressed the various ideas they want to be
exchanged or improved without remaining any press. As a result of brain storming performed, about the
first three headings receiving the highest vote in voting, the diagrams of fishbone were formed. In turn,
a single process was selected for improvement. The meeting lasted about three hours and it was finished by
agreeing on again meeting, if necessary.
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Step 2: Selection of Process and Determination of Target of Process Development

As the scope of the process to be improved, Faculty of Economics and Administrative Science was selected.
Together with the team, formed in this direction, the technique of brain storming was applied and the
problem of “Lengthiness of Process to Take Permission for Social Activities”. The technique of brain
stormed realized was shown below stage by stage.

In the first stage of the technique of brain storming carried out with agroup of 8 people from the
students of department of economics and business management and a committee of 10 people from the
students of club of business management and economics, the following headings emerged.

a) That classroom size is large and that the equipment in class is insufficient

b) That the cleanness of school is inadequate

c) That the working salons of faculty is small

d) That canteens are insufficient both as food and as area

e) The rough behaviors exhibited by the research assistants against the students

f) The lengthiness and difficulty of the process to take permission for social activities

g) Insufficiency of professional seminar

h) Insufficiency of technical travel

i) That summer school continues at only Faculty of Economics and Administrative Science
j) Insufficiency of academics

k) In the periods of enrollment, due to the fact that the approvals of supervisor and deliveries of bank
receipt correspond to vocation periods, to be obliged to arrive earlier to the school

1) That academic members cannot see the pictures of students in the student information system
m) That the computers in computer labs are broken

n) Deficiency of bank to sitdown in front of the faculty building

0) Lack of garbage can in front of the faculty building

p) Lack of activity area for the different sportive branches

q) Insufficiency of coverage area of wireless internet

In the second stage, voting was passed and the students had right to vote for each heading. As a result of voting,
the vote each heading has is:

Table 3. The distribution of votes taken in the second stage

Headings Votes
a) | That classroom size is large and that the equipment in class is insufficient 13
b) | That the cleanness of school is inadequate 9
c) | That the working salons of faculty is small 1
d) | That canteens are insufficient both as food and as area 12
e) | Therough behaviors exhibited by the research assistants against the students 18
f) | The lengthiness and difficulty of the process to take permission for social activities 7
g) | Insufficiency of professional seminar 6
h) | Insufficiency of technical travel 2
i) | Thatsummer school continues at only Faculty of Economics and Administrative Science | 18
j) | Insufficiency of academics 13

In the periods of enrollment, due to the fact that the approvals of supervisor and
k) | deliveries of bank receipt correspond to vocation periods, to be obliged to arrive earlier | 10
to the school

1) | That academic members cannot see the pictures of students in the student information system | 1

m) | That the computers in computer labs are broken 5
n) | Deficiency of bank to sitdown in front of the faculty building 14
0) | Lack of garbage can in front of the faculty 11
p) | Lack of activity areafor the different sportive branches 10
q) | Insufficiency of coverage area of wireless internet 3
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In the third stage, each student has the right to use only one vote for each heading.

Table 4. Distribution of votes received in the third stage

Headings Votes
a) | That classroom size is large and that the equipment in class is insufficient 1
b) | That the cleanness of school is inadequate 0
c) | That the working salons of faculty is small 0
d) | That canteens are insufficient both as food and as area 1
e) | Therough behaviors exhibited by the research assistants against the students 4
f) | The lengthiness and difficulty of the process to take permission for social activities 2
g) | Insufficiency of professional seminar 0
h) | Insufficiency of technical travel 0
i) | That summer school continues at only Faculty of Economics and Administrative Science | 9
j) | Insufficiency of academics 0
In the periods of enrollment, due to the fact that the approvals of supervisor and
k) | deliveries of bank receipt correspond to vocation periods, to be obliged to arrive earlier | 1
to the school
1) | That academic members cannot see the pictures of students in the student information system | 0
m) | That the computers in computer labs are broken 0
n) | Deficiency of bank to sitdown in front of the faculty building 0
0) | Lack of garbage can in front of the faculty 0
p) | Lack of activity area for the different sportive branches 0
q) | Insufficiency of coverage area of wireless internet 0

As a result of brain storming, 3 problems arouse. These are:

1) That summer school continues in only Faculty of Economics and Administrative Science

2) The rough behaviors exhibited by the research assistants against the students

3) The lengthiness and difficulty of the process to take permission for social activities

Although the students of Club of Business Management And Economics said that they did not suffer
from the issue taking place in the third place, the other students said that they suffered from it. As the
cause of that the club students did not complain about it, the opinion that the clubs cooperating with
academic supervisor can take permission more easily.

Step 3: Identifying the Causes of Inadequcy
In the third stage, for the first three headings selected for improvement by means of brain storming, the
fishbone diagram was drawn together with the team. Thanks to this, identifying the main reasons was aimed.

While the fishbone diagram was used, the main reasons vary according to the sort of problem. The main
reasons that will constitute in this problem were classified as Administration, Human, and Method.

www.tojsat.net Copyright © The Online Journal of Science and Technology 51



T .“J SAT The Online Journal of Science and Technology - January 2016 Volume 6, Issue 1

The Online Journal tf Science and Technology

ADMINISTRATION HUMAN
* Iznoring the students becavse
materiality ¥ teachers are constantly
[Educational quality + K *changing SUAMER SCHOOL
CONTINUES IN ONLY
FACULTY OF
if taken lessons from the vpper class ECONOMICE AND

- ADMNIMNIETRATIVE

the opportenity to finish school 3.3 S TENCE

inerzase the average scorz <

WVEArE

METHOD

Figure 1. Fishbone Diagram of that summer school continues in only Faculty of Economics and Administrative

Science:
ATAONISTRATION
HUMAN
* ¥

dizlorue disorder « » Characterlzss
insmperisncs “

zma
> ZE2

Tolerancss of the

Board . Disdzin this niversity e+—— ﬂib;wfl ROUGH BEHAVIORS
~ " |EXHIBITEDEY THE
RESEARCH ASSISTANTS
the logic of "strong . . AGATNST THE STUDENTS
cresh the weak” .
METHOD

Figure 2. Fishbone Diagram of the rough behaviors exhibited by the research assistants against the students
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Figure 3. Fishbone Diagram of the lengthiness and difficulty of the process to take permission for social
activities

Itis seen that from the diagram drawn, two processes i.e. the headings of “Elimination of Summer School”
and “the rough behaviors exhibited by the research assistants against the students” will not be the subject
of application in this thesis study. The reason for this is that the rough behaviors of research assistants is
a problem of organizational behavior and that its improvement only becomes possible with long termed
educational studies and institutional culture. That the issue of summer school is a legal issue and that it
isin the scope of school administration show that these are out of the scope of application study. When
these three problems are examined, the problem that is appropriate for carrying out the study of process
improvement was determined as “the lengthiness and difficulty of the process to take permission for
social activities”

As will be seen from Figure 3, in the process “the lengthiness and difficulty of the process to take
permission for social activities”, while the causes resulted from management were determined as that
the people in enough number cannot meet for committee, that committee cannot be met in time, and that
the decisions are made late, the causes resulted from human emerged as indifference of process employees,
busy works, and delay of works. In addition to this, that the students, as individuals, do not follow the
conclusion that will turn out from commission was also shown as one of the reasons that will extend the
process. Finally, the causes resulted from the method were specified as that bureaucracy slowly runs, that
there are some steps making the process slower, that the way of announcing the decision to the students
are not enough, andthat the announcement to the students are reported

Step 4: Forming the flowchart of the process selected

In this step, the data were sought from the website and the flowcharts of some sample universities were examined.
Later, it was interviewed with Head of Department of Culture and Sports, Gaziosmanpasa University, and
the people he directed to and the sample processes were compared to the processes applied in
Gaziosmanpasa University. However, it was seen that the although process steps in Gaziosmanpasa
University are carried out in similar way to the other universities, they do not have a flowchart, on
which the process steps can be followed. It was understood that the flowcharts that will be drawn in the
application in this direction will not only improve the process but also a document will emerge that will
provide a benefit to Department of Health, Culture, and Sports. As a result of interviews, the flowchart of
one sample processes, applied in of GOU, were drawn. Although DHCS is intertwined with many processes,
the reason for selecting the only one processes is that they are the processes closely concerning the
students and that they complain about them.
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Step 5: Simplification of the process and making modifications

When three flowcharts are investigated drawn above, reducing some operation steps that may cause the
permission decisions to turnout late in guest inviting , the way of process simplification was gone. These
operation steps reduced were generally the most approved decisions. Besides this, inthe new formed flowcharts,
the staff, who serves in these steps, and the relevant legislation and regulations were given place. This will
also give information regarding to who performs which task, when new staff was recruited in the relevant
unit and, provided that any disagreement occurs about the decisions made, it will enable the relevant
legislations and rules to be easily reached.
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Conclusion and Suggestions

Statistical Process Control cosmists of techniques many employees, whatever whose educational level are,
who provide the process control in a simple expression and, with its underlying real aim, to make
improvement, can apply to the work process in the businesses, whether they produce goods or services.
In this study, of main 7 main statistical process control techniques, using the fishbone diagram and
flowcharts as well as brain storming, the process selected was analyzed and suggestions were presented
toward improving them.

At the beginning stage of study carried out, although the issue of improvementare considered to be
performed on the subject concerning the students of Faculty of Economics and Administrative Sciences,
the direction of the study turned into the issue concerning all students of GOU, because Department
of Health, Culture, and Sports is an institute supporting the club activities of all faculties and vocational
high schoolsin GOU. This, an improvement made in DHCS processes will affect all of the students.
Moreover, it notonly affects the students but also it will also an easiness for the employees of DHCS
and enable their works to improve more systematically. Since DGCS is an institute subjecting to GOU,
for the exact consciousness of quality, which isin interest area of Total Quality Management, to place,
the participation of all employees in the institute will become provided.

The study of process improvement passed through the following stages.

After the team consisting of the students selected was informed about the subject, the subjects they
wanted to be improved by means of brain storming were put in order and, with a voting system of
3 rounds, the three headings receiving the most votes were determined.

For the three headings determined, again together with the team, fishbone diagrams were drawn and the
sub-problems causing these three headings to become aproblem were examined.

After fishbone diagrams were examined, the first one of the first two headings were understood to be
a subject on the legislation and school regulation and it was seen that exchanging it would not
be in these subject of thesis. It was also seen that the other heading is a problem of organizational
behavior and improving itwas possible with educational studies taking long time, which is in the
initiative of university administration.

The remaining third subject was determined as the application subject of thesis study and, for the
course that is currently going on to understand better, the interviews were made with both students
and head of DHCS and the other employees directed by him. As a result of interviews, it was seen that
“Process For Guest Inviting”, which affect the students, were also carried out in DHCS as in the
other universities, but flowcharts are of sin qua none of process improvement are not present within
institute. Again, in the interviews, in this study, it was talked about that forming flowcharts are useful
to the institute and, with the support of head of DHCS, the necessary information was easily reached.
Firstly, for DHCS, the flowcharts of this work process were drawn. Later, GOU flows were compared
with flows of another university, taken as a basis, asa result of web searches and the new flowcharts,
where optimum effectiveness will be provided. In these flowcharts, just as operational steps take
place, the staff, who is responsible for these steps, and that these tasks were also carried outin the
scope of which regulations can be clearly seen. In the new flowcharts drawn, reducing the undue
bureaucracy and accelerating the process, reducing the extra operational steps, were provided so that this
also became a result the students making brain storming exactly wanted. In the process of the
students’ taking permission  for the social activities, for the time to wait for the decision to be
shortened, it is also considered that announcing the permission announcement through web address of
university will facilitate the follow of decision by the students and it is a simpler way in terms of
administration to report to whom may concern.

The study carried out has of course an importance in terms of process improvement; however, this is not seen
enough. For GOU to be able sign the bigger successes in the sharp competitive environment, it is
necessary for the studies like this study to increase and to be supported by the academics and
administration; because quality improvement is a state requiring continuity and concerning all the
employees in the institute.
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Abstract: To fulfill the social responsibility of the person or institution is directly related
with to be trained as an individual with responsibility awareness. Here is education that will
make the biggest impact. Although there are many training methods that contribute to the
formation and development of responsibility cosnciousness, Montessori education is an
educational model that stands out in the formation of this consciousness. This paper is a
literature review which aims to describe the understanding of Montessori education on
growing socially responsible individuals. The paper draws attention the important role of
Montessori education model in creating "social responsibility consciousness™ on people.

KeyWords: Social Responsible Individuals, Montessori Education Model

Introduction

Social responsibility, defined asthat private sector and non-governmental society go toward a common
life, bringing together around an aim, requires to be made actionsthat will develop and protract not
only their own interest bit also the general interests of society ((www.siviltoplumakademisi.org.tr,2012 ).
That the people or institutes perform their social responsibilities is directly related to their being raised as
individuals having this consciousness. Here, what that will create the largest effect is educational area.
As a result of education, individuals having *social responsibility” hold the qualities of

e being able to well know himself/herself and their roles in society;
having the different qualities;
being able to unite on a common aim;
valuing the work he/she makes;
judging the collective work and success;
giving importance to the culture to share and cooperate;
participating in the decisions;
actively listening to his/her friends and making open communication;
equally behaving to each other and moving together;
respecting the person in his/her face and accepting him/her as he/she is; and

e having the consciousness to become “we”. (Yesilyurt, 2010)
In the various countries contributing to the developmental processes of the individuals having these gains,
there are numerous educational methods, formed in the direction of the different understandings. Each
educational method has the different educational program, content, instruction principles, methods, teacher
raising systems, material selection, and classrom order. The schools, selecting one or some of these
educational methods for themselves, realize their educational applications (Giiles and Ongoren, 2008).
Montessori Educational Model, one of these models and developed by Maria Montessori in 1907, with the
content of its program, is an educational model targeting the development of “social responsibility
consciousness” in children. In this education, the responsibility children beginto feel to each other, one
of the most important elements in the development of social life, emerges with the independent efforts,
carried outin the classroom. In education giving freedom to each child in the social relationship, it is only
intervened, when the rights of others are violated. Thanks to this freedom, in child, the natural interest
toward others and desire to help spontaneously develops (Lillard, 2013).

Social Responsibility in Montessori Education

M.Montessori, saying that the primary interest area of education should be “humanity and culture”, because
all humans have a single land called “world; underlines that all humankind should be viewed asa single
nation. She sees the way that will take to this point on child (Cakiroglu Wilbrandt, 2009). According to
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Montessori, the aim of education, beginning from the birth, should be to provide benefit for life and
unite for a peaceful structure and a common aim. Therefore, the contents of Montessori Education Program
is based on the features of

1-Education for life,

2-Universal education,

3-Holistic  education,

4-Peace education,

5- Ethics education

6-Disposiition education , and

7-Spiritual  education(Korkmaz ,2012).

Due to her vision and efforts to achieve world peace through education, M.Montessori, presented
candidates, for Nobel Peace Prize in the years of 1949, 1950, and 1951, argues that education should be
rearranged and attributed to the rules of nature. For achieving this, she accounts for the answer of
what should be done in her “cosmic theory” The thought that “every humans depends on to the other
and that every individual should make contribution to the existence of other” is important here. For this
thought to be able to reach itstarget, it is important to stimulate the sense of “ gratitude and affinity”
in children (Cakiroglu Wilbrandt, 2011).

Even though Montessori education is toward preschool in the years, when it first began, in the following
years, inthe direction of the demands of educators and families, were enlarged in such a way that it
will include the educational periods of primary schools and over. When all schools in the worlds are
considered, it isseen that the number of Montessori schools providing education at this level is not
very much. However, research indicates that that the features of = Montessori education create the
desired change onindividual reached to the maximum level with that family supports Montessori
education and that the number of Montessori educational year increases (Korkmaz, 2005).

Montessori primary school program encourages children to the spontaneous activity, self- education
and exclusive motivation, development in cultural experience and knowledge, sufficiency via the repeated
experience; and cooperative learning through peer education and social interaction. In addition, for
intangible thoughts, fostering the emotional education, creativity, and imagination, aim it provides learning
opportunities by physical  activities and outdoor activities. The most important element of program
curriculum is5 courses, called “the Great Lessons “ depending on to each other. These courses includes
stories about “how the world appears, development of life inthe world, humankind history, development of
script, and development of mathematics”. The courses are planned to provide a viewpoint about taking
place of world and humankind in universe to children and to develop “an universal consciousness ”.
Students are encouraged to examine the subjects acquiring their imaginations. They rarely use textbooks.
The children collect and form information, report, portfolio, and handmade books. They transmit the
knowledge and  skills to their friends (Lillard, 2014; Korkmaz, 2005; www.montessoriegitimi.org
2008; www.cosmiceducation.org, 2009).

Secondary education model of M. Montessori is based on the tendencies and developmental needs of
preadolescents . The adolescents, who are enrolled to these programs, using the cases of cooperative
learning requiring multi-disciplinary subjects, skills of critical thinking skills, and real life experiences,
work in mixed age groups. Their levels of achievement are high, because most of students come from
Montessori primary schools and early childhood programs (Korkmaz, 200) Montessori, in secondary
education, mentions about adolescents as “Erdkinder” or “land children”. The target of Erdkinder, for
being able to live in the real world, is to raise individuals, who equipped themselves with the real
skills and confidence. (w.montessoriforeveryone.com/Erdkinder,2010) The support point of this program
of age period is the necessity to make conscious the world belonging to primary school and ethical
viewpoint. ]In that period], philosophical thoughts about information on nature and culture are begun to
be used. “The Great Lessons” slowly develops toward the opinions, obtained from a serious approach
toward humanitarian  sciences (Korkmaz, 2005 ).

Developmental Results of Montessory Education

M.Montessori expresses education in the way that “it either contributes to universal freedom movement,
viewed as a way for escalating and defending humankind or becomes an organ, which is notused or
which dried throughout the evolution of organism”. She emphasizes that reality is to see whole,
considering on details; on the one hand, that human is a part of an universal order; and on the other
hand, thanks to his/her intelligence, that he/she isin a specific position.

According to Montessori, education should raise “ citizens modifying the world to correctit” inan universal

order. In the direction of this aim, as a result of education provided in the range of 6 — 12 ages, itis
expected that
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e the child is sociable and ready for social interaction;
e he/she comprehends a relationship between action of a person the needs of others and that
the concept justice emerges; and

e he/she recognizes the elements of his/her culture.
At the end of education in the range of 12-18 ages, it is expected that

e the child approaches to the problems of humans with an investigative viewpoint;

e he/she knows how to make contribution to social structure;

e he/she comprehends the necessity of making cooperation and solidarity with his/her relatives
and adult people for the peace of world;
social consciousness begins;
he/she comprehends working as a product necessary for social life;
he/she enjoys contributing to group; and
the gains form in the direction of that he/she serves for universal needs of humankind
(Korkmaz,2012).
According to P.Oswald, specialist for Montessori education, in the period of 12-18 ages, children not only
show sensitivity toward this case, but also can realize the discovery of the gaps between demanding
and being able to success, between to be able to do and to oblige to do, and between the rights and
duties. Thus, children discover that they should hold responsibility for everything i.e. their own life and
others’, when its time comes (Cakiroglu Wilbrandt, 2009).

Conclusion and Suggestions

The most important factor is education in forming “social responsibility consciousness”, which requires
to be made the actions that will develop and protect general interests of society as much as the self-
interests of persons or institutes.

As a natural result of Montessori education, environment, health, and education that are main subjects
related to social responsibility are the subject areas child is interested in all over the world, not only in
the city and country he/she lives. The individuals raising with this understanding view this asalife style
with the conscious of social responsibility that are internalized, rather than realizing their social
responsibilities for the reasons such asa sponsorship activity, enhancing the personal or social credibility,
and raising brand value. As will be foreseen, the individuals or institutes having this understanding will
be more diversified their activities and services regarding “their social responsibilities and will be
in effort to become widespread them.

It is possible to make the following suggestions related to this study:

- In Turkey, the number of the preschool educational institutes and basic educational institutes (according
to the existing situation, 1 school) should be increased.

-.In Turkey, secondary education institutes applying Montessori Education

- For our educators tobe made conscious about Montessori Education applications in our country and the
other countries, in-service training courses, seminars, and meetings should be held.

- In Turkey, the scarcity in the number of scientific studies, carried out on Montessori Education throughout
history, is a noticeable state. Therefore, scientific studies on the subject should be supported.

- In the content of course programs of the primary and secondary schools that subject to Ministry of
National Education and school activities, the arrangements developing social responsibility should be made.
-Via education, the subject of study, and with the different educational models toward developing social
responsibility consciousness, also carrying out studies, the results can be evaluated.
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Abstract:As the nature of the services they offer and areas in which they operate health care
institutions are always in the process of change. Especially with the impact of technological
advances, new techniques are constantly emerging in health care presentation, in parallel to
innovation in health care change is also becoming necessary in the way of health care
management. On the other hand today, research conducted in hospitals has reached a holistic
and administrative size with the understanding that the development of institutions are
connected with improvements not only in a sub-unit in all subunits in an integrated way. For a
holistic assessment and progress accurate determination of mission-vision statement adopted
by all stakeholders and strategies which will serve this purpose is very important.

In this study! mission, vision and core strategies have been identified for the strategic
management process planning of Selcuk University Medical Faculty Hospital. In this context
at first, keywords which are intended to be absolute in the hospital's mission and vision are
determined by the focus group discussions with managers and content analysis method.
Secondly main strategies that will shape the hospital’s future have been identified in the
balanced scorecard concept. The focus group interviews and content analysis results are
summarized and made some evaluations and suggestions.

Keywords: Strategic Management in Health, Mission-Vision Determination, Strategy
Determination

Introduction

In health services, with standing out of strategic managementand an service approach creating value, the
studies toward maximizing value for all parts in health institutes increasingly gain importance atthe present
days. These studies are adapted to health sector in the scope of strategic management scope in health
institutes in the way of determining mission-vision-strategy and targets, identifying the existing situation,
analyzing  shareholders in health sector, and calculating concrete indicators such as effectiveness,
profitability, and performance, and reporting.

The subject of this study isto determine the mission —mission, and main strategies for Medical Faculty
Hospital, Seljuk University. It is considered that this study can make a supportto health managers, through
the design and application of strategic management process, in shaping the future of management in
health institutes.

Theoretical Framework: Importance of Strategic Management in Health Institutes
Quality, whose important increases, as an instrument of providing the competition and advantage, has
become obligation today. Businesses wanting to increase quality should first of all gain ability to be able
to respond in time and at the expected level to the desires and expectations of customers Awareness
increasing on this issue, as in many sectors, also in health sector, led the importance of measuring
service quality to use (Gokbel, 2014).)

Today, with the effect of factors such as population increase, gradually aging of population, and
negativities in nourishing habits, health problems and, in parallel with this, the expenditures of health
institutes increase and this also forces the countries about lowering costs. The expectations of patients
from health institutes and competition between institutes presenting health services increase every passing
days. All of these developments make obligatory to measure and raise the service quality provided, to
provide the quality and service with the most convenient cost, and to utilize the suitable models in this

! This study is taken from the doctoral thesis work (it’s name is “Strategic Performance Management in Healthcare
Institutions: A Model Proposal for Selcuk University Medical Faculty Hospital) that is still ongoing.
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process. All of these development in health area and continuously changing structure of sector face health
managers with strategic management techniques.

The basis of today’s health approach consists of the target that health businesses are managed with the
elements of strategic management and planning, and maximum effectiveness is obtained from this process.
In addition, it also becomes effective on the development of Turkish Health System, and increase of
reliabilities of the people receiving service from these businesses to the institutes

For enabling health institutes to be managed in the scope of increasing the efficiency of health institutes
in managerial meaning and institutional management principles, several changes were made in the scope
of reform and, especially with integration of strategic management models to health institutes, it was
provided that health institutes are managed more efficiently and effectively at the present days, compared
to past (Seremet, 2013:40).

The way of increasing the efficiency and performance in health management pass through acting in
compatible with the principles of strategic management. According to this, in health institutes, instead of
making short termed decisions, long termed planning toward future has become obligatory.

Strategic management system, providing the rapidity and flexibility in the changing competition
environment, increases the efficiency of the decision made. Thanks to this, top level managers reach the
ability to make effective decisions toward future. Thus, they can become stronger compared to their
competitors.

Strategy, in terms of an organization, can be defined as the movements and approaches determined earlier.
Strategy is related to differentiating the business from their competitors. Beyond that the business is better
in the work it carried out, thisis that it is different from the others.

In fact, it can be said that strategy is the continuously updated form of vision under the internal and
external conditions. From this aspect, strategy isthe whole of the decisions and acting styles, on which
the managers undertake responsibility to succeed the performance that is at top level and the most
effective (Ozer,2009 )
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Figure 1: Strategic Management Model (Pearce, Robinson, 1991:12)

In  businesses, strategic management process consists of the main stages such as case study (SWOT
Analysis), determination of institutional vision, organizational policy, aim, target, and strategies. In Figure 1,
the relationships between the strategic management process and stages for abusiness are summarized.
In this context, for Medical Faculty Hospital, Seljuk University, being in active inhealth sector and one
of the important health resources of region, applications including forward strategic planning are highly
important. In this study, mission —vision and strategies, which will enable hospital to operate more
efficiently and effectively and give direction to the future of hospital, were attempted to be identified,
according to the views of the managers and specialists.

www.tojsat.net Copyright © The Online Journal of Science and Technology 64



T :‘J SAT The Online Journal of Science and Technology - January 2016 Volume 6, Issue 1

The Online Journal tf Science and Technology

Methodology

Method of the Study and Sample

The universe of study consists of all hospitals taking place in Turkey. However, Medical Faculty Hospital,
Seljuk University, is the sample area of the study. The processes of strategic management design on Medical
Faculty Hospital, Seljuk University,were carried out by the method of content analysis. Method of
content analysis is, in literature, a preferable method for applications of strategic management in both
health institutes and other institutes, In this scope, the data obtained by means of survey method, were
subjected to analysis, with the method of content analysis, by the specialists.

Medical Faculty Hospital, Seljuk University, is basically an hospital having the medical and administrative
sections. In hospital, health services are carried out with 10 main scientific branch under Basic Medical
Sciences, 19 main scientific branches under Internal Medical Sciences, and 13 scientific branch under
Surgical Medical Science. In addition, for carrying out the health services provided to be carried out in
high quality and without problems, in hospital, 17 administrative units are continuing their activities.
Educational unit, quality management unit, statistics unit, and public relations unit being in active in
the administrative part emphasize that with their activities, presenting high quality service, and enabling
this service to continue with continuous improvements are important for managers.

Selcuk University
Medical Faculty
Hospital

e
.

Figure 2: Systemic Structure of Medical Faculty Hospital, Seljuk University ,

In the scope of the study, the people in the position of manager, who serve in Medical Faculty Hospital,
Seljuk University since its founding, trained in their domains, and in directly relationship with the
managerial processes, were identified. In order to carry outthe survey, total 30 managers were identified,
who are appropriate for the desired conditions. But, because 2 of 30 managers identified were in
holiday in the application period of survey, data were collected by means of face to face interview with
28 managers. The interviews with managers were carried out face to face by getting an appointment
earlier between the dates of June 1-15, 2015. Some explanations, in written text and verbally were made
to the managers at the beginning of interview about the aim of study, content of interview, and main
heading to be interviewed (vision-mission -strategy) . The managers, stage of the first the interview,
are asked for specifying, taking into consideration the position they have, their activities, existing structure
of hospital, the vision and mission definitions, and expressions they consider that they should be
absolutely in the vision and mission declaration. In the second stage of interview, the managers are asked
what the managerial strategies should be, which will take the hospital to the future they target, taking
into consideration the vision and mission expressions they identify.

The data obtained at the end of interviews were subjected to the content analysis by 3 academics studying
on the domain of strategic management and health institutes management. First of all, the specialists
examined the expressions of vision and mission and the expressions were coded according tothe main
headings determined. Then, calculating the frequencies of use of each code in expressions, the main
codes forming the expressions of vision and mission were put in order according to their priorities.
Specialists, secondly, considered the strategies and, grouping each strategy, suggested by the managers,
according to their subjects, brought together the similar strategies and, the main strategies for hospital
were determined. While the main strategies are grouped, the dimensions of balanced scorecard were
taken into consideration, which is of the actual headings, and provides an holistic approach to the
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managerial processes. In this scope, strategies were individually determined for the customer patient
and staff) dimension, financial dimension, learning/ developing dimension, and internal processes

Results

Results of Content Analysis of Mission-Vision Declaration

Hospital, Seljuk University (S:U), the main codesthat will form the expressions of vision and mission,
which were determined by means of the method of content analysis, were shown in Figure 2.

MISSION

*Quality Service and Staff (21)

+Patient Satisfaction (patient-focused, patient rights) (14)

*Competence (physical and technical) (11)

‘R &D(9)

*Advanced Technology (9)

*Best in the region (mark), Health Insurance and Power of
Being (3)

*Genial, positive employees (T)

+Faithful (6)

+Ethical Principles (5)

*Emplovee Satisfaction (5)

*Specialisation (4)

+Innovative (3)

*Being able to easily reach (2)

*Being Environmentally Responsible (1)

*Creating Awareness (1)

Figure 3: Mission- Vision Main Codes
Note: The values within parentheses show the frequency to be mentioned in the relevant female surveys

According to Figure 2, inthe expression of mission of S.U. Medical Faculty, there are 15 subjects, considered
that they should be existent by the managers. Of these codes, high quality service and high quality staff
were suggested by 75% of participants; providing patient satisfaction (being patient oriented, protecting
patient rights) by 50 %; and fullness of the physical and technical competency of the hospital by 39.3%.
However, R&D studies, use of advanced technology, that the region has health security, that there are
good-humored and positive staff, being trustable, having the ethical principle, and caring employee
satisfaction are of the other headings that stand out.

According to Figure 2, in the expression of vision of S.U. Medical Faculty, there are 12 subjects,
considered that they should be existent by the managers. Of these codes, becoming pioneer hospital were
suggested by 50% of participants; presenting the equal and high quality service by 50%; and that the hospital
is known, by 39.3%. However, becoming dominant patient satisfaction, that the staff is competent and
qualified, becoming innovative, supporting the medical development, caring the activities of research and
technological development, and providing employee satisfaction are of the other headings that stand
out.

Determination of strategies according to the dimensions of Balanced Scorecard

According to the interviews carried out with the managers of S.U. Medical Faculty Hospital, the main
strategies determined by means of method of content analysis according to the four basic dimensions
of balanced scorecard are shown from Table 1 through Table 5.

In S.U. Medical Faculty Hospital, there are two parts as that presenting service and that receiving service
in providing health service: The patients qualified as external customer receiving health service and staff
gualified as internal customer presenting health service. In this context, in the scope of customer
dimension of balanced scorecard, strategies were discussed in two sections toward patient and staff.
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Table 1: Strategies for dimension customer of patients
CUSTOMER DIMENSION

PATIENT

To prioritize patient and patient relative satisfaction and take actions increasing satisfaction

To employ staff having the ability to make dialogue according to the psychological state of patient
2|and patient relative and enable the relationship of patient- physician at the top level

To prioritize the needs for patientin the presentation of service

To provide the security of patient

Among alternative health providers, for the procedures of diagnosis and treatment, to take in the
5| first order of ordering of patiens

6 To increase the number of patient and patient relatives, to whom qualified service is presented

To present high quality health service, which the patients can easily reach, and continues for 24
7| hours without interruption

According to the resultsin Table 1, in the direction of content analyses carried out and the views of
specialists, 7 main strategies toward patients were set. In these strategies, generally the subjects such
as providing satisfaction of the patient and patient relatives; making a strong positive relationship between
patients and relatives; presenting high quality service the people will prefer in prioritized way, and etc.
stand out.

Table 2: Strategies For Dimension Customer Of Staff

STAFF
To employ enough number of health provider, who can apply quality standards and increase the
1| number of employees

2 To prioritize staff satisfaction and take actions increasing satisfsction

To have physicians, nurses, and auxiliary staff, who make good communication from psychosocial
aspect, whose social aspect are strong, who has empathy ability, and who are respectful for ethcal
values.

To employ enough number of professional, academic, and administrative staff, who are qualified,
4| talent, self-sacrificing, foresighted who makes his job by enjoying,

To provide staff to trust the institute and increase the safety of employees

To have managers, who have high knowledge and skills about hospital management, health
6| management, and administrative issues

To enhance the communication power of staff working in the unites (particularly information desk,
7| patient rights, and policlinic secretaries) directly making communication with patients

According to the results in Table 2, in the direction of content analyses carried out and the views of
specialists, 7 main strategies toward staff were set. In these strategies, generally the subjects such as
providing satisfaction of the staff and patient relatives; employment of qualified staff, providing the
institutional engagement of staff, and etc. stand out.
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Table 3: Financial Dimension Strategies
FINANCIAL DIMENSION
With the fiscal actions such as reducing insurance deduction, to be able to make the sufficient
1]amount of extra payment
With a long termed and realist viewpoint, to prepare hospital budget in the direction of aims and
2 | targets

To make allocations of resources according to ordering of importance and priority

To provide a satisfying financial support, which will be return of working in all subjects such as
4 | wage of overtime, for staff

To provide social and monetary possibilities enhancing the institutional belonging of employees

To provide uninterrupted extra financial support and financial discipline

With moving from the importance of using the latest health technologies, to increase the
7 | financial resources, allocated for technological investment

To plan the resource distribution in the scope of the responsibility of unites for baing able to
8 | account and institutional management principles.

According to theresultsin Table 3, in the direction of content analyses carried out and the views of
specialists, 8 main strategies toward financial issues of hospital were set. In these strategies, generally
the subjects such as taking actions increasing the income of hospital; providing the satisfaction of
staff on the financial issues; and planning the resource allocation and budgetary fairly and according to
aims and etc. stand out.

Table 4: Stategies on the dimension learning development
LEARNING DEVELOPMENT DIMENSION
To develop the educational and research possibilities that are suitable for the quality and needs
1| of staff from every stage

To provide continuity in education of staff and increase in-service education applications

Following the developments and innovations in the science and technology, to implement at the
3|top level inall processes in hospital

For ahigh quality and good-humored service, to train the health providers and form the employee
4| awareness and institutional culture related to the way they do work

To usea technological infrastructure in presenting health services, which is new and in compatible
5| with the technical sufficiency of the hospital

To shape the presentation of health services in consciousness of learning organization

To support their employees for them to follow the national and international developments and
7| innovations occurring in their areasand to become pioneer

Especially providing coordination with the other famous hospitals presenting service in the close
geographical region and/or having a certain specialty area, to arrange training and cooperation
programs for administrative and academic staff

Considering the needs for patient, patient relative, and staff, to design and strengthen the technical
9| and physical infrastructure of hospital,

According to theresultsin Table 4, in the direction of content analyses carried out and the views of
specialists, 9 main strategies toward learning and development of hospital were set. In these strategies,
generally the subjects such as giving importance to in-service education; subjecting the staff to the
continuous education; following the technological innovations in the presentation of health services, applying
them to the services; according to the need of hospital shareholders, forming the technical, and physical
infrastructure, and etc. stand out.
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Table 5 Strstegies of the dimension internal processes

INTERNAL PROCESSES DIMENSION

To establish units, regarding the missing sub-branches that will provide differentiation from the

1 other health providers in the areas such as trauma, transplantation, and ambition units

5 Determining quality standards ,in accordance with the legislation of Health Ministry and the
requirements, to enable all units to work inthis direction

3 To develop the infrastructure that will present the equipped health services, which are high
quality and modern, which have ethical values, and equipped

4 To become an institutionalized health agency realizing coordination between units and main
scientific branches and teamwork with high cooperation

5 To take actions to improve the operational indicators such as occupancy rate of hospital, hospitalization

duration, and occupancy rate of bed

Following the leading health institutes of the world, which are specialist in their areas in the
6 |national and international scale, whose reliability and familiarity are high, to make administrative
and academic cooperation with these institutes

7 |To take actions to shorten thetimes of examination, results, and appointment

8 |[To give service ininternational standards on the services of diagnosis and treatment.

To form arenewable organization scheme that is in compatible with the managerial requirement
of age

10 To make the resource allocation to the ordering of priority

To continuously renew the medical device park according to the need and global technological
11 | developments

In the strategical processes such as management, promotion, and performance, to receive support
12 | from the professional people and institutes

13 to complete the deficiencies of physical infrastructure in the short time

To develop hotel management service, indispensable part of presenting the heslth service,
14 | according to the needs of patientsand patient relatives

According to theresultsin Table 5, in the direction of content analyses carried out and the views of
specialists, 14 main strategies toward internal processes of hospital were set. In these strategies, generally
the subjects such as strengthening the infrastructure of hospital according to actual developments and
increasing the equipment; eliminating the deficiencies toward the areas, where the hospital is weak;
taking actions increasing performance, improving the operational indicators, and providing the satisfactioin
and quality, and etc. stand out.

Conclusion and Discussion

Strategic management applications in health institutes is one of important issues of the last 20 years.
Health institutes, with the effect of both financial and legal institutes and the changing needs, should
realize the applications of strategic management.

Strategic management isa managerial techniques, used in making decisions toward future. In abusiness,
the aim of top management is to increase the performance of organization in the future and raise the
profitability and effectiveness. When  regarded from this viewpoint, strategic management is an issue
concerning the top management.

In their studies and decisions of strategic management, businesses are obliged ro evaluate both their
internal environments and external environments. In the stage of applying the managerial technique,
which enables to plan, organize, coordinate, apply, and control the activities related tothe future, there
are different alternatives in front of businesses.

In this study, as a result of content analyses of data obtained at the end of focus group interview, one
of these alternatives, and of evaluation of them according to the views of specialists, the issues
forming the vision and mission of S.U. Medical Faculty Hospital and strategies for hospital from 4
different aspects, as financial, learning, development, and internal process, were determined. According to
this, there are 15 subjects, considered to be included in the mission declaration of hospital. Among
these subjects, presenting service and employing qualified staff stand outas the subject given importance
the most stands out. On the other hand, there are 12 subjects considered to take place in the mission
declaration of hospital. Among these subjects, becoming an sample and pioneer hospital in the region,
and presenting high quality service asthe subject given importance the most stands out. After determining
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the general roof of vision and mission declarations of hospital, the strategies that will serve this aim were
attempted to be identified . The views of managers were grouped according to their contents were
collected under the four main headings as the issues regarding the patient and staff, financial issues,
issues toward learning and development, and issues related to the internal processes. The managers set
7 main strategies toward the issues that will serve the future of hospital; 7, toward staff; 8, toward
financial issues; 9, learning and development; and 14, toward internal processes. Considering the general
features and future, of health sector, the strategiesthat are human oriented, increase the satisfaction and
quality, and are based on the change and effectiveness were set.

At theend of this study, hospital managers found the possibility to achieve the information to support
the process of making decision in the managerial decisions; and to be able to give direction to the future
of hospital. For the next studies, carrying outthe studies complementing the strategic management
process such as making SWOT analysis of hospital in detail, measuring the service quality, and forming
the balanced scorecard are suggested.
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Abstract: Site index is defined as the power of product and service production of somewhere.
However, a forested land has actual and potential efficiency power. In the application, it is the
actual site index we have determined according to several criteria. Actual situation is far from
reflecting the real efficiency. The stand could have been affected negatively from various
factors. The common structure seen in Turkey forests is like that. When the real situation is
demanded, it is necessary to identify the potential productivity. Within the scope of site index
term, site indicators and indexes for productive stands have been determined and accepted. We
have sufficient information about these. However, the subject of making disordered stands and
clearings is site index hasn’t been clarified. The site index of the areas in inventory studies
increasing the cost are assigned using age-length data of the trees. However, this method does
not provide sufficient accuracy for someone examining the area in separation of the site classes.
Inferences have been made related to actual and potential site index by comparing NDVI images
through satellite image data for the study area of which site index maps have been decided in
the study and the relations have been searched. Actual and potential site index thematic maps
have been formed for the sample study area through NDVI image data as the final outcome.

Keywords: Forestry, NDVI, Remote sensing data, Site index

Introduction

Bonitet is defined as the products and service production power of a place. The field has actual and potential
efficiency power. In practice, it is the actual bonitet we determine according to various criteria. Actual case may
be far from reflecting the true yield potential. Existing stand might be affected by several factors negatively. Actual
and potential efficiency can differently emerge very dramatically. Potential efficiency is the efficiency that will be
obtained if a stand is found in the normal setup that the field can exploit the real efficiency power and collect on
it. The difference between the actual and potential efficiency increases with the rate of the existing stand gets away
from the normal setup. Bonitet concept, bonitet indicators and indices are determined for efficient stands and have
been accepted. However, in the boniteting the disordered stands and opening areas, the subject has not been
clarified. In some places, the cases that is conflicting to the knowns may be found structurally. There may be
situations that this contradiction cannot be even explained by the soil structure or the plants nutrients inside the
soil (Eler, 2002; URL 1).

Site index is based on the quite different projections of the site in near infrared and visible red bands. A healthy
site absorbs the visible light reflects most of the near infrared light, on the other hand, a sick/unhealthy site reflects
the visible light more and the near infrared less. Reflection in the visible bands depends on the pigments in plant
leaves, while it depends on the plant cell structure in near infrared region (Baker, 1987). The most widely used
index in the Normalized Difference Vegetation Index. The algorithm of the Normalized Difference Vegetation
Index is given as;

Near Infrared — Red

N lized Diff ion I =
ormalized Difference Vegetation Index Near Infrared + Red

The results vary between -1 to +1 depending on the situation of the area where the site is located. For example, if
the obtained value if 0,1 or lower, it corresponds to rocky areas, between 0,2 to 0,3 it will be meadow or grass; for
0,6 to 0,8 it corresponds to a healthy site (Akkartal et al., 2005).

In this study, for the study area whose bonitet maps are determined, the findings and the realtionships related to
the actual and potential Bonite are investigated by comparing NDV1 images over the satellite images. As a resulting
product, actual and potential bonitet thematic maps are formed for the sample area over NDVI image data.
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Materials and Methods

The field of study is located between 32° 06' 43" and 32° 45' 39" East longitude and 41° 34'33" and 41° 50' 31"
North latitude in the Western Black Sea Region in Turkey. The total area is covered by forest community (Quercus
sp.,Carpinus betulus, Castenae sativa, Fagus orientalis, Pinus sylvestris, Pinus nigra, Abies bornmdlleriana are
formed mixed forest) with the rest being pseudo-maquis land (Atesoglu and Tunay, 2010) (Figure 1). The land,
deeply fragmented by the River of Bartin, and its branches has a rough appearance. There are narrow and deep

valleys in the lands where the river gets wider and in between the quite steep slopes of the mountains.
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Figure 1. The field of study
Landsat TM satellite image data with different dates and whose geographical definition and geometric adjustment
were made based on WGS 84 UTM 36N coordinate system were used in the study. Detailed information about
Landsat satellite images can be obtained from Lillesand et al., (2004).

The vegetation index image of satellite image data were formed in order to identify the land use according to the
purpose of the study. Vegetation index is based on a quite different reflection of vegetation on near infrared and
visible red bands. The vegetation index mostly used in practice is the Normalized Difference Vegetation Index
(NDVI). The algorithm of NDV1 is the ratio of the sum of the difference between near infrared band and red band.
Classified result image data were formed from vegetation image data generated. In assessing RS data, the related
modules of PCI EASI/PACE image processing software were used. Arc View 9.1 program, an ESRI software, was
used for GIS practices.

As the method, a vegetation map created with the satellite images and a map made by using the management plan
data of Bartin Forest Management Directorate are compared. Taking 0. Bonitet and 5. Bonitet in the management
plan data as the basis, bonitet map is produced. With the help of NDVI from the satellite images, vegetation map
is formed. In NDV1 values, 0% areas are the areas without vegetation, areas having 0%-15% values are the areas
having less dense vegetation, areas having 15%-65% values are the areas having the medium density of vegetation
and the areas having more than 65% values are determined to be the areas with high density vegetation.

Results

With the help of the management plans, classification in which no vegetation is found within the border of the
study area (Site indeks_0) is composed of 6 site index classes (Figure 2). Due to the lack of the areas with 1. And
2. Bonitets, these areas are combined. Actual case was determined in 2009 and the management plan is prepared
in 2010.
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Figure 2. Bonitet Map

For the vegetation map obtained with the help of the satellite images; 0% NDVI corresponds to “no
vegetation” areas, areas up to 15% are “low vegetation” ones, up to 65% are the “moderate vegetation” areas
and the areas more than 65% are determined to be “high vegetation” areas (Figure 3).
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Figure 3. Vegetation Map

When two bonitet maps formed by using both satellite images and the management plan are investigated, the areas
with “2” and “3” bonitets in the map made with the management plan are observed to overlap largely with the
“high vegetation” areas formed with the help of satellite images (Figure 4).

A B
Figure 4. Areas with “2”, “3” bonitet values according to the management plan (A); areas with “high
vegetation” bonitet value according to the satellite images (B)

The map showing “0” bonitet areas made by taking the management plan as basis and the maps showing
“no_vegetation” and “low_vegetation” areas with the help of the satellite images agree well in general. In addition,
“medium-vegetation” areas are also observed partially to be coincide with the areas with “0” bonitet (Figure 5).

Furthermore, the areas “4” and “5” from the map made with the management plan are observed to be included in

the “medium_vegetation” areas. When both maps are examined, differences are observed (Figure 6). The reason
can be said to be that the management plan is constructed in 2010.
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Figure 5. Areas having “0” boninet value according to the management plan (A); the areas with “no” (B), “low”
(C) vegetation boninet values according to the satellite image

. A ~=U B
Figure 6. Areas having “4” and “5” boninet value according to the management plan (A); the areas with
“medium” vegetation boninet values according to the satellite image (B)
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Results

In NDVI maps, areas having 0% represent no vegetation, the ones with 15% represents to the areas with low
vegetation, areas with 65% correspond to the moderate amount and the areas having 85% value represent the areas
with dense vegetations.

Maps formed based on NDVI and Bonitet show conformity within the border of Bartin Forest Management
Directorate, but there are differences when they are examined in detail. For example; the areas with no vegetation
in the maps produced by NDVI are the areas with 0% value and no vegetation is found. On the other hand, the
areas shown with “0” bonitet in Bonitet maps are thought to be inefficient areas and they might be thought as the
areas without vegetation but in these areas, some degraded forest areas, agricultural areas can be seen. This means
the vegetation existence in those areas even though it is individual.

As a result, it is shown that healthier bonitet classification can be made about the area by using satellite images
instead of the management plan. It also helps to form the maps closer to the actual situation.
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Abstract: The teaching process involves a content and procedural aspect at every level of
education. The content of higher education in study programme of Informatics should reflect
practical requirements. The graduate will be applied to the labour market, if s/he has knowledge
of several disciplines and the ability to view the solution to the problems in the enterprise in
terms of technology and economy as well. The costs are the basic economic category, along
with revenues and economic result. The article gives reasons for the justification of the
incorporation of the costs to the content of education within economic courses in Informatics.
The article also points to the need to maintain dynamics in teaching, even though the prevailing
form of teaching in higher education — lecture — is based on the description and explanation.
The dynamics can be achieved using a combination of changing work methods, namely
lectures, scenarios, discussion, question brainstorming, activating exercises, etc. applied to the
issue of costs.

Keywords: Teaching process, teaching methods, costs, lecture, scenarios, discussion

Introduction

The graduates of the study programme of Informatics will be applied in practical professional life on the positions
of analysts, designers, constructors, programmer, system designers and specialists. They will find the application
in various areas of informatics itself, but also in all areas of information systems and information technology
applications. The knowledge acquired will allow them to operate at different stages in the management in software
companies, industrial enterprises, education system, both in the public and private sector, banking, transport,
healthcare, ecology etc. They will be able to design, develop, implement, expand, adapt and locate extensive
information systems. Considering each working positions, in addition to the programmer, they have to evaluate
their activities economically, that is, to compare the costs and benefits. The result of the comparison is to assess
whether the implementation of activities will bring a profit or a loss.

When teaching students in Informatics, it is possible to come across a barrier to the reluctance to learn economic
information. Many students take the view that they came to study programming. The task of a higher education
teacher is the right motivation for the students. A graduate able to solve tasks interdisciplinary has a higher rate of
application in the labour market. It is possible to achieve it using the content and teaching methods, attractive to
young people.

Definition of the Substance of the Cost

Each enterprise activity is immediately associated with the emergence of costs and revenues. Characteristics of the
concept "cost" depends on the definition of the relevant point of view, as shown in Figure 1. The economic sciences
define costs and their structure in terms of the subject of their examination. The understanding and therefore their
definition vary depending on the purpose it is used for. In general economic theory, costs are defined wider than
in the enterprise economy and accounting.
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Aspects of the definition of cost

//\\

The accounting

Basic expression definition Economic concept definition

Managerial

Figure 1: Aspects of the definition of cost

Basic (General) expression is an expression of corporate cash cost of factors of production and other expenses
associated with its assigned activity. The essence is made up of various types of costs, for example, material
consumption, energy, wage costs, depreciation, services, repair, and interest.

The accounting definition of cost represents a decrease of economic benefits of the accounting entity in the
accounting period. It means that if there is a cost in the accounting period, at the same time there is a decrease in
an asset or an increase in obligation.

The economic concept of the cost comes from the fact that the costs are not real, but the estimated costs for the
individual variants of the solution. They originate from the limitation of the economic resources, which does not
allow producing all of the products and services. They are expressed as explicit and implicit costs, relevant and
irrelevant costs, and alternative and opportunity costs. Under the explicit costs of the enterprise we understand the
costs associated with specific payments of enterprises in the past and the presence of entities that are not owners.
Thus, they are actual costs, considered to be objective quantity. Implicit costs can usually be estimated; therefore
they are less objective quantity. Economic theory considers implicit costs alternative, which represent the value of
an alternative use, thus opportunity sacrificed.

( 3\ ( 3\
Economic theory = Explicit cost + [ Economic theory ]
. J . J
( ) ( )
Accounting = Explicit cost
. J/ . J

Figure 2: Comparison of the definitions of explicit and implicit costs

The relevant costs are the costs necessary for the implementation of specific activities in the future. Their amount
will change when carrying out a variety of options. Irrelevant costs will remain unchanged in different variants of
the solution. Alternative costs represent the value of the property, or services we have given up on the basis of the
decision (unrealised revenue). Opportunity cost represents the maximum loss of effect as a result of the use of the
economic resource to another alternative (maximum revenue was reached among the alternatives of choice of
products). They do not represent real economic resources consumed or used, but the measure of efficiency made
by choice.

The managerial definition of cost is a value expression of effective investment of economic resources of the
enterprise, associated with economic activity. Value expression of the cost means that they are expressed in the
parameters that are valid at the moment. They reflect the consumption of economic resources under the conditions
that exist at the time of implementation of processes. Financial expression of the cost is their expression in
parameters that applied at the time of the acquisition of economic resources. The evaluation is at historical costs,
based on the application of money form of property cycle. Efficient use of economic resources is of rational and
adequate to the result of the activity. The purpose of the resource lies in the fact that the cost is always associated
with a specific performance. The point of the implementation of economic resource (cost) is its evaluation, i.e.
there is to create a component of property, which brought greater economic effect as initially consumed
component. Considering managerial understanding of costs, there are used marginal and incremental costs.
Marginal cost represents the increase in the cost of producing an additional unit of performance. (The part of the
cost, which is added with each the following product to the total costs allocated to the previous number of
production units). Incremental cost is associated with larger volumes of production growth.
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Traditional and New Teaching Methods Applied in Teaching the Issue of Costs in
Informatics

There are many teaching methods and they are distinguished according to several points of view (according to the
source of knowledge, degree of activity of the students, thought operations, etc.). They transform the content of
education to a specific teaching process. Higher education in the Slovak Republic has traditionally been interpreted
in the professional and lay public, so that teaching methods and forms are combined. Lecture, description and
explanation are primary used. The current development trends of building a knowledge-based society and the use
of the principles of knowledge management are bringing changes to higher education. There are gradually
promoted participatory methods, methods of experiential learning. "The main obstacle to the use of the principles
of knowledge management in Slovak institutions is the unwillingness of people to share knowledge and undergo
changes in their procedures and methods." (Sujovd, 2012, p. 96) Teaching method is primarily characterised as the
procedure for achieving the objectives of the teaching. "Teaching method is a coordinated system of teaching
activities of teacher and learning activities of students, which is aimed at achieving the objectives for students, set
by teachers and accepted by them". (Manak, 1990, p. 14)

A student can adopt the knowledge on the basis of the active approach. The rate of its active approach is
proportional to the chosen teaching methods of the teacher, which fundamentally affects success in achieving its
objectives. Teaching method is the way of activity of the teacher affecting the way of the activities of the student
in the acquisition of knowledge. "There is no clear instruction for choosing the most appropriate and most effective
methods". The appropriate choice will depend on the circumstances. It is advisable to change teaching methods, it
can be part of a common cultural change, but there must be considered the impact of teaching methods on the
content (Vodak, Kucharéikova, 2011, p. 111).

Considering the study programme of Informatics, students meet with the definition of costs only in terms of
economic theory and microeconomics. There is absence in the general definition of the costs, i.e. the definition
from the perspective of the corporate economy; therefore we propose to incorporate them in teaching content. In
terms of procedural aspect, we propose to combine traditional teaching method of lecture, which is based on the
description and explanation and complete it to the teaching methods of questions and answers, discussion,
scenarios, brainstorming of questions, activating exercise.

In the lecture, it is necessary, when transferring knowledge, to take advantage of the power of the art of speaking,
to avoid monotony and to make efforts to attract the emotions. It is necessary to describe and explain the issue of
costs on the basis of examples from practice, based on the costs in household and use the analogy to the enterprise.
There is an insignificant role in effective lecture formed by the explanation of the importance of the issue of costs,
because there is no business activity without them. Cost assessment has an impact on the resulting effect of the
business activity, that is, whether the business will be profitable or loss-making.

The method of questions and answers is based on the effect of questions. "Questions have enormous power. Using
them we manage what participants will think of. When placing the question, the focus of our mind is immediately
changing." (Miklovi¢, 2013, p. 64) There are questions asked in the introduction, which will determine the level
of knowledge on the issue of costs. Using questions it is possible to examine the understanding of the topic during
training. The conclusion of education should include questions that encourage thinking and the other dealing with
the topic of costs. Figure 3 contains specific questions.

Questions in the course of education

Introduction

Introduction

Introduction

Have you already met with the
concept of cost?

If yes, in personal life, in other
lessons, in mass media?

Do you think that it is necessary
to handle the issue of costs in
personal life, or are you going
to meet up with them in the next
job?

Have you already met with the
concept of cost?

If yes, in personal life, in other
lessons, in mass media?

Do you think that it is necessary
to handle the issue of costs in
personal life, or are you going
to meet up with them in the next
job?

Have you already met with the
concept of cost?

If yes, in personal life, in other
lessons, in mass media?

Do you think that it is necessary
to handle the issue of costs in
personal life, or are you going
to meet up with them in the next
job?
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Figure 3: Method of questions and answers applied to the issue of costs
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Regarding higher education, discussion is used as a supplementary method of lecture during or at the end, to a
lesser extent than the main method. The essence of this teaching method is that students ask questions. The
precondition for the discussion is that the students have already had a certain degree of knowledge on the issue of
costs. Even though there are students who mainly ask questions once a teacher does not miss one. Using questions
s/he can open discussion, deepen its contents, encourage the students to the activity of asking questions and keep
it in the right direction. The advantage of discussion as a teaching method is that students can change the view on
the issue of costs only from dry theory to practical applications, discover new points of view and there is a
possibility to get a confirmed their hypothesis and conjectures. Discussion is a valuable source of information for
the teacher, because s/he can find the level of perception of the costs on the part of students and may adapt its
content during the next lecture or teaching methods.

Scenarios are the simplification of reality through a variety of means of expression. There is a teacher who is active
in the introduction of scenario, who explains the assignment, procedure how the entire activity will be in progress
and s/he is a key person in determining the roles of the individual students (activists, observers). When
implementing, individual students are active and teacher is just an observer and evaluator. The scenario in the area
of cost can be represented by decision-making of enterprise management, whether we will continue to carry out
internal in the enterprise or the enterprise will purchase transport services. Teacher will divide students the
positions of Director, the Head of the Transport, Manager and Economist. The other students are observers. The
scenario can run through the relevant costs (fuel consumption, driver wage including insurance, dispatcher wage)
and irrelevant costs (depreciation of the garage where the car parked, administrative expenses, cancellation of
transport will not be noticeable at the level of the administrative expenses, phone when ordering an external
transport, consumption of paper to fill orders, etc.

Question brainstorming is based on the substance of the brainstorming, which is the expression of the greatest
number of ideas from students. According to Miklovi¢, rules that must be respected when brainstorming are as
follows: "The rule of banning the evaluation of your ideas or ideas of others. The rule of the greatest number of
ideas — its principle is that quantity raises quality — the more ideas, the more likely that there will appear the one
we use in real practice. As a rule, the best ideas will appear at the end. The rule of mutual inspiration — if people
work together, inspire and help each other, they produce more ideas than when working on an individual basis,
and the results of their work are counted together. The rule of full equality of participants lies in the fact that there
are no relations of superiority and subordination during brainstorming. All participants are equal, and therefore
they should also behave accordingly”. (Miklovi¢, 2013, p. 104) Question brainstorming is mainly based on the
formulation of rhetorical questions and their answers. However, questions that suggest a response in the form of a
variety of questions are the motivator of answers.

Activating exercises are used for the application of the knowledge acquired on problem tasks, or fixing and review.
Classical forms of exercises are the solution of specific tasks, for example; calculate the amount of the costs of the
enterprise from the following items.

Item Amount in €

-
-

Depreciation of machine
Payment of the invoice for the purchase of a commercial
vehicle

Material consumption

Payment of invoice for the material
Payment of short-term bank credit
Gross wages paid to employees

Payment of wages to employees

Invoice for products

Invoice for the sale of the machine
The customer has paid the invoice for the products on a bank
10 account 10

11 Payment of invoices for mobile phones 11
12 Invoice received for the consumption of electricity 12
13 Depreciation of software 13

© |00 ([N |o (01|~ (W]
© |00 ([N |o (0|~ (W]
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Activating exercises are close to the game, which to a certain extent unties the student from the reality of the
acquisition of knowledge. For example, they include a memory game, pyramid game. Playing a memory game,
there are questions on the short cards and answers on the longer. The students, who are divided into groups, assign
correct answers to the questions. The student with the greatest number of answers is the winner. Pyramid game is
based on the correct answers of students, who are divided into two groups. After each correct answer of the student,
his/her group will move to the next step above. Students choose questions according to the number and there is a
question following some number without a point, with a negative point and bonus point. The winner is the group
that will be on the top. For a teacher, activating exercises are challenging because s/he must prepare thoroughly
the entire course of the game and even during the game, s/he is organiser, regulator, motivator and objective
evaluator. Questions must be prepared in an intelligible form, and with the possibility of only one unambiguous
answer. Teaching the issue of costs in Informatics, there are applied traditional and new teaching methods. The
advantage of traditional methods includes a wider range of teaching subject a teacher can convey to students, refer
to the mutual connections, and explain the essential parts. The advantage of new teaching methods is the emphasis
on the active approach of the student and the acquisition of knowledge in a playful way. For the efficiency of the
teaching process, it is recommended to combine traditional and new methods.

Conclusions

The issue of the cost in teaching economic courses in Informatics constitutes added value for its graduates. The
graduate will be able not only to apply the knowledge of Informatics in practice, but also economically evaluates
his/her project or its part. In any enterprise, including informatics, achieving profit is one of the objectives. There
are compiled cost budgets for the individual projects. The article focuses on the issue of costs through their
applications in teaching methods — lecture, questions and answers, scenario, discussions, question brainstorming,
activating exercises. The use of several teaching methods affects to maintain the attention of students in the
acquisition of knowledge and the process is more efficient.
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Abstract:The methods used represent an important tool for ensuring the educational process.
The selection of appropriate methods is determined by the aim of the subject. However, the use
of a suitable combination of mutual educational methods should be conditional on the
individual needs of students and teachers, social needs and trends. The selection should respond
to the current global trends in technical, economic, and educational research and development.
The implementation of appropriate methods is determined by various factors. It is, for example,
the number of students in one group, their present and desired level of knowledge, skills,
motivation to learn, functional position. The level of expertise and experience of teachers and
spatial capabilities are also important. The aim of the article is to show how it is possible to
increase the efficiency and attractiveness of the subject at university using participatory
methods.

Keywords: motivation, teaching methods, participatory methods, role play

Introduction

The key elements in the implementation of education are the students themselves. Their motivational readiness to
learn depends inter alia on the emotional state of mind, cultural and educational backgrounds. Emotional status
and disposition also have an effect on what will be their approach to learning. Motive is an internal momentum
that causes a change in human’s behaviour and to leads to his needs.

Much of the criticism has been directed to higher education in Slovakia over the decades. It is argued that the
current education focuses more on acquiring encyclopaedic knowledge rather than promoting the creativity to
develop ability to identify problems. As a result, students are less able to analyse specific situation, to present and
evaluate alternative solutions, stand up for their own opinions and use their knowledge in practical applications.
These applied tools will help us enhance the quality of education and attract the attention to more effective learning
at the universities as the imperative of successful preparation of students for both their professional and personal
life.

Motivation

At universities, unfortunately, studying also those students who do not wish to periodically prepare and they
decided to study only because this wished their parents or because of their field of study is the low interest from
other students. The idea of obtaining a university degree is great, but interest in the study and willingness to make
an effort - it is negligible for some of students. What to do in such cases? Is it possible to motivate some young
people with no interest in anything?

There are a lot of motivational factors, of course. Interest in the subject depends on the content and form of
teaching, nature of teachers and students and of other factors. Everything is determined by the time possibilities
arising from the timetable, the number of students in a class, surround possibilities, teacher’s readiness and alike.
For students is motivating when the teacher at the beginning of the semester informs about content and goals of
the course, and also gives them space to comment about what they interested in, respectively what another topic
related to the content of the course would be welcomed and what are their expectations. This is useful information
for teachers about what could be added to the content part to meet the requirements and the interest of teachers
and students, too.

Motivation increases the amount of effort and energy that learners expend in activities directly related to their

needs and goals (Csikszentmihalyi & Nakamura, 1989). It determines whether they pursue a task enthusiastically
and wholeheartedly or apathetically and lackadaisically.
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Motivation increases initiation of and persistence in activities. Students are more likely to begin a task they actually
want to do. They are also more likely to continue working at it until they’ve completed it, even if they are
occasionally interrupted or frustrated in the process Motivation increases students’ time on task and it is an
important factor affecting their learning (Larson, 2000).

We can say that motivation is the force that drives us to carry out activities. We are motivated when we feel like
doing something and we are able to sustain the effort required during the time required to achieve the objective we
set ourselves. Motivation should be considered carefully by teachers, trying to mobilize the capabilities and
potential of each student for academic success. (Ferreira, Cardosob & Abrantesc, 2011)

Educational science defined two basic types of motivation: intrinsic and extrinsic, that have a potentially different
consequences on learning (Standage, Duda&Ntoumanis, 2005). These are based on self-determination theory that
considers humans to actively seek optimal challenges and new experiences to master and integrate. The most self-
determined type of motivation is intrinsic motivation. Intrinsic motivation refers to engagement in activities for
their own sake, namely for the feelings of pleasure, interest, and satisfaction that derive directly from participation.
When intrinsically motivated, individuals are fully self-regulated, engage in activities out of interest, experience a
sense of volition, and function without the aid of external rewards and constraints (Deci & Ryan, 1985).

Teachers should also create an active learning environment that enhances students’ perceived autonomy and
competence, providing students with choices and opportunities for self-directed learning, and planning learning
activities that might increase their feeling of mastery. In fact, intrinsic motivation was shown to be a factor of great
importance that can lead to higher perceived learning in the course (Ferreira, Cardosob&Abrantesc, 2011).

Motivation affects cognitive processes. Motivation affects what learners pay attention to and how effectively they
process it. For instance, motivated learners often make a concerted effort to truly understand classroom material—
to learn it meaningfully—and consider how they might use it in their own lives (Ormrod, 2006). One of the most
important motivational factors in the learning is the use of suitable, modern and interesting teaching methods.

Teaching Methods

The term teaching method refers to the general principles, pedagogy and management strategies used for classroom
instruction. The choice of teaching method depends on what fits the teacher - educational philosophy, classroom
demographic, subject area(s) and school mission statement. Teaching theories primarily fall into two categories or
“approaches” — teacher-centered and student-centered.

Teacher-
Eentere: Direct Instruction Inquiry-Based
pproac = Formal Authority Learning
= Expert = Facilitator
» Personal Model = Personal Model
= Delegator
Cooperative
Learning
= Facilitator
= Delegator

Figure 1: Teaching methods

Teacher-Centered Approach to Learning - teachers are the main authority figure in this model. Students are viewed
as “empty vessels” whose primary role is to passively receive information (via lectures and direct instruction) with
an end goal of testing and assessment. It is the primary role of teachers to pass knowledge and information onto
their students. In this model, teaching and assessment are viewed as two separate entities. Student learning is
measured through objectively scored tests and assessments.
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Student-Centered Approach to Learning - while teachers are an authority figure in this model, teachers and students
play an equally active role in the learning process. The teacher’s primary role is to coach and facilitate student
learning and overall comprehension of material. Student learning is measured through both formal and informal
forms of assessment, including group projects, student portfolios, and class participation. Teaching and assessment
are connected; student learning is continuously measured during teacher instruction.

Teaching methods are an important tool for the implementation of the educational process. Selection and use
appropriate methods should reflect the needs of students and respond to current global trends in technological and
economic development. Choosing appropriate methods course is determined by various factors such as the number
of students in the study group, spatial and technical capabilities, motivating students to learn, professional level
and experience of teachers, as well as the quality and availability of teaching resources and supporting textbooks
(http://teach.com).

The most frequently used methods of teaching at universities are lectures and seminars. Lectures are suitable for
the transmission of large quantities of information to large numbers of students, but this is missing the opportunity
of interaction. Lectures are verbal presentations of a particular topic. They are suitable for the presentation of a
large amount of information to large groups, but there is missing the opportunity to mutual interaction of a lecturer
with participants. They are focused primarily on improving knowledge. They can be very impressive and
imaginative using modern multimedia tools; however, in terms of preserving the information, they are not very
effective.

Seminars realised as seminary works or discussions allow the exchange of information and views on certain issues,
but the quality of learning depends on the knowledge level and responsible preparing of students. The advantage
is the support and development of ideas, immediate feedback. However, the quality of learning depends on the
knowledge level of the participants.

Currently, there has been dynamically expanding E-learning (electronic education), which is faster and cheaper
than other conventional forms of education, but its use is limited to the theme of education and technological
equipment of companies. The advantages of using modern ICT in education is also the fact that: the student can
use his own pace, updated material is available immediately and it can be provided for a large number of students
at the same time, opinions and thoughts on the topic being acquired can be easily exchanged among the
participants. Some disadvantages can include the following factors: lack of visual contact with the teacher in each
group, therefore, non-verbal reactions cannot be easily captured and processed; difficult to set down rules of
cooperation, high demands are placed on teacher in the coordination and involvement of all participants. Because
students are very happy to work with ICT, e-learning is very useful as a complementary tool to the above methods
(Vodak&Kucharéikova, 2011). The e-learning concept had professionally been applied on some majors offered at
The Hashemite University in Jordan and gained a great impact on the learning process, students and staff. The
Hashemite University has made an excellent progress toward practicing e-learning environment through sequence
of actions in real life scenario that overcome the limitations related to the traditional learning system (Fayyoumi,
Idwan, AL-Sarayreh & Obeidallah, 2015).

Technology becomes a more integral part of education more teachers want to use different forms of modern tools
to help teach students. There are innovative and new teaching methodologies which incorporate the use of modern
technology to encourage students to participate and take an active role in learning. Wafta &Audi (2015) presented
for the first time three teaching methodologies: 1) dynamic lecture notes using live student feedback; 2) an
extension to the dynamic lecture notes that incorporates an online video repository to substitute some lecture
presentations both during and after class; 3) 24/7 teacher-student portal using mobile social networking.

To achieve higher efficiency of education is necessary to use a combination of several methods. They should also
include participative methods. Participative methods assume a high degree of student activities. Their advantage
is that they support better remember learned. They represent the current modern methods, which is typical for
active practice, experience and direction to the learning of "learning by doing”. They are thus based on the fact
that people will learn more if you try to do something, than if they just read or listen to the new information, such
as a lecture. Lecture prefer the content of learning, participative methods prefer the procedural aspect. Students
can be activated using a combination of various participative methods such as group work, brainstorming, case
studies, role playing, management games, and so on. An important part of this method of teaching is to provide
feedback and evaluation of activities.

Successful managers understand that a reasonably activity in processing information not only accelerate their use,

but primarily improves the quality of decision-making. And it is this activity which students should be prepared
using participative methods. In the context of teaching are often created problems with space, time, time-tables
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and the like. Many students take more than the studies focus on "chasing credits" and often they are not interested
about course itself. However, for all those who are interested in learning, it is important that teachers do
experiments and use the innovative, non-traditional teaching methods and practices. In order to achieve a higher
efficiency of education it is appropriate to use a combination of several methods. The most frequently used includes
lectures, seminars, but more modern and more efficient are so-called participatory methods. Because participative
methods are used for education (training) small groups, universities can be applied mainly in seminars or tutorials.
In this way there is a better choice than strengthen knowledge accumulated in lectures and linking them to practical
model situations (Kucharéikova, 2013).

Participatory Methods

Participatory teaching approach is a form of a reflective teaching approach which is sometimes termed as
interactive teaching method or learner centered teaching method. This method stresses the subjectivity of learners
and the self construction of knowledge. It is a shift from a belief that learners are empty plate who are supposed to
be imparted with knowledge (teach concept) to a belief that learners can construct knowledge and learn on their
own if properly guided (learn concept) (Kafyulilo).

Participatory methods expect a high degree of activity and personal involvement of participants in the learning
process. They are designed only for smaller groups of participants, but their advantage is that they encourage better
retention of learned. They are contemporary modern methods of education (Table 1).

Table 1: Same of the participative methods

METHOD

DESCRIPTION

ADVANTAGES

DISADVANTEGES

BRAINSTORMING

Frequently used method to solve
problems. It is necessary to respect the
principle of non-criticism, fantasy release,
mutual inspiration and equality of
participants

speed

the involvement of a
large number of
students

necessity of clearly explain the
method before using

the need for compliance with
the rules of the method

students have to solve several tasks
simultaneously and options identified
consequences of one of the selected
options. Proceed in this way until the
successful solved task.

pace of work
a high degree of
student participation

WORKSHOP Popular method addressed to discuss informality requirements for teacher
specific situations and find possible use in the more facilitation skills
approaches to their positive management. numerous group
AQUARIUM One group of students solves the problem practicing of giving stage fright and nervousness
the second group observes and then feedback participants who solves the
provides the feedback. solid training of the role and who are observed
learned skills demanding facilitation by the
teacher
ROLE PLAYS The group gets the script with roles. fun games can be considered
Students play a selected situation and practicing well as unrealistic
examine the various possible approaches unpleasant situations stage-fright and fear of
to solving problems or unforeseen events. missed "actor’s" performance
SOLUTION TO The method is similar to the case study. exploration real possible sense the artificial
THE INCIDENT Enter the basic facts of the incident and problems without the situation by the participants
the group decides what further risk
information needs and what needs to good simulation of
answer questions. reality
LABYRINTH Used induced situation. At some point, it can keep its own time-consuming

difficulty preparation for
teachers
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The more efficient application of any method is supported by audio-visual device, such as flipchart, projector,
overhead projector, whiteboard, various educational or amusing films, models or support materials. Fashion hit is
the use of computers and presentation of educated themes in PowerPoint programme. The risk is that the
interactivity is disappearing and teachers and students often focus more on the visual aspect of the presentation
when creating presentation, the content is underestimated. We should not forget the appropriate arrangement of
the room where the educational activities are practiced. The arrangement is necessary to adapt to the main theme
of activity, methods used, group size, room size, timing etc. Also, new technologies open new possibilities and
opportunities in education. When using them, it is necessary to pay attention to that they can meet the expectations
of students and make learning efficient enough. The conditions and approaches to learning, as well as specific
conditions for learning support, are generally applicable and it is necessary to pay attention to them, even using
the most modern technologies. The creation of more effective combinations of these methods and the ability to
design new innovative methods of education will be important for the future.

The current labour market effects the university education to a large extent requiring a graduate of interdisciplinary
knowledge and with the skills to find the solutions to both technological and economic issues (Durisova, 2013).
But many contemporary students study subjects that are not profiled for their chosen field of study with displeasure
and unwillingness. The most common argument used therein, is "what | do in life will be?" It depends on the
teacher that he himself explain the practical application of the "unpopular" subject or to ask the students themselves
to seek and identify possibilities for practical application. This also applies to students of Informatics who are
prejudiced to study the subjects of economic and managerial specialization. In order to increase motivation and
efficiency of teaching the subjects of economic character for students of study programme Informatics, we have
innovated teaching Macroeconomics at the Faculty of Management Science and Informatics using participatory
methods of education. In the context of the previous text, we apply a combination of lectures, discussions,
brainstorming, group work, buzzing groups within teaching. At the end of the semester, when students have plenty
of expertise knowledge, obtained presentation skills and have enough experience of teaching using participatory
methods, we use role plays "Negotiation."

Role Play

It is an active method, which is based on the simulation of real situations and practice different work tasks
(Pricha&VeteSka, 2012). Role-play is useful where learners share a somewhat similar experience, which is
difficult to recall because of its emotional nature. Here learning takes place from re-enactment of past experiences.
It is a powerful training method if the focus of learning is to generate awareness. The method of role-play is useful
as it helps learners utilize their experiences of real life situations. The enactment is helpful in developing awareness
at individual and group levels. Through role play it becomes easier to discuss complex social issues in a non
threatening environment. In order to use role-play effectively, you need to select a suitable role play depending on
the purpose of learning and identify role enactors/performers. Next, you need to prepare briefs and explain the
situation to the learners and tell the audience all the points to be noted. Now is the time to set the stage and start
role-play. After the play you can consolidate and debrief. In certain situations, a role-play is also used to practice
skills. For example, you can practice how to motivate adult learners by enacting different roles. The prime method
of learning here is practicing and receiving feedback from learners and adult educators after that practice. As a re-
enactment of past experiences. Learners may enact a past situation with which they are familiar (Subin).

In role plays, participants use their own experiences to play a real life situation. When done well, role plays increase
the participants’ self-confidence, give them the opportunity to understand or even feel empathy for other people’s
viewpoints or roles, and usually end with practical answers, solutions or guidelines. However, role plays can be
time-consuming and their success depends on the willingness of participants to take active part. Some trainees
may feel a role play is too exposing, threatening or embarrassing. This reluctance may be overcome at the outset
by careful explanation of the objectives and the outcome. Some role plays can generate strong emotions amongst
the participants. It is therefore essential that a role play is followed by a thorough debriefing. This provides the
opportunity for the trainer and the participants to raise and assess new issues. (Makokha&Ongwae). Role plays
are useful for exploring and improving interviewing techniques and examining the complexities and potential
conflicts of group meetings. They help participants to consolidate different lessons in one setting and are good
energisers.

The rapid and steady changes in a field of information and communication technologies have increased demand
for high qualified specialists not only in a field of cybernetics and applied informatics, but also in related fields
such as economy and management (Tokar¢ikova, 2013). This role play is designed for students of Macroeconomics
to practice and repeat topics related to models of macroeconomics equilibrium (Keynes's model of equilibrium
output determination, IS-LM Model, 1S-LM-BP Model, AD-AS Model), topics related to macroeconomic
problems (unemployment, inflation, deflation, business cycles) and the application of knowledge in the field of
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economic policy, particularly fiscal, monetary and foreign trade policy. In addition to repeating knowledge of
entire semester study of Macroeconomics, the aim of the game is that students examine communication skills,
professional reasoning, presentation and teamwork.

The game, however, can be determined as well as for other economic subjects such as Microeconomics, Business
Economics, and the like. The game can be adjusted to conditions for any economic subject to a demonstration of
what is deciding demanding solutions to a problem, and it is necessary to have mastered the theoretical knowledge.
All students are always involved in a game within a particular study group. Based on our experience, it is more
preferable when under observation of character properties and communication skills of the students during the
semester, the teacher determines the key players of game which are three members of the government (left-wing,
right-wing and independent expert). Each member of the government has at his disposal policy advisers and
experts from the field (there may be three experts depending on the number of students present in the
group). Journalists observe the behaviour of the actors, the search for solutions and progress throughout the
game. Number of students role for advisors, and journalists will determine the teacher, depending on the total
number of students in the study group.

Time subsidy for the game is 100 min. At the beginning of the teaching, all players / students receive short game
instruction input from the teacher (10 min.). Subsequently, there are distributed information sheets with the
necessary instructions to all players. It is basically a scenario according to which the players will play their roles.
The examples of information sheets for the players are shown in Figure 2-4. Then, the teacher defines physical
space for three teams (it is important that the various work teams do not disturb and influence each other), assigns
the necessary tools and specifies the beginning of game. He does not provide players with further instructions, all
the necessary information is in information sheets. In order to better understand the instructions, they depend only
on mutual communication for explanation of uncertainties. Teacher supervises the smooth course, points out time
limits, takes notes from observation of students/players throughout the game. He monitors whether and how
correctly they solve tasks using the theoretical basis, what extent they are identified with their task, what is the
level of activity and participation of individual members, what is the level of mutual communication, cooperation,
teamwork, what other skills students apply and he facilitates feedback at the end (Kuchar¢ikova,
Duriova& Tokaréikova, 2015).

Information sheet

Member of the government - representative of right-wing party/ left-wing party/ independent expert

Slovakia is the country of EU with a high degree of unemployment. Although governments have taken various measures to
address this problem in different years, we still have not won over the high unemployment.
You are a member of the present government to which you are nominated by a political party oriented to left-wing (social).
Your task will be to read and think about this instruction during 5 minutes. Then, prepare together with your advisory team
(which consists, first, of either your political contemporaries and experts from the economic and social fields) material for
government meeting in the course of 25 minutes, where you design various options for addressing high unemployment in
the Slovak Republic referring to any difficulties, or advantages and disadvantages of each solution. When preparing, use the
knowledge you obtained from the existing study of Macroeconomics - models of macroeconomic equilibrium, economic
policies (fiscal, monetary, foreign trade). Proposals must correspond with your political orientation.
It is necessary to prepare these proposals for the government in writing (on A4 paper, flipchart or whiteboard) so that they
are clear, understandable and illustrative for all involved.
At the same time prepare for difficult negotiations in the government, which except you, attend even a member of the
government for the right-wing party and independent and that will take 30 minutes.
Your task will be:

1. to present proposals of Yours and Your advisory team: 7 min.,
to respond to the objections of other members of the government,
to factually discuss the other two proposals,
to decide to adopt one proposal.

= 909

Figure 2: Information sheet for member of the government
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Information sheet

Advisors of right-wing / left-wing politics/expert advisors

Slovakia is the country of EU with a high degree of unemployment. Although governments have taken various measures to
address this problem in different years, we still have not won over the high unemployment.
You are the members of the political advisory team/expert advisory team of one of the members of the present
government. Your task will be to read and think about this instruction during 5 minutes. Then, help to prepare material for
government session for the member of government of your political group together with his expert advisory team, where
you propose various possibilities for addressing high unemployment in the Slovak Republic referring to any difficulties, or
advantages and disadvantages of each solution. When preparing, use the knowledge you obtained from the existing study
of Macroeconomics - models of macroeconomic equilibrium, economic policies (fiscal, monetary, foreign trade). Proposals
must correspond with your political orientation.
For the government negotiations, it is necessary to:
1. prepare proposals in writing (on A4 paper, flipchart or whiteboard) so that they are clear, understandable and
illustrative for all involved,
2. prepare for negotiations (prepare your arguments and counter-arguments) to the government for approval of
proposals you submitted.

Figure 3: Information sheet for advisors

Information sheet
Journalists - observers

Slovakia is the country of EU with a high degree of unemployment. Although governments have taken various measures to
address this problem in different years, we still have not won over the high unemployment.
You are a member of a group of journalists who follow the preparation and government session where three members of
the government will submit proposals to address the problem of unemployment in Slovakia.
Your task is:
. to notice logical connections, expertise, or political involvement of arguments of government members
. to observe:
. behavior of members of the government before and during the negotiations,
. setting goals before the negotiations,
. team approach to solving tasks,
. decision-making before and during negotiations,
. inform the public objectively about the course of negotiations after the government session,
. write a short and interesting article in tomorrow's newspaper about what you have observed.

Figure 4: Information sheet for journalists

Evaluation is a final, but very important phase of educational process. Evaluating allows looking back on
educational activities, successfulness and interest of students and provides information about what to do in other
way in future activities, what improve, what topics omit, what complete etc. For this reason, it is also important to
implement evaluation of the game after realization of role plays. Students will get a little feedback about how they
worked in content and procedural aspects during the game from journalists/observers. It is a view of the students.
However, it is necessary that the players themselves express their initial impressions of the game and subsequently
analyse both sides of the problem-solving process (content and process) and identify their contribution to the game
and their failures. Finally, teacher provides feedback to the whole game. It depends only on his facilitation skills,
to what depth in the feedback he will go and what lessons he "pulls out" of the students. There is one interesting
finding arising from our experience. The game of learning "weaker and lazier" students has the greatest positive
impact. They understand the reasons just using this form, why they study the subject, they realize their
imperfections in the study and final achieve excellent results in the examination. This is precisely the objective.
To make subject more attractive for those who do not take interest at the beginning of the semester. These students
make the greatest promotion and marketing of the subject among the student public. Of course, it is expected that
smart students who deal with their obligations responsibly throughout the semester provide the appropriate
background and expertise for the game. These are the students who create the necessary support for the teacher.
Therefore, teacher must appreciate the work and contribution of all involved at the end of the game. The game
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does not succeed if students bring "great solutions", but when they realize the importance of knowledge obtained
during their studies at the university and later in the practical and personal life. Evaluation has a higher positive
effect, if it is done using a camera and playing key situations that arose in the game by using a projector. However,
the use of cameras and data projector is significantly limited by time demands of this approach and timetable at
university.

Evaluation creates preconditions to improve the quality of teaching and increase student interest in the future.
Short evaluation can be done after each seminar or lecture and exercise, after a check exam, at the end of the
semester, after the examination period, but also at the beginning of the next semester, when we find the reasons
why the students enrolled on the subject. It is implemented using several methods, such as interviews,
questionnaire feedbacks, and self-reflection.

Conclusion

We have introduced an example of how is it possible to innovate and make more attractive Macroeconomics for
students of Informatics using participatory methods, namely the role plays. It depends only on the teacher, his
professional and pedagogical knowledge, skills, experience and creativity to find space for the implementation of
participatory methods in the context of teaching his subjects. The reward for efforts will be very satisfied teacher
and students, resulting in higher interest in the subject, higher education efficiency and better results. Knowledge,
skills and experience that students thus obtain, are a more memorable and easier to apply in the future of their
profession even personal life. When are properly used different modern methods of education and when learning
styles of students are correct linked to teachers' educational styles, it is possible to improve the quality and
attractiveness of higher education and student preparedness for successful completion of the examination, thesis
defense, state exams, but also to deal with everyday and work situations. This is in a presumption for successful
application of students in business practice.
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Abstract: Electrodialysis ED is a separation process commercially used on a large scale for
production of drinking water from water bodies and treatment of industrial effluents (Ruiz and
et al., 2007). ED system contains ion exchange membranes and ions are transported through
ion selective membranes from one solution to another under the influence of electrical potential
difference used as a driving force. ED has been widely used in the desalination process and
recovery of useful matters from effluents. The performance of ED, depends on the operating
conditions and device structures such as ion content of raw water, current density, flow rate,
membrane properties, feed concentration, geometry of cell compartments (Chang and et al.,
2009, Mohammadi and et al., 2004).

The efficiency of ED systems consist in a large part on the properties of the ion exchange
membranes. Fouling of ion exchange membranes is one of the common problems in ED
processes (Lee and et al., 2009, Ruiz and et al., 2007). Fouling is basically caused by the
precipitation of foulants such as organics, colloids and biomass on the membrane surface or
inside the membrane and fouling problem reduces the transport of ions. The fouling problems
are occasion to increase membrane resistance, loss in selectivity of the membranes and affect
negatively to membrane performance (Lee and et al., 2002, Lindstrand and et al., 2000a,
Lindstrand and et al., 2000b).

Membrane fouling leads to high energy consumption and poor separation efficiency. Therefore
some methods such as pretreatment of the feed solution, turbulence in the compartments, zeta
potential control, pH and flow rate optimization, modification of the membrane properties and
pulsed voltage have been studied to reduce fouling in ED systems. Also some reducing methods
such as chemical methods require additional chemicals, more energy or instruments and those
requirements increase the operation and investment cost (Chang and et al., 2009, Lee and et al.,
2002, Park and et al., 2003). The fouling problem has been disqualified also by electrodialysis
reversal systems EDR. EDR is similar to ED but the direction of ion flow is reversed
periodically to break fouling progress by reversing the polarity of the applied electric current.
This process is not use only for the removal of fouling but also for removing salts in desalination
systems. EDR does not require additional chemicals and it increases membrane life (Bouhidel
and Rumeau, 2004, Strathmann, 2010).

Fouling of membranes is one of the major problems in ED systems. For this reason there is a
need to understand the fouling factors and fouling formation. This study includes brief
introduction about ED systems, a literature review of the different kinds of fouling mechanisms,
fouling mitigation techniques, cleaning methods to enhance the ED efficiency and advantages
/disadvantages of those cleaning methods. This paper concludes with an outlook to future ED
system studies.

Key Words: Electrodialysis, Electrodialysis Reversal, Fouling, Fouling Mitigation,
Wastewater.

Introduction

Recycling and reuse of wastewater after the convenient treatment will reduce the use of natural water sources.
Also this method provide to waste reduction. Thus a variety of treatment methods have been investigated, such as
adsorption, flotation, chemical coagulation, biological degradation, electrochemical methods, and membrane
filtration (Ashrafi and et al., 2015). The membrane is an interface that has selectively between in two phases.
Membranes can be made from inorganic, organic and metal polymer and they are used for gas separation solid -
liquid and liquid- liquid separation. Separation is depending on the membrane pore size [Figure 1].
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Figure 1. Membrane Processes (AWWA, 1995).

Electrodialysis (ED) is an alternative membran separation process that used in wastewater treatment. The ion
exchange membranes are arranged between the anode and cathode in ED system. lonic compounds that in the feed
water, starts to move across ion exchange membranes using an electrical driving force. The cations in the solution
migrate toward to the cathode and the anions migrate toward to the anode by applying electrical current between
the anode and cathode. Cations pass through the cation exchange membrane but they are retained by the anion
exchange membrane. Similarly, anions pass through the anion exchange membrane but they are retained by the
cation exchange membrane [Figure 2]. The overall result of the process, concentrated and diluted compartments
occurs in the system. The electrolyte solution used to ensure the conductivity and remove gases produced by
electrode reactions in the system. The degree of electrodialysis depends on (Caprarescu and et al., 2012,
Mohammadi and et al., 2004);

lon exchange membrane structure,
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Figure 2. Schematic diagram of ED system (AEM: Anion exchange membrane, CEM: Cation exchange
membrane)
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The most important limiting factor in electrodialysis system is fouling such as other membrane systems. Particles
that larger than the membrane pore size cannot pass through the membrane in solution and causing deposition on
the membrane surface. Accumulation of insoluble biomass, colloid and organic substances inside membrane or on
the membrane surface is called as fouling. Fouling affects to membrane performance adversely by flux drop or
increase in the electric resistance. Most of works on membrane fouling have focused on anion exchange
membranes (Ruiz and et al.). Because of studies carried out that anionic membranes were more affected than
cationic membranes, since most colloids present in natural water are negatively charged (Araya-Farias and Bazinet,
2006a, Ayala-Bribiesca and et al., 2006, Lee and et al., 2002).

In this research working principle of the electrodialysis system is explained. Also fouling mechanism of ED ion
exchange membranes and its control methods investigated and provided information on the fouling problems. In
this context this study includes a literature about fouling mechanisms, causes and removal methods.

Operating Principles of ED System

Electrodialysis consists of the combination of electrolysis and dialysis methods. This method was used by Maigrot
and Sabates in 1890 for the first time. The aim of their study was demineralize of sugar syrup. The first ED system
is illustrated in figure 3. The frames of ED system were made of wood, electrodes were made of carbon and
membranes were made of permanganate paper. Electrical current is provided from the dynamo. The middle
electrode is used as anode. The syrup was poured through the anodic compartment. Potassium, sodium, magnesium
and calcium cations were migrate from the anodic compartment to the cathodic compartment by electrical current.
At the end of the process the syrup has been demineralized in the anodic compartment (Shaposhnik and Kesore,
1997).

Figure 3. Scheme of the first electrodialysis system (Shaposhnik and Kesore, 1997).

ED is an electromembrane separation process that ions are transferred through ion exchange membranes under
electrical current (DC voltage). When electrical current is applied (Murray and et al., 1995);

Cations migrate to the cathode, or negative electrode.

Anions migrate to the anode, or positive electrode.

Water molecules break down and produce two hydroxyl ions and hydrogen gas at the cathode.

Water molecules dissociate to four hydrogen ions, one molecule of oxygen, and four electrons at the
anode

e  Chlorine gas may be formed at the anode.

Electrodialysis (ED) processes are used on a large scale in commercially. ED systems, corresponding processes
and their applications are summarized in table 1. ED has been widely used to demineralize, concentrate and/or
convert salt-containing solutions. ED contains ion exchange membranes that ions are transported from one solution
through ion selective membranes to another solution under influence of an applied electric potential difference.
Performance of the system depends on operating conditions and ED cell structure (Chang and et al., 2009, Ruiz
and et al., 2007).
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Table 1. ED system, related processes and applications (Strathmann, 2010).

PROCESSES APPLICATIONS

Electrodialysis Water desalination, salt pre-concentration

Diffusion dialysis Acid and base recovery

Donnan dialysis Water softening, ion exchange

Bipolar membrane ED Production of acid and base from corresponding salts
Continuous electrodeionization Ultra-pure water production

Capacitive deionization Water desalination, water softening

Reverse ED Electrodialytic energy generation

Caprarescu and et al. (2012) were study, the removal of copper ions by ED system. They used two different ion
exchange membranes and determined initial copper ions concentration, solutions conductivity, pH, flow rate.
When applied voltage that during the ED was 7.5 V and initial copper concentration was 4 g/L, the extraction
percentage of copper ions increased >85% (Caprarescu and et al., 2012).

Mohammadi and et al. (2004) studied about effects of flow rate, temperature and voltage on lead removal by ED.
Their results showed that increasing voltage and temperature improved cell performance; however, the separation
percentage decreased with an increasing flow rate.

Dissolved solids are selectively removed by semipermeable ion exchange membranes with their electrical charge
in ED systems. The ion exchange membranes used as either anion transfer or cation transfer membranes in ED
systems. Each membrane is 0.1 to 0.6 mm thick and it can be homogeneous or heterogeneous. Membranes are
produced by blending an ion-exchanging resin with a polymer. The ion exchanger must involve at least half the
polymer mixture (AWWA, 1995). Anion exchange membranes used in ED processes and allow only negatively
charged ions to pass through. Cation exchange membranes are also used in ED processes and allow only positively
charged ions to pass through. This membrane allows the transition of cations while blocking the passage of anions.
Both anion and cation exchange membranes have the following qualification (Murray and et al., 1995);

Semi-rigidity for ease of handling

Low electrical resistance

Insolubility in aqueous solutions

Availability to use above 46°C

Availability in different sizes and configurations
Long life expectancy

Resistance to change in pH from 2 to 9

ED plants can be planned to remove from 50% to 99% of source water pollutants or dissolved solids. When source
water salinity content is less than 100 mg/L up to 12,000 mg/L, TDS can be successfully treated by ED to produce
finished water of less than 10 mg/L TDS (AWWA, 1995). The system is commonly used by applications of waste
treatment such as; removal of hazardous chemical, desalination of salt water, recycling and reuse of valuable
compounds, whey demineralization, developing new production methods that require lower energy consumption,
pharmaceutical application, recovery of pickling acid, recycling of rinsing solution (Koter and Warszawski, 2000).
The main advantages of the ED system are; separation without phase changes, not additional chemicals, high
permeability selectivity, low electrical resistance, good mechanical stability, high chemical stability (Nagarale and
et al., 2006). One of the most important substances that affect negatively the performance of ED system is fouling
of ion-exchange membranes. Industrial applications of ED and key problems are listed in table 2.

Table 2. Industrial applications and key problems of ED (Strathmann, 2010).

APPLICATIONS  STATUS of KEY PROBLEMS
APPLICATION

Desalination Commercial Costs

Process water Commercial Costs

treatment

Waste treatment Commercial Membrane Fouling

Demineralization of Commercial and Membrane Fouling

food products pilot plants

Table salt Commercial Membrane Fouling

production
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Membrane Fouling of ED Systems

The membrane recovery rate can be limited by the presence of certain salts that can form a foulant on the
membrane surface. High concentrations of salts increase fouling potential in ED systems. The transport of ions
increases through ion exchange membranes by applying electric current, and precipitation occurrence on the
selective membrane surface in time. Accumulation increase on the membrane surface with time and it becomes
gel layer. The precipitation on the membrane surface increases with the increase of accumulated charge and the
gel layer becomes thinner and denser. The formation of a gel layer, ion movement is restricted. Consequently gel
layer will have an additional electrical resistance. The concentration and the electrical resistance of the gel layer
depends on the foulant and membrane structure (AWWA, 1995, Lee and et al., 2002). With increasing current
density, current efficiency increases in ED system. However, polarization phenomena impede the achievement to
the upper current density value. The higher current value than the limiting current is caused to fouling and reduction
of the process efficiency (Koter and Warszawski, 2000). There are three types of blockages;

e The formation of divalent or trivalent ions hydroxides
e The accumulation of proteins or colloidal substances on surface
e Membrane disruption (Bazinet and Araya-Farias, 2005).

Organic substances such as humates, natural organic substances, and dedoksil sodium benzenesulfonate are fouling
on anionic membranes. Colloidal materials , proteins , 2 and 3 valent hydroxyl ions do accumulate blockage of the
membrane surface and inside on Cationic membranes. The chain length of the fouling molecule is a physical
feature that affects the degree of the fouling. Long chain molecules cause a harder fouling. Larger molecules have
lower solubility, so the rate of being adsorbed on the membrane is higher. Current density also affects the fouling
among other parameters. Fouling is faster at higher current densities (Lindstrand and et al., 2000a). Suspended
solids, silicates and low solubility substances such as iron hydroxide or calcium carbonate are causes of high
hydrodynamic pressure loss and flow deterioration. Precipitation on the membrane surface increases the electrical
resistance as well as lead to physically damage of membrane structure (Bernardes and et al., 2013).

If internal membrane fouiling have control over the membrane fouling is increase with increasing of concentration.
Also surface fouling is more dominate at high concentrations. Protein foulant leads to the formation of the gel
layer on the membrane surface and additional hydraulic resistance. Some studies have also been reported that the
occurrence of calcium and magnesium hydroxide as well as calcium carbonate at the surface and inside the
membranes in the chloralkali industry (Mondor and et al., 2009). Precipitation of inorganic salts leads to
crystallization on the membrane surface and it is a reversible situation (Guo and et al., 2014).

Some compounds which cause different precipitation effect during electrodialysis are listed below (Bernardes and
etal., 2013);

Heavy Metals

Organic and inorganic colloids
Dissolved organic matter
Biomass

Dissolved gases

Alkaline metals

Lindstrand and et al. (2000b) studied about influence of various kinds of organic solutes on the fouling in ED
processes. They noticed that a remarkable difference was observed between the anion selective and the cation
selective membrane. The resistance of the cation selective membrane was slightly increased whereas the anion
selective membrane was fouled by all solutes. They reported that it was definitely due to the electrostatic
interactive relation between the negative charges of the membrane and the negatively charged organic molecules.
Also they indicated that the molecular size and the pH of the solution affect the solubility of organic acids. Fouling
of larger acid molecules can be awaited to cause of their lower mobility, lower solubility, and greater adsorption
affinity to the membrane (Lindstrand and et al., 2000b).

Damages of Membrane Fouling

Fouling problems in the ED system is one of the most important parameters that limit its use. Fouling, negatively
affects the selectivity of membrane and will result in poor selectivity also increase energy requirements (Chang
and et al., 2009). Most especially, organic anions can precipitate on the anion-exchange membranes and increase
the electric resistance. Generally, anion-exchange membranes are more critical to organic compounds fouling.
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Colloidal particles are a significant pollutant type for all membrane processes. Colloidal matter that in the feed
water comes together with growing of concentration, salinity, flocculation, surface interactions and other physical
and chemical factors and hold on the membrane surface. There are examples in about decreasing of membrane
performance with colloidal foulant in the literature (Bukhovets and et al., 2010).

Araya-Farias and Bazinet (2006b) showed that in the presence of sodium carbonate fouling has not occurred in
anion exchange membrane in their study. The fouling was observed when the salt concentration increases in the
feed water. Recently, calcium hydroxide precipitated on the cation exchange membrane which is in contact with
sodium chloride (Bazinet and Araya-Farias, 2005).

Mechanical failure, leads to increase chemical deterioration and fouling of membrane. In Ghalloussi and et al.
(2011) study, they disclosed that fouled membranes lost 93% of their toughness after 2 years of operation and
fracture point decreased of 87%. They reported that even today, there is not wide range of information about
decomposition occurring as a result of fouling in the ED system used in the food industry (Garcia-Vasquez and et
al., 2013).

Korngold and et al. (1970) specified that the fouling is originated from H* ions which produced by polarization
at the membrane surface and it increases with decreasing salt concentration and decreasing flow velocity also
with increasing current density and colloid concentration. Foulant can be regenerated with alkali solutions
or under reversed electric current (Korngold and et al., 1970).

Prevention or Removal of Membrane Fouling

Many studies have focused on the need to reduce of ED membrane fouling. Some methods have been proposed in
these studies such as turbulence in the cell compartments, pretreatment of the feed solution, optimization of process
conditions and the membrane properties. There are several cleaning procedures, including physical and chemical
methods. The selection of the chemical to be applied for membrane cleaning depends on the membrane type,
intensity of the pollution and pollutants type. Chemicals that usually recommended by membrane manufacturer
are; weak and strong acids, alkali (NaOH), detergents, complex agents (EDTA), disinfectants (H, O,, NaCl) and
enzymes. Also operation conditions can be considered to reduce fouling. However, these approaches may require
an additional chemicals or equipment and as a result, they increase the operating cost (Lee and et al., 2002).
Forward flushing, backwashing, vibrations, air sparge and CO, back permeating are used for pressure-driven
membrane as physical cleaning methods. But these methods are not suitable for ion-exchange membranes.
Alternatively, ultrasound is an effective technique for cleaning foulants (Wang and et al., 2011).

Colloids that commonly found in natural water are clay, silica, iron, and aluminum hydroxide, organic deposits,
and carbon dust. Pre-filtration, membrane cleaning with chemicals, cross- flow velocity should be provided for
control of colloidal pollution. Many foulants move to ion exchange membranes under an electric field by their
surface charge and electrical conductivity. After that the foulants accumulate on membranes and the electrical
resistance increases. These deposits can be removed with an alternating electrical current. It was reported the
pulsed electric fields can cause irregularity of the gel layer on the surface of ion exchange membrane in ED system
(Lee and et al., 2002).

Humic matters have an important role in the organic fouling of ED membranes. Organic anions such as humate
can be collapsed as humic acid on anion exchange membranes. Membrane fouling with organic anions small
enough to penetrate into the membrane, causing these substances remain within the membrane. It causes to increase
of electrical resistance vigorously. The use of certain detergents also causes the same effect which is requires to
the proper pretreatment of the feed solution. There have been various studies to reduce it, for instance zeta potential
control and pulsed voltage. Mechanical cleaning or acids -bases cleaning methods can disrupt the structure of the
membrane (Bernardes and et al., 2013, Chang and et al., 2009). Lee and et al. (2002) worked on negatively charged
humate with high molecular weight fouled anion exchange membrane by sedimentation on the surface during an
ED. They used ED of NaCl solution containing 100 mg/l humate. They found that the pulsed electric fields
enhanced the mobility of the charged particles in the fouling layer and decreased the electric resistance of the
electrodialysis cell (Lee and et al., 2002).

Membrane fouling depends on the characteristics of membranes, specifications of feed water and the physical and

chemical properties of the foulants. Foulant categories, causes of formation and cleaning methods shows in table
3 (Lee and et al., 2002).
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Table 3. Foulants and cleaning methods in ED system (Lee and et al., 2002)

FOULANT DEFINITION FOULANTS CHARGE CLEANING REFERENCE
TYPE FORMULA PROPERTIES METHODS

Scale Precipitates of CaCOs, CaSO., Non -pH (Korngold and
less soluble 2H,0, BaSOy, adjustment, - et al, 1970),
salts in the SrSO4, SiO; Use of citric (Lonergan and
solution acidor EDTA et al, 1982,
Wilson, 1959)
Colloids Stack of SiO,, Fe(OH)s;, Negative -Pretreatment (Grossman and
suspended Al(OH)s, with MF, UF, Sonin, 1972),
material on Cr(OH)s; higher flow (Schippers and

membrane rate, Verdouw,
surfaces -pH adjustment  1980), (Rao and

etal., 1989)
Organics Adsorption of Macromolecules, Negative -Pretreatment (Korngold and
organic species proteins, whey, with MF, UF, et al, 1970),

to membrane polyelectrolytes, activeted (Mallevialle
surfaces humate carbon, and et al,

-Clean with  1996),

NaOH (Kressman and
Tye, 1969),
(Kobus and

Heertjes, 1972),

In Bazinet and Araya-Farias (2005) study, they investigated that the effect of fouling on cation exchange
membranes with composition in calcium and carbonate of a model solution to be treated by ED. They reported
that there was no fouling at 400 and 800 mg/L of CaCl; in the absence of carbonate but a deposit was observed at
only 400 mg/L CaCl, with carbonate. They explained that this difference could be by the buffering capacity of the
carbonate that affects the system with and without sodium carbonate. They also reported that this fouling formed
during ED was easily cleaned by an acid procedure (Bazinet and Araya-Farias, 2005). In a subsequent study Araya-
Farias and Bazinet (2006a) indicated that the presence of fouling was only observed on the membranes treated
with a solution containing 400, 800, and 1600 mg/L of CaClI2 in presence of sodium carbonate. They saw that
fouling on the anionic membranes was typical of a cubic and crystalline material. The crystals would be identified
as calcium hydroxide. They reported that this fouling was not found to affect significantly the conductivity and
the thickness of the membranes and it was easily dissolved after the soaking with HCI (Araya-Farias and Bazinet,
2006a). According to the Bernardes and et al. (2013) study, biomass is the another important problem for
membrane fouling. Biomass fouling is the type of contamination in the feed water caused by microorganisms.
Microorganisms such as bacteria, fungi, algae, viruses cause fouling by forming a thin layer on the membrane
surface. They can damage the membrane but they can be extinguished by sterilization. Biological fouling not only
increases the membrane resistance also it causes biological degradation by hydrolysis of the membrane polymer

Natural organic matter (NOM) is a well investigated another problem in the ED system especially for the brackish
water desalination industry. According to some research the current and flow direction are periodically inversed
to break fouling originating from NOM. This methods call as ‘“Electrodialysis reversal’” (EDR) system. EDR
provides a continuous self-cleaning electrodialysis process that uses periodic reversal of direct current polarity.
When polarity is reversed in ED system, chemical reactions at the electrodes are reversed. However, EDR can
make fouling easily reversible. Some pretreatment is always necessary to complete EDR (Bouhidel and Rumeau,
2004).

Conclusions

ED system is well constituted in water treatment as a confidential process since more than half a century. Generally,
ion exchange membranes are in competition with other separation techniques such as reverse osmosis,
ultrafiltration, nanofiltration or conventional ion-exchange. According to some study ED processes have more
advantages than the other separation techniques. The main advantages of ED are; there is no osmotic pressure,
higher quality product, environmentally friendly, no additional chemicals and ion exchange membranes have long
useful life. But ED has various limitations. A major disadvantage of ED system is membrane fouling because it
reduces the limiting current, reduces the flux, increases the membrane resistance, decreases the ions migration
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yield and lead to serious polarization problems. Fouling increases with decreasing flow velocity, with increasing
current density and colloid concentration.

Electrodialysis processes are promising separation technologies for clean production. While decreasing of raw
materials in the world, ED system can provide to recycling and reuse some valuable substances. For sustainable
development, clean technologies are become more and more important. Electrodialysis can removes ions by
electrical potential difference. Thus biomass, colloidal material or organic materials in the feed water will survive
in the product stream. To prevent fouling, need for the addition of chemical products, mechanical methods or the
system polarity can be reversed periodically with electrodialysis reversal (EDR).

ED based processes are preferable in some applications because of providing products of higher quality or being
environmentally friendly. Development of electromembrane system is very important for multidisciplinary science
and technology. Thus the researchers focused on the electrodialysis system thoroughly and obviate to current
design and operating problems.
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